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Introduction



The features of aging

Aging is a multidimensional process that involves
physical, psychological and social changes. In humans,
aging has been viewed as the declining function of most
body systems as the result either of the progressive
accumulation of damaged tissue and substances or the
progressive loss of normal tissue and substances either by
intrinsic or extrinsic mechanisms, already after 30 years old.
This phenomenon is gradual and progressive, although
variable for each individual. Elderly people are characterized
by the impairment of homeostatic processes, that leads to an
increased susceptibility and vulnerability to stressing events
and diseases. The less homeostatic ability depends of:

1. Reduced functional reserve of each organ and
system by aging (intrinsic aging process), living place and

lifestyle (extrinsic aging process);

2. Functional loss of major integration systems
(nervous, endocrine and immune system) which play a

coordination role of homeostatic functions.

A major age-related health issue is the increasing
prevalence and severity of infectious diseases, which are the

fourth most common cause of death in the elderly (Heron



MP et al., 2007). Indeed, aging is associated with an
increased incidence of infections such as viral influenza,
respiratory syncitial virus (RSV) and pneumococcal
pneumonia (Nicholson KG et al., 1997). Elderly people also
have an increased incidence of bacterial infection in lungs,
urinary tract, skin and other tissues and a higher incidence of
tuberculosis and herpes zoster reactivation (Ginaldi L et al.,
2001; Bulati M et al., 2011). Vaccination has only limited
success since aging is also associated with poor protective
antibody response to vaccines, indeed, it has been
demonstrated that the currently vaccines protect only a small
proportion of the elderly population (Weinberger B et al.,
2008).

The increase in the elderly population is an important
phenomenon in our society strictly dependent on health care
progress, antibiotics vaccination and improving life
standards caused a dramatic increase in lifespan and a
consequent reduction of the overall morbidity and mortality
(Troen BR, 2003). By 2050, almost 40% of the European
and US population is predicted to be older than 60 years old
(Lutz W. et al., 1997). Nonetheless, the extreme limit of life
is not changed.

The immune system is a dynamic system that is highly

dependent on the regenerative ability of hematopoietic



precursor cells that is constantly challenged by external and
internal forces threatening the homeostasis of the system. It
is not surprising that the immune system undergoes dramatic
changes with age. These changes occur in all leukocytes and
accordingly, affect innate and adaptive immune functions.
Innate immune responses are a first step toward the
development of adaptive immune responses, and age-related
deficits in innate immune functions might therefore alter
both cell-mediated and humoral adaptive immune reactions
(Mills KHG, 2009). The progressive and cumulative
modifications of immune system over the lifespan, known as
“Immunosenescence” (Franceschi C et al., 1995; Pawelec G
et al., 2005), have a major impact on the capacity to respond
to immune challenge. Several years ago, Franceschi C et al.
proposed the “remodelling theory of ageing” according to
which, during aging, clonotypical immunity deteriorates,
while ancestral innate/natural immunity is largely conserved
or even up-regulated with age. The peculiar remodeling of
immunosenescence, probably, expresses the balance
between chronic antigenic stress faced by the organism, and
its intrinsic ability to respond to it as well as other stressor
(e.g. free radicals). In a recent paper, it was shown as some
functions are impaired while others remain unchanged or

even increased (Blrkel A et al, 2007). However,
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Immunosenescence is primarily responsible for the
diminished ability of older individuals to overcome
infections (Globerson A and Effros RB, 2000). Indeed, it
was demonstrated that, although elderly people are able to
mount anamnestic responses, don’t show good ability to
establish a primary type response against new antigens
(Fagnoni FF et al., 2000).

A typical feature of aging is a chronic, low-grade pro-
inflammatory status observed in the old people that, is
potentially linked to the most important age-related diseases.
So, aging increases risk of disabilities and chronic diseases,
such as cardiovascular diseases, arthrosis, arthritis,
neurodegeneration, cancer, atherosclerosis, metabolic
syndrome, osteoporosis, sarcopenia and frailty (Gao HM and
Hong HS, 2008; Ginaldi L et al., 2005; Florez H et al., 2006;
Rajala MV et al., 2003). In this context, elderly people are
characterized by a general increase in the production of pro-
inflammatory  cytokines and inflammatory  markers
(Cevenini E et al., 2010). CRP and fibrinogen, the major
clinical markers of inflammation, have been associated with
coronary disease, myocardial ischemia and myocardial
infarction, in association with IL-1, IL-1ra, IL-6, IL-6ra, IL-
18, TNF-a , serum amyloid A and ICAM-1 (Chung HY et
al., 2006; Van Den Biggelaar AH et al., 2004; Ferrucci L et
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al., 2005). Some investigators identified an age-related
increase of IL-6 and TNF-a, defining them as markers of
functional disability and as predictors of disability and
mortality among the elderly (Bruunsgaard H et al., 20033, b,
c). Moreover, IL-6, defined as “cytokine for gerontologists”
(Krabbe KS et al., 2004; Fulop T et al., 2006), may
negatively impact hematopoiesis either by inhibition of
erythropoietin production or interaction with erythropoietin
receptors (Eisenstaedt R et al., 2006). In contrast, TNF-a has
been found to induce production of the Alzheimer Amyloid
beta peptide, increase its toxicity and upregulate smooth
muscle cell proliferation during atherosclerosis development
(Wick G et al., 2000; Saurwin-Teissl M et al., 2000).
Another group demonstrated an increase in serum interferon-
y-inducible chemokines (MIG and IP-10), eotaxin, a
chemoattractant for eosinophils, and TNFR-II with the
advanced age. On the other hand, serum levels of EGFR and
EGF, important regulators of cell growth, proliferation and
differentiation, decreased with aging (Shurin GV et al.,
2007). The consequence of this situation is that age-
dependent up-regulation of the inflammatory response,
termed “Inflamm-aging” (inflammation and aging)
(Franceschi C et al., 2000), render elderly prone to frailty
(Balistreri CR et al., 2008; Franceschi C et al., 2005; Lio D
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et al., 2004; Pes et al., 2004). Anyway, the inflamm-aging
theory fails in separating true physiological aging and true
pathological aging during natural aging process (Goto M,
2008). The concept of inflamm-aging coincides with
antagonistic pleiotropy theory of aging postulating that
aging is the late deleterious effect of genes (pro- and anti-
inflammatory), that are beneficial at an earlier stage of life
for the development and maintenance of body integrity
against infectious agents and stressors (Goto M, 2008). The
physiological aging process and many age-related diseases
may due to the continuous exposure to stressors, such as
reactive oxygen species (ROS) and reactive nitrogen species
(RNS), that activate NFxB, which has a central position in
the inflammatory reaction, controlling expression of
different inflammatory and oncogenic genes (Chung HY et
al., 2006; Dinarello CA, 2006). Several studies have shown
the strong link between inflammation and chronic infections
with the initiation and progression of atherosclerosis.
Exposition to Clamydia Pneumoniae and Helicobacter Pilory
have been associated to atherosclerotic tissues in humans,
suggesting like these microorganisms may act stimulating
the vessel-associated leukocytes or inducing the
transformation of vascular muscles or vascular endothelial
cells (Libby P et al., 1997). Latent cytomegalovirus (CMV)
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infection appears to accelerate immune aging (Pawelec G et
al., 2005; Akbar AN and Fletcher JM, 2005). The
relationship between chronic CMV infection and adverse
health outcomes was evaluated in the Swedish
OCTO/NONA  studies, in which anti-CMV 19gG
seropositivity was included as one of the very important
immunological parameters defining an immunological risk
profile (IRP) predicting 2, 4 and 6 years of mortality
(Pawelec G et al., 2005). IRP was defined by a cluster of
immunological parameters: inverted CD4:CD8 ratio, poor T
cell proliferative response to mitogens, low interleukin-2
production, accumulation of late-stage differentiated CD8+
T cells, decreased B cell count. In addition, other studies
reported associations between CMV seropositivity or anti-
CMV IgG titres and higher levels of IL-6 as predictor of
incident frailty and mortality (Schmaltz HN et al., 2005;
Wang GC et al., 2010). Moreover, detectable CMV DNA
rather than anti-CMV 1gG titres was associated with high
serum levels of neopterin, an immune activation marker
produced by monocytes and macrophages, which, in turn, is
associated with frailty in the elderly (Leng SX et al., 2011a,
b). CMV is considered a cofactor that enhances progression
to AIDS (Griffiths PD, 2006) and infection with this herpes

virus, has been associated with poor clinical response to
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influenza vaccination in the elderly (Trzonkowski P et al.,
2003). Increased levels of inflammatory mediators are
associated with dementia, like Parkinson’s and Alzheimer’s
disease. Inflammation clearly occurs in pathologically
vulnerable regions of the Alzheimer's disease (AD) brain,
where damaged neurons and neurites and highly insoluble
amyloid beta peptide deposits and neurofibrillary tangles
provide obvious stimuli for inflammation (Akiyama H et al.,
2000).

Modification of the immune system

during aging

The thymus is the primary lymphoid organ where T cells
mature; it undergoes dramatic structural changes with age as
thymopoietic niches disappear, while the thymic
perivascular space increases. These changes are associated
with a loss of thymic epithelial cells and thymocytes and
with the predominance of adipocytes that infiltrate the
perivascular space (Dixit VD, 2010). These age-related

modifications result in a gradually and progressive thymus
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output abatement; the thymus activity becomes insufficient
to replace the naive T cells lost in the periphery and to
maintain the size of the T cell repertoire (Kohler S et al.,
2005; Naylor K et al., 2005). The loss of naive T cells is due
to cumulative exposures  to foreign pathogens and
environmental antigens that promotes the accumulation of
memory and effector T cells with age (Saule P et al., 2006).
One of the most evident change in the memory T cell
population during aging is the clonally expansion of
CD8+CD28- T cells. These appear as senescent cells as they
have short telomeres, produce Tumor Necrosis Factor o
(TNF- a), are resistent to apoptosis and show reduced
proliferative capacity (Pawelec G et al., 2008; Globerson A
and Effros RB, 2000). During aging, T cells lose the ability
to produce and respond to IL-2 resulting in a great
impairment in T cell function (Desai A et al., 2010). Many
authors have associated the reduced expression of IL-2 by
human T lymphocytes, with the defective activation of
transcription factors AP-1 and NF-AT during aging with
(Haynes | et al., 1999; Nagel JE et al., 1988; Whisler RL et
al., 1996).

The percentage and the absolute number of circulating
CD3+ T lymphocytes and of CD4+ and CD8+ T cell subsets

decreases with age (Pawelec G et al., 2002; Cossarizza A et
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al., 1996). The natural reduction of naive T cells, coupled
with the narrowing of the T cell repertoire, has profound
consequences for immune function, rendering elderly people
less responsive to immune stimulation and vaccination, as
well as predisposing them to cancer (Hakim FT, Gress RE,
2007). Memory and naive human T cells have been
distinguished for long time on the basis of CD45 family
members on their surface. Indeed, CD45RA antigen is
expressed primarily on naive T lymphocytes, while
CD45R0 is present on the surface of memory T cells. Upon
contact with antigen, some activated T lymphocytes become
effector after asymmetric division, while others form clones
of memory cells. Both subpopulations are CD45RO+, but
phenotypes apparently “naive” (CD45RA+) were also found
among the memory T cell pool. Indeed, CD45RA re-
expression by late-differentiated memory T lymphocytes,
makes this marker not fully useful to discriminate between
naive and memory cells (Hamann D et al., 1997). Hence, the
need to use more T cell surface markers for a better
classification, including: CD28/CTLA4, CD27, CD62L,
CD95, CD9L, CD7, CD1la, CD103, CCR7. Naive T
lymphocytes are characterized by the absence of CD95 and
by the presence of CD45RA, CD62L, CD27 and CD28

(Gupta S et al., 2005). Moreover, memory T cells also
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exhibit adhesion molecules, like CD62L, and the chemokine
receptor CCR7, that allow them to adhere to the endothelial
wall, migrate and pass through vessels to reach the
peripheral sites. The deep characterization of memory T
lymphocytes has revealed the existence of distinct
populations of memory: the central memory (TCM) and
effector memory (TEM) cells characterized by distinct
homing capacity and effector function. The former,
identified as CD45RA-CCR7+CD62L+, principally located
in the lymph nodes, is a population of memory T cell less
differentiated, (Nociari MM, Telford W, Russo C, 1999);
the latter, CD45RA-CCR7-CD62L-, is a highly mature T
cell population located in extranodal tissues and mucous
membranes; it has been shown to be responsible for the
tissue damage which characterizes many autoimmune
diseases, as itcan rich sites of inflammation in non-lymphoid
tissues, while not participating in the process of lymphoid
recirculation carried out by most other lymphocytes. Once
divided into TCM and TEM, according to the expression of
CCR7 and CD62L, these populations have been further
classified by the presence/absence of the costimulatory
molecules CD27 and CD28 (Gupta S et al., 2004). Some
“reverted” memory T cells express again CD45RA, so they

become terminally differentiated and functionally anergic
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(TEMRA), with a characteristic phenotype:
CD45RA+CCR7-CD28-CD27-CD62L- (Gupta S et al.,
2005). Another classification is based on the expression of
two inhibitory receptors expressed by late-stage
differentiated cells, CD57 and KLRG1, sometimes referred
to as markers of “senescence”. CD57 is expressed on the
surface of NK cells and late-stage CD8+ T cells, while on
CD4+ its expression is reduced. On the other hand, KLRG1
is largely expressed on CD4+ as well as CD8+ T
lymphocytes and NK cells (Ouyang Q et al., 2003; Larbi A
et al., 2009; Pellicano M et al., 2011). Many evidences have
shown that CMV, which establishes persistent, usually
asymptomatic, life-long infection, has an enormous impact
on the distribution of T cell subsets in most old people,
which show a clonal expansion of CMV-specific CD4 and
CD8 T lymphocytes (Looney RJ et al., 1999; Chidrawar S et
al., 2009; Almanzar G et al., 2005, Pawelec G et al., 2005).
CMV-specific T cells typically display an effector memory
phenotype of late-stage differentiation. CMV also modulates
innate immunity and induces the production of cytokines and
chemokines which affect T cell immunity. So, the typical
consequence of aging is the progressive filling of the
“immunological space” by activated lymphocytes in

response to chronic/continuous stress either from
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pathological or physiological antigens stimuli (Goto M,
2008) . Moreover the cytokines and chemokines play a
central role in the generation of the “inflammed” milieu,
typical of ageing. Ageing is also associated with a shift from
the Th1l to the Th2 cytokine profile in response to immune
stimulation. The overproduction of Th2 cytokines could
increase B cell mediated autoimmune disorders by
enhancing the production of autoreactive antibodies. In
recent years, an important role of CD4+CD25+Fox3+
regulatory T cells (Treg) in the maintenance of immune
homeostasis has been described (Wing K et al., 2005; Mills
KHG, 2009). Aged individuals show an increase of Treg
cells, but the lack of IL-7 receptor (CD127) expression on
the surface of these cells results in their functional
impairment. It has been suggested that a decrease in Treg
cell numbers or function could result in autoimmune
diseases or rejection of a transplant, while an excess of Treg
lymphocytes might contribute to poor responses to infectious
diseases, vaccines and cancer (Rouse BT et al., 2006).

Most researchers have studied the impairment of cell-
mediated immune response during aging, although B cell
function is also modified in the elderly (Cancro MP et al.,
2009; Frasca D, Blomberg BB, 2011; Buffa S et al., 2011).

Moreover, the humoral immune response of elderly people is
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qualitatively and quantitatively diminished when compared
with the immune response of young people. Age-associated
changes in the composition of peripheral B cells reflect both
increased B cell longevity and decreased B cell generation
(Kline GH et al., 1999). Many authors have described a
decrease both in percentage and absolute number of total
CD19+ B lymphocytes (Paganelli R et al., 1992; Colonna
Romano G et al., 2003; Shi Y et al., 2005; Frasca D et al.,
2008; Faria AM et al., 2008; Veneri D et al., 2009). In
addition, defects in hematopoietic stem cells (HSC), that
influence B lymphopoiesis, have been described in aging.
These defects consist in: failure in telomere maintenance
(Warren LA et al., 2009; Weng NP, 2008), epigenetic
modifications (Issa JP, 2003), decrease in lymphopoiesis and
contemporary increase in myelopoiesis process (Kim M et
al., 2003; Cho RH et al., 2008), altered development in bone
marrow (Mehr R et al., 2003), shrinkage of B cell repertoire
(Guerretaz LM et al.,, 2008). Indeed, it has been
demonstrated an age-related reduction of the absolute
number of B cell precursors in the bone marrow (BM) (Kline
GH et al., 1999); however, B lymphopoiesis persists
throughout adult life (Rossi M1 et al., 2003). Reduced B cell
generation in aged BM is also due to decreased IL-17
production (Tsuboi | et al., 2004) and impaired V-DJ
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rearrangement (Gibson KL et al., 2009). In aged people, it
has been described a change in the B cell repertoire,
particularly in the heavy chain of BCR. In elderly people, the
extended survival of memory B cells and the clonal
expansion contribute to the limited repertoire and to the
collapse in B cell diversity that are correlated with the
impairment of antibody response and poor health status
(Miller JP, Cancro MP, 2007; Kumar R et al., 2008; Gibson
KL et al., 2009; Dunn-Walters DK et al., 2010; Ademokun
A et al., 2011). Moreover, the amount of the different Ig
isotypes changes with age: in fact, although the number of B
cells is decreased, the serum concentration of 1gG, IgA and,
to a lesser extent, IgE is increased. On the contrary, both
IgM and IgD are decreased (Listi F et al., 2006; Frasca D et
al., 2008). So the immunoglobulins produced during an
anamnestic response are preserved, whereas the Igs typically
produced by naive B cells are reduced.

Naive B cells express surface IgD, whereas “classical”
memory B cells carry switched Igs (IgG, IgA and IgE). On
the other side memory B cells are characterized by the
presence of somatic hypermutation in their Ig variable gene
sequences (Klein U et al., 1998) and most of them are
CD27+, so, CD27 has been considered the typical marker of
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memory B cells (Agematsu K et al., 2000) and IgD the
typical marker of naive B cells.

Nevertheless, the description of an IgD+ subset
expressing somatically mutated Ig genes failed to use this
marker to unequivocally distinguish between naive and

memory B lymphocytes (Klein U et al., 1998).

On these basis the combination of IgD and CD27 surface
markers, allowed to characterize three distinguished B cell
subpopulations :

1) IgD+CD27- Naive B cells

2) IgD+CD27+ Unswitched memory B cells

3) IgD- (IgG+ or IgA+)CD27+ Switched memory B
cells

By using these two markers it has been demonstrated
that naive B cells are significantly reduced in the elderly
(Gupta S et al., 2005; Colonna-Romano G et al., 2008),
although other authors have described the increase of naive
B cells in the elderly (Shi Y et al., 2005; Frasca D et al.,
2008). Moreover, Frasca D et al. (2008) have report no
changes of the absolute number of these cells in the old
people.

During last years, many authors have demonstrated the

presence in the blood of a memory B cell subset that lack
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CD27 (Anolik JA et al., 2004; Fecteau JF et al., 2006; Wei
C et a,, 2007; Colonna-Romano G et al., 2009; Cagigi A et
al., 2009). The expansion of this IgD-CD27- (DN) memory
B cell population has been demonstrated in healthy elderly
(Colonna-Romano G et al., 2009), in active Lupus patients
(Wei C et al., 2007), in healthy subjects challenged with
respiratory syncitial virus (RSV) (Sanz | et al., 2008) and in
HIV patients (Cagigi A et al., 2009). So, this phenomenon is
probably the consequence of a persistent stimulation of the
immune system. So, these data suggest that also CD27
cannot be used as an unequivocal marker useful to
distinguish naive from memory B cells. The complexity of
the memory B cell pool and the discrediting of the “dogma”:
IgD and IgM=naive, switched Igs=memory, has been
further demonstrated by the evidence of a IgM memory B
cell population identified as IgM+IgD+CD27+ and of the
“IgM only” memory B cells identified as IgD-
IgM+CD27+.

It was suggested that IgM memory B cells are generated
in the spleen and control S. Pneumoniae infections
(Kruetzmann S et al., 2003; Weller S et al., 2004; Shi Y et
al., 2005). Moreover, the decline of IgM memory B cell pool

in the elderly, could be involved in defective immune

24



responses against infections by encapsulated bacteria (Shi Y
et al., 2005; Buffa S et al., 2011).

Recently, two developmentally regulated markers, CD38
and CD24, were used for a better discrimination between
naive and memory B subpopulations. In this way, in the
human B cell compartment, two naive and six memory B
cell subsets were defined (Fecteau JF et al., 2006;
Palanichamy A et al., 2009; Blair PA et al., 2010;
Berkowska AM et al., 2011):

1) CD38hiCD24hi Transitional B cells

2) IgM+CD27- Naive mature

3) IgD+IgM+CD27+ Natural effector or IgM
memory

4) IgD-1gM+CD27+ IgM-only

5) IgG+/IgA+CD27+ “Classical” Switched memory

6) IgD- 1gG+/IgA+CD27- DN B cells
Human peripheral blood CD19+CD38hiCD24hi B cells,
identified as immature transitional B cells have regulatory
capacity and they are also known as Breg (Blair PA et al.,
2010). Indeed, these cells suppress the differentiation of T
helper 1 cells, in part via the provision of interleukin-10
(IL-10). These cells are expanded in different patients
suffering of lymphoma and autoimmune diseases, such as
SLE and rheumatoid arthritis (RA) (Palanichamy A et al.,
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2009; Blair PA et al., 2010). Blair et al (2010) has observed
also that in SLE patients, these cells loss their suppressive
capacity, producing less IL-10. In association with previous
evidence showing defects in Treg cell activity in SLE, the
authors have suggested the impairment of regulatory cell
functions in this and other autoimmune diseases.

In the DN (lgG+IgD-CD27-) B population of elderly
people, the rate of mutations evaluated in the V region of
IgG genes is dramatically reduced when compared with
young (Buffa S et al., 2011). The increase of the double
negative memory B cells in the elderly together with the
reduced rate of mutation might be due to the disconnected
generation of these cells from germinal centers, as it has
been demonstrated that ageing negatively affects the
germinal center formation in secondary lymphoid tissues
(William J et al., 2002; Frasca D et al., 2005).

In literature, naive and memory B cells have been
distinguished also by producing different pro- and anti-
inflammatory cytokines. Moreover, naive B cells produce
principally anti-inflammatory cytokines, whereas memory B
cells are the main responsible for pro-inflammatory
cytokines production (Duddy ME et al., 2004, 2007; Sanz |
et al., 2007, 2008; Lund FE, 2008). On this regard, the

different distribution of B cell subpopulations in the elderly
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and their ability to produce pro- or anti-inflammatory
cytokines might play a central role in the generation of the

inflammatory environment typical of age.

Successful Aging

The increase in life expectancy was the most
characteristic demographic process during the second half of
the last century. Improved child survival, reduced mortality
rates and decreasing fertility rates worldwide, is resulting in
a rapid aging of the world’s population, particularly marked
in all the industrialized countries. These result in
modifications in the types of existing elderly groups, with
considerable socio-economic implications, which are
difficult to evaluate, and which will certainly influence the
evolution of the human society (Golini A, 1997). The
increase of the human lifespan is not simply due to the
improved economic and cultural conditions and social/health
cares, but also to the interaction of these new conditions with
the genetic variability present in human populations. The
term ‘successful aging’’ has been widely used since 1961,
when it appeared in the first issue of the journal ‘‘The
Gerontologist’” (Havighurst, 1961). In 1998, Rowe & Kahn

defined the term successful aging as “avoidance of disease
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and disability, maintenance of high physical and cognitive
function and sustained engagement in social and productive
activities”.

Centenarians may represent the prototypes of successful
aging, indeed, they have escaped major age-related diseases,
reaching the extreme limit of human life in good clinical
condition. In most cases, histories of centenarians reveal
them to be free of cancer, dementia, diabetes and
cardiovascular diseases. The interest in centenarians as a
model for healthy aging is driven by the desire to identify
key factors associated with exceptional longevity in humans.
Centenarians are equipped with well-preserved and efficient
immunological defense  mechanisms, and optimal
combinations of an appropriate lifestyle and genetic
background. Looking at immune system, some parameters,
such as NK cell number and activity, were remarkably
conserved in centenarians and quite similar to those found in
young people: NK cells are so considered as “markers of
successful aging”. On the other hand centenarians show a
decrease of B lymphocytes and naive T cells, a progressive
increase of CD28-cytotoxic T cells and the accumulation of
expanded clones of memory T cells, a shrinkage of the T cell
repertoire as not successfully aged people. An age-related

increase in adhesion molecules on the lymphocytes surface
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and a complex reshaping of the cytokine network was also
demonstrated in centenarians (Cossarizza A et al., 1996).
Unexpectedly, centenarians have high plasma level of 1L-6
that, in combination with CMV positivity, significantly
increased the odds ratio for frailty (Schmaltz HN et al.,
2005). The inflammation is not per se a negative
phenomenon: it is the response of the immune system to the
aggression of viruses or bacteria. It is an emergent evidence
that polymorphic alleles of inflammatory cytokines,
involved in high cytokine production, are related to
unsuccessful aging as atherosclerosis and Alzheimer’s
disease; on the contrary, the control of the inflammatory
status may allow to us better attain successful aging
(Candore G et al., 2006). It must be mentioned that
Centenarian studies opened the debate on the choose of “the
right control” to be used in the experiments.

Certainly , unlike their parents, centenarian offspring
(CO) have an appropriate control group, i.e. age-matched
healthy elderly, who haven’t a familiar history of longevity.
Centenarian offspring, like their centenarian parents, have
genetic and functional advantages that predispose them to
healthy aging and longer survival. Some evidences suggest
that these longevity advantages are associated with lower

risk of cardiovascular disease, stroke, myocardial infarction,
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and diabetes mellitus. The prevalence of other age-related
diseases, like cancer, dementia, osteoporosis, Parkinson’s
disease are similar between CO and their controls (Terry DF
etal., 2004 a,b).

Focusing on B cell branch of the immune system,
centenarian offspring don’t show the typical naive/memory
shift observed in elderly. Though a decreased B cell count
was observed both in CO and in their age-matched controls,
in the former, naive B cells (IgD+CD27-) were more
abundant whereas exhausted memory cells (IgD-CD27-)
were significantly decreased, looking similar to the young
(Colonna-Romano et al., 2010). It is well documented that
the quality and the size of the humoral immune response
declines with age (Frasca D et al., 2005; Cancro MP, 2007;
Kumar R et al., 2008; Gibson KL et al., 2009; Dunn-Walters
DK et al.,, 2010; Bulati M et al., 2011). This change is
characterized by lower antibody responses and decreased
production of high-affinity antibodies. The evaluation of
IgM secreted in the serum by CO shows that the values are
within the range of the levels observed in young subjects
(Colonna-Romano et al., 2010). Taken together these data
support the hypothesis that centenarian offspring have a
good bone marrow cell reservoir that give them a big

advantage both to fight the main age-related diseases and to
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properly respond against new infections, prolonging their
life. Alternatively, immunogenetic profile may give this

result.

An example of unsuccessful aging:

Alzheimer’s disease

Alzheimer’disease (AD), the most common form of
dementia among elderly people, is one of the major example
of unsuccessful aging. Initially, AD manifests itself as a
progressive dementia characterized by amnesia and other
cognitive deficits. As the disease progresses, people affected
show defective instrumental functions mediated by the
association cortex and they may therefore present aphasia,
apraxia, up to present interneurological disorders. Anyway,
diagnosis can be made with firmness only upon brain
autopsy. Pathological changes in the AD brain, observed by
post-mortem analysis include neurological loss, extracellular
amyloid plaques, due to the deposit of amyloid beta peptide,
and intracellular neurofibrillary tangles, consisting of
phosphorylated tau-proteins. APP molecule, amyloid beta
peptide precursor, is a transmembrane glycoprotein

expressed in a ubiquitous way that, once synthesized in the
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endoplasmatic reticulum, plays an important role for
neuronal growth, dendritic extension and synapse formation
(Priller C et al., 2006). The physiological pathway involves
the a-secretase enzyme which cuts within the APP domain,
generating two fragments, P3 and AICD, two y-secretase
substrates; the pathogenic or amyloidogenic pathway is due
to the consecutive action of B and y secretases, catalyzing the
release of AB40 and AB42 fragments that will settle, joining
into plaques.

The disease occurs predominantly after the age of sixty,
although there are rarer cases of onset between thirty-fifty
years. It’s possible to make a distinction between sporadic
and familial AD. Most cases of Alzheimer’s disease are not
hereditary. However, there is a small subset of cases that
have an earlier age of onset and have a strong genetic
element. To date, mutations on APP, Presenilin-1 (PS1) and
Presenilin-2 (PS2), enzymes/cofactors involved in the APP
digestion, lead to a preferential production of AP42, the
toxic fragment, compared to the not toxic fragment AB40
(Bird TD, 2005). In addition, other genes have been
identified (e.g. Apolipoprotein E gene €4 allele) that increase
the risk of disease. Some studies have shown that cholesterol

may influence APP degradation pathway inhibiting «-
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secretase activity but enhancing - and y-secretase functions
(Crestini A et al., 2006; Grimm MO et al., 2011).

Age is the major risk factor in Alzheimer’s disease.
Indeed, during aging, brain is massively exposed to a great
variety of stressors, such as trauma, oxidative stress, tissues
damages, inflammation, which may be correlated with the
beginning of the neurodegeneration. The female gender
could be another risk factor, regardless of the greater
longevity of women: over eighty years, women’s risk of
developing AD is 20-30% higher than in males.
Furthermore, high levels of homocysteine may be related
with the onset of AD. The causes of hyper-homocysteinemia
include genetic enzyme defects and acquired conditions,
quite frequent in the elderly, such as vitamin deficiency that
altered the methylation process. These conditions can
promote the development of dementia through endothelial
modifications, oxidative stress, neurotoxicity and neuronal
apoptosis. It has been shown that AP peptide is able to
stimulate the synthesis and secretion of IL-1, IL-6 and IL-8
by microglial cells, activating the inflammatory response. In
the nervous tissue, these cytokines induce APP and, as
consequence, AP synthesis that, in turn, will increase
cytokines production by glial cells and neurons. If the

activation of cells persists and becomes chronic, these
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cytokines contribute to neurodegeneration (Akiyama H et
al., 2000). Moreover, the combined action of TNF-a and
IFN-y not only stimulates AP42 synthesis, but leads to
reduced secretion of soluble APP protein, generally
considered as a protein with neuroprotective attitudes.

Inflammation induced by the accumulation of AP peptide
is not a local phenomenon that concerns only the brain of
AD patients, but a systemic process that affects the entire
organism (Britschgi M et al., 2007). Different studies have
shown an increase in chemokine production, like MIP-1a,
RANTES and MCP-1 by PBMC of AD patients and the
expression of CCR5 on brain endothelial cells (Li M et al.,
2009; Reale et al., 2008). The expression of CCR2 and
CCR5 on T cells and CCR5 on B cells on AD patients are
increased after in vitro stimulation with r-Ap peptide
(Pellicano M et al., 2010).

Patients suffering from Alzheimer’s disease show
systemic changes at the immunological level. An evident
decrease of B and T cell numbers it has been demonstrated,
while the number of natural killer doesn’t change (Richartz-
Salzburger et al., 2007). Looking at T cell branch, major
changes were seen within CD4+ compartment, where AD
patients show a significant reduction of naive

(CD45RA+CCRT7+) and a contemporary increase of effector
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memory (CD45RA-CCR7-) and TEMRA (CD45RA+CCR7-
) T cells, when compared to age-matched controls (Larbi A
et al., 2009). In our recent paper we have seen a higher
frequency of activated T cells (CD4+CD25+FoxP3-) in AD
patients compared to old controls (Pellicand M et al., 2011).

OUTLINE OF THE THESIS

The gradual increase in life expectancy, already observed
from the last century, has had a great appeal to the scientific
community that concentrated its efforts trying to understand
the mechanisms that could lead to longevity.

Aging is a natural process that occurs in all cells, tissues
and organs. It is modulated by both genetic and
environmental factors. One of the most important
characteristic of aging is the progressive deregulation of
immune responses, resulting in an increased susceptibility to
infectious diseases and pathological conditions relating to
inflammation and the onset of autoimmune diseases. The
modifications of the immune system in the elderly, known as
“immunosenescence”, is a complex process that involves
both the innate and adaptive immune compartment. Lifelong

and chronic antigenic load are the major driving force of
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immunosenescence. The characteristic consequence of aging
is the progressive filling of the immunological system by
activated lymphocytes in response to chronic/continuous
stressor agents. The constant decline in the number of naive
T cells, the reduction of new B cell precursors, the extended
survival of memory B and T cells, the increase in
homeostatic proliferation and clonal expansion, contribute to
the limited repertoire and the collapse of cell diversity that is
frequently correlated with poor health status .

Anyway, some people reach the extreme limit of human
life in good clinical condition, escaping major age-related
diseases. Centenarians may represent the prototypes of
successful aging. Centenarian studies pose the challenge of
whom to use as control. Unlike their parents, centenarian
offspring (CO) have an appropriate control group, i.e.
common elderly, who haven’t a familiar history of longevity.
Centenarian offspring have a genetic background that could
predispose them to healthy aging and longer survival.

The aim of this thesis is to study the immunological
profile of elderly people and a group of people genetically
advantaged for longevity (CO), to evaluate if it exists a
correlation between their genetic advantage and the immune
system, focusing our attention in particular to the B cell

branch.
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Moreover we have also focused our attention on the T
cell branch of patient affected by Alzheimer’s disease (a
model of unsuccessful aging). Recent studies have shown as
inflammation induced by the accumulation of A peptide is
not a local phenomenon that concerns only the brain of AD
patients, but a systemic process that affects the entire
organism (Britschgi M et al., 2007). In this thesis we will
also show the results of our study about the immunological
changes related to AD, analyzing the T cell branch in
patients compared to healthy age-matched and young
controls.

In chapter 2 we present a short report about the
modifications of the immune system with age
(immunosenenscence). We focus on the impact of CMV
infection and we discuss about IRP. Moreover, we analyze B
cell branch and the collapse of diversity in old age.

In chapter 3 we compare some B cell parameters
between centenarian offspring and their age-matched
controls to evaluate whether any differences exists that could
be related with the increase lifespan expectancy of people
genetically advantaged for longevity.

In chapter 4 we examine the systemic signs of immune-
inflammatory response in AD. We analyze lymphocyte

subsets and activation markers after in vitro activation of
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PBMC of AD patients with rAB42. Moreover, we evaluate
the production of cytokines and chemokines after in vitro
activation. We compare all the data with those obtained by
age-matched controls.

In chapter 5 we present a review that show the current
knowledge about B cell immunosenescence focusing our
attention on memory B cells and a particular subset,
IgG*IgD"CD27, that we have demonstrated is increased in
healthy elderly.

In chapter 6 we analyze the modifications of
naive/memory B cell compartment in the elderly, evaluating
also the production of pro- and anti-inflammatory cytokines
after in vitro activation with different stimuli. In addition, we
study the somatic hypermutation on memory B cell subsets.

In chapter 7 we analyze the T cell branch of AD patients
comparing results with those obtained by the analysis of
their age-matched controls. In particular, the greatest
differences were observed in the CD4" rather than the CD8"
T cell compartment.

In chapter 8 we show a different distribution of
naive/memory B cell subsets in the elderly and in
centenarian offspring. We also characterize a novel

population of late memory B cells and perform functional
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analysis to evaluate cytokines production induced by in vitro
activation with CpG/PMA/lonomycin.
Finally, in chapter 9, a summary and general discussion

of the results are presented.
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Abstract

On April 7.8, 1009 a Sympasium entitlsd Pathaphysiology of Successful and Unsuccesdhl Agsing™
ook place in Paberma, faly. Here, the lectures of G. Paselec, 0. Dunn-Walters and. G. Colonna-
Baomana on T and B immunosenescence are summarized. ln the elderly, many alterations of both
innate and acquired immunity bave been described. Alterations to the immaune spstem in the older
person are generally viewed a5 2 deterioration of immunity, leading to the use of the catch-all tarm
immunosensscence. [ndeed, many immenalogical parameters are often markedly different in
elderty compared to young people, and some, mostly ciroumstantial, evidence suggests that
retined function of both inmate and acquired immunity in the elderly i correlted with heath
status. ¥hat is often not clear from studes is how far immune dysfunction is a cause or an efect
A bester undersanding of immunosenescence and mechanisms responsible for proven deleterious
changes is needed to maintin a heakhy s@te in Rter life and to design pomsible therapeutic

interventons.

Background

The immune system of older peaple is waally perceived
a5 declining in fidelity and efficiency with age, resulting in
an increased susceptibility to infections diseases and path-
alogical onditions relating to inflammation (&g, andio-
vascular disease, Alcheimer's disease] or autoreactivity
(e, thenmatoid arthritis). This overall change in imm-
nity is loosely termesd “immuncsenescence”. The individ-
ual contributing factors to immunosenescence are many
and varied, due to the multi-factorial complexity of the
immune system. |2 i often difficult to determine whether
changes in a particular cell type are intrinsic to that cell, or

cansed] by environmental changes, or hath. This is partic-
ulardy the mse for lymphooytes, where the interplay
between B cells and T cells is crucial for efective
responses, 5o if one sabeet is affected it will change the
function of the other ane [1-3].

Impact of Cytomegalovirus (CHY) infection on
immunasenescence

Anecdotally, the clinical relevance of immunosenescence
s well-dommenied, bui exact detailed information is, in
B, hard o come by, Immuncsenescence & a very
vaguely-defined descriptive term covering the deleterious

Page 1074
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sge-amoctated changes to tmmustty observed 1 all mam.-
mals studied o Gr. As immunity almost certataly enbed
i protert agalest inferttous disease, which 15 3 major
s of regluced Hfespan, comelations between immune
fumetion and longevity have been sought for many yeam.
Early studies indicated that respomses i mitagens pre-
dicied mortality to some degree, and since then many
stiches have probed smodations between sumvival and
parameters of both emate and anquired mmustty. An
EmETFing comsensus suggests that matnienance of appo-
priate immumity 1s sssential for excepttanal loagevity and,
by tmplication, alse for *nomal” longevity 4] While all
romponents of mnate and acquirsl mmuniy are
rhanged with age, the cinial Impant of these danges 18
nod cler, and mechantsms of sand madkers for immuncse-
nexcence are conirovertal. In humans, cross-ssritanal
shudy design mises many dificulifes - potenitally ma-
founding the interpretation of the published data. Fxam-
Imtng mmume status in the current elderly s mther ke an
astronomer examinkng the Gr-away cosmaos. we are seeing
thee results o events that happened 2 long time ago, when
clrnmstances were different from thase nowa-
days. These differences, which @omot be comtrolled for,
Include genetics, enviranment, nutrition, developmental
varlables and pathogen load |5| The adwaniages and dis-
advantages of lemgttudinal studies an the same mdwidu.
ik emerged In the matent of the planeering OCTOY
WONA studies of people =85 y1af age, which resulted In
the definition of an "tmmume nsk peofile (IRF) [5-8].
Although this s 2 concept which has become Increasingly
acrepted of late, it showld be emphasized that the [RP has
oaly been shown o predict momtality in very elderly
Swedes, oa the basls of very mbied data. These siudies
must be repeated and perfoemed i ather populations
o0, Om the basts of even Jes data, we can say that 1t seems
{hat the IRF Is not predictive of exres mortality 2 55 w
haseltne, but might start to berame so at 65 yr {on 10w
fiollow-uup). Beause one very sromg Influence an the 1RF
15 Infertian with £34v, 1t will be extremely importan to
test whether immune sigraturss |tke the IRF are infarma-
ttve umder ather derumstances, in different populatans,
amil whether polypathegenicity has an addittve effect
There s some epldemialogical evidence for exress maoral-
Ity In £ papulitions, which 15 further
Increased 1n those mo-infected with hepatits A and B as
well There s alsn some emerging svidence that CMY antl-
hosdy tier may also be Informative in this regard: individ-
uals in the upper quErtile had sgpificntly reduced
survival tmes compared te those in the: lower quariile
The marked influence of CMV on Immune signatures 15
Ilustrated tn the finding that coss-secttanal studies on
several different Furopean populations dearly indicae
that the comsersus view of T oell iImmumasenesrence that
{hoe fraction of nafve (18 rells derresses tn the elderly and
the fraction of lae-difernitated memory cells Inmmses)

1]

LoD

drwes indeed hold troe - bt anly for people wha ane
Inferied with £V, Such Individuals also have higher lev-
#ls of C-peacttve protein, ndicating that they are miare
lkely in suffer “mfammaging’. tseli lnked with
Incressed coourmence of diabetes and other inflammatary
diseases, a5 well as peneral fratlty and nereased moetality.
This im0 may therefoee be markedly infuenced by (V.
Imfectiem with other persistent herpesvinuses, ot lest ERV,
HSV and V5V, does nal appear to have any stmilar efec
|53 The umiqueness of OV In this conbext rematns
emlgmatic. We propose that there may bave been some
advantage In early |t o being Cvv-poskive - possibly
peecteely berzuse of the enhanced pro-nfammatoey s2a-
s 1 Infierted people which might have had 2 prodective
effect against Infection with other pathogens under condi-
teans (= the wild 1t s thus machded that immuse signa-
fures ame mdeed mivrmative for “Immunosescene”,
which predicts martality, but that these immuze signa-
fures; e matertally influenced by CMV miecttan [10].
Any immumogeroaiological study must therefore iabe
MV st inio acroumt. Although (mmunoeenescence 18
clearly not caused by (2, i oaly berause not all elderty
peaple are CMY-positive, this infertious agent seems to
have a large Impact on immume parametess n Laer e
ami may coniribute to incressed morhidity and eventual
martalty. If tnaly amying 2 benefit n erly bie, this
winlld be yet amother example of "antsgoatsiic pleint-
rapy” which seems almosd io consittute ooe of the few
general laws of agetng [11].

B immunosenescence

Lterature on tmmusaseRescence has foomad malsly oa T
el impaimment, but the B cell compartment 5 also
affeted in aged The quality of the antthody response 15
substantlally impatred. Until recently it was ronsidered
that the most Blely cause of B cell failure was a lack of
eifective T cell help m 2 T-dependent resction. Thymic
Imvvobutiom 15 well knowm, and there s 3 subsiantial Hers-
fuare on the funciional dechine of T cells with age. How-
ever, there are T.Independent fimetians of B cells, such as
the palysarcharide respomses that are croctal for amit-bac-
terial protection, which also appear to be lacking In later
I1fe. , there & ememging svideme to suggest
that B cells are tmpartant antigen presenting cells n their
own right and can be key regulatons af T cell development,
leading us tn sperulate that sme of the Fathares of T rell
fumetion may yet be blamed on Insufficent help from B
rells! Changes in B cell sumber and reperioiee have been
demeribed, and decrezsed Igad and IgD) levels in the elderty
suggest 2 shift from the natve (CD27-) compartment of
thee B cell branch towards the memory (G274 ) mepat-
meend. However, these data are conimovensial since nod a1
stushes have showm this [12-14]
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Clerulating B cells @n be divided on the basis of their
expeesalon of Iyt and C1327 nbo different funcilonal sub-
sets. In the aged, 8 double-negatve (D) 1gDCD27. B
rell subsst s significantly inrezsed [14]. Most of these
cells are Igi-. Preliminary data an telomere length and
expeessice af the ABCH] tramsporter and antl-apopintic
malecule, B2, sugpest that DN cells have the markers of
memary B cells. Furthermare, these cells do ot seem to
a1 35 antigen peesenting cells, nor do they expeess signif-
cant levels of the CD4D moleoule necessary 10 Intead
with T ymphoeytes theugh the ligand, (D154, Hemee,
these expanded cells may be lae memary or exhausied
rells that kave down-modulited the expreston of CD27
amil filled the tmmumaloglc space 1n the elderly. These
ells might be the age-related mamlfesiation of tme-
enduring stimulatien ar dysregulation of the lmmamne sys-
tem [14]. Intenesiingly this D4 B el population 15
Imcreased also In patlents affecied by Lups [15] and tn

healthy sahjerts challenged with respiratary syncitial irus
(V) [16]

OF Inkerest, B naive ymphooyies are inmezsed i the off-
spring of healthy centenaans [17]. 1 1s well known that
older nifspring of eentesartans, whio are in thetr 70 5 and
805, have 2 survival advantage when compared with ma-
trod subjects of the same age range whose parents died ot
am average lie expertancy [ 15]. The main ymphocyte dif-
ferences observed between the two groups concem B eells
Imdeeed natve B cells aremore shundant in centenaman off-
spring. These data are similar io that found In pretous
stuschies on younger subjects. 5o, the B odll rom pasment of
the older affspring of centenanans seems ta have more In
rommen with that af younger controls than with coatral
subjerts of a steilar age [17].

Human B cell repertoire diversity in ofd age

It 1 clear thiat the humaral immame respanse to challenge
|5 Impstred In laber e, since the titre and 2fintty of ant-
hodies ralsed by vamimation are consisiently lower fora
vantety of different varcine challempes [19]. The amual
nummber of B cells does not appear io thange with ape In
proportion to the decrease In vacdne eficency. In G, In
mice, there &5 ttle evdence for any change In overzll B
]l numbers. Yet there are reports of perturbations in the
perminal rentre (G) rectian, which s key to the devel-
opment af efferttve B ells In 2 T-dependent respomse.
Some grougs studying mice have repodied a decese In
the stee and mumber of GOs respemding to challenge |20
Othver studles In humans have not shown any differsnce
Im G pmber [21], but have shown mare subtle differ-
enies in the dynamics of the response within the indtad-
ual Ges [23]. The sirength of selertion 1n the affintty
maturtian peoces within the germinal centre was shiwn
i0 derresse with age in the germinal centres of Peyers
paiches in the gut. This was not seen in those of the

COmir 1]

spleen, 5o there are tsue-specfic differences oooming
that are not always ey 10 eluddate 1n humans [22] &
derresse In fimetion of GO tn the gt could be due tna
number of factoes. Avallsbility of T oell help ts am obstous
oee. lthough we did not see any differences in the num-
hers of C:0ubs T oells present In these follides |21].

Ditverstty af the available pool of B cells s another poeat-
ke factoor. 1 has been shown in mice that the
imeme 15 decreased at the epense of the mydold nege
amil the bome marmow B cell outpot decresses with age
23] Althuusgh this has pot been shown In humans 1t 52
strong possihiity. & derresed output of atve Beells, roo-
phed with the scrumulation of memeny cells from previ-
o immune challenges alomg the Hieourse, may well
result m 3 redhurtian af B cell diversity. This would be espe-
cially true in the mucnsal tmmune sysiem where the antl-
el Is Eequent Loss of diversty In a
population of B cells would thevmetically impatr the B cell
response (o new challenges as the avatlable reperatne
from which o fimd an efferttve responder would be
decressed. This would be particularly tmportant i, as sug-
gested, 2 larger proportion of the population are memary
rells that had alresdy heem thmugh the sfintty maturs.
thon process [14]. Their B cell receptors would be mane
specific for 2 partimalar antigen and may therefoee have
Irat thee Rexthillity of thelr antigen hinding site that might
have ctherwise allowed them to acommodate 3 broader
range af antigens. H.rell diversity in the peripheral hlood
of partiipants from the Swedish "NOMA" longiudinal
sty using a method of B cell spectratyping was recently
explored. This takes advantage of the frt that the COR3
reghon of the immunogicbulin heavy chain Is exiremely
diveme, so that when the reglon 15 PCR amplified the
resultand fagment sloss follow 2 Gausdan distribatian,
peoviding that the starilng materal contains over 300 B
rells. A chanpe 1n diverstty af the population cn be
detecied by deviation from the narmal distribation. Most
af a matral aged under 50 yeams show
Iietle vartattan. Hawever, about a third of the alder groap,
aged 86 to 94, has stgnificant deviation Fom nomal,
Indiating a loss of diversity af the #cell population in the
I blesd. This lees of diversity correlated
with the health status of the individusl, 2 loss of diversity
hetng amociated with those clasified 2 *fil* [24]. Fur-
theer stisdies will have i be undenaken to determine the
exact relatianship between los of divenity and fmilty,
amil whether the loms of B cell diversity substanttally affects
{hee response o antlpen challenge. However it is bemming
clearer that the B cell population 1s substantialy aliered m
old age and that this has 2 sgnificant comiribation to
ImmumsEn e
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Conclusion

In the elderly, many aliemtions of both nnate and
acejutred immeanity have heen described. These alierattons
are penemally viewsd 2 2 deteriomtion of mmunity, lead-
Ing to the wee of the term Immunoseescence. This proc-
£ 1 Al characterteed by chromic Inflammatory satus
Hemee, Immumosenscence &5 esponsible for the
ImcTessed susceptibiliy of elderty to Infertious disezses o5
well as heing a1 the oot of the hiokgic] mechantms
responsible for inflammatory age-relaied diseaes |1-4] &
lomg Itfe tn 2 healthy, viporous, youth fial body has akways
heen ome of humantty's greatest dreams. Hence a betie
understanding of mmunasenestence, and the develop-
ment of mew Smbegles i munter 1, ane ssential, not
oaly for anil-ageing steiegles alming at rejuvenation, b,
mire impartamtly, with the aim of prolonging healthy e
by preventing Infectiows diseases and therehy improving
{hee quuality af life In later yeam [23,26]
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Abstrace To ivedigaie the vy stemic s of & fi n Altheiner 'y discase (AD), in the prosent stady

nhw-ﬂynllﬂwdh-phmkm-llhmdwnmmmwwm“db
(FEMCy) frum AD paticrtx asd age-matichal bealthy cortrols (FC) activatad tevidm by recosbinist sy boid- 8 pepide (1A S5
Our study of AD lysphocyle sibpopelatioas confinm the alesdy describad docrese of the shsolute number nd pocertag: of
B cells when coonparal 0 HC lynphocyies, whersa the other ssbacts e not significmtly Sffoest i pationts e=d controbe
Wuqnnultxudapu‘mdtcdimimmm-ﬂd&:mmcdeGSwTwh
but s changes of CD25 afler sctivition. B cells e also sctvind by rA ks = the erhuscal expresicn o
CCRS. Wmvﬂ;ﬂauuﬁmdhwmﬁ)%amﬁ Soms wtivition
-b:nnl' kize roceplon ot d n entamduied AD cells when crmpeend W controls. This i evidence of

f satus of AD, SEmalatia by AT w0 induoss the productios of e pro-nfienmaony oyiobines 1110,
ILAIFM sl TNFoc, e of the setiinflammmationy cylikises T.-10 snl [1-1Ra. The hanckines RANTES, MIP-11, ind
colaxiz o well 1 wme growh fectors (OM-CSF, G-C5F) wre sbo overproduced by AD-derived PEMC activaled by 1A 3,
These rewls sppeet the ivelvement of sysomic immusdy in AD patictx. However, (ur stidy is an chservational o 5o we
carmad deaw u conclisicn sboet its contribution 1o the pathopinysology of the docoe.

Keywoods: Alibhcina'x dacoe, chemokine, oy lokine, FAMC, oAk

INTRODUCTION

Ahldn-u(AIb:nmld
e disease that m Westerm

L a4

me-lnxtx Calage Canuma, M), Ungpo & Sasio

'M:h-a l.w-mu-m Conn Tukoey 201,
0134 Padermn, By, Tel: ¢ 30(0IA855511; Fax 30 QOUASSSVS;
vl mamocuipen

soceties account for the majonty of clinical senile de-
meat. Since 0o exrly peciphan and mascmable signs
of the dises have been idantified w0 fr, diagnon
cxn bo maads with firmmess oally upoa brain amtopsy.
Moreover, 20 Teatment 3 yet aailabio to wd or tum
Tound the Esease; euistng dugs are cnly 2ble torsliove
sympions S sozoe time [1.2].

Pathological chomaw: in $e AD brain inchade nau-
roaal loss, sexdle plaques, xod sawrofibrllary tangios.
Togsther with the prassnce of inransural sngles, coo-

ISSEN L I025T 50527 40 © 2010 - K From and the ssthom. All nghts resenad
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sstng of phosglerylamd tm-proeizs, sl laguas
2w i hallvork of the pathalogical dagmends of AD.
Howsvar, the mowased producton of ansyloid- 7 (A7)
from the ansyleid-f protuin precemar and its brain ac-
cunmilation xnd deposit in the sexile plages lead to
inflarreation and nourosal damags [3]. Depeading oz
whothar the 40th or $o 42nd avino acid & C-termimss
is the hst of o A promin, it comists of two me-
jor formm, Ay and Ay, The beter tamds % chustar
int clignmers, forming A Shrils thae deposit as pi-
crostmuctanes, amryloid plagues, and it & the predons-
‘nant form thot accumralates in the bramm parencirym of
‘tion of several ofar profeds and an inflanretory mac-
tion armd dopesits of anmyloid. In addition, plaques
contain dystrophic nemis, actiated micoglia, and
Teacte astreytes. Aggmipated ansroid Sheils ad in-
fammatory mediaior secrsted by microghal and as-
trocysic calls contribute to newromal dystopin [3,4].
Inflammmation cleanty oo in pathalogically vl
nanble regioms ufﬂnﬂl}hm o it dess w0 Wik

inflamertory stinmibs gach a5 & provios head Ty
is arisk factor for AD and several epidanmiological stad-
ins cleaty show that blood alevations of acute phase
protdn:, ke of pytend inflameotory stimel,
‘may bg sk factors fior cogoite decling and damentin.
Erﬂ:mcrnmnprnnﬂﬂimmﬂsdm:m: syimic

AD[3,7,8]. In particalar, tn.‘ownuimﬂa—m}fmh
o group hove indarscored the role of cytoking paly-
mphmmﬂﬂmmmmmm&n
ey mapamias inAD [9.10].
A.'ﬂmdmua.bm]mmnmq)mﬂmuh‘mslhﬂ
calls and astrocytes. The innate ipamity ties to clear
Af and mdnees S production of inflammoinry pre-
m.mhmnﬂ:phmm.mf]mnpm
pro-inflansrexory cytoldnas, and chamsckings thar will
be chmaically produced and can indnes neumdomici-
1L
Although mmech svidimes wagget the imebrmant
ofa systumic imereno respomse in AT, it s pocty char-
acterized [12] Indeed blood dacved cells weam
acoummilats in the AD brain [13], while other stadies

b shown changes in the distrfution and macthiy
of inermi calls in the blood [12,14-16]. As miswed
Try Brituchgi and Wss-Comny [12], meomry shudies ke
shovn that there i copamication betwesn central and
Ty weasic immme rmepomes. Inparticular neroindae-
mation indnces S affux of contral nenvoes syvhen
{\CHE) protains, mchas AF, or infammatory medistor
aczoss e blood-train-barier (BEBY; this may cause
e imeremg reaction and recruitment of smslodd
or hympbocytic cells inte e CNE [12]. Ths, connm-
‘mication between the TG and inamme syvien m AD
vould ifisancg both the Eyephocyte ditrtution i the
Tilood znd e prodection of impame mediaes [12]
Indesd pertpharal blood momomecleer calls (FEMCS)
from AD patiants prodnca highar bevels of some o
‘tokings, much 25 interleukin (L1 7 and IL.-6 compemod
o PEMC fromn comtrol sabjects [17]. Othar studios kg
shown that AF stmmivies mocrophags mflanratory
protain (MIF- 1o overamression on periphanal T cells
and it mospror CORY expreszion oo brain andodhalial
calls for T calls crossing BEE [1B]

In addifion, the prodection of Reguixed on Acs-
vation, Normal T Expresied and Secreted (RANTES)
Ty AD PBRICS weams to nomase after stimulasion by
AL [19]. Momovsr, an immes dimmipeation wa e
caatly docemanted 2 dnpatic alintons on CTH*
wubests fn patients with oild AD huve boan report
wl Inparticelar, deceased parvantags of mive clls
and an increase of memory cells, an inceaed mm-
Thar of CDH4+ Tymphocytes St Iack the corstimmlatory
malecals CTOS, and & méetion of CTHACDE 94 T
ragalatory calls (Treg) kv bean obearied [20].

Thess data mzgest a imifcant imobvwement of both
the immate and acquired irsrmmity i AD patiants, al-
therazh there am not ancegh data to desmming if Sese
e S s or the comuequances of the disas. To
Eain insight ien this fopic, we have mmestigared some
asic Immreng paramatens in patients with AD, and wo
b prrdiemed i vine acthation shadies of AD PEM-
Cawithreconshinant A% (1AM, | to eahot calludarre-
activity bo the peptids and the cyickine and chemcking
production.

MATERIALS AND METHODS
Skt
Dingnosis of probaible. AD was according to standard

chinical roceddires amdfollowed e NINCDS ADRDA
wmd DEMITE. mida [21.2]] Comtte pecior
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‘mancs and albertions were meanmed according to the
‘i Mania] Série Expenimation (MMEE) and the Glcb-
al Doteriomation Scale. All AD cases, ware dafined 2
m&ﬂwﬁmwpdaﬁtwd&mmm:ﬁm
of AD consisted of 4 patients from Sicly (27 wonr
an axd 13 mar age rnge 556 yean; mean agec
TB4 7.6 .!.I:I]nhmtmdnﬂndmﬁnmd]rddnct
]nmatm_mm-mhhiynﬂ.um.qmbm-
ic (presant or previows) crdomscolar diseses, and
‘majorinflamoiory diseases vech s aun i
infections. Fighmen of ther were snder tmatmen: for
Iypartansion and'or dishets: with drugs not knowm to
affact the fmmmmme yvee. Ancordngte MMEE, 16m-
ity wars afucted by sevars damentia (o 17), whars-
21 this reemnining 24 s affected by moderats af
damenty (o 17 24). Patiees with wascddar
ars not mclnded im ke vady. Simce tmatmont with
acetyl-cholinesmre mhihitrs mry modelste ookie
anprassion [23], patients were nchaded bafors vartdng
that cameris (HC) ware 25 mmmlsted
mﬂnh]:(l‘mndlﬂmapmp B85
‘meam age 777 4 ".‘r‘.]m.imlysuhmdl'mmnm
‘mant homs. Thesws sehjects hnd
mlmmm.ud-:qmmmgmd
hudmﬁnhdjﬂxdhi;mmdumimn(mmphu
hiood call coust, arythrocyte sedimentation o, ghn-
CO%A, UTeA RETORAN, CTRATI, alectrolytes, C macthe
preten, e fnction tests, ron, prots, cholesterol,
trighveerides). Tha controks ware collecied from the
r.mnpupuhﬁmmﬂnpﬁmmhmt The Unfrersi-
i Eﬂn::- e the ¥ anﬂ.
yf[ospda] m indy,

pli.mmdmdsumdm;mhhnlm

Wholk klood was collected by venopenchm mva-
cutxiner fubes containing ednienedin wmacstic
acid The megles were kopt at room tepartm and
used within 1 b for the various experimants. Lyzophe-
oyt wutsets warm anabveed in 40 AD and 25 HC. Call
cultares. Sor acthation and cyokine ion ware
parformed on PEMCTs from 16 AD and |5 HC rmdor-
by salocied, taking imfo acoount pender, xge rmge, and
the Ao between severs and modanin AD. In B, we
siudied 11 patants afeced by modwai AD (4 e
and 7 women, mean age 795+ 1.3, 7 patient affected
Ty svare AD (2 mom and 5 woman, meam age B1.0 +
1.5), and 13 HC { man el 5 wemen, mean age 78.5 +

13
Preparation et characrerization of pd

Tiolation and prrification of T g were parformaed
& described by Carrotin o al [24]. To cbiain mmall

olignmers, rif; was dimoled m double-dstilled
B0 (ddH-0 to 2 final concomtration of 14 oM and
incubated at 37°C for 86 b Ienedatly after dis-
sahtion (tims {), 2nd afer incubation, aliquots wem
ol and stained adding Sfofniz-T (THT) ot a §-
nal poncantration of T uM and applied o micmscope
tion: in the range of mioometen: was vimalized with
the fhrmscancs aptics of am Axiicop 2 miaecope
(Zaiza, T5A) T imagw: ware captered nsing an Axic-
tam digitl camars inferfacad with 2 More-
ovar, TAfz at o 0, and after mochation at 37°C for
96 h, was analvzed by Westarn blot. Amabysis of the
sansples was cammied o wsing SDS-PACE, and afier
ranning, the pel was mansEoed o aitocalloe and
the filter wan mozbarted with anti-Histidno (ant-His)
1:5000 {Piarca, Rockdond, I, USA) [24].

Cell culrures
PEMC: wan sepamamd by contifiption with
Ficol-Iyepholbyte (Codriame Labomtorks Lins

Omtaric, Canada) i washod tovice in B, Vinbdlity
W unesed h']'t'fpam'h}m dve amchsion. Th viskie
talls (B 558" of fhe preparation) wers m-vzspanded at
the comoeniraien of 1 » 10 %l in conpleis medmm
conzporied of EPMI 1640 (Ermockne, Doven, UK sup-
plamted with 1P heat-imacthased fotal calf sanm
(Fumoclons), 1%: pexicillinstreptonryein, 10 mAFFP-
ES, and | T -ghraming.

Calls ware cultured in 24wl flat-hottom plates at
1.5 10" calls per wall in PP mgediurm. The FEMC:
ware withar unstiemlatd o stolaed by of
1A%z (10 p g'ml) obiained 25 described abova. For the
therncking recepeor axpression sy, the PEMCs wa
withar unstirmilased or stirmilased by pirytkaerazghe-
tmin (FERA) (3 pg'ad], ant-CD3 (0-CTE) {1 pged],
1Ad (L0pgml), or48hat 37°C ina lumidified
(0; amogphers. The cells weew den collecied and
used for flow cytometry.

Florw cytomtry

In ordar to eyt the T hyzphocyts subsets mbod
AD pationts and FIC, frash sanmples wers sixized usng
the following menoconal antibodies: anti-CD, -
(DM, amt-CDE, amg-CT186, ame-CD19, amti-TCR. 6.

In ardar to malhuoty the acthation of PEAC obai-
‘e Frops AD patients and FEC, the i v culimed calls
wars sianed a flloars: and-CT0S by e anB-CD3 gy
(- CD1 9 e 2ti-CDE8 o/ ati-CD3 e (-
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Fig. 1. Chanciertzxiion of k2. &) Wesern blat of b S iscebaird with nsbef i, imrmedisicky afler dimchotion n Sl to0) (irme ) and 1fer
reubbon for 4 e 7L Uniseng moleouln wesghe s we indiosied | B} Nemieng wet Thi Fuorescenes irmsgen of represcnizsns

wrema of e sbaervsion fiekd o e Dand o 8 b

D 8pperys,  amt-HLADR g oofamt-C S oy i
(Tddpg o md  ams-CD3 r-»-m-CI:IH,Il
(Dlrp oy The acthatioscindeed pression
of chamvking mogeon wis @aimied by soining
aurmed wls withh the ing monocloml n—
tihodiss: 2mi-CDIS2 {CCRD) -
CDI% (C0R3)ry mnd me-CORY | ,’“ oy
o B {CD19t) and T (CD3+ ]mll.'ﬁ All monoclen-
al amtihodios wem dimcy compled wither 1o Suores-
cain soiocymate (FITC), Rephyooaeytirn (R-PE),
pveoarytin-Cyanine 5 (PE-Cy7), o Ak Fluor®
647 Prommeingen B0 Bicsciance, Mountin Viaw, CA,
TUs4).

All the measumement; ware zade with 2 FACSCal-
iher flow cytomerer (Becton Didicwon, San Joss, C4,
T34 with the sams instmment satting. At least 104
calls ware amalymd using CaliGhusstPro (Becton Dick-
insom, San eas, CA, TRA) softwams.

Chaoking preduction aiay

Ths supamannts of the cultimed PEMCs wam col-
locted and the Solowing cyirkine and chemoling:
wars aahuzted wing 2 Bio-Plux kit (BioRad Mumich,
Garmomy); IL-14, I-lra, IL-2, L4, IL-5, L6, IL-
7, L4, I, I-10, IT-12, 13, I-15, I, e
st fitmoble: growth ictar (BFGF), sotun, gramslo-
7t cokmptimelaing fictr (G-CSF). gamocyer
maophage colom-strmbyting Setar (GM-CEF), -
arfaron(TFN-y, FN-y -imdnn'.lin]nm (P10, mon-
oyt chameatiractt proten (MCP L, MIP-1o, MIP-
17, plasket-dared growh fictorbb (FDGE-bE)
RANTES, tumor necroes. factor (THF-x), and vasm-
lar andothalial growth factor (VEGF). 50,1 par sanpla
wars amahyzed on e Lo 100 BiaRad) accomding
‘to mambschmar's mstractions.

Seartsrival anafysis

Vahes (percantge or MET), ghen as the mean +
SEM], wre compared wing cze-vwary malyih of v
s (ANDVA). Differnce: warw comsidered sigmifi-
camtwhem ap valne « 0.0 waas chizined by comparisen
of the twn Efarnt gromgs.

RESULTS
Chararrertzation of rd 3

To confom dat rAf;, propared s proviowy do-
wibed, fmme olipomen ix wire, 2 abiquot of the
sansplen ot time 0 2nd at 56 b chiined m ncibed
in the praimes section was incubated with ame-Efs.
As shown in Fig 1A, cn the bauds of the melacular
waight of the detected bands, we ssizbiished Sat anly
T, W [t in the sample af time 0, and
difSarent emall cligomers (rnging from 12 9 24 kD)
inthe sanplo at 96 k. Furtharmors, affer saining it
ThT o vible struchures in the samplo af tme [ were
Mh.mgmﬂmmn{dmnp
ol pmm'hgﬁ]:minmmﬂil’ﬁ; 1B}

Lymphocyte subsets

Table 1 shows e parcantage and the absolun mum-
bar of the mvm Fympbocy s subpopulaton: wahnd
in 25 and 40 AT patiants. As shown, and a5 pre-
vioehy reported bry othar [26-28], we repart 2 signif-
icam decrease i the parcaniage and abwolote mumbar
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Takle 1
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s coes' nay 10419 1147 N9 168
it IESS) 4944 18418 e
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An
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COMMCOMY  COIWCORM COINCDIRY  CDINCDNN
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Cun
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1ig. 2 Percentage (Meas £ SEM) of oprewsos of early achwation rurkers (1028 and C1M6 on T (CE001 ) (paned A) aad 1 (CIN94) (parel 1)
cell of HIC (% = 15) and AD mibyects (u = 1N) cdtured iz mediam (white) or weth rA S (black) Mancl C sbowy the MIY (Mean £ SEM)
of expeeason of CON0 and |EA-I¥ on 1t celie of HC (u = 15) aad AD wiyect n = 1K) coltwred i mediam (white) or with rAf;; (back)
Stateical srmlyws was perfoemad by ANONA tot. Signficat valuee o indicated, p, — CI0S exprosnon oo sseteredated (medesm) AL celle
v uwtradeiod 1K cdig p; -~ 89 cxpramnce o rA Fo-stealaied ol fom AD va. oA S ~eamedaied cells froe 1O Coecerning )
selle, ro agasicnt defierences were abserved foe CL2S expreanoe on tA So-iredutod cells frze Al va. pA B-etrmudated cells from HC, for
CIW cxproam oo o8 unetaradadod cells (medburs) AL va ey resdated 2 cella, 2or Sor both CO aad HLA-DN betwoen the grocpe stadied.
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Expeaslion of CO3%

pi=RE

HFI
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-
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chan (== HLA-DR HLADR
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Dl—hﬂ
|

Fig. 3 NI (Maan 3 SEM) of opramos of CI06 (pasel A ) engl CI6G ans HEA-UHL (pasdl [5) on monooyios (C1144) of HLC [n
116} wmbgords culeesd 1r mediors (wirie) 22 wath th 7 [ binck) Wansenl srabymuwan perizmmed by ARCFEA ioe . Sagrefioani alues
wmsbrrlwicd] (medrem) Al celle va. orartreslied HC oola, py

AlYin
e irneficmind, py

14

£ -skrndaind calls from AL va rA ) -sbresleind

el ln from FEC. Mo mgrehant dfiereaca wom oheerved for U119 cxpresson on uramalsicd cclls (medir| HU v stresled LD ool and
a8 unsbrmudaicd |madum) ALY celly va sirmsleied AL colls sor far the exprosson of U160 aad HIA-UE 12 the growps sadied

of cizcalating B hymmpbocyies of AD patSents compared.
o HC, Nostmificant diffarances b bean izstmad ob-
sened botwoon the twn growps conceming S ofar

ymplocys vabses.

FRMC aeivarion

To siudy the responsa to A, we stinmlsbed PEMC:
Eom 16 AD and 17 HC (wee Matrials and Mathod:)
with tho cligomeric fome of 1A7y; ad anahvsed the
sapreasion of the acthation madeers CD05 and CDER
oo T and B hympbocyies., and of CDED and HLA-DR.
oo B hrphocytes.

Womsport (Fig. 2} a dmicandy highar aqreaiion
of {025 on wtmmslated T cells from AD patents
conpared to unstemilaed T calls fom HC, whemas

the stomlation by rAf: doss oot induce sigmificant
diferancas betwman S o goups. O the comary,
(D% i oot significanthy bi chor imemstinelied T coll
from AT} patinmt 2nd i sigmificantty cversaprossed af
tar sticmilation by tAds. The expression of CDUIT,
(D%, HLA-DF, and CD8) on B calls showed no sig-
nificant differences, affer stmmilaton. hetasen the tan
proups studisd. W again obnarved that hopbocytes
of AD patiants showed 2 basically highar, bt not sig-
‘nificant, expression of vom of these acthation markers
(Fig Ik, <)

Wa Emg s suakated the acthvation of mozocyms
aftar sommlation by pA.342. T kong chearved ahighar
‘basal axpression of CD34, a claw B scaveamger
that imteracts with Shwillar A [25,29], and 2 sigm-
cat et corpreaaion of this meeptor afier viomh-
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A Expression of CCHZ2 on CD3* B Expression ol CCRS on CD3*
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W i Wi
Fig. & M (sicas = SEM exprmmmson of UUHZ are CUHS on CIE T cclls {pscle s, and CLOY 1 (pasels 2, d} perphend rmphocyis

abimnod fram 1% B msbjacts snd 18 ALY priients snd caltiumed for 8§ b mprosesce [black) or sbaenor (whiie) of rh By Sibdcal asadyem w
periarmeo by A MO, toxd. 1 waucs are calonlwied] comparng B W+ 530 of prastres ool nbismee o sl snd 1A P - stmminied
aelln Campanrg ussbrrpdeied ve. sernierd celds we chinn ngeréoee valoe 120 5)OUK2 expresson o | cell frors AL pasesty, | oranmm inied
v mrmalsied poo L0 B LIS cxprosson os T colls tram AL paixni, |(ratmsiicd ve semasis oo DR <) CCKD apronas on
1 calls from ALY paivria, (usshrmudsicd vo shmulxied oot mgnnant); d) CCKS cxpresson on 1 odls rom AL peivnt, (usshrmoleicd va

mrmlaes po U0 Lorcemng the 1AL

deferemee are phasrved] sompansg OURS expresson on T zdl fram HC

and Al Ingoed there 1 u hagher bessl eprosmas of LU on ALl prenis (HC v AL p - DIE)

tion by 2T batwesn and coairols | L;Ela]
In conirast, amalyzing mp‘mﬁ'

HLA-DR enmomocyses, mhmnctmmnmm
bﬂmﬂmwmﬂmﬂ.[l’m.]b}

In a frthor set of we hee quahot-
o the exgmmssion of CCR2 (MCP1 mceptor), CTR3
[FANTES and sotaxin recupeer) and of CCRS (MIP-
1o, MIP-17, and BANTES mosptor) on T{C03 *) amd
B{CDLE" ) hephocyte.

(Fig. %)m[rm“ dem T{E'ﬂﬂmﬂm' by
1Az, @ both groups, altongh the wigificamcs was
attiined ooty i AD patients. In addtion, & basal

sicm of CCRS on the TD3H cells is sigmificant-
by highar in AD patieets. The evaluation of the same
Tecapions on B cells, afier acthation by rAfs, shows.
2 sigificantty proater axpression of CCRS i AD pa-
tiamts, and pot in contreds. Mo difrnces W cb-
swanved for R axpression on (DL call iz 45,
d) 25 well & for CCF3 cxprassion ca T and B cells
(dxtamot shows).

Tha stimmilation of calls fom HC and AD by PHA
or a-C03, wed 2 Frthar comtrol, doss not mdnce
'Ihnmmod:'ﬂnmchﬂndnmmphrmhlm
HC or AD patints. Figare 5 shows a typical axper-
‘meant that compars: the respos of calls from AD pa-
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Ny 5. Repeosntatve expresscn of CCK2 aad COS oo CIO4 T cele (pancle s, &) aad (D19 18 cclls (panchs ¢, d) obtused from ooe AD

padent, and suttwred for 48 b i prescece of ISIA (.. ), o003

tiees to the differens stinnli wod (PHA, o-CD3, and
1A8;) As shown (Fig 5a,'b), CD3 calls overanpress
CCR2 (pamsl A) and CCRS (pane] B) e stimmilaed
by Ay, whareas the stinulaSon by either PHA o
LT3 g 2 fiuorowance munuity Bk ot of w-
stinmlated T calls. Paal C and panal D dopect the ro-
sults obtained stimdating CD19 B calls. As shown, no
changes e obsared in e axpressicn of CCR2, using
A8, PHA or 0-CD3. Actnation by 24, cawses
an increaed of expressson of CCRS ca B calls, whare-
a o stinmlydon by exder PHA or o-(D3 ges 2
fiuorescance mansity like that of wstimested B calls.

AD patiaats (V - 18) of iz ssbgrop thowsd the
sammg chaoger 2 hphocyte populations (16, B e
phocys decreass) & well 23 in e imutial gronp (7.0 =
22 varem 7.0 £ 3.7). Noow of es maults wem af

A rA S (=), o none (IIMI)(~)

fctod by the geader and the MMSE of AD paticats:
in particular o difrsaces e bean obsarved com-
pazing data cbtainod froe subjects widh s (x: 17)
varszs modacate AD.

Cysokine peocduction

Wo hwe amahzed the production of cytokines,
gowd factors, and chamoking: In suparmatants ob-
taized from AD-and EC-PEMC cultred for 48 hin the

Vabssncs of the oligomani: fom of 24 . As
shown in Table 2, after stomintion by A4z, PBMC
obtaned from AD patiares significantly increased tho

¥olinos
(LL-10, Hfln)uﬂampuifamw
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CEF, GCS5F) and some chersokings (sotaon, MIP-
17, RANTES) whas compared to the cell: cultured in
medme On the contrary, calls chimed Gum BC do
ot thow ey ignificant mowas in & production of
thess oytoiimes.

By amalyzing data according both o gendar and to
AL sevarify, no differance: wems obsaned. A5 pre-
viosly siated, AD patienss of fos sshgroup showsd
the e change: i hympkocyt popubitons (1o, B
hympbocys deamas) 2 well as in the inittal gowp.

DISCTSSI0N

My snufies e raported alienions of e i
s syt im AL amd e it of boh the
ioms v acegired branchis of the i syen 3,
13]. T this e, e repert e chinimed stuhing
zalls and factors imelved i s Tespomsa n AD

P T g oy ic o o s
ined by disFarent groups with conficting meds [12
20.25-2), and crmently thare is oo gezemal coman-
s o tho modificatioes of hyamphocy sehies m AD
pattans [12]. O sty of AD bymphecys subpeop-
Iatioms comfrmes f alneay described decruasa of the
shsntute mmber and parcantags of B cells when com-
pared b HC hympbocyes [36-28], wherea: the oftwr
vubeets are not sigificamhy difforent in patients and

Vapratexsce of diFereres beween Mesizn

wotroh. This decrwased mmbser of B colls s alrady
prosstmeldertywhan conpared o yomapeepls [30]
Therufors, it megests a0 emcerbation I AD of dds
faature linked 10 2 redhuced otpret of 5 calls from bene
morrow [3]]. This ight be & 10 & wall koown

Tyiac pro-fammatery stams of AD patisnts [3,
ﬁ—]ﬂ,]l]andmmtmwh On the T call sida, the
ettt reported in difrent studies are dscordant wid
sachother In et whareas our etz am In agreamet
with Speciale otal. [26], Xuewtal. [28] show a guif-
icant rednction of (D3, (D4+ and (T8*, Richart-
Salebrger at al [29] comfirm the decreasa of CD+ T
alls and CTUE= T calls, bt showed a slightly incase
af CTH+. O i other homd, 3s proviiousty saied d-
‘metic alfarations oo CTH sabeets i pationts wit mild
AD b boca reported by Larid o al. [20]. Thosa d-
farances omight e the madt of methodological differ-
s 2mvng the difemer sdies, chding mehnsem
erituria of bath AT patients and HC.

Howarvar, the Ending that the B cell compariman
1 modified in AT pationt: conpared to HC, ogethar
with the inreesed epression of the chamaiing racep-
for CCRS on B calls, affer stmmedation by A 7, sug
it the mvohwament of B calls inthe consple callular
infemactions acthe in AD paants, O the other hand.
1A, stinmilatiom oo st chomgs the axpression of the
activation povkars (D20 and CD69 ca B calls: 2an
unaxpacted reul tince B cells can produry anshodios
ammt AR [31].
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On the other kaxd, we repart 2 good respomss of
T calls to Af; i fct & CD69 acthation movker
is overeogreased in TAf -stiomdated AD calls when
conspered to EC stimmiated cells. Furtharmors, the
chemcking meapiors CCRD and CCRS am overen-
prossed i AD calls aftar ive vizo stimmlarion by 1A 3y,
Tt is an infaresting weatlt since the mactviry and ohil-
ity of T calls to mepand %o the chamokdnes tht can
e produced locally m the brain might axplam e -
ation of T calls across the brain mcrmasoular s
doshalial colls ccruming in AD [13]. Tt is sotwwer-
thry thart noms actuation markars axd chamcking meep-
‘tors e overgressed o unstnlaed AD calls whan
cenpared f cozmul. This & avidence of e -

st of AD [3,6-1031). The imcrwase
of D25+ T hesphocytes in calls fmee AD patioers cul-
‘nured in et cnly i ght veggeat an e of Treg
(CT4HID25e). Howener, nsing 2 memkar of Treg
FONF3, Rovanimans and collmgmes [33] did not report
theirincreass in FEMC just collectsd from AT patients
e comgared to eldarly dooom. Om the comtrry,
Larbi amd coworkars [ 2] show gt COA+CD05 180
2w reduced in FEMC just collecied fom AD when
coespered with bod youmg and old donems. Ot ax-
paimsantal conditions are difarent 2 we obwann an
increass of besal exprevden of CD25 oo tedal (D3 cul-
tured for 48 b with mediue eoby. So, I oo opinion,
the mcreass of CO3CD2 5+ callk in AD patiarts might
T the comseqaence of the baval inflaneeorivey pliqn of
AD paiants [3,6-10.31].

The inceased sxpression of S0 wmunger mosptr
(T34 on monocytes from AD sobjects in mmstimmbat-
od and strbxted cultres i alse an mirigg me
& circahiting monocytes ceght eficenthy bind phas-
‘matic A5, Mmhmﬁmﬂq{lm
chemnckings, and mactive oxyEen species, bance acti-
vating the simaling cascade mafill for calbular pigm-
tion, adhewion, and phagocyioads. [ addition, the an-
Exgmat of momocyes might render thess calls morw
sficiam in T eall acziation [34].

Cur dat show that, in addition to expmassing
chemcking mceptors, FEMC & wieo stinmlated by
Al are ablis 1o producs diferent chemeling: and
cytokings, modering thew clls acthe playsn o the
inflymmmtory responss in AD patiants. Tha study of
In viren prodnction of cytokines shows 2 smificant-
Iy bighar production of mftarsnsiory cyickings IL-17,
L4, and THF - and of TFN-~ by AD) e viren seimmalat-
o PEMC. This is not a seprising reeult s inflanses-
tion i a charcseristic of AD [3] and a high respondar
cytoking profils is amodated with AD [9,10,32]. We

also report an increas of ans-nfmmatery cyioking:
T-10and I~ 1ra, and we ypothesizs that fis inowase
i virwo production thoeld balance %o highar i vir-
e production of pro-infammatery cytokines. Howsy-
o, & previowly sied, tem is an e of arylaid
from O that can prize hapbocytes. Soma wathors
b= damomstied 2 mdncton of both pro- and mt-
inflaotory cytoldne:, hemcs asursing a ganaral im-
pairmant of inerene finctions n AL patiants, whars-
= others by demiesinied 3 decreane of IL-10, am
increas of MIP-v and an incrmase of -7, -
thoady [12,18,19.26]. Methodolopcal diferences (oo~
oo or A stmedation) among e different smdis,
‘salthy comirols, might explain the great variability of
dan Since memecytes are the i seacs of L5
wnd T~ and they posadhly bind edficiamdhy A s via
(D36, fw paitern of cytokine production obsersd in
e prasant paper i that i be axpected

Tt hats Tooann demonstrated thart paripheral T hyzophe-
oytus of AL patizats producebigher MIP-Lo lovl: than
age-exxichid controls [15]. Thés observation toguiar
with the wpression of the MIP-1o receptor CCRS on.
the burom brain paosascelar andothelial cells (F1B-
MEC), might soplain the migration of T calls amms
the blood-train bardiar Microglial calls alio produce
MIF-lz. B hes besn demenstrated that MOP-1 via
CCF2 aprmved on hrain andothelial calls contritate
1o inaeased brain andothelial pemmeabiliny [12,18,33-
37]. Hiar wn showra highar expressicn of CCRI cn T
wnd B byephocyies, and of CCR2 on T cells stipmlased
Irvine by oA, participatizg ina vichous cirle inge
hrin

In comrt o these dat, i o rysiens we o oot
obuare ay sigmificer overprodaction of MIP-1e in
PEMC i vioo wtimmilated by tAS. This discropan-

oy zoight b dm to the Efamet opesizeanl] syvem
m&npnd@m—hmﬂmgd\ﬂl‘-‘-lﬂ " v o

“fre i wan asvessed using FEMEC [18]. As provi-
ol described by othars [35], cor AD pation show
increaed production of RANTES bindng CCRS al-
+0, whan conspared o msimmiated calls of the samg
domrs. Fmally, the meselts of MCP-1 production am
vary unpredictebl in the diffarent mdividmls of the
twe sublject coborts, 5o it is impossible to dmw amy
onchaion.

A higher keval of chemolings afer stimmbfion with
FEL hons boen cemometraed by obar aathors [ 3], We
hewm mot ealnated the prodaction of cyiokines amd
charncking: from call: strmelated with 003 or PHA,
Trat im o wysten: the stmmadation with meitogees doas
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not changs the axpression of CCRS axd CCR2 em T
and B oalls,

Fimally, cytoking, growth factor, and chemoking pro-
toctien was chizned m a bulk cultore prepantion =
we 2% imtarstd I am ev-iive modal of imtemction
betwean different colls and Scvon.  Furthermors, o
pmolfration assay was parformed, hecanse i o sy-
‘tuzn i chazgws i IL-2 production wers detectabls o8-
tur stinmilation by 1Af; in bot AD and HC {dri not
shows)

On the whele, cur daa demonserns that jnpamg-
inflamainry paameter aw modifed o FEMC ob-
taimed from AD paticnts and simmibxied i vits by
1Afe. Dt oo imeolvemen: of the immine sysum i
AD are comtrovarsial and difficeit to fulky misrtand
Ths restilts chizined & o studhy com be thi mimer of
T and microgiial abilites in AD patients. Therefors,
thesa data an the achation of paripharal hoplocyte
by e seppart the ocozmence in AD of the rytemic
acthation of immee-infammation [31,35,40], ad,
the other hand dameomstrated by the high level ofbasal
activation. W know that the bmin &5 2ot am immme-
logicalty privikeged site since paripheral mmmre il
can xfinence kecal rmactions and can b xfhusnced by

tors and calluler Bamd: Sart pight be invohed in the
pathogeneat: or i the Siwae damage chaeved m AD
pattants. Howsver, our stady s an ohsanational ans;
henco we camnot draw a conchusion o i contrib-
tion 1o the pathoplrysiology of the disass. The knowl-
sy ot sandla plamas, 2 halleork of AD (togsth-
awih tanghs) are formed by A5, has
nggested the design of immmotherapies with the aim
of mmoving or medncing &4 wanile plagus from the
brain. Undoenumately clnical tials of A7 vaccation
of AD patient: show 2 bis rate of menin-
eoancapalitis [41] On & ofar hand, mirevenms
mﬁ:bulmﬁmglhihmmﬂhnpm
tial agant for AD mpamotherapy; becarzse it confxin
mhediss agtinst A7, Accordingly, 8 mEcpecTi
case-camered anahyai: demomstrated that previons tat-
‘mant with IVTg i associaed with 2 reduced ik of
devsloping AT [41]. Thes, this kind of soudy migke be
el o obtzin bioeorkers of AD for monitoring the
affactroenss: of terapautic infrentions [43].
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1. Imtroduction

In human agzing the ability to respond b vaceines and new
Infectious apents Is impaired, mainly becauss of changes in adap-
tve immunity mediated by T and B cells. This phenomenan called
‘immunzseneszence’ |5 influenced by environmental and genetic
fartors, but also by the antigenic Inad to which individuals are
expazad throughout life, and this has an impact on immune per-
Fu'rn.inc: in late life (Paveede and Larki, 2008: van Baarle et al,
2005

Immuncsenescence materally contributes to the decreased
ability of the #lderly to respond to new antigens and vaccinations
and to control infections diseases (Gardner et al, 2006; Centon
et al, 2005). Indeed, ageing Is associated with an mcreased inci-
dence of imfections such a5 viral influenza, respiratory syncitial
wirus [R5V) and preumornceal preumonia [Nicholson et al, 1997,
Elderly people also have an increased incidence of basterul infec-
tors in lungs, urinary tract, skin and cther tisswes and a higher
incidznce of tubarrulnsis and herpes zoster reactivation (Cinaldi
et al., 2001). Vacrinations are powerful toals in ander to prevent
mizehidity and mao from infections in |z over the age of
E5 years, hurr:::;w of the mpdrr:'::rn{ Irrunmeﬁt-
b with ageing, the cumently available warrines protect only

bo mxihe. Tel.: & = ]
[ 3 _ Pt JGCr

1548 V0T 8 - e frond retter © 2010 Baevier V. AT riphis reverrd.
Bz L 10 g e A1 0 20000

] :rngll propartion of the elderly population (Wieinberger &t al,
g

Although maost of the literature on Immammsenescence have
focused on T cell impairment, B cell compartment is akso
defactive in the . indead humoral immune rasponse is
modified in the y bath in the quality and quantsty of
the antibodies: produced, and the number of droulating B cells
& reduced in the aged (Cancro et al, 20080 Frasca o al,

20106

In addition It is known that, B rells have effector and regula-
tory functions other than antibody production (Sanz et al., 2007;
artin and Chan, 2006: Harris et al., 2000} and memory and nalve
B cells can produce different cytokines and chemokines: in partic-
ular memory B cells produce high levels of the proinflammatory
cytokines IL-1a, IL-1§, 115 and THF-x 50 suggesting that B cells
might take part in the generation or in the maintenance of the
imflamamatory environment of the elderly (Agrawal and Cupta,
20101 Inderd  typical feature of ageing is the pro-inflammatory
status chserved in the elderly, related to cheonic inflammatony dis-
eases, 5o, ageing increases risk of disability and chronic diseases,
with many older adults experiencing multips chronic conditions:
mnldigrn.!‘ISumz evidance mmzppm eories that increased
health risks in ald age are the result of envimnmental stressors
that accumulate cver tme. These stressors potentially can disnapt
the regulation of biclogical systems, howeser, not all individuals
or population groups ssem o be aqually susceptibls i the efects
of strems. Questions remain & which factors mediate biological
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rEspanses bo stress or ion, lifestyle, or other fc-
lm.nurm:nplr Itis ﬂﬂlnwﬂ:rhmmmmlﬂd
mhﬂmﬂ:m should be equipped with well preserved and
defense mechanizms, optimal comibination of an appro-
L= genetic ound and (Franceschi et al, 1995 In
ﬁfﬁmﬁzr Emm“#mmmmdmr-
phisms) azsociated with a reduced pro-inflammatory ability seemes
o werk against the onset of the main age-related [can-
cer, dementia, diabetes and cardiovascular diseases) (Franceschi
et al, 2007). O this basts, it might be an advantage to have en-
tenarian parents: indeed It has been demonstrated that offy
of rentenarians, who are i their 705 and 20, have 2 sureiv.
adw when com to age-maiched controls whose pa
-&T atan mpiﬂ-:dmm C:mrlinulfq)ﬂng,llhr
their parents, have genetic and functional advamtages associated
with lower cardiovascular disease risk (Temy ot al, 20043, 20045
Thesz findings suppert the hypothesis that centenarian ofspring
are indined to healthy ageing and longer survival, making them
2 suitable target of sgeing studies. Arrordingly, 2 racent paper
(Dethovamessian et al, 20100 has demomstrated that the typical
hallmarks of immuncsensszence are not present in subjecs with
Tamiliar bomgevity.
Some dissases such s tumors, auinimmame phenomena,
atherosclerosis, heart disease and Akheimer's disease, are fre-
quent in the late phase of the I and invalve the
of immune parameters andlor chronic inflammation in their
pathalogry (Candore et al., 2008; Vasto and Canso, 20041 In
fact, in frail eldedy Lz Alrheimer's disease, AD, patients), twe
recent meta-inalysss by our group have highlighted the mle of

?nhle Inmm‘pﬂhﬂl? Irl‘llﬂtl'gﬂﬂ rale
immune-inflammatony responses in AD (DN Bona ef &l 2009,
2008). Furthermore, much evidences suggest the imvolvement of
a2 systemic immune respanse in the pathogenesis of AD (Hritschy
and Wyss-Coray, 2007: Specule et al, 2007 L inderd, blood derived
el seem bo accumulate in the AD brain{ Regers et al, 1902, while
wither studies hawe shown im the distribution and reactivity
of immune cells in the blood {Pellicand et al., 2000; Eritschyi and
Wyss-Coray, 2007; Monsonego et al, 20005 Weksler et al,, 2002),

On these basis in this paﬁrurdurmlh literature dat2 on
B cell immuncsenescence and B cell our atien-
tion on :mhetdmmnkmlb[mm 1 that
wie have demenstrated is increased in healthy slderly (Colonna
Romano et al, 2009), but net in centenarian offsprings (Colonna
Romamno etal, 20000 and Ak heimers disease patients (relimizay
ehservations, see befow]

2 Immure system and ageing
2. Inflomm-ageng and T brmphooytes

A typical Feature of ageing is a chronic, low-grade inflam.
mation characterized by 2 general increase in the production of
pro-inflammatnry cytokimes and inflammatory markers {Cevenini
et al, 20000 indasd, elevated plisma concentrations of L6, IL-
IH. and THF-a have been described in elderly populations and

e postulated a5 predictive markers of functional disability,
hlltg' and mortality \Enmnsgaard e al., 2003; Ershler and keller,
00 OMahony et al. 196E) and it ha been ted that
chronic inflammation supports the development I’:?E

of aperelated diseases, such as cstropornsis, n ation
arﬂ:hﬂmu[mardﬂnnq.m Cinaldi etal, 2005 Libky,
2002). subdinical inflarmmmation may be causad by chronic stimula-
tion of the innate immune system by dsgradation products andlor
by the partial mability of the aged immune system to eliminate
certain pathogens (Weinberger et al, 2000), this imflammatory sta-
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he shrwhy several organs, especially when
urﬁm'h::riieg:mﬂc mdzmmkinimn
oncomitant, leading to an ncreased risk of frailty with
the onset of age-related chronic diszases (reviewed by Cevenini
etal, 2010and Vastoetal, 20071, The age-dependent u lation
of the inflammatory responze habe:!mmud 'In&%ng'
{Franceschi et al, 2000, 2000c], due tn both the chronic antigenic
stimulation and the genetic Background that render elderly prone
to frailty (Balistren et al., 2008, 2007; Franceschi et al. 2005; Lo
etal., 2004; Pes ot al, 20041

T cell immuncaenescence has been extensively studied and
many details hawe been clarifisd (s reviews by McElhaney and
Effres, 2009 and Fawelec and Larki, 2008): the percentage and the
abmsolute mumbers of cirulating (03° T lymphocytes and of CD4¢
amnd (D8 T cell subsets decreases (Pawelec et al., 2000 Cossaniza
et al, 1996; Sansoni et al, 1993) and there & 2 gradual shift
from natve CDM5RA® to mare activated or memory CO45R0* cells
{Pawelec and Larbi, 2008; Pawelec et al, 2002) and it is believed
that the decrezss in naive T czll numbers with 3¢ & the rasult
of thymic involution in combination with engning differentiation
of natwe T cells into antigen-sxperienced memery or effector cells
{Appay etal, 2010}

Ome of the most remarkable qualitatve changes in the mem-
org T oell n Is the appearance of clonal
npﬂndtdpl:lnwwﬁﬂ TEL‘:AEFL: of T cell muepmrdmu-h

Ruiri] ion, telomere length and proliferative ca
hh;ﬁn.wmd g: Hﬂeq‘lmm'odlshmr:drd mplm
semescence (Faweler and Lark, 2008 Cloberson and Effros, 20001,
The presence of high proportions of senescent (D802 Toells
would impact homeastatic mechanisms regulating the amount of
memorg and nafve T-cell subsets and hence would reduce the
T cells available for an effactive antiviral responss (Faweles and
Larbi, 2008; Cloberson and Effrs, 2000c Fagneni =t al, 1295),
These features are caused by persistent life-long siyess
that leads to the marked :z'lnkqe of T cell repestire drversity
with age (Pawelec and Larhi, 2008; Fawelec o al., 2002; Wack
et al, 1008 Morsover, It has Been recently observed that the
evaluation of the number of C08°C028° T cells is not merely an
“immunclogical curio” as it comelates with Frailty (Semia ot al,
200} and with animpaired se {oinfluenza vaccination in the
elderly iweng et al., mlmﬂl'heen propossd that CMY infec-
tion leads to the described changes of CDE T cells in the elderly,
cawsing bath the shrinkage of the TOR repertoire and the accu-
mulation of COB*CO28- effector T cells, These cells can further
stimulate the inflammatory processss by 1PNy production 2 sug-
EemtﬂnnrmL.m]im@d}:rﬂ et al., 20m)

ave demonmstrabed that these cellsare dysfunctional The reduction
ofthe mstsmulanry molecule COE2 has also been reported on (14
Teells that showw a defect in C0154{CD4DL) expression toa, this in
tum causes the reduced ability of C04 T cells to provide help o B
cells for bath proliferation and Ig preduction.

Other authors have described 2 sgnificant decrease of oE* T
cells with nosignificant changes inCD4° Tozlls with ageing, leading
toan unexpecied increase in the ODM2CDE ratiof Gver et al, 2007:
Yanetal, 200l

12 Blymphocytes

Al Toell alteratione play a simificant rolz in

Immune gqhﬂnmlrr:l{hi mmlnm
mice, indeed advanced age is accompanied by substantial changes
inall B cell mmm'n:ﬁ: and, mql.l:;f. humesal immune
function. These changes indude shifis in the magnitude of all 8
cell compartments, specificity repertoire changes, modified periph-
eral B cell dynamics, and weakened humoral respomsss (Miller and
Cancro, 207,
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Before lezwing the bone marrow, B calls pass through several
stages of development and, any change in the different steps will
resullt in 2 change in overall repertoire. In mice there & 2 dedline
in bane marrow sutput and impairments in hasmatopaietic stem
cell (HEC) commitment to the B lineage (Cusrrattaz et al., 2008:
Miller and Allman, 2003, which is manifested as 2 deficit in the
numbers of early B cell populations such asthe pro, pre, mansitional
and mature naive B celle. Others have supgested that it is not the
bone marrow outpat by isell that is crudially Tlxllmiht rather
the ability of narve B cells from older mice in colonise peripheral

that is reduced (johnson t al. 2002}, Even though
the reduced influof fresh natve cells into the periphery, the total
numers of pe B cells in mikce remain the same (Miller and
Cancro, 20071 are several mechanisms that can explain this
m;.llllshmdmmnl that splenic B cells in old mice
have 2 reduced tumover 25 com| g B cells from
m.ﬂmhhw[ﬂlm:ﬁﬁm]ﬁmﬂhm
may signal to the newly made B cells that the niche & full and
regquires no meee cells (Minges Wols et al,, 2009

In contrast to mowse model, in humans there 5 2 decrease

both in percentage and absolute number of total 0I5 B lym-

{Wemerl et al., 2008 Farla ef al. 200E; Frasca et al., 2008;
shi et al. 2005; Chong et al, 2005 Colonna Romano et al., 2003,
2002; Breithart et al., 2002; Huppert et al, 1292 Wikdy et al,
1994; Faganelli et al. 1992). Moreover, it has been demonstrated
that absolute number of & cell rsors in the bone mamow
dedines with age and during adolescence [McKenna
etal, 20011, however, B ts throughout adult
life [Possi et al, 20031 u%ﬁ:;mm pre-
cursors and immature B cells within the bone marrow and mitotiz
activity were found to be remarkably constant during ageing {Riley
etal, 1991)

Asmentioned above, in elderly pecple there is a shrinkage of the
Tell repertnire due o the chronic stimulation of the immune sys-
tem by antigens and persistent infection by herpatic viruses such
25 CMV (Pawelec and Larbd, 2008 Vastoet al., 2007, Om the B cell
side, changes in the B el repertoire have alsobeen dasribed and
in old mice it has been reported a different usage of both vy and
%, gene Eamilies that those usad by young animals (Kicolett st al,
199110l mice have absobeen shown to have altered repertcires in
response to challenge with the hapten phosphorylcholine (Micoletti
etal, 1993, 1991) and, s in hurmans (sze below), the response in
young mice was oligoconal, dominated by use of one partioular
Immunoglobulin heavy chain vaniable regon (1GHY) gene, whereas
older mice had a more diverse response. Moneover, experiments
using young and old donors b reconstitute: Emmune-S2ficit 500
e, suggest that thess differences ariss from B cell intrinsic fac-
tors, although the cytokane envimnment might aso play 2 role
(Shriner et al, 20051, In murine models it has akso been reparted
the impaired expression of the surrogate & chainand the increas=d
Ln;gfhwmmfa.mllyl}unntohmmmlnh
formation of the B cell repertoire {Alber-Wolf et al., 20003). Some
reparts on B cell repertoiee indicated that older mice showed evi-
dence of non-malignant clonal expansion (LeMacult et al., 1997),
wehich in view of the homecstatic mechanisms that maintain the
total numbers of B lymphocytes would lead in 2 decrease in diver-
sify.

l‘s;n humans after pneumooocal immunization the analbysis of
the Vi chain repertnire has shown differences between young and
elderly donars, a loss of algodonality and a reduced frequency of
somatic mutation in the elderdy (Kolibab et al, 2005). The same
group also anakysed the vy chain repertoire in responss to the same
immunization and has dememstrated sgmificant differences in v,
pene sz between young and old subjects: in Bt the ekdarhy prel-
erentially use Vi in response o preumococcal polysacchanide 4
and 'I¢.Ehlle young donors use pradominantly VA3 and/or ¥k

genes, morecwer oligndonality of kght chains was not so regular
Im the slderly 25 it has been demaonstzated in the heavy pene usage

and no detectable changes in the frequency of mutations have besn
reported for the L penes studied (Smithson et ol., 2005). However
the authors observe that these might be recll responses 5 adults
have significant levels dmlﬁoﬂ al anti-
ens before the treatment with the vaccine (Kolibab et al., 2005;
Smithsan et al, 2006
Frevious studies, m::nlnuriun IGHY gene wse, have not
dlways shown significnt ape-rdated differences in the pre-
immune B cell repertoire (Kolar =t al, 2005; Wang and Stollir,
15999, indesd Banerjee st al (7002], hawe shown that the somatic
Iypermutation process ooours at the same rate in young and ofd
Trumians, and so the increased levels of mutations in ig genes found
Imolder peoplebyothers (Chonget al. 2003) is more lkely 2 conse-
quence of acrumulason rather than aliered rate. The onsequence
might be the collapse in B call diversity in some elderdy individ-
wals that, = it has been recently demonstrated wsing the COR3
spactratyping, is correlated with poor health status in the eldery
(Gibson et al, 2009). A schematic illustzation is shown in Fig. 1.
On the whale, it seems that the antibodies generated in old
Tumans are less protective co to the antibodies gener-
ated in young ones, 25 shown h;mndmdwadahlllrrm cpru':e
I witro after vaccination with baceria-derived
(Schenikein et al., 2008). Moneover the anti-influenza response is
reduced in the elderdy after vaccination (el et al., 2008;
Murasko = al., :mﬂ and there are also dimi recirculat-
livesd amtibody-secreting plasma cells in the bone marmow
mi1m Marz :tf1m1ﬂmq|ther:hud o
of affective antbedies after vacrination in the
dd.:lhillh:qh care meeds to be taken In interpretation here
since the curment data is limited and i from different wacrine for-
mulations such 2= bve-attenuated vacrines le.g, against palio and
measles) or killed microorgamisms or tocoids (.5, against tetams)
which may affect data on persistence. e
In mice, some sugpest that, with 3 the leveks of
tntal and specific serum IgC and wmwmet al, mo],
while other authors found a reduction InTech IgG and IgM im
aped animals (Faria et al, 1098 Spezialiet 2L [2009], have recenthy
shown that basal levels of total ssrum immunoglobulins, [gG and
IgA were increased while antsgen-specific immunoglobulins, 1G
and |gA were reduced in aped mice ompared i ones. This
&r:r::nc: between tntal ﬂwﬁchﬁd’nrrnwmuﬁqﬂﬂn
and IgA may reflect the based repertnire of B cells in aed mice
E:opdsj_m'l and Eheir inability b mount m&ﬂm
TS| to mew ankigens. Moreover it has been shown that
tqpl:.ﬁuud by an increased production ﬂimnﬂbﬂdlﬂﬁ
parallel with 2 diminished production of antbedies against for-
eign antigens (Weksler and Seabo, 2000L The skewed reperioine
of B and T cells in aged animals probably result from the sxpan-
:mnf:hlmdnumulm:mrrmlhl}mmu:hh
reduction in the output of natve B and T cells from bone marmw
and thymus, The increased levels of non-specific immunoglob-
h:u:nlmm to result from activation of memory cells
already selected by previous enccunters with antigens (Spaiali
et al, 20081, On other hand, both hasal levels and antigen-specific
Ed“mmdmdlnﬂdmuispmiﬂd_mbsumn
at dass-switch-independent 19 responses, being low affinity
reactions, are less affected by repertnire limitabons. Conceming
the effects of ageing on the number of immunoglotelin-producing
icells in the bone marrow, Speziali et al. (7000) have shown that
0, M and IgAim n-predusing cells were increased
im aged mice and these results are coherent with the levels of
serum immunogiobuline found, excapt for IgM that were unaltersd
im old mice. Frasca et al. (2004, 7007 ), have shown that in it
stimulated splenic B cells fom senesoent mice are deficient in
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the production of multipls dass switch and that defi-
clency ks correlated with decreased induction of transcription factor
4T, activation-induced cytidine deaminass (KI0) &x,
and-:mqw mn:mmﬂ; chImnthmmmhlm
withers (Speziali & al, 2000) haver imcreasad bevels of
In?:nﬂmog‘nubdln mma a rise in the nu.m
of lgA- and roducing cells in aged mice, it could be 5 ate
l}u?‘-ﬂt mﬁEC-F rl:yu ﬁﬂhumimﬂ ]
cells, rather than activation of na'.llt-:dh. Accordingly Frasca et al.
(2004), have demonstrated that B cell proliferation ssems not tnbe
affected by ageing. Increase in proliferation of already activated B
cells may also explain why total but not antigen-specific IgG and
IgAlevels were found higher in older animals.

Alsoinaged humans a paraden exists in B ol biology: although
there Lﬂredumdm.unherofpeﬂlphmlunlls , and areduced ability
o produce anisbodies *in vitro” | Frasca e al. 3008], the amount of
“switched” Ig in the serum of sldery and centenarians s inreased
(Listi et al, 2006; Paganelli et al, 1992). indeed, thers & an age-
related increase of 170 and IgA serum levels, wheress 1g6 level
decrease or remain unchanged and IgD Sacrease with ape (Lst
et al, 2006; Faganelli ¢ al, 1992). However, in vitro stimulation
of human blond B cells by anti-CTM0 and 04 induces
lower produrtion of 19 from elderty donors, correlated to a redue-

the transeription factor EA7 and AID in old people (Frasza
et al. 2008). Mareover the same authors have recently demon-
nnlrd that the level of AL in responss: to polyconal stimultion
Imﬂuthsnznfthmnmrﬂuﬂmmmﬂm

IIFnsra etal, 2010l

There are still many con
antibodies with age. s shown in

3. Markers of memory B lymphocytes

Memery lymphocytes are crudal cells in the immune system:
facilitating a recall finﬂrrmml:fnspmse I previously encoun-
tered antigens. The “memory topic™ is an interesting fisld for

obervations on B cells and
1
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im

s involved in ageing studiss, 20 it has bean supgested
that the

ing of the immunclogical space with memory T cells
renders the immeme system |zss sble to respond to new an
{Franceschi et al, 2000a). On the other side, the ability b
memory cells is essential for effective wacrination (Weinberger
etal, 2008],

Memary B cells can be discriminated from natve ones by the
presence of somatichypermutations inthe varizble pene sequences
of their Iy (klein et al. 19981 Moreover, to easily disriminate

between naive and memory B oslls, phenotypic as surface
obulins (gD, g6, }and CI27 are currently wsed.
. Ign cells were as natve cells and 1g0- cells

cells (Black et al, 1978), howeve, the description of
mmﬂprmngm hypermutations of the Iy genes
discontinued its use for the unsquivecal identification of natve and
memory B cells (Klein et al, 1568).

Also CDZ7 was commonly usad 2 2 marker of uman memery
B cells, becase its expression s correlated with the presence of
somatic hypermutationsin L1 atal., 3000], Inspite
of this, m authers mlgmﬁ :#mdemrﬂralrd the: pru:wn'c:
in the blood of memory B cells that lack (127 {Colonna Romana
et al,, 2009; Frasca et al, 2008: Wel et al, 2007; Fecteau et al,
2005; Anolik et al, 2004). The discomertsd jan of COZ7
and IgG has Been demonstrated by Factean et al. (300€), and we
found the same results in our samples evaluating the expression of
0% on gated IpC° magnetically sorted B cells, or the expression
of IgtG om gated CIF7* or (07 - magmetically sorted 8 lympho-
qglmrd notall IgE: oﬂbm%‘,miﬂdlﬂm Ihergn
] tiom akso contains a small of iched B
r:rl.‘rhunpaﬂnhdnbwml. preperem el

Sonave B oells are identified a5 IgG-1gA - 190°C027 -, whereas
ﬂemmrr!ulpupdlimmrrumbem{hump-
necis, comprising three types: M memony” cells that are
Ig0* M 027" (Klein et al, 1998), also identsfied 2= IgrcozET
“unswitched memory” by Shi o ol (2005), "dassical” switched
memory b IgA C0e7*, and the G igh 0027~ B cells (Fectean
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Table 1
Main modtfication of § orlla nd @ ol praducy in skderly homan.
Berls or @ oelluprodiucty Chanpes Referemem
Tokal B cella | prromiags | | Te— Faria et al | 060 ] {dramatic decreass in seer? S pram ol
Pramca vt al. (30, Coona Bamuns o . (2001} 'Wikty
k. (1 gl ot al. | O}
Toial § celln (abwolsts umber) D ‘Wonei o al. (2N Froeca i al. (008 Shi st al (2005
Chong ot al. (0], Ervitkan et ol (2000} Huppert £ al
150} Tk ot ol (164, Pagarmll o oL [1953)
DS B coll | peroeeiage and stnciuin e ‘Wiekaler | 300}
rumber) Diecream Calorna Ramana i al | 3602]
Total Iy |ty spacific mrmenicsian| Kz change et i al | 00 Chong ot 4. (2002 fobamaon and Mo
|Drcraam [0 ka3 Wirkader and Sxaba (3200
[dekader 3000 P o al. 2305]
| i) [+t e i irerrun gt Hachamgy g ot al. [ 305)
e Prawcy ot ol | TN, Livt et o (I00%], Pagaraeili o 3l [ 1993]
|Drereasy [Frasca pial, 3005, 1008
Igh Hachangn ihanyg o ol [3005)
e st 2l | Y, Poamald o ol (15192
1pM [aber il mremmeriatioe] Decream s ot 2l |0 Chomg ok 2. (305
Hachangn Paganal o 2l {1352}
|Decreas]] [Shi ot ., 200]
Ig [aer vl mrmmasiioe] Hachange Lis ot 2l | OO} Chomg ok 2 (3305)
|Drcreas) [Franca sial, 3005
] Decream Lisi o al |0
Jarizarhodin hremn {zberen and B[R, Wknder (3100, Weksler and

Scabe | T Carvtarw ot ol (1957

etal., 2008), called also double negative (D8] B cells due to the lck
of bath Igh and (027 {Colonna Romano et al., 20090
Following antigenic challenge natve & rells an differentiate into
low-a Ig-serreting c=lls or mature within 2 germinal can-
terinto Finity memory cells expressing different I isobypes
(woilniak et al, 2004 Classically T cell help i requirsd for mem-
ory Beell generation, germinal center formation, ksotype switching
and somatic utation, and helping is, mainly provided fol-
lowing the binding of (1154 (C040L) expressed on T cells with
40 on B cells (woinizk et al, 20041, The | nce
ufm';p;::dulmn in these events has been d.:mnrr:rT;d in
E-linked ua rome patients, in which CDM0-CT154
Irtzrrﬂom ”Tm.gamw!t al, 2005). In these patients,
center formation and the B oell respanse are
strictly impaired, although a peripheral B cell Fraction express-
Ing COZ7 persists (Weller et al. 20011, supporting the hypothesis
that this marker does not exchisively identify classical germinal
center-derived memory B cells: this C02T* (also IgM°1g0" ) com-
partment wis recognized a5 the peripheral counterpart of splemic
marginal zone (ME] B cells {Weller etal., 2005 ). Although express-
Ing mutated g genes, this subset differs from dassical memery B
cells, since bypermutation can cozur in absence of CM0-CT154
interactions and the two populations have a different 1§ gene
repertoire {Weller at al, 2005: Waetal, 2000). Indeed, unlike das-
sical memary B cells, the lghigDr oD subset s dedicated to
Immune responses against T-independent antigens (Weller et al,
2004; Kruetzmann et al, 2003; Spencer et al, 1998) during which
they act as innate effectors in the first line of defense but not
= memory cells (Pl et al, 2005, 2004; Weller et al, 2005,
20041
O the ather hand, the requirement for 1027 expression on das-
sical memory B cells has never been firmiby established in humans
[Tangye and Hodgkin, 20041 Indead, a5 reported by Fecteau and
Nifron [ 20031, ped (040 stimulation tri nalve B cells
I switch 1o IgE and to express COZ7 even in absence of somatic
hypermutation, supgesting that these events culd be independent.
The C0Z7 molecule in mice, rather than 2 memony marker, appears
I be expressed in recent B cell activation and is not utely
mﬂrmdﬂm nses (Xlaoet al, 2004). These resulis
suggest that CDI7 is not "the” marker of memery B cells and that

the identification of natve and memory B cells s not strictly relited
i this marker.

It hias been reparted (Anolik et a1, 2004}, that patients with sys-
temic hupus erythematesus (SLE) show an increase of I B cells
that Is coarelated with the disease activity index (Wel et al, 700 L
The Authors report that these B cells, that are ig0 or igA
tive, show a degree of hypermutation of Vy gene omparable to
D" unswitched memory cells Moreover they suggest that thess
0E - memary B cells could represant sither progenitors, or the
progeny, of (027 memory cells that fail to go through a productive
germinal center reaction. Thus the hypothesis that (027 - mem-

B cells might develop outside the inal center, perhaps in
wemﬂuda@mwpqubl! n{suﬂmng I'rrpu'rrnpelzuupr: =
wats demonstrated inmice [(William et oL, 2007). Interestngly, den-
dritic cells hawe been shown to activate extrafiollicular B cells and
arealsa known to induce isotype switching in 2 (D40 independent
way through ELys-BAFF-R interaction (0 et al, 2006) so this could
b s the case for C127 - memary B cells. n our previcus pa
{Colonna Romano et al. 2009), we repart that DN cells show Ig:
exprassion of the CO40 molecule, so thess might not coperate
with T eells. Indeed, the finding that 1gG* memary B cells in mice

can be generated fol T cell-independent responses comobe-
rates the likelihood that this mechanism is abso active in humans
(Dbukhanyrh and Nusserewesg, 2061

Alternatively, (027 - cells might represent activated follicular
cells that initiate the germinal center reaction after receiving sarky
C0154-mediated T cell help, but fail to progress through this path-

L5 ining their failure o ire €037 and their lowsr
:Eulm!ruc ” utation Bcumrrpu'ad with (DET dassical
memory B cells. Given that COZ7 interacts with COT0on activated T
cells, it is belieyable that the sbeence of (VT might impair the gl
ity of these cells torecetve the complete and persistent degree of T
cell uired to complete a germinal center reaction (Toellner
ctil!'f;ur;ql. Inderestingly, mﬁ: hypermutation in the absence:
of (07 & presant in two different B cell tumors 2 Waldsnstroas
macroglobulinemia and hairy csll leukemia, for which an extra-
germinal center derivation has been proposed (Kranghum et al,
2004: Foreend et al., 2004)

Mellorecer, o |

e whether IgGC°C0ZT cells come.
spandad o pos

center calls or mot, Factea et al. (2008)
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Himhﬂd uency of somatic compared b

CO7 e ey B el 7 had gy
Io'nrmlu:lun leveals than did igG (027" cells. The low frequency
of somatic mutations in g5+ 0027~ cells may suppart the theory
that this population could emerge | thy from T cell help
o from CIMO0-CI1 54 mteraction in hurmans (Weller et al., 20011,

and double negative B ?qinqu
wmﬂ-m
patients
Humaoral | ed as supparted celiu-
hrmmg?g:: r:e“rl':cy:mmncnt.h;p'h:ertrd

By antbody-producing plisma cells and the centzal memary one,
represented by memary B cells that are capaile of gen-
erating and replenishing the plasma czll compartment However,
B cells have effector and requlatory functions other Bun anb-
by production such as T cell and dendritic cell remulation and
nkine and chemokine production (Sane et &l, 2007; Martin and
[« 2006; Harris o al, 2000) indeed it has been demonstrated
that memory B cells produce great amounts of proinflammatory
cﬂnhls:d:umlghtplqamklnﬂwmaﬂmulnﬂ!m
tenance of the inflammatory envircmment of the eldery (Agraval
and Gupta, 20101 In consideration of this and also in the light
of the inflammatory environment in successful and unsuccesshil
ageimg, here we focus on literature data of the naive/ memory com-
rtment in the elderly. In 5 we (Colonna Romane
:d_mm]mdd}:w;ﬁ.m]mm
sirated 3 reduction of natve (027 B ek in the & and o
significant reciprocal increase in (DX memeory B {Klein
et al, 1008; t=u 1 al, 2000). On the other hand, Shi &t al.
(2005) have that COZ7* memaory B cells, particularty the

ﬁzﬂ‘ Tr‘ memory” B cells, decline dramatically in
e data are in agreement with redured out-

td'BneILlelsallmhaen that 15 memory
r-:,eli are invobved in the mmmﬁwmmﬂwlrﬂﬂn,
this reduction is comsidered fior the Increased s
tibility to bacterial Irfeﬁmwﬁlﬂ!mm,oﬂmwm [wn;
et al, 200 5hi et al, 2005) have demonstrated the inoease of
natve B cells in the elderly. mmetaHlnualdmtedperﬂl-
edHo-odmI‘#Hc:lHﬂ}lD"mlTl I iﬂyl?lrlll
by lLack of switched receptor rath E; nce o
ort the increase of the I'ldn:- of the
mmnmbuﬂhnm{hlrmhm we':hhiTr:pntrd
(Colonna Romane et al, 2009} the decrease of naive B cells in the
elderty (identified a5 1g0* (027 ) and the incresse of Ig0-IZ7 -,
and in order to better chararterize the DN B cells (1D C007 -],
wie are studying the expression on these cells of 10 and IgM. Dur
iminary results show that, in cur samples, the of
ﬁlﬁkﬂhuamnﬂlhﬂmi-gﬁdmﬂ%
DM B cells. However, further anabysis (=g the exprassion of 1ga)
and the spedific study of these cells in the elderly are necessary
o hetter understand how this very small fraction changes with
apeimg, and whether the change of these cells might mflusnce the
amsount of “natve” B cells identified a5 IgG-1gA- (027 - Inthe same
per (Frassa et al, 2008) and in 2 following review
Hiscietib]ﬂb]l}qnpmﬂrdm'm both percentage
and absohute number of switched B ealls (g g onar *
or (0T lwrnﬂ:rhlﬁﬁtlmlmﬂrgmﬂnmw cells
as il oIy or (027 although, due the reduced mumber of total
B cells in the elderly, the absolute mumber of memery B cells 1s
reduced also in our obd subjeds.
Centenarian offspring 0] canbe considered paople who might
be genetically advantaged for successful apeing, and Alrheimers
tﬁupﬁmbn:nﬂlufummﬂy%ﬂﬂmu al.,
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Table 2

Aouys of gk, |gGand W L =3,
ape oange 55 K] nd apr-muiched contreh | e 25, ape ranpe G0-0 %), The wrum of
a0 wekjects wn ored i aliqusts 3 —B0-C aetl s and the imrmsogizbelin
CMOMErEom were deterrnined by infegra B0 [Rochw Diamicstic, Miln, Raly)
2 decribed | Colorma Romuana ot al, 2010} Data am expressd oo men « 50, Sy
wifcmon s been pvslzaied by ANVA T [valoe stintically Mprefcant whan
prlEL

e Emémrin Apy maithed ¥
meTrspd. cifgra oz

in -] n=2]

marintiom [z 5] [

(egdl|

KA e s W42 az
W W54 13 AT ]
™ 1554 3 T 200w

200Ma, 2004b; Derhovanessian et al, 2000: 0§ Bona ot al, 2009,
2008},

We do not show any significant changes, neither in percentage
nor in absolute number of B cells, between centenarian offspring
amd their "normal” age-muatched controds (Colonna Romano &t al,
2010}, However, Abheimer’s disease patients show a significant
reduction inB cells [hoth in percentage and absolute number) when

red with healthy elderly (Pellicand et al., 2000; Specale
mT 2007}, As mentioned locking at different B cell subsets, we
have shown a significant decreass of the of lgerenzy
nalve B-r:lilnmmmmd mmmi Jﬁm
333427 In e LD dataare & a5 mEan £ 5EM), no
dlml:l:ed?mp* thﬂ‘mﬂ!mmm wirspl|
memorg compartment and 2 significant increase of the percent-
age ol lgD-C0O7 - DN B cells (62 05 in young, 1582 1.4in elderly,
p<0.0001}{Colonna Remana et al., 2009) Our data in centenarian
subjects shows the same trend of eldery people of natve (47 .64 B4
and Ig CIET~ (111 24718 In order o gain i
in hwhdugml mdmlwmmn m
have compared (Colonna Romano et al, 2000; Bulati et lL.:'JIB'I
memorg nafve B cell populations in centenarian offsprings o those
in old age-matched control. In the former, we do not observe the

natve-memuony shift ohserved in the slderly and in centenar-
lams. Indeed a5 previous demonstrated Ig0°C0F7 - natve Brellsare
significantly increased {503 + 2.3, p= 0B} in 00 when compared
to age-maiched controls, while the |00 - DN B cells are sig-
nificanty reduced (7.44 09, p=0.003). 50, B cell subsets of (0 are
similar o those cbserved inyoung subjents praviously described
{Colonna Romano et al., 2000 Thiscbssrvation is strengthenad by
SETUm im in measurement. n fact, the concentration of
IgM, a marker of the primary response, shows significnt higher
levels in centenarian offs when mmpared to age-matched
conirols, whereas 196 and IgA kevels are ot significantly differ-
ent (Table 2} {Colonna Romana et al_, 20101 Also in this case, the
values arewithin the range of the leve] observed in young subjects
{Listi et al.. 2006} supporting the “youth™ of B cell branch in these
sl

mmhmﬁlnlmmﬂwr@u are studying
the distribution of B | subsets in AD 1 r-
ing ﬂrnﬂsbud.ﬁm ned Inmmm
Our preliminary results show that no 5 differencas in the
IgOCIRT - natve B cells compartment the bwa groups,
= well a5 in mm:di&n‘mn"l and switched (gD~ C0I7)
memory poal, are while there is 2 sgnificant decrease
of Ig (07~ DM B cells in AL compared to age-maiched controls
(61 £ 07 vs. 1584 1.4, p< 00001}, The finding that this population
Is mot increased in AD subjects, 2 in age matched healthy con-
trols, together with the sbearvation that all others B osll subests are
unmedified, al bath the percentage and the atsolute mim-
ber of B cells are sed (Pellicand et al., 20000, nesd further
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A-H Orh: ape-matched comtrole

Investigation. Morsover, this ks an interesting result, 2s Speciale
et al. {2007) have shown a reduction of CDE*CDZE T cells in
patients affected by AL Thess cells, 25 mentioned, are increased
Inelderly and ar= considered to be exhausted late memary sffector
cells {Faweler and Larbi, 2008 ). 5o, this might support the idea that
DN Eulnruhc-mdumednls.mrmor:xwuem-
rized in Fig 2

5. Conchusians

1t haas been shown that both T cell-mediated cellulir and 8 cell-
meadizted humoral immune decrazse in aged humans
[Cancro ef al, 20 Glmon et al., 2008; Paveelec and Larkd, 2008;
Faweler ef al, 2005, 7004: Uinton and Dorshkand, 20041 This
leads o increazad frequency and severity of infectious diseases
and reduces the protective effect of vaccinations. Despite inten-
sive research work, many of the basic mechanisms of ape-related
Iimmmune dysfhnction have notyet been darified. However, because
the mumber of elderly 5 increasing in the world, identifi-
cation of the causes and impact of immuncsenescence may offer
the pressibility o i or delay some Infecticas dis-
:nupmmd I|1'|lertjr Tﬁwﬂ I our agring population.
Although B cells may suffer from ladk of; ate Teell help in age-
Ing [Ademakun et al, 20100, it i now clear that inkrinsic changes in
B cells also ocrur and have a significant impact on antibody produc-
ton. Indesd, with agzing, in the B ol lineage there are reduction
in the functional capacities of B celks and their progenitors, changes
in the sz of different subests 2nd shift in the diversity and clono-
bypic composition of the antgen-respansive repertoire (Canorn
etal, 2000]

A memory B =l 5 o lacking C0GO7 and
Bk it s i e
2009 This result, although without statistical significance has also
been reported by others (Frasca et al, 200081, 5o, the question
remains: Where do these 1pC gD (027~ B cells ome from and
why are increzsed in healthy elderdy? One hypothesis i that thess
cells oould be sensscent memary B cells that have down-modulated
their expressionaf (D27, as demonstrated o Tcells against chronic
anbigenic stimull, &5, he viruses that fill the mmu
m?umdmﬁww ﬁ:mwTﬂm
etal, 2007; Fawele: ef al., 2004, 3005 Akbar and Feicher, 2005)
This could be also the case in the B cell compartment. On the other
hand, i has been demonstrated that chronic stimulation of the
immune system, @5 in patients with kupus (Anclik et al, 20041,
& related to the expansion of these cells and that the amount of
double negative B cells corelates positively with the dinical man-
Westations of SLE (Wel &t al, 20071 Incm.mdlgu M7 DNE
cells has been also described in healthy subjects challenged with
S [San et al, 2008], and this f=ature confinm the mpar-
tamt role of the chronic antigenic load 5o, the expansion of
memery Bcell latiomes t be the manifestation of a
iedogic mm mnm [elderfy people) or iwﬁ

1213 nts} of the mmune system. Furthemre,

s that ebderly produce increzsad levels of antbodies to
aul 15 antigens often a nied by autnimmune

wmtéwmgL,zm,IWMmu al, 2007) and are less

able in make high-affinity anishodies to an Inderd,

imcrazesd E)Ehtlhl that, a5 h'mwwph:s:::rmle H

of auinantibodies (Dalloul, 2000; Youlnou e al., 15881

e been demonstrated in obd humans (weksler, 20000 and mice:
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(Ater-wiolf et 2L, 2009h), in kupes mowse modelk etal,
2008 amed in hurman rheumatoid arthritis{Makin etal, 2007 How-
EYET In our (Codonna Romano st al., 2003 ) we found
anape-related decrease of (D5* Beells, The intriguing spectisthat,
in our elderly population, there is an increass of the IgD C0E7
DM B cells, and one hypothesis might be that these cells could
be for production of autnantibodies or nes that
kudwmﬂmpmgll}! miechanism mhﬂllm{ﬁlmw
Tespanse t self aml Arrordingly o their latory
mﬂ:,qﬁm II-:,IIHF'I:eﬁmﬂ increased alsn i hairy cell
leukemia patients {Forconi et al, 2004).
Another hypothesis about the orign of these memory C0Z7
B cells s that supported by Wel ot al. (2007), They supgested that
these cells fail to o through a productive germinal center reaction.
5o they might develop catside the germinal center in extrafelliz-
ular reactions capable of supporting somatic hypermutation and
Isotype switching in 2 (D40-independent manner. In agresment, it
Im:hamdﬂnmmd&ut Drlfdpm Iy affiects germinal cen-
ter formation in secondary | ues (Frasca et al, 200E)
5o it could be postulated that the increase of the double
memany B cell pupd:unnuhuwd.lnﬂedhﬁy,hut:lmmﬂx-
crsshully aged centenarians, s due tan a | farmation of thess
cells in extrafollicular reactions. In pa DM B cells obtained
from healthy elderly people, show a lowerrate of somatichyperm-
In preparation), 5o the reduction of the rate of

tation [
mutation might be due to 2 total disconnect=d genevation of these
cells, m gl , from either germinal centers or Teell help. in wew

o the lack of D27 exprassion and the low rate of somatic mutation
In G - B oells, here shown and reported by others {Anolik
ot al, 20 Ferteaw o al, 2006), it has been s that
1G0T - B cells might be a first wave of memery 8 cells (Blink
et al., 2005; Inamine et al., 2005) or 2 poal of short-lived memory
B eells (Domer and Radbuch, 2005, in montrast to the Gz
B cells that could be more related to long-lived rrmyn::lls.
Alternatively DN B cells might represent activated follicular cel
ﬂutlnlmumlrﬂmmaﬂrmmnﬂtmml-
mediated T ozl help, but B tn progress through this patiraay. This
could explain their failure to acquire 027 and their low rate of
somatic frypermutation as compared with dassical COZ7* memory
El (Fectean et al, 300&: our man In preparatiog).

Emmmn niffspring mTh'pnﬂuﬂs of 2
“Tamillar youth” of the immune system, due (o their Gvorable
genetic background, that can be & big advantage bath to fight the
main age-related diseases and o property raspond o vaccinations.
In particular, the reservoir of natve B cell might be one of the
canses that make centenarian ng able to off
new infections, hence mm‘mﬁr I?Fe[mhnnhiwmr: il.,
2010, 5o, on the whls, natve B cells are well preserved incen-
tenarian offspring, sugpesting a good bone marmow cell resersoir.
This is an interesting chsarvation, a5 it has heen reviewed
(Canero et al, 2005] the Bone marrow ability to penerate B cells 15
impaired with age. This could be the nezson why in these subjects
there are bess IgVCDZT double negative B cells than their age-
related muntespart that are not genetically advantaged Becoming
centenarians, their mmmune system, that allowed them to reach
lomgevity, also proceeds wersws exhaustion.

We aleo show that in old patients affected by Akheimer's di-
eaxse, the DN B cells are not incressed & in their age-matched
controls. The explanation of this is not obvious, but others have
reparted the degeass of efedor C0E*02E- Teells inAD patients
i & &t al, BT L these data = the B
mm unl:mmmmﬂmi IM"‘;W B

cells. in fact they behave a5 oos* 08 T cells, L. are
imcreased in elderly and centanarians, not increasad in centenarian
offs fi in Hion] and in AD patients le
e e e At
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sion of the chemokine reveptor CCRS after stimulatson with Ag42
on B cells from AD patients, suggest us the partidpation of B cells
in the complex cellular interactions active in AD patients (Pellicand
etal, 2010). Most of studies on frailty have focused on Teells, Semba
et al. (3005) have demonstrated that the ncrezse of (08 T cells
that lack 022 is related to frailty, the same has been reported
in the impairsd o vaccines ot al, 20040, Mors-
over Ixr?:t !tm! hﬂuhmlm“rj: amount of CORS* T
cells with frailty, and suggest that this comelation might be due i
the proinflammatory propertiss of these cells and the well known
link between frailty and chronic inflammation. On the other side
It has been demaonstrated that B cell repertoire diversity decreasas
in the elderty with poor health status and ghis k&, to the best of our
knwriedge the sole report on frailty and B cells in the elderly.

A5 it i knoan that memary and naive B cells produce differ-
ent nes and diffirent Toll-like
b ety el o sy i
hacteria also product nes and chemokines. This
Eutﬂl:nmp:uﬂumﬂmm Bdsuu{&dmﬂzncﬂrwmm
ofthe immame system in aged people {Pellicmé et al, 2000; Pasare
and Misitzhitoh, 2005; Duddy et al, 7004 Schulize et al, 1995
Pistoia, 1967 . 5o further studies ane necessary b:-nahiheﬂl:h:r
DN E cells in elderty might have some immunomodulatory role

oytekines production.
Al nge&rrd:anhilmdﬂimugmnnls in h::h‘rr
%mimﬂnmimﬂmnﬁﬂmmd
ant in the field of immunmssnescence a In:iuiusd
sueeessfis] and unsneressiul ags

Hﬂulthhpﬂﬂnmswmmpkxmdiplmd
the immune system and characterze Ihe:lurr in bath innate
and adaptive immamity in order to elaborate belier vaccination
strategies for the prevention of infactious diseases in the elderly.
Sa, B orell bt amsocated aleo to their Sifferent regula-
tory role, could represent 2 halimark of successful or unsuocessiul
ageing and could be used 2 2 becamarker of human life span, poten-
tally useful for the of anti-agei Inim
ﬂr;u:llryuflli of the growing dd.!-rl?pnupuhﬂun. e
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1. Intreduct on Futhemar evwdme & Joumuleng fr an deed denmn o

Azhsmers disease (AD) & an age-mlaed newrclogeal disorder
that keads to progesshe demensa. AD is histopash dogacallly charac-
tenzed by evracsiulr amyloid plagques, formed by amylod be
pephide (AR), and by imtracefiular neurafibrillary @agles. Deposits of
bughly arzegated amyked bea fibriks tagger an inflammasry pro-
oo thar pliys an imporant role i AD pathogenesis (Griffin and
Mok, 2002; Aknama etal, 2000; fxjo o 2, J00E]. It wassugesed
that the imflammasion scrumng in ge bran of AD patens has sys-
temic paraliels, and thes are many nepomts supposting the cncet
that AD & 2 mystemic infammarory dissse (Brischg and Wyss-
Coray, T7). A rmberof reportsabeoshow i mare Toells areac
tivatad in AD partients gan are-marchad contrak, and tha these cells
are preent both in the periphery and 2 infiftrates in the brain (Togo
etal, JO0F; Town et al, TS, Lietal, 7009) In virs stodis have
shown that A induces the producon of chemokines such 2 MIP-
Tex, RANTES and MCP-1 by FBMUs of AD pareents and ghe sqpression
of CORS on brain endohebial oels; this might enhance e migraton
of peripheral T cedls amoss the biood bram barmer {B88) (L et al,
200, Realeetal, 7008 ) We have recendly demonsTaiad St PEMC
fmm AD paients produce high keeds of RANTES and MIP-15 afier
In vimo aovagon with AR 42, and Sat te expression of OCR2 and
OCRS on T oells and of ORSon B colls & noressed in AD maoents et
In Wi stmulson of PEMC with AR pepade (Pellicand o al, 200),

* (o g g asho Teld: +48 7] 25 1268 e +497071 2 4677,
- ke rusvaler wg i nadsmgod v (M Pelicad].
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Iymphorye subkess in the peapheal blood of AD patens cmpared o
age-marched conrols (Specie o al, D07). A genenl demese o B
amtmmmsmwuumdmlm
{H]mﬂmm{mﬂlm; Factart-Sals burger
etal, 2007 | Within the T cefl populasion, 2 sight ncrease of the peroent-
age of D4 + and a decmse of (D2 + lymphocyies was found (Richamz-
Salzburger etal, F007). We moengy repored 3 sgnificant educian o
theperentge of nalve (D4 + ool {(D4FA +00RT 4+ | andan incexe
of ffertor memory ((DSRA-CIRT-) and TEMRA (CIHSRA +O0F7-)
el in a pllatsrudyof Canadian ADparents (Larh e a, 2008) compared
o age-marched contmls A wducton of (D4 + (RS9 colls, comidered
2 prenia iy Treg cels, wisalko found {Lasi et al, 5000 No diffsences
wire discarnible barwemn AD pasievs.and conmols wishin the (DS com-
partmnt bacaine thie afface of e were diraady 5o markedin the L.

Cur prvious sy was limeted o 2 small group of Canadin pa-
tients wath mild AD. To desermine whether e immune signasures
S in Shese patients 2 10 be expected generallyin AL, we under-
todk 3 mare detailed analyss on 2 com pletefy different pop akaton
from kaly. We have smdied (Td+ and (D8 + subses imvesngang
the expression of the soforms of D45 (04584 and (DMSR0),
which can be infomare for the diffwentagon stage of T ol
(Michie o al, 1992, Sallusto of al, 1569), and the expession of two
major pesive T cell cosamulatosy recepions (U7 and D22 and
W0 Negaive rcepton exprsed by Westage differentiaed cells,
5T and KLRG | sometimes neferned toas maskens of "sen soene™].
(5T i incpressed o MK cells and Bie-stage (D8 + T cedk with shght
exgresson an (14 + cells sometimes reparted (Tarazona et al, 200,

| rewrcimza11.11005
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Abstract

The development of the B cell branch undergoes significant
modifications with age. Elderly people are characterized by the
impairment of the B cell response that reflects the inability to
effectively respond against viruses and bacteria. The
modifications of the immune system with age
(immunosenescence) are widely studied in centenarians who are
considered the main example of successful aging. In the recent
years, attention has shifted to the centenarian offspring (CO), as
a model of people genetically advantaged for health aging and
longevity. In this study, we show the preliminary
characterization of a new population of late memory B cells,
CD19°CD38CD24", that we describe increased in the elderly
and contemporary decreased in CO when compared with healthy
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age-matched controls (AM). Here, we demonstrate that human
CD19'CD38'CD24 is involved in TNF production. We
hypothesize that the expansion of these cells, also negative both
for IgD and CD27, might be related to the inflammatory status
of elderly people as the result of a time-enduring stimulation of
the immune system. In addition, we evaluate the expression of
RP105 (CD180), the toll-like receptor (TLR) associate
molecule, expressed on B cells. In this paper We describe an
age-related increase of RP105-negative B cells in peripheral
blood of elderly people and its up-regulation in memory B cell
subsets. In this paper we discuss the modified expression of
CD180 and its potentially role as marker of immunosenescence.

Introduction

B cells are key mediators of immunity. The humoral immune
response, due to the B cell compartment activation, involves a
response to pathogens by producing antibodies to neutralize
bacteria and viruses, secreting cytokines and interacting with
other components of the immune system. The early step of B
cell development occurs in the bone marrow from hematopoietic
stem cells (HSC). The early progenitors of B lymphocytes
develop into pro- , pre- and immature B cells [1,2], after
subsequently stages of differentiation that involve light and
heavy chain genes rearranging and the expression of cell surface
markers. When immature B cells become independent from
stromal factors, they leave the bone marrow via the blood stream
as transitional B cells, [3-6], up to secondary lymphoid organs.
Only a small fraction of immature B cells become mature naive.
Therefore, transitional B cells are considered as a negative
selection checkpoint for autoreactive B cells [5,7]. Transitional
B cells have been widely studied in mice [8,9]. As in the mouse,
human transitional B cells can be found in the bone marrow
(BM), peripheral blood (PB) and spleen [7]. The absence of
ABCBL1 transporter activity has been used to distinguish
transitional B cells from mature naive B cells [10]. In human
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peripheral blood, naive and memory B cells have been described
on the basis of the differential expression of IgD and CD27 [11-
14]; naive B cells have been identified as IgD*CD27", whereas
the expression of CD27 allowed to distinguish memory B cells
subsets: 1lgD*CD27" , indicated as unswitched memory B cells
or marginal zone-like B cells [15], IgD'CD27" as classical
switched B cells. Afterwards, a population of DN B cells (IgD"
CD27) has been identified too [16,17]. The IgDCD27"
population has not been further subdivided. As a consequence,
this is a mixed population of IgM* and Ig class-switched
memory B cells [12,18,19]. In addition, the complexity of the
memory B cell pool has been demonstrated by the evidence of a
IgM memory B cell population identified as IgM*lgD*CD27*
and of the “IgM only” memory B cells identified as IgD
IgM*CD27". IgM*CD27"IgD" and IgM*CD27"IgD" have not
always been distinguished each other. The former, known as
“natural effector B cells”, have reduced replication history and
SHM levels compared with the latter. So, they seem to be a
mixed population of GC-derived and splenic marginal zone-
derived memory B cells [18]. On the contrary, IgM-only
memory B cells appear to be generated from germinal center
responses, [16,18,20]. In these last years, a different flow
cytometric approach has been used to distinguish naive from
memory B cells [7-9]. The use of two developmentally regulated
markers, CD24 and CD38, in association to the B-lineage
marker CD19, allowed to identify three different B cell
populations:  CD19*CD38"9"CD24"" a  population  of
transitional B cells that includes immature B cells,
CD19°CD38™CD24™ defined as mature B cells, and
CD19'CD38'CD24"" called “primarily memory B cells”. In a
recent paper [21], the authors have shown as the stimulation
with CD180 (RP105), an homologous of TLR4 that regulates
TLR4 signaling, has been able to induce intrinsic B cell
proliferation and differentiation from transitional to mature B
cells. The expression of RP105 surface marker has been also
evaluated on peripheral blood B cells from patients with
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different autoimmune diseases. The number of RP105-negative
B cells has been shown increased in SLE patients compared
with normal subjects [22]. It was hypothesized that RP105 may
regulate B cell activation and that RP105-negative B cells might
be involved in the production of autoantibodies and take part in
pathophysiology of SLE.

The number of total B cells and the composition of the B
cell subsets shows age-dependent changes[23]. The frequency
of transitional B cells as well as naive B cells decreases rapidly
during the first years of life, while the frequency of switched
and unswitched memory B cells increases. After these changes
the absolute number of B cells remains stable while the shift
from naive to memory continues [24]. In elderly people
IgD*CD27 naive B cells result significantly reduced [25,26]. On
the other hand, DN B cells (IgD"CD27") are significantly
increased in the elderly [17,27]. Different studies have shown
that the same population is expanded in patients suffering by the
chronic stimulation of the immune system, such as SLE [13],
HIV [28] and in healthy subjects challenged with RSV [29]. The
evaluation of the processes involved in the modifications of the
immune system in the elderly (immunosenescence) led to
consider the immunological features of those subjects
predisposed to longevity. Centenarians have been widely studied
in order to identify key factors associated with exceptional
longevity in humans. However, centenarian studies posed the
challenge of whom to use as control. Unlike their parents,
centenarian offspring (CO) have an appropriate control group,
i.e. common elderly, who haven’t a familiar history of longevity.
In these years, we and other groups have focused our attention
on the study of centenarian offspring, trying to evaluate any
possible correlation between their genetic background, predictor
of longevity, and their immunological profile. CO don’t show
the typical naive/memory shift observed in elderly. In particular,
we have not seen the increase of DN (IgD"CD27°) B cells. Also
the evaluation of IgM secreted in the serum by CO has shown
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that the detected values are within the range of the levels
observed in young subjects [27].

Several distinct memory B cells have been identified in
humans, although the association between their specific
phenotype profile and function remains to be further clarify. In
this study, we show the preliminary characterization of a new
population of late memory B cells, CD19'CD38CD24,
performing analysis in order to understand its biological role and
function. Moreover, as we are interested in the modification of
the immune system during aging, we carried out comparative
studies using B cells from elderly people. Indeed, data from
literature show how in the periphery of elderly people, the
extended survival of memory B cells and the clonal expansion
contribute to the limited repertoire and the collapse in B cell
diversity that is correlated with poor health status and the
impairment of antibody response [30-36]. We have extended
our analysis to centenarian offspring (CO) that, like their
centenarian parents, have genetic and functional advantages that
predispose them to healthy aging and longer survival, with the
purpose to evaluate the immunological features that may be
related with their healthiness. Moreover, we have examined the
expression of CD180 on total B cells and CD38/CD24 B cell
subsets, in order to evaluate the age-related modulation of this
marker.

Material and Methods

Subjects

12 healthy Sicilian Centenarian Offspring ( age range: 70.1 £
8.3) with almost one of their parents centenarian (> 100 years)
have been investigated. A total of 8 young (age range: 28.5 +
1.9), 8 Old (age range: 86.4 = 3.8), and 7 Age-Matched
Controls (age range: 69.1 + 9) were also included in the study.
All subjects were in good health according to their clinical
history and none of the them had neoplastic, infectious,
autoimmune diseases, or received any medications influencing
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immune function at the time of the study. The controls were
collected from the same population as the patient cohort. The
study received approval from local ethic committee and all
participants gave their informed consent.

Whole blood was collected by venepuncture in vacutainer tubes
containing ethylenediaminetetraacetic acid (EDTA). Peripheral
blood mononuclear cells (PBMC) were isolated by density
gradient centrifugation on Ficoll-Lympholyte (Cedarlane
Laboratories Limited, Ontario, Canada) and stored frozen.

Flow cytometry
1. Phenotype analysis

To characterize the phenotype of B lymphocyte subsets,
extracellular labeling was performed with anti-CD19-PE, CD24-
Pe-Cy7, CD5-V450, IgD-FITC, IgG-APC-H7, IgM-PerCP-
Cy5.5 (BD Biosciences), CD27-Qdot605 (Invitrogen), CD80-
PerCP  (Abcam), CD38-eFluor650 (eBioscience) and
intracellular staining with anti-FoxP3-AlexaFluor647 (BD
Biosciences).

2. Stimulation of PBMC with CpG/phorbol myristate acetate
(PMA)/ionomycin for B cell IL-10, IL-6, TNF production

PBMC (10° cells/ml) were suspended in EX VIVO medium with
or without CpG-B 2006 (3 pg/ml, Tib Molbiol), PMA (50
ng/ml), ionomycin (1 mg/ml) and monensin sodium salt (2 mM,
SIGMA ALDRICH) in 24-well flat-bottom plates for 5h, at
37°C (CO; 5%). Cells were harvested, washed and directly
stained with anti-CD19-PerCP-Cy5.5, CD24-Pe-Cy7, IgD-
FITC, 1gG-APC-H7, CD180-PE (BD Biosciences), CD27-
Qdot605 (Invitrogen), CD80-PerCP (Abcam), CD38-eFluor650
(eBioscience). For indirect immunofluorescence, anti-human
CD5 (clone UCHT2) culture supernatant hybridoma cell line
(Zentrum fur Medizinische Forschung, Tubingen, Germany),
was used as primary antibody. The secondary antibody was rat
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anti-mouse PO  (Invitrogen).  Citofix&Citoperm  (BD
Biosciences) was used. Finally cells were stained with anti-IL-
10-APC (Miltenyi Biotec), TNF-AlexaFluor700 and IL-6-V450
(BD Biosciences), washed and analyzed.

Cell viability was determined with RedVid (Invitrogen).
All staining steps were performed in PFEA buffer (PBS, 2%
FCS, 2 mM EDTA and 0.01% Na Azide). Blocking of non-
specific binding sites was accomplished using human
immunoglobulin GAMUNEX (Bayer, Leverkusen, Germany) or
mouse serum (Caltag/Invitrogen, Karlsruhe, Germany). For each
experiment, cells or mouse/rat k-chain Comp Beads (Becton
Dickinson) were stained with the corresponding fluorochrome-
labeled antibodies and incubated for 20 minutes at 4°C in the
dark. Human unstained cells were used as negative controls.
After washing with PFEA, the cells or beads were re-suspended
and measured using LSR-11 flow cytometer and the acquisition
software FACSDIVA (Becton Dickinson). Data were analyzed
using FlowJo software (Tree Star, Portland, OR). For data
analysis, dead cells (RedVid-positive), were excluded. CD19"
living cells were gated within the SSC/FSC lymphocyte gate.

3. Cytokine Detection

For analysis of cytokine production, serum samples from
patients were tested with Cytometric Bead Array (CBA) Human
Multiflex System (Becton Dickinson).The CBA was used
according to the manufacturers’ protocol (Becton Dickinson,
Oxford, UK). Two-color flow cytometric analysis was
performed using a flow cytometer LSR-1I. Analysis was made
using CBA dedicated analysis software, “FCAP Array™
software”, to generate results in graphical and tabular format.

Statistical Analysis
All statistical analysis were performed with Graph-Pad Prism
4.0 using the Mann-Whitney nonparametric U test to compare
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two independent groups. Statistical significance was expressed
as * P <.05, ** P <01, *** P <.001 and it is also shown in the
figures. All values are expressed as mean = SEM.

RESULTS
Characterization of CD38 +-/CD24+- B cells subsets

Analysis of B lymphocytes from our samples, carried out by
using CD38 and CD24 markers, allowed us to discriminate four
distinct  populations: ~ CD19'CD38"CD24"  (classical
transitional), ~ CD19°CD38™CD24™  (“mature  naive”),
CD19'CD38 CD24"(“primarily memory ) and CD19°CD38
CD24 (Fig. 1a). Afterwards, we evaluated the expression of IgD
and CD27 on the four B cell subpopulations above identified.
On the basis of their functional organization into the different
naive/memory B  cell subsets, we observed as
CD19'CD38"CD24" and CD19°CD38™CD24™ show a naive
phenotype  (IlgD+CD27-). The CD19°CD38CD24" B
lymphocytes, just called primarily memory B cells, begin to
express CD27 and contemporary loss IgD (IlgD*CD27"/IgD
CD27%). The analysis of the CD19"CD38'CD24" B cell subset
indicates that these cells are predominantly IgD- (lgD
CD27'/1gD'CD27") (Fig. 1b). In order to deeply characterize
these populations we have evaluated the expression of different
immunological markers: IgD, IgM, CD27, CD5, CD80 and
CD180. Further phenotipical identification revealed as the
largest part of CD19*CD38"CD24" are IgD", IgM", CD27,
CD5*, CD80", CD180"; CD19'CD38™CD24™ are IgD", IgM™,
CD27, CD5', CD80", CD180"; CD19*CD38'CD24" are IgD™,
IgM™, cD27", CD5’, CD80™, CD180"; finally, CD19"CD38"
CD24 are classified as IgD", IgM", CD27™ CD5", CD80,
CD180 (Table 1). The table shows the percentage of positive
cells of a representative experiment.
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Age-related changes on B cell branch show a different
distribution of naive/memory subsets

To determine whether aging shapes the distribution of
peripheral immune cell subsets, we investigated the B cell
branch of a cohort of young and elderly people. Moreover, in
order to assess if centenarian offspring, who are enriched for
longevity, displayed a different immune profile, we compared
data with those obtained by the study of age-matched control
group. We performed a comparative analysis of these four
subpopulations, evaluating their distribution in our different age
groups. We did not observe any significant difference for
CD19'CcD38"CD24" and CD19*CD38™CD24™ (data not
shown). Concerning CD19°CD38°CD24", we observe a trend of
age-related increase. Interestingly the amount of these cells in
CO is more similar to that observed in young donors than in
their age-matched controls (Fig. 2a). Moreover, CD19°CD38"
CD24" B cells showed an highly significant age-related increase.
So, concerning these lymphocyte subsets, centenarian offspring
behave in the middle between young and elderly (Fig.2b).

Age-related changes of IgM'CD27 (naive mature),
IgD*IgM*CD27" (natural effector), and 1lgD IgM*CD27" (IgM-
only) B cell subsets.

The complexity of the memory B cell pool has been further
demonstrated by the evidence of different IgM™ B cell subsets.
According to a recent gating strategy based on CD38/CD24
expression within CD19* B cell compartment, CD38%™CD24%™
were separated into three B cell populations: IgM*CD27 (naive
mature), IgD*IgM*CD27" (natural effector) and IgD
IgM*CD27" (IgM-only) (Fig.3a) [21]. The comparative study
between our four groups of subjects revealed a different
distribution of B cells identified on the basis of these markers
between young and old donors. Besides, centenarian offspring
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show a youth immune profile when compared with age-
matched controls. Indeed, the percentage of IgM*CD27" (naive
mature) (Fig 3b) is significantly increased in the group of
people genetically advantaged for longevity. The analysis of the
other two IgM*CD27" memory B cell subsets showed a
significantly age-related reduction (fig 3c, d).

CpG + PMA/lonomycin stimulation induce intracellular
cytokine production by human blood B cells in vitro

To study the functional properties of peripheral blood B
lymphocytes, we tested their ability to produce cytokines under
“in vitro” combined action of CpG/PMA/lonomycin. We
evaluated the production of IL-10, IL-6 and TNF by
CD38/CD24 B cell subsets. Our analysis revealed that 5h after
this “strong” stimulation, the main IL-10 producing cells
resulted CD19*CD38"CD24" (Table 2a). CD19*CD38 CD24"
and CD19°CD38'CD24 resulted the more responsive B cell
populations for TNF production (Table 2b). On the other hand,
this kind of stimulation was not able to induce IL-6 production.
Indeed, we did not detect a significant increase in production of
IL-6 compared to unstimulated PBMC (not shown).

We analyzed the levels of IL-10 produced by
CD19'CD38"CD24"™  comparing the different groups. Our
analysis revealed a not significant age-related increase (not
shown). Afterwards, we compared the two major B cell
subpopulations involved in the TNF production. We did not
detect any differences comparing the different groups (Table
2b).

Cytokines detection in the serum
We next evaluated any possible correlation between the level of
cytokines detected after “in vitro” stimulation and basal levels

observed in the serum of patients. For this purpose we
performed the high sensitive assay CBA human multiflex
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system in order to evaluate IL-10 and TNF production. In the
present study, serum levels of 1L-10 in the young resulted to be
three to four time higher than those of elderly people (Fig. 4).
Concerning TNF levels detected in the serum of patients, our
preliminary data underlined individual differences that didn’t
allow us to perform a statistical analysis (data not shown).

RP105-negative B cells and its expression on IgD/CD27 B cell
subsets

As the lack on B cells of the TLR4-homologous CD180 has
been described in chronically stimulated SLE patients, we
analyzed the percentage of CD19°CD180° B lymphocytes
obtained by peripheral blood of young, elderly, centenarian
offspring (CO) and their age-matched controls (AM). In Fig.5a
we report a significant increase of this population in the elderly
when compared with young. No differences were obtained by
the comparative analysis of CO and their controls although, the
percentage of CD180- B cells in CO and AM controls is
increased and decreased when compared respectively to that
observed in young and old donors . Afterwards, we evaluated
the presence of CD180 on cell subsets identified on the basis of
the expression of IgD and CD27. Interestingly, the analysis of
IgD'CD27" (DN) B cells revealed that these cells are for the
most part negative for CD180, whereas the other populations
are CD180" (Fig. 5b).
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Fig. 1. (a) Gating strategy to identify 4 CD38/CD24 B cell subsets:
CD19*CD38"CD24™ (upper right), CD19*CD38™CD24™ (the region in the
middle), CD19°CD38 CD24"(upper left), and CD19*CD38CD24 (lower
left). (b) Characterization of CD38/CD24 B cell subsets according to
IgD/CD27 organization into 4 naive-memory compartments. This
phenotypical  identification  confirmed  that the  majority of
CD19'CD38"CD24" and CD19°CD38™CD24™ are naive (IgD*CD27),
while CD19°CD38CD24" begun to express a memory profile: some of them
appear memory unswitched (IgD*CD27%), others memory switched (IgD
CD27%). Moreover, CD19°CD38'CD24" B cell subset, principally IgD", show
features of late memory B cells (IgD"'CD27).
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Percentage of Positive cells
*(MFI)
Markers | CD19°CD38"C | CD19°CD38™CD | CD19°CD | CD19°CD
D24" 24 38°CD24" | 38CD24
IgD 86.2 82 48.4 12.3
CD27 8.4 14.2 68.8 51
IgM 51.3 30.1 45.8 8.1
CD5 21.3 8.5 6.4 47.2
*CD80 698 272 396 141
CD180 93.3 89.4 94.8 4.1

Table 1. A typical experiment showing the expression of 1gD, CD27,
IgM, CD5, ~ CD80, CD180 on CD19°CD38"CD24",
CD19'CD38™CD24™, CD19°CD38CD24*, CD19°CD38CD24 B
cell subsets. Results, expressed as percentage of positive cells (CD80
as MFI), are representative of all subjects analyzed.
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Fig. 2a (Left). Trend of increase age-related of CD19°CD38'CD24" B cell
subset. B (Right). Significant increase of CD19°CD38 CD24" B cell subset in
elderly people (Old and AM) when compared to young. CO, like young,
show a lower percentage of this population when compared to their age-
matched controls.
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Fig. 3. (a) Diversity in the human B cell compartment and peculiar
distribution in young and old, centenarian offspring (CO) and their age-
matched (AM) controls. Within the CD19" B cell compartment, B
lymphocytes are organized on the basis of CD38 and CD24 expression.
According to Berkowska’s gating strategy [21], CD38“"CD24%™ B
lymphocytes were subdivided on the basis of IgM, CD27 and IgD expression,
defining IgM*CD27" naive mature, IgD*IgM*CD27" natural effector and 1gD"
IgM*CD27" IgM-only. (b) A direct comparison between CO and AM
underline as the former show a significantly higher percentage of naive
mature. (c) A substantial and significant age-related decrease was observed in
the natural effector subset. (d) Moreover, elderly people display a decrease of
IgM-only subset when compared with young such as CO exhibit higher level
of the same population respect their AM controls.
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(@)

IL-10
Subsets Young Old CO AM
CD38"CD24™ | 917.4+310. | 2916.5+892. | 2059.3+277. | 2575.2+484.
5 9 8 6
CD38"™CD24' | 316.4+£37.1 | 2017.2+947. | 1066.8+427. | 924.2+523.7
nt 5 2
CD38'CD24" | 541.4+136. | 1137.7+106. | 780.7+111 | 746.5+157.9
5 9
CD38CD24" | 248.4+37.7 | 869+401.9 | 688.2+232.4 | 479+233.8
(b)
TNF
Subsets Young Old CcO AM
CD38"CD24™ | 194.4+39.4 | 380.5+67.1 | 317.5+45.1 313+20.4
CD38™CD24™ | 497.6+129 326.7+30.1 | 355.3+87.1 | 142.1+56.4
CD38'CD24" | 881.6+176.2 | 453.7465.1 | 605.3+122.9 | 265+112.4
CD38CD24" | 700.3+300.9 | 743.7+226.6 | 809.7+391 268+122

Table 2. Evaluation of 1L-10 and TNF production by CD38/CD24 B cell
subsets after CpG/PMA/Ionomycin stimulation. (a) CD19°CD38"CD24" is
the main B cell subsets involved in 1L-10 production. An age-related trend of
increase was observed after 5h of stimulation. In the table 2(b) it is shown as
the major contribute on the production of TNF is given by CD38CD24" and
CD38'CD24". No significant differences have been observed between the
four groups analyzed. All the data are expressed as MFI (Mean + SEM) and
they are representative of 5 young, 4 elderly, 6 centenarian offspring and 4
age-matched controls.
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Fig.4. IL-10 detection in the serum of patients with cytometric bead array
(CBA) human multiflex system (Becton Dickinson). Our analysis have
revealed an higher concentration in young subjects compared with old
people. No differences between centenarian offspring (CO) and age-matched
(AM) was observed.
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Fig. 5 (a) Evaluation of CD197CD180 (RP105) B cell population among the
different age related groups analyzed. Old people show a significantly
increase in percentage of the B cell subset, that lack CD180 expression
marker, when compared with young. (p = 0.01). Histograms are
representative of all subjects included in the study. Bar graphs indicate mean
+ SEM. (b) Representative dot plots showing CD180 modulation among
naive/memory B cell compartments identified by the expression of IgD and
CD27. A progressive down-regulation of the expression marker from naive
(IgD*CD27") towards DN (IgD"CD27") is demonstrated.
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BRIEF DISCUSSION

A typical feature of ageing is a pro-inflammatory status which is
related to many age-related diseases (as cardiovascular,
Alzheimer disease,). The increased health risk in old age is the
result of a combined action of environmental stressors, that
accumulate over time, and the individual genetic background.
Besides, not all subjects or population groups are equally
susceptible to the effects of the time-enduring stimulation of the
immune system. It is known that in the elderly, there is an
impairment of both innate and adaptive immune response that
renders them less able to respond to new infectious agents and to
vaccines [30-36]. On the other hand, recently evidences have
shown a well preserved immune profile of a group of healthy
elderly centenarian offspring (CO) who seem to have genetic
and functional advantages associated with the reduced risk of
disability with age [17, 38].

The B cell lineage in aging, undergoes dramatic
alterations in the cellular composition. In these last years,
several new B cell populations have been described although
their phenotype has not been always associated with biological
function. In the present work, we have characterized age-related
changes in distinct peripheral B cell populations.

According to the gating strategy proposed by Carsetti et
al., 2004, our results have shown four distinct B cell
populations:  CD19*CD38"CD24" (classical transitional),
CD19°CD38"CD24™ (“mature naive”), CD19*CD38CD24"
(“primarily memory”) and the never described CD19"CD38"
CD24". We have confirmed data from literature that affirms that
CD19*CD38"CD24", transitional B cells, have a regulatory
function, as this population produce a large amount of IL-10
(Breg) [37]. Previous study have reported that the frequency of
transitional B cells is rapidly reduced during the first years of
life, to stabilize after 5 years of age [24]. Here, we observed no
related changes with old age of this population. Interestingly,
elderly people produce more IL-10 than young people after a
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“strong” stimulation with CpG/PMA/Ionomycin. Probably, the
increase in the production of this cytokine could be a
mechanism of compensation of the typical pro-inflammatory
status of elderly people. This observation is corroborated by the
increase of the percentage of CD19*CD38"CD24" |L-10
producing cells in SLE patients [37]. Alternatively, in elderly
people these cells are not the main source of IL-10. In our
previous paper, we have described that both in young and
elderly donors the physiological (a-CD40 and IL-4) stimulation
of B cells induces a good IL-10 production by unswitched
(IgD*CD27") memory B cells. This kind of stimulation was
also able to stimulate naive (IgD+CD27-) B cells of elderly
people to produce IL-10. Moreover, we observed that the
“strong” stimulation (CpG/PMA/Ionomycin) induced both naive
and unswitched B cells of young donors to produce the anti-
inflammatory cytokine. All the data suggest that naive B cells
from young donors need an adequate stimulus to be activated
“in vitro”. On the other hand, we believe that elderly people
produce higher level of IL-10, maybe because they are basally
activated by bacteria or viruses. So, another hypothesis could be
related to the kind of the stimulus. It is also possible that any B
cell might have the capacity to produce IL-10 if activated
appropriately.

In this work, we have demonstrated for the first time, the
existence of a new population of memory B cells with
functional capacity. We have shown an age-related increase of
the CD19°CD38'CD24" B cells. This B cell subset, as IgD’
CD27 (DN) B cells, lack the expression of IgM and CD80.
Interestingly, we have observed that the great part of these cells
express the marker CD5. We have also observed the ability of
this population to produce “in vitro” the pro-inflammatory
cytokine, TNF. We have performed the same analysis in CO and
their AM controls. Our data show that CO behave as young
donors, in fact they have a similar percentage of this B cell
subset. We have hypothesized that the age-related increase of
this population, as it has been previously demonstrated for IgD-

116



CD27- B cells [17,27], might be the result of the time-enduring
stimulation of the immune system. For this purpose, we have
assessed the distribution of the two markers, IgD and CD27 on
the four CD38/CD24 B cells population above described. We
have  confirmed that, CD19*CD38"CD24" and
CD19°CD38™CD24™ have a naive phenotype (IgD+CD27-);
CD19°CD38'CD24" begin to express CD27 and contemporary
loss IgD (IgD*CD27°/IlgD'CD27"). Interestingly, the analysis of
the CD19°CD38'CD24" B cell subset indicates that these cells
are predominantly IgD- (IgD'CD27%/IgD’'CD27’). This last
subset could represent a population of late memory B cells.
Moreover, all this data suggest a modulation of the expression of
CD38 and CD24 from transitional to late memory
developmental stage.

A further evaluation of CO B cell branch was performed
evaluating the expression of CD27, IgM and IgD. It is in fact
known that IgM memory B cells (IgD’ IlgM*CD27", “IgM-only”
and 1gD*IgM*CD27", “Natural effector” B cell cell subsets), are
reduced in the elderly, so predisposing them to pneumococcal
infection [12,19]. Here again, we show that CO has a “younger”
B cell profile. In fact, the percentage of these cells are not
reduced as their age-matched controls and are more similar to
the percentage observed in young people. In addition, also the
population of IgM*CD27", called Naive mature, is significantly
increased in CO when compared with their controls.

It is well known that B cells participate in the immune response,
not only producing antibodies, but also catching the pathogens
by PRR (pattern recognition receptor) as TLRs. It has been
recently demonstrated the expression, on murine B cells, of
RP105 (CD180), the toll-like receptor- (TLR-)associated
molecule. It has been shown that B cells from RP105-deficient
mice were hypo-responsive to TLR-4 and TLR-2 stimulation
[39,40]. In a recent work, authors have evaluated the expression
of RP105 on peripheral blood B cells from patients with
different autoimmune diseases. The number of RP105-negative
B cells has been shown increased in SLE patients compared
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with normal subjects [22]. Here, we have evaluated the
percentage of B cells defective for CD180 expression on young,
old, centenarian offspring and age-matched controls.
Interestingly, we have observed an age-related increase of
CD19'CD180" B cell subset. Afterwards, we have checked the
expression of CD180 on IgD/CD27 B cell subpopulations,
observing a down-modulation of this marker from naive
(IgD*CD27) to DN (IgD"'CD27°) B cells. So, the reduction in
CD180 expression observed in the elderly and the age-related
increase of DN B cells, defective for CD180, could be related to
increased susceptibility to GRAM- infectious diseases of elderly
people. On the other hand, the amount of CD180-negative B
cells in the other groups is similar: this result suggest that the
loss of CD180 is probably an age-related phenomenon. The age
range of CO is, in fact, 70.1 £+ 8.3, whereas age range of old is
86.4 + 3.8. We believe that CD180 may regulate B cell
activation and that RP105-negative B cells might be involved in
the production of autoantibodies and take part in
pathophysiology of different autoimmune diseases. Further
investigations could be necessary to better understand the
biological role of CD180 that could be used as marker of
senescence.

Next, we have evaluated the I1L-10 levels detected in the
serum of the four groups of subjects: we show that only young
subjects have high levels of IL-10, whereas all the other groups
(CO, AM and O) show a progressive decrease. This is an
interesting data, although we have not significant differences
between CO and AM or O, as CO show a slight higher level of
this regulatory cytokine.

In the whole, our data suggest that the B cell branch of
centenarian offspring behave similar to those observed in young
subjects. This hypothesis is corroborated by the reduced
number of “late memory” B cells and a higher level of IgM B
cell subsets. These observations could suggest a good bone
marrow reservoir of centenarian offspring. This apparently
immunological advantage, could help them both to fight the
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main

age-related diseases and to properly respond to

vaccinations.
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Summary and general discussion

The progressive and cumulative modifications of the
immune system with age, known as “Immunosenescence”
(Franceschi C et al., 1995; Pawelec G et al., 2005), have a
great impact on immune performance in late life,
contributing to the decreased ability of the elderly to respond
to new antigens and vaccinations (Grubeck-Loebenstein B et
al., 2009). The direct consequence of these modifications is
the increased susceptibility of old people to infectious
diseases. These changes occur in all leukocytes and
accordingly, affect innate and adaptive immune functions.
The acquired compartment of immune systems shows
significant modifications in the elderly, in fact both T and B
cell branches are compromises, resulting in a reduction of
the number of virgin antigen-non experienced cells and,
simultaneously, filling the immunological space with
expanded clones of memory and effector, antigen-
experienced cells (Franceschi C et al., 2000; Miller JP,
Cancro MP, 2007).

The humoral immune response of elderly people is
qualitatively and quantitatively diminished when compared

with the immune response of young people. The amount of
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the different Ig isotypes changes with age: in fact, although
the number of B cells is decreased, it has been described an
increase of serum concentration of 1gG, IgA and, to a lesser
extent, IgE. On the contrary, both IgM and IgD are
decreased (Listi F et al., 2006).

A typical feature of aging is a chronic, low-grade pro-
inflammatory status observed in the old people. In this
context, elderly people are characterized by a general
increase in the production of pro-inflammatory cytokines
and inflammatory markers (Bruunsgaard H et al., 2003a, b,
c; Krabbe KS et al., 2004; Fulop T et al., 2006;Cevenini E et
al., 2010). The consequence of this situation is an age-
dependent up-regulation of the inflammatory response,
“Inflamm-aging™, that render elderly prone to frailty
(Balistreri CR et al., 2008; Franceschi C et al., 2005; Lio D
et al., 2004; Pes et al., 2004).

Moreover, it has been suggested that chronic antigenic
stimuli, such as herpes virus infection (e.g. CMV) appears
to accelerate immune aging (Pawelec G et al., 2005; Akbar
AN and Fletcher JM, 2005). The continuous attrition caused
by chronic antigenic load results in a generation of
inflammatory responses involved in age-related diseases
(Pawelec G et al., 2005; Vasto S et al., 2007).
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A typical pathology, correlated to aging, is Alzheimer’s
disease (AD), that represents one of the main causes of
disabilities among elderly people. The sequelae of central
nervous system (CNS) inflammation processes, observed in
the brain of AD patients, may be related primarily to waning
microglial neuroprotection resulting in aging-related
neurodegenerative changes (Streit WJ and Xue Q-S, 2010).
Moreover, changes in lymphocytes distribution and in
cytokines levels in the plasma of AD patients have been
identified too (Richartz-Salzburger E et al., 2007; Larbi A et
al., 2009; Pellicano M et al., 2011).

In this scenario, however, centenarians represent a group
of select survivors who have, at least, markedly delayed
diseases that normally cause mortality in the general
population. They are rightly considered an example of
successful aging, a human model of disease-free or people in
which the onset of the diseases is delayed (Franceschi C,
Bonafé M, 2003). In addition, centenarian offspring (CO)
have a genetic advantage that could predispose them for
longevity and they are preserved from age-associated
diseases, in particular cardiovascular diseases, stroke,
myocardial infarction, and diabetes mellitus (Terry DF et al.,
2004 a,b).
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The aim of this thesis is to study the changes of the
immune system with age observing any possible correlation
between the genetic profile, predictor of longevity, and the
immunological profile. In this context, we focused our
attention principally on the naive/memory B cell
compartment of centenarian offspring. Concerning, instead,
the study of the age-related diseases due to the pro-
inflammatory microenvironment typical of the elderly, we
have analyzed some immune parameters of people with
Alzheimer’s disease.

In chapter 2, we did a short report about the mechanisms
of immunosenescence. We analyzed the modifications of the
immune system in elderly people and their increased
susceptibility to infectious diseases and pathological
conditions relating to inflammation or autoreactivity. We
discussed about the relationship between chronic CMV
infection and adverse health outcomes, and the others
immunological parameters define an immunological risk
profile (IRP) predicting 2, 4 and 6 years of mortality. We
also analyzed the modifications of the B cell branch during
aging and the shrinkage of the immunological repertoire.

In chapter 3, we performed a comparative study of the B
cell compartment of centenarian offspring (CO) and their

age-matched controls (AM). In particular, we observed as
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CO don’t show the typical naive/memory shift of the elderly.
This trend was confirmed also after the evaluation of
immunoglobulins secreted in the serum. The concentration
of IgM, a marker of the primary response, has shown higher
levels in CO when compared to AM. All these data suggest a
good bone marrow cell reservoir, supporting the hypothesis
of a “familiar youth” of the immune system that could be a
big advantage both to fight the main age-related diseases and
to properly respond to vaccinations.

In chapter 4, we have analyzed blood lymphocyte
subsets and the expression of activation markers on
peripheral blood mononuclear cells (PBMC) from AD
patients and their age-matched controls (HC) after in vitro
activation with human recombinant amyloid beta peptide
(rAB-42). We have reported a basal expression of the
activation marker CD69 and of the chemokine receptors
CCR2 and CCR5 on T cells, and CCR2 on B lymphocytes
after activation. We reported also the increased expression of
the scavenger receptor CD36 on monocytes from AD
subjects with or without stimulation. PBMC of AD patients
stimulated in vitro with rAf-42 are able to produce different
chemokines and cytokines. These data support the

involvement of the immune system in Alzheimer’s disease.
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In chapter 5, we have reviewed recent works on B cell
immunosenescence, focusing our attention on memory B cell
subsets. We discussed about the origin and function of a
specific memory B cells, IgG+IgD-CD27-, that is expanded
in elderly people and in patients suffering by the chronic
stimulation of the immune system, such as SLE and in
healthy subjects challenged with RSV, but reduced in
centenarian offspring and not increased in patients affected
by Alzheimer’s disease. We hypothesized that the expansion
of these memory B cells might be the manifestation of an
age-related physiologic modification (elderly) or a
pathologic deregulation (SLE patients) of the immune
system. Alternatively they might develop outside the
germinal center (idea supported by the low rate of somatic
hypermutation) or they might represent the first wave of
memory B cells. Again, they could be represent
exhausted/terminally differentiated memory B cells.

In chapter 6, we gained insight into the biological
significance of the naive/memory B cell subsets and their
different function in young and elderly people, evaluating
surface immunoglobulins (lgs), production of pro- and anti-
inflammatory cytokines and somatic hypermutation. Our
data suggest that naive B cells (IgD+CD27-) of young

subjects need an adequate stimulus to be activated “in vitro”,
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while the elderly has higher “in vitro” basal levels of 1L-10
and TNF-o, maybe because they are basally activated,
possibly by bacteria or viruses. Moreover, we evaluated the
level of mutation in the V region of IgG genes in the DN
(1gG+1gD-CD27-) B cells, observing as the rate of mutations
is lower in the elderly. As we know that memory B cells are
characterized by the high rate of somatic hypermutations,
we hypothesized a different origin for these cells.

In chapter 7, we have tested the hypothesis that patients
suffering from Alzheimer’s disease show systemic changes
at the immunological level, which mainly involve CD4+ T
cells, consistent with chronic antigenic stress potentially
resulting in immune exhaustion. We observed an increase in
percentage of CD4+CD28-CD27- late differentiated cells in
AD patients compared to healthy elderly controls and a
contemporary reduction in naive T cells
(CD4+CD28+CD27+CD45RA+CD45R0-). We
hypothesized that the differences in naive/memory CD4+ T
cell subsets are caused by chronic antigenic stimulation by
AP present in the blood of AD patients.

In chapter 8, we have shown our recent work about the
naive/memory B cells characterization based on two
developmentally regulated markers, CD38 and CD24. We

discussed about a new population of late memory B cells,
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CD19+CD38-CD24-, that is increased in elderly people
compared to young and contemporarily reduced in
centenarian offspring when compared to age-matched
controls. We evaluated the production of pro- and anti-
inflammatory cytokines by CD38/CD24 B cell subsets,
confirming data in literature which affirm that
CD19+CD38hiCD24hi (Breg) is the main IL-10-producing
B cell population. We have also observed the higher
production levels of TNF by CD19+CD38-CD24+ and
CD19+CD38-CD24- B cells. Despite the increase of the
number of markers wusing for characterization, we
confirmed that centenarian offspring (CO) have the B cell
branch similar to young people but different to their healthy
age-matched controls. The immunological profile of
centenarian  offspring  could guarantee them a
protection against the risk of infection and the inflammatory

processes of ageing.

Conclusions

“More than 1000 scientific paper on the biology of aging
and longevity are published every month” (Hugo Aguilaniu,
CNRS, Lyon). A long life in healthy, vigorous, youthful
body has always been one of the humanity greatest dreams.

The aspiration to delay aging and achieve immortality has
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led researchers to study the characteristics of centenarians.
Indeed, centenarians may represent the prototypes of
successful aging, who have escaped major age-related
diseases, reaching the extreme limit of human life in good
clinical condition. The interest in centenarians as a model for
healthy aging is driven by the desire to identify key factors
associated with exceptional longevity in  humans.
Subsequently, the study of centenarian offspring came from
the idea to find markers of successful aging in people
genetically advantaged for longevity. Centenarian offspring,
like their centenarian parents, have genetic and functional
advantages that predispose them to healthy aging and longer
survival.

In the present thesis we have focused our attention on the
immunological changes that occur in old people and their
relationship with the age-related pathologies. We try to
explain the distinct roles played by humoral and cellular
responses in protective immunity and the memory B and T
cell differentiation in long-lived subjects. In contrast to T
cells, B lymphocytes have not been extensively studied in
the elderly, although B cell compartment is defective too
(Cancro MP et al., 2009; Frasca D et al., 2011); indeed, in
elderly people, the quality and the size of the antibody

response is substantially impaired, the number of circulating
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B cells is reduced and a shift from the naive (CD27-) to
memory (CD27+) B cells was also described (Gupta S et al.,
2005; Listi F et al., 2006; Colonna-Romano G et al., 2008).
Studying B cell populations in the elderly, our attention has
been drawn to B lymphocytes negative for both IgD and
CD27. We demonstrated that these cells are significantly
increased in the elderly (Colonna-Romano G et al., 2009).
Others have shown that the same population is expanded in
patients suffering by the chronic stimulation of the immune
system, such as SLE, HIV and in healthy subjects challenged
with RSV (Wei C et al., 2007; Sanz | et al., 2008; Cagigi A
et al., 2009). Recently, we have also observed that CD27-
memory B cells have a low rate of somatic hypermutation
when compared with classical CD27+ memory B cells
(Buffa S et al., 2011). All these data support the hypothesis
that these cells are senescent memory B cells that have
down-modulated the expression of CD27, as specific CD8 T
cells versus chronic antigenic stimuli, like infection with
herpes viruses (e.g. CMV) (Pawelec G et al., 2005). Another
hypothesis is that these cells might develop outside the
germinal center (idea supported by the low rate of somatic
hypermutation) or, alternatively, they might represent the

first wave of memory B cells.
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Moreover, it has been known that naive and memory B
cells produce different pro- and anti-inflammatory cytokines
(Duddy ME et al., 2004, 2007; Sanz | et al., 2007, 2008;
Lund FE, 2008). We have evaluated whether changes in the
relative proportions of different B cell populations could
affect the cytokine environment. In our recent paper we
observed that under physiological stimulation (anti-CD40
and IL-4) both in young and in old people, a population of
memory unswitched B cells (IgD+CD27+) is involved in IL-
10 and TNF-a production. Interestingly, in the elderly, naive
(IgD+CD27-) B cells are also highly activated to produce
cytokines under these conditions. Moreover, both memory
unswitched than naive B cells produce IL-10 with a strong
activation (CpG/PMA/lonomycin). We have observed that
old donors behave similarly to young. So, we have
hypothesized that naive B cells from young donors need an
adequate stimulus to be activated in vitro, while B cells
from old subject have higher in vitro basal levels of 1L-10
and TNF-a production, maybe because they may already be
basally activated (e.g. by bacteria or viruses). We imagine a
scenario where IL-10 production by naive B cells may act as
a control mechanism to prevent the exacerbation of
inflammation, while IL-10 production by memory B cells

might be active in the resolution of the disease.
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On the other hand, we have studied the B cell
compartment of centenarian offspring, comparing all the
data with those observed in age-matched controls, trying to
understand whether any differences exist. CO don’t show
the typical naive/memory shift observed in elderly. In
particular, we didn’t see the increase of DN (IgD-CD27-) B
cells. Also the evaluation of IgM secreted in the serum by
CO shows that the values are within the range of the levels
observed in young subjects. In our manuscript in
preparation, we have characterized a new population of
memory B cells (CD38-CD24-) that result increased in the
elderly. Again, comparing data obtained by CO with those
observed in their age-matched controls, we have shown as
the percentage of this population is significantly reduced in
centenarian offspring. We suggest that this B cell population,
that is negative for IgD expression, may represent a late
stage of differentiation of memory B cells and that its
increase could be a typical phenomenon due to the aging of
the immune system. They participate to the generation of the
inflammatory environment of elderly people by producing
pro-inflammatory cytokines ,such as TNF. We have also
observed the increase in percentage of CD19+CD180- B
cells in the elderly. This marker, recently described as

homologous of TLR4 that regulates TLR4 signaling, could
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be involved in the recognition of exogenous pathogens and
subsequent activation of the immune system. So, the
reduction in CD180 expression observed in the elderly could
explain their increased susceptibility to GRAM- infectious
diseases. On the other hand, the difference of the immune
system of CO, could be related with the major ability of
bone marrow to generate new B cells and to properly
respond to new antigens and vaccinations.

Besides, it has been known that aging is associated with
chronic, low-grade pro-inflammatory status that, interacting
with the genetic background, is potentially linked to the
most-important age-related diseases. Alzheimer’s disease
(AD) is the most common form of dementia of elderly
people. Many studies have reported alterations of the
immune system in AD and the involvement of both the
innate and acquired branches of the immune system (Vasto
S et al., 2008; Britschgi M et al., 2007). In addition, low
PBMC phagocytosis of amyloid beta (Avagyan H et al.,
2009), and the increased expression of pro-inflammatory
molecules (Reale M et al., 2008) confirm this hypothesis. A
significant decrease of B and T cell percentage without
changes of NK cells was previously reported (Richartz-
Salzburger E et al., 2007). On the other hand, others

investigators (Speciale L et al., 2007) reported no differences
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in the percentage and absolute number of CD3+, CD4+,
CD8+ and NK cells. In our previously study, we have
reported a good response of T lymphocytes to beta amyloid;
in fact, we have shown an over expression of CD69
activation marker and of the chemokine receptors CCR2 and
CCR5 on T cells of AD patients when stimulated with rAp-
42. The same stimulus was able to induce production of
different chemokines and pro-inflammatory cytokines by
PMBC of AD patients. Moreover, some activation markers
and chemokines receptors are over-expressed in
unstimulated AD cells when compared to controls. We think
that this data confirm the existence of the pro-inflammatory
status that characterize AD patients. Our recent studies on
AD patients revealed that the major changes are seen within
the CD4+ T cell subset compared to healthy elderly controls
(Pellicano M et al., 2011), whereas the more marked changes
in the CD8 subsets were seen equally in both AD and age-
matched controls. The age-associated changes seen in CD8+
T cells are predominantly caused by infection (e.g. CMV),
because CMV-negative individuals do not manifest these
changes at older age (Chidrawar S et al., 2009). In contrast,
the CD4+ cells are only marginally affected by CMV
serostatus (Derhovanessian E et al., 2010). So, we

hypothesized that the differences in CD4+ naive, memory
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and late differentiated T cell distribution between AD and
their age-matched controls are caused by chronic antigenic
stimulation by AB present in the blood. So, we believe that
the increasing knowledge of the immunological aspects of
different forms of dementia, could help us to see whether the
differences we observed for CD4+ cells are specific to AD
and they can be used as biomarkers for early diagnosis.

Moreover, we have studied the B cell branch of AD
patients, in order to clarify the modifications that affect the
immune system. Our observations about the B cell reduction
both in percentage than in absolute number confirmed data
discussed by Speciale (2007). In our previously work we
observed an increased expression of the chemokine receptor
CCRS5 on B cells, after stimulation with rAB-42, suggesting
the involvement of B cells in the complex cellular alterations
of this pathology. We have also shown a reduced capacity of
B cells of AD patients to uptake AP compared to young and
aged controls. We believe that the ineffective clearance of
AP in the blood could explain the higher frequency of
chronically stimulated CD4+ T cells. Further studies about
the B cell branch of AD patients are necessary to understand
its implication on the physiopathology of the disease.

In conclusion, in the present thesis | have reported the

experimental observations that | obtained from the study of
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the immune system during aging. | focused my attention on
phenotypic, genetic and functional characteristics of elderly
people. Moreover, | have also studied the B cell branch in
healthy centenarian offspring trying to find some
immunological markers that could explain their genetically
advantaged for longevity. On the other hand, the analysis of
the immune system of AD patients was important to
understand the relevant modifications that could be related
with the unsuccessful aging and usefully for an early
diagnosis of disease.
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Sommario e discussione generale

| cambiamenti progressivi e cumulativi del sistema
immunitario con [’etd, conosciuti con il termine di
“Immunosenescenza” (Franceschi C et al., 1995; Pawelec G
et al., 2005), hanno un grande impatto sulle performance del
sistema immune nella tarda etd, contribuendo alla ridotta
abilita degli anziani di rispondere in maniera adeguata nei
confronti di nuovi antigeni e vaccini (Grubeck-Loebenstein
B et al, 2009). Il risultato piu evidente di queste
modificazioni risulta essere 1’incrementata suscettibilita
degli anziani alle malattie infettive. Questi cambiamenti
avvengono in tutti i leucociti e, di conseguenza, riguardano
sia le risposte immunitarie innate che quelle adattative. Il
compartimento acquisito del sistema immunitario presenta
evidenti variazioni negli anziani, infatti risultano
compromesse sia la branca B che quella T, con il risultato di
avere una riduzione del numero di linfociti vergini che non
hanno mai incontrato I’antigene e, nello stesso tempo, il
riempimento dello spazio immunologico con cloni espansi di
cellule memoria ed effettrici che hanno gia incontrato
I’antigene (Franceschi C et al., 2000; Miller JP, Cancro MP,
2007).
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La risposta umorale delle persone anziane é
qualitativamente e quantitativamente ridotta rispetto ai
giovani. La quantita dei diversi isotipi immunoglobulinici
cambia con 1’eta: infatti, sebbene il numero delle cellule B
sia ridotto, & stato descritto un incremento della
concentrazione sierica di 1gG, IgA e, in misura minore anche
di IgE. Al contrario, la concentrazione sierica di IgM e IgD é
diminuita (Listi F et al., 2006).

Un elemento caratteristico dell’invecchiamento ¢
rappresentato dallo stato di infiammazione cronica basale
osservato negli anziani. In questo contesto, osserviamo un
incremento generale nella produzione di citochine e
marcatori di tipo pro-infiammatorio (Bruunsgaard H et al.,
2003a, b, c; Krabbe KS et al.,, 2004; Fulop T et al.,
2006;Cevenini E et al., 2010). Questa condizione determina
un’aumentata regolazione della risposta infiammatoria,
“Inflamm-aging”, che predispone gli anziani alla fragilita
(Balistreri CR et al., 2008; Franceschi C et al., 2005; Lio D
et al., 2004; Pes et al., 2004).

Inoltre, é stato ipotizzato che stimoli antigenici cronici,
come infezioni da parte di virus erpetici (es. CMV), possano
accelerare il processo di invecchiamento (Pawelec G et al.,
2005; Akbar AN and Fletcher JM, 2005). Il logoramento

continuo del sistema immunitario causato dalla stimolazione
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antigenica cronica determina la generazione di risposte di
tipo infiammatorio che sono implicate nelle malattie eta-
correlate (Pawelec G et al., 2005; Vasto S et al., 2007).

Una tipica malattia eta-correlata e la malattia di
Alzheimer (AD), che rappresenta una delle principali cause
di invalidita tra gli anziani. | processi di immunosenescenza
osservati a livello del sistema nervoso centrale dei pazienti
AD, potrebbero essere dovuti, principalmente, alla ridotta
neuroprotezione a livello microgliale che determinerebbe la
comparsa di eventi neurodegenerativi eta-correlati (Streit WJ
and Xue Q-S, 2010). Inoltre, nei pazienti con AD e stata
descritta una diversa distribuzione linfocitaria e livelli
diversi di citochine plasmatiche (Richartz-Salzburger E et
al., 2007; Larbi A et al., 2009; Pellicano M et al., 2011).

In ogni modo, in questo scenario i soggetti centenari
rappresentano un gruppo di sopravvissuti selezionati in cui
le malattie che normalmente causano mortalitd nella
popolazione insorgono piu tardi. Queste persone sono
considerate un esempio di invecchiamento con successo, un
modello esente da malattie o dove I’insorgenza delle stesse €
ritardato (Franceschi C, Bonafé M, 2003). Inoltre, i figli dei
centenari (CO) hanno un background genetico che potrebbe
predisporli alla longevita. Questi vantaggi sono evidenti,

come la ridotta prevalenza di malattie eta-correlate, in
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particolare malattie cardiovascolari, ictus, infarto del
miocardio e diabete mellito (Terry DF et al., 2004 a,b).

L’obiettivo di questa tesi ¢ di studiare 1 cambiamenti del
sistema immunitario durante 1’invecchiamento osservando,
se esistono, dei collegamenti tra il background genetico,
predittore di longevita, e il profilo immunologico. In questo
contesto, abbiamo focalizzato la nostra attenzione
principalmente, sul  compartimento linfocitario B
vergine/memoria dei figli di centenari. Invece, riguardo lo
studio delle malattie eta-correlate dovute al microambiente
pro-inflammatorio degli anziani, abbiamo analizzato alcuni
parametri immunologici delle persone affette dal morbo di
Alzheimer.

Nel capitolo 2, abbiamo effettuato una valutazione dei
meccanismi dell’immunosenescenza. Abbiamo analizzato i
cambiamenti del sistema immunitario degli anziani e la loro
maggiore suscettibilita a malattie infettive e ad eventi
patologici legati a processi infiammatori e ad episodi di
autoreattivita. Abbiamo discusso sulla relazione esistente tra
infezione cronica da CMV e peggioramento delle condizioni
di salute. Abbiamo valutato gli altri parametri immunologici
che definiscono il profilo immunologico di rischio (IRP) che
predice mortalita a 2, 4 e 6 anni. Infine abbiamo analizzato

le  modificazioni della branca B cellulare durante
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I’invecchiamento e il restringimento del repertorio
recettoriale.

Nel capitolo 3, abbiamo effettuato uno studio
comparativo tra il compartimento B dei figli dei centenari
(CO) e i controlli della stessa eta (AM). In particolare,
abbiamo osservato come i CO non presentano il tipico
spostamento vergine/ memoria delle persone anziane.
Questo andamento é stato confermato anche a seguito della
valutazione dei livelli sierici delle immunoglobuline. La
concentrazione dell’ IgM, un marcatore della risposta
primaria, ha mostrato livelli significativamente piu elevati
nei CO rispetto agli AM. Questi dati, nel loro insieme,
suggeriscono una buona riserva midollare, supportando
I’ipotesi  della  “giovinezza familiare” del sistema
immunitario che potrebbe essere un grosso vantaggio, sia per
combattere le principali malattie legate all’eta, sia per
rispondere efficacemente ai vaccini.

Nel capitolo 4, abbiamo valutato nei pazienti AD e nei
loro controlli eta-correlati (HC), le popolazioni linfocitarie a
livello ematico e I’espressione dei marcatori di attivazione
nelle cellule mononucleate di sangue periferico (PBMC)
dopo attivazione in vitro con il peptide ricombinate beta
amiloide (rAp-42). Abbiamo osservato un’espressione

basale del marcatore di attivazione CD69, e dei recettori
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chemochinici CCR5 sui linfociti T e del CCR2 e CCR5 sui
linfociti T e B dopo attivazione. Inoltre, abbiamo visto nei
monociti dei soggetti AD, sia con che senza attivazione,
un’espressione incrementata del recettore scavenger CD36.
Le PBMC dei pazienti affetti dal morbo di Alzheimer sono
in grado di produrre diverse citochine e chemochine in
seguito a stimolazione in vitro con rAB-42. Questi dati
supportano I’idea che prevede il coinvolgimento del sistema
immunitario nella malattia di Alzheimer.

Nel capitolo 5, abbiamo esaminato i lavori recenti
sull’immunosenescenza dei linfociti B, centrando
I’attenzione sulle popolazioni di cellule memoria. Abbiamo
discusso sull’origine e funzione di una particolare
popolazione di cellule B della memoria, 1gG+IgD-CD27-,
che e aumentata negli anziani e in pazienti che hanno
malattie che stimolano cronicamente il loro sistema
immunitario, come il LES, e in soggetti sani sottoposti a
challenge con virus respiratorio sinciziale, ma che troviamo
ridotta nei figli di centenari e non aumentata nei pazienti con
Alzheimer. Abbiamo formulato un’ipotesi, secondo la quale
I’aumento di queste cellule B memoria potesse essere dovuto
a condizioni fisiologiche legate all’eta (negli anziani) o
rappresentare una de-regolazione patologica del sistema

immunitario (pazienti con LES). Alternativamente, tali
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cellule potrebbero svilupparsi al di fuori del centro
germinativo (idea sostenuta dal basso numero di mutazioni
ipersomatiche), o ancora rappresentare una prima ondata di
cellule B memoria. Un’altra possibilita potrebbe essere
quella di cellule B memoria esauste e/o terminalmente
differenziate.

Nel capitolo 6, abbiamo incrementato la nostra
conoscenza circa il  significato  biologico  delle
sottopopolazioni vergini/memoria dei linfociti B, e la loro
differente funzione nei giovani e negli anziani, valutando le
immunoglobuline di superficie (lgs), la produzione di
citochine pro- e anti-inflammatorie, e le ipermutazioni
somatiche. | risultati che abbiamo ottenuto hanno
evidenziato la necessita di uno stimolo adeguato per attivare
in vitro le cellule vergini B (IgD+CD27-) dei giovani,
mentre negli anziani le stesse cellule hanno livelli base piu
alti di IL-10 e TNF-o, probabilmente perché sono attivate
gia a livello basale a causa di infezioni da parte di virus e
batteri. Inoltre, abbiamo valutato il livello di mutazioni nella
regione V dei geni IgG nei linfociti B DN (IgG+IgD-CD27-
), osservando come queste fossero ridotte negli anziani.
Poiche e risaputo che le cellule B della memoria hanno un
alto tasso di ipermutazioni somatiche, abbiamo ipotizzato

una diversa origine per queste cellule.
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Nel capitolo 7, abbiamo valutato 1’ipotesi secondo la
quale i pazienti che soffrono di Alzheimer presentano
cambiamenti  sistemici a  livello  immunologico,
principalmente nei linfociti T CD4+, a causa di uno stress
antigenico  cronico  con  conseguente  esaurimento
immunitario. Abbiamo osservato un aumento percentuale
delle cellule differenziate tardive, CD4+CD28-CD27-, e una
contemporanea  riduzione di  cellule wvergini T
(CD4+CD28+CD27+CD45RA+CD45R0-), nei pazienti AD
rispetto agli anziani controlli in buona salute. Abbiamo
ipotizzato che le differenze  delle  popolazioni
vergini/memoria dei linfociti T CD4+ sono determinate dalla
stimolazione antigenica cronica indotta da AP presente nel
sangue dei pazienti con AD.

Nel capitolo 8, abbiamo presentato un nostro lavoro
recente  sulla  caratterizzazione  dei linfociti B
vergini/memoria basata sull’espressione di due marcatori di
sviluppo regolato, CD38 e CD24. Abbiamo discusso di una
nuova popolazione di linfociti B della memoria tardivi,
CD19+CD38-CD24-, che e incrementata negli anziani
rispetto ai giovani e, contemporaneamente, ridotta nei figli
dei centenari quando confrontati con i controlli della stessa
eta. Abbiamo valutato la produzione di citochine pro- e anti-

inflammatorie da parte delle popolazioni CD38/CD24,
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confermando i dati in letteratura che affermano che la
popolazione CD19+CD38hiCD24hi (Breg) e la principale
popolazione B responsabile della produzione di IL-10 e,
osservando come le popolazioni CD19+CD38-CD24+ e
CD19+CD38-CD24- siano le principali responsabili della
produzione di TNF. Nonostante I’incremento del numero di
marcatori utilizzati per la caratterizzazione, confermiamo
che i figli di centenari (CO) hanno una branca B linfocitaria
simile a quella dei giovani ma differente da quella dei loro
controlli sani della stessa eta. Questo potrebbe garantire loro
una maggiore protezione contro il rischio di infezioni e i

processi inflammatori tipici dei soggetti anziani.

Conclusioni

“Piu di 1000 articoli scientifici sulla  biologia
dell’invecchiamento e sulla longevita sono pubblicati ogni
mese” (Hugo Aguilaniu, CNRS, Lione). Il raggiungimento
di un’eta avanzata in buona salute ¢ sempre stato uno dei piu
grandi sogni dell’'umanita. L’aspirazione di ritardare
I’invecchiamento e raggiungere 1’immortalita ha indotto 1
ricercatori a studiare le caratteristiche dei centenari. Questi
ultimi, infatti, potrebbero rappresentare il prototipo di

invecchiamento con successo, esenti da malattie eta-
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correlate, raggiungendo i limiti estremi della vita umana in
buone condizioni cliniche. L’interesse nello studio dei
centenari, come modello di invecchiamento in buona salute,
deriva dal desiderio di identificare quei fattori chiave
associati con un’eccezionale longevita. Successivamente,
sono stati studiati i figli dei centenari per cercare dei
marcatori di invecchiamento con successo in persone
geneticamente avvantaggiate per la longevita. | figli dei
centenari, come i loro genitori, hanno vantaggi genetici e
funzionali che li predispongono all’invecchiamento in buona
salute e ad una migliore sopravvivenza.

Lo scopo di questa tesi € quello di studiare i cambiamenti
immunologici che avvengono nei soggetti anziani e in
soggetti che presentano delle malattie eta-correlate.
Abbiamo provato a spiegare le distinte funzioni delle
risposte cellulari e umorali nell’azione protettiva del sistema
immunitario e le differenze osservate nelle cellule memoria
B e T negli anziani. A differenza dei linfociti T, le cellule B
degli anziani non sono state studiate in maniera esaustiva,
sebbene il compartimento B di questi soggetti risulti essere
interessato (Cancro MP et al.,, 2009; Frasca D et al,
2011).Infatti, negli anziani, la risposta anticorpale &
sostanzialmente compromessa, il numero dei linfociti B

circolanti & ridotto e si osserva anche la diminuzione delle
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cellule vergini (CD27-) ed un contemporaneo incremento di
quelle memoria (CD27+) (Gupta S et al., 2005; Listi F et al.,
2006; Colonna-Romano G et al., 2008). Durante questi tre
anni, ho studiato il compartimento cellulare B in soggetti
anziani, focalizzando [D’attenzione su una particolare
popolazione di linfociti B che non esprime né IgD e neppure
CD27. Dagli esperimenti effettuati & stato possibile dedurre
che queste cellule sono significativamente aumentate negli
anziani (Colonna-Romano G et al., 2009). Altri ricercatori
hanno dimostrato che la stessa popolazione risultava
aumentata in pazienti che soffrivano di una stimolazione
cronica del sistema immunitario, come nel LES, HIV e in
soggetti sani sottoposti a challenge con virus respiratorio
sinciziale (Wei C et al., 2007; Sanz | et al., 2008; Cagigi A
et al., 2009). Recentemente abbiamo valutato il numero di
mutazioni somatiche nella regione V delle 1gG delle
sottopopolazioni  1gG+IgD-CD27- e IgG+IgD-CD27+.
Dall’analisi dei dati ottenuti ¢ emerso che nelle cellule B
CD27- vi e un tasso di ipermutazioni somatiche ridotto
rispetto alle cellule CD27+ (Buffa S et al., 2011). Questi dati
supportano la tesi secondo la quale queste cellule siano una
popolazione memoria senescente che ha down-regolato
I’espressione del CD27, come succede ai linfociti T CD8+

specifici in seguito a stimolazione cronica, ad esempio nel
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caso di infezione da virus erpetici (es. CMV) (Pawelec G et
al., 2005). Un’altra ipotesi ¢ che queste cellule possano
svilupparsi al di fuori del centro germinativo (idea
supportata dal basso numero di mutazioni somatiche) o,
ancora, rappresentare una prima “ondata” di cellule B della
memoria. Inoltre, € noto che le cellule vergini e memoria
producono differenti citochine pro- e anti-inflammatorie
(Duddy ME et al., 2004, 2007; Sanz | et al., 2007, 2008;
Lund FE, 2008). A tal proposito abbiamo valutato se i
cambiamenti nelle proporzioni relative delle differenti
popolazioni B potessero influenzare 1’ambiente citochinico.
In un nostro recente lavoro abbiamo osservato la produzione
di IL-10 e TNF-0, da parte di una popolazione di linfociti B
memoria unswitched (IgD+CD27+), a seguito di uno stimolo
fisiologico (anti-CD40 e IL-4). Negli anziani, pero, anche i
linfociti B vergini (IgD+CD27-) rispondono allo stimolo
producendo citochine. Invece, con uno stimolo forte
(CpG/PMA/lonomycin) sia le cellule B memoria unswitched
che le vergini di giovani e anziani producono IL-10.
Quindi, abbiamo ipotizzato che i linfociti B vergini dei
giovani necessitano di uno stimolo adeguato per poter essere
attivati in vitro, mentre le cellule B degli anziani producono
elevati livelli basali di IL-10 e TNF-a, probabilmente

perché sono gia attivati, per esempio a causa di infezioni da
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parte di batteri o virus. Pertanto, immaginiamo uno scenario
in cui I’IL-10 prodotta dai linfociti B vergini possa agire
come un meccanismo di controllo in grado di prevenire
I’esacerbazione dei processi infiammatori, mentre 1’ IL-10
sintetizzata dalle cellule B della memoria possa avere un
ruolo nella risoluzione della malattia.

Inoltre, abbiamo studiato il compartimento cellulare B
dei figli di centenari (CO), effettuando un’analisi
comparativa con un gruppo di soggetti avente la stessa eta, al
fine di valutarne eventuali differenze. I CO non hanno la
caratteristica distribuzione vergine/memoria che invece
contraddistingue gli anziani. In particolare, non abbiamo
osservato 1’incremento della popolazione cellulare B DN
(IgD-CD27-). Anche la valutazione dei livelli sierici della
IgM nei CO ha mostrato dei livelli simili a quelli osservati
nei giovani. Nel nostro lavoro in fase di preparazione,
abbiamo caratterizzato una nuova popolazione di linfociti B
memoria (CD38-CD24-) che e aumentata negli anziani.
Ancora una volta, confrontando 1 dati ottenuti dall’analisi dei
CO con quelli relativi ai loro controlli, abbiamo osservato
come la percentuale di questa popolazione risultasse ridotta
nei figli di centenari. Quindi, questi linfociti B, che non
esprimono IgD, potrebbero costituire una popolazione

memoria tardiva il cui incremento sembrerebbe essere
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correlato al fisiologico invecchiamento del sistema immune
e che contribuire alla generazione del caratteristico ambiente
pro-infiammatorio dell’anziano, producendo TNF-a. Oltre
alla popolazione descritta precedente, nei soggetti anziani,
abbiamo osservato 1’incremento di un altro gruppo di cellule
B, ossia quelle CD19+CD180-. Il CD180, descritto di
recente in letteratura, € un omologo del TLR4 e ne regola il
pathway. Si pensa che possa essere coinvolto nel
riconoscimento dei patogeni esogeni e nella successiva
attivazione del sistema immune. Di conseguenza, la ridotta
espressione del CD180 negli anziani potrebbe spiegare la
loro incrementata suscettibilita alle infezioni da parte di
batteri GRAM-. Inoltre, le differenze del sistema immune
degli figli di centenari, potrebbero essere correlate con la
maggiore capacita del midollo osseo di questi soggetti di
generare nuove cellule B e di rispondere in modo migliore
sia ai nuovi antigeni che alle vaccinazioni.

Inoltre, € noto che 1’'invecchiamento ¢ associato con uno
stato pro-infiammatorio che, insieme al background
genetico, aumenta il rischio di sviluppare diverse malattie
eta-correlate. La malattia di Alzheimer (AD) ¢ la pit comune
forma di demenza negli anziani. Molti studi hanno riportato
alterazioni del sistema immune innato e adattativo in
pazienti con AD (Vasto S et al., 2008; Britschgi M et al.,
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2007). Tale ipotesi é stata confermata dalla valutazione della
ridotta fagocitosi della proteina beta amiloide da parte delle
PBMC (Avagyan H et al., 2009) e dall’aumentata
espressione di molecole di tipo pro-inflammatorio (Reale M
et al., 2008). Studi precedenti hanno riportato una riduzione
significativa della percentuale di cellule B e T ma non di
quelle NK (Richartz-Salzburger E et al., 2007). Altri
ricercatori, invece, non hanno osservato differenze né in
termine percentuale, né di numero assoluto, delle cellule
CD3+, CD4+, CD8+ e NK (Speciale L et al., 2007). In un
nostro lavoro precedente, abbiamo riportato una buona
risposta dei linfociti T alla stimolazione con la proteina beta
amiloide; i pazienti AD, infatti, a seguito della stimolazione
con rAB-42, presentavano 1’ over-espressione del marcatore
di attivazione CD69 e dei recettori chemochinici CCR2 e
CCRS5 sui linfociti T quando confrontati con i controlli sani.
Inoltre, sempre in questi soggetti, lo stesso stimolo induceva
I’incremento della produzione di diverse chemochine e
citochine pro-inflammatorie da parte delle PBMC.
Diversamente da cio, alcune popolazioni cellulari di
soggetti con malattia di Alzheimer non stimolate,
presentavano un’ over-espressione di alcuni marcatori di
attivazione e recettori chemochinici rispetto i controlli.

Questa e una chiara evidenza dello stato pro-infiammatorio
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che caratterizza la malattia di Alzheimer. In un nostro
recente studio, abbiamo osservato come i maggiori
cambiamenti nei pazienti AD rispetto ai loro controlli, siano
a livello della popolazione CD4+; invece, i cambiamenti del
compartimento CD8+ , osservati sia nei soggetti con malattia
di Alzheimer che nei loro controlli, sembrano essere causati
fondamentalmente da infezioni (es. CMV). Soggetti negativi
al CMV non presentano le stesse caratteristiche dei soggetti
anziani (Chidrawar S et al., 2009). E’ stato dimostrato che i
cambiamenti relativi ai linfociti T CD4+ sono condizionati
solo  marginalmente  dalle infezioni da CMV
(Derhovanessian E et al., 2010). Abbiamo ipotizzato,
pertanto, che le differenze nel compartimento T CD4+ di
cellule vergini, memoria e differenziate tra i pazienti
Alzheimer e i loro controlli, siano causate dalla stimolazione
antigenica cronica della proteina AP presente nel sangue.
Noi pensiamo che sia importante approfondire lo studio del
sistema immunitario nelle diverse manifestazioni di
demenza, per vedere se tali differenze osservate nel
compartimento CD4+ siano specifiche della malattia di
Alzheimer o possano essere utilizzate come dei marcatori
biologici per fare una diagnosi precoce.

Inoltre, abbiamo cominciato a studiare la branca B

cellulare dei pazienti con malattia di Alzheimer, al fine di
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avere un’idea piu chiara circa i cambiamenti che affliggono
il sistema immunitario di questi persone. Abbiamo
confermato la riduzione sia percentuale che di numero
assoluto dei linfociti B gia discussa da Speciale (2007). In un
nostro lavoro precedente, abbiamo osservato I’aumento
dell’espressione del recettore chemochinico CCR5 sui
linfociti B a seguito della stimolazione con rAp-42,
suggerendo il coinvolgimento della branca B nelle
complesse alterazioni che caratterizzano la malattia.
Abbiamo inoltre mostrato la ridotta capacita dei linfociti B
dei pazienti AD di riconoscere il peptide AP rispetto ai
giovani e agli anziani controllo. Noi crediamo che
I’eliminazione inefficace di AP dal sangue possa essere
correlata all’aumento dei linfociti T CD4+ cronicamente
stimolati.

Studi futuri sul compartimento cellulare B in pazienti con
malattia di Alzheimer saranno necessari per comprendere il
loro probabile coinvolgimento nella fisiopatologia della
malattia.

In conclusione, in questa tesi ho riportato le osservazioni
sperimentali che ho ottenuto dallo studio del sistema
immune durante I’invecchiamento. In particolar modo, mi
sono occupato della caratterizzazione fenotipica, genetica e

funzionale del sistema immune dei soggetti anziani. Inoltre,

159



ho anche studiato il compartimento cellulare B nei figli di
centenari col fine di trovare qualche marcatore
immunologico di longevita. Lo studio del sistema
immunitario dei soggetti con malattia di Alzheimer potrebbe
permettere di identificare dei marcatori di invecchiamento

senza successo, utili per una diagnosi precoce della malattia.
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