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1.1 The feature of aging 

 

In modern society, the increase of life expectancy of global 

population, as a consequence of  improving life standards, health care 

progresses and vaccinations, will contribute to the increase of the number 

of older persons (aged 60 years or over) by 2050. Indeed it is estimated 

that approximately the most part of 2 billion people on Earth will be made 

up by elderly (Gui J, 2012). For these reasons, tailored strategies will be 

adopted by national health systems to improve the quality of life for older 

adults by alleviating or mitigating the most frequent adverse effects of 

aging and age-related diseases (Dewan SK et al., 2012). 

Aging is a complex process that involves anatomic structures, 

physiological and social processes and cellular, molecular, tissues 

changes (Goldberg AL et al., 2002; Singh T and Newman AB, 2011). 

Although variable for each individual, it is a gradual and progressive 

phenomenon, under genetic and environmental control. Both a diminished 

ability to maintain homeostasis of the organism and the reduced capacity 

to respond to environmental stimuli are correlated with the increased 

predisposition of elderly people to illness and death (Troen BR, 2003; 

Rattan SI, 2008). Clinical observations indicate that some infections are 

more prevalent and have poorer outcomes in the elderly than in younger 

adults and are the fourth most common cause of death in older people 

(Heron MP and Smith BL, 2007).  Indeed, the elderly population is more 

susceptible to influenza, pneumococci, (Nicholson KG et al., 1997) 

respiratory syncytial virus (RSV) and group B streptococcus (GBS) but 

also from opportunistic infections and re-emergent chronic infections 
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such as herpes zoster (Ginaldi L et al., 2001; Bulati M et al., 2011; Dewan 

et al., 2012; Oviedo-Orta E et al., 2013). The major reason for the 

increased susceptibility to infections in the elderly is the impairment of 

the immune system, called immunosenescence (Franceschi C et al., 1995; 

Pawelec G et al., 2005), which consists in progressive and cumulative 

modifications that  affect both innate and instructive immune reactions 

(Franceschi C et al., 1995; Pawelec G et al., 2005). Thus, clonotypic and 

innate immunity have a key role in the control of the survival of the 

elderly, since the susceptibility to these diseases depends, in part, on a 

good and functional immune system (Licastro F et al., 2005; Candore G 

et al., 2006a). In particular, Franceschi (Franceschi C et al., 1995) 

according to the “remodeling theory of aging”, proposed that 

immunosenescence is not a decline of immune functions but is its 

reorganization. Indeed, adaptive immunity deteriorates while innate 

immunity is largely conserved or even up-regulated with the age 

(Cossarizza et al., 1991). Moreover, it was demonstrated that even though 

elderly people are able to do anamnestic responses, they are not capable 

to establish a good primary type response against new antigens (Fagnoni 

FF et al., 2000), hence, for them, it is difficult overcome infections 

(Globerson A and Effros RB, 2000). In addition, the vaccine efficacy is 

decreased in old population because of the diminished of antibody 

responses to primary immunization with protein antigens such as hepatitis 

B vaccine, tetanus toxoid, rabies vaccines and for others factors, such as 

alimentation, pulmonary disease, diabetes mellitus, cancer, autoimmune 

and heart disease (Roman BE et al., 2013; Krawinkel MB et al., 2012; 

Moore SE et al, 2012; Oviedo-Orta E et al., 2013). 
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In addition to the remodeling of immune system, aging is also 

characterized by chronic low-grade inflammation state, named “inflamm-

aging” (Franceschi C et al., 2000a). Indeed, aged people show the increase 

in the production of inflammatory mediators, such as cytokines and acute 

phase proteins, which act as predictors of mortality independent on pre-

existing morbidity.  Many factors, including augmented amount of fat 

tissue, decreased production of sex steroid, smoking and chronic disorders 

as atherosclerosis, seem to contribute to this status (Krabbe K et al., 2004), 

although the most important cause of inflamm-aging may be the chronic 

antigenic load encountered during life and which affects the immune 

system. It is believed that pro-inflammatory status with the genetic 

background are linked to the majority of age-associated diseases as 

atherosclerosis, Alzheimer’s disease, cancer, type 2 diabetes and 

sarcopenia because prolonged activation causes chronic inflammation 

that damages organs (Franceschi C et al., 2000a,b; De Martinis et al., 

2005; Licastro F et al., 2005; Vasto S et al., 2007).  

One of the most aspect of inflamm-aging is the presence of elevate 

circulating levels of pro-inflammatory factors (IL-1β, IL-6, TNFα, and 

prostaglandin E2) and anti-inflammatory mediators, (IL-1 receptor 

antagonist, soluble TNF receptor, IL-10, transforming growth factor beta 

(TGF-β), acute phase proteins, C-reactive protein, and serum amyloid A) 

and contributes to the decreased ability of the elderly to mount an 

appropriate immune response following an infectious challenge (Gomez 

CR et al., 2010; Bruunsgaard H et al., 2010; Ginaldi L et al., 2001; 

Trzonkowski P et al., 2004).  
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It was demonstrated that TNF-α induces the production of Amyloid 

beta peptide in Alzheimer disease patients but it is also involved in 

atherosclerosis development because of the increase of the proliferation 

in smooth muscle cells (Wick G et al., 2000; Saurwin-Teissl M et al., 

2000). 

Another change that occurs with aging is the decrease of the serum 

levels of EGFR and EGF that regulates cell growth, proliferation and 

differentiation (Shurin GV et al., 2007).   

Therefore, inflamm-aging,  in a global perspective, could be seen as 

the common biological factor responsible for the decline and the onset of 

disease in old people, but at the present, this phenomenon has become 

more complicated than what was surmised in the past.  Indeed, inflamm-

ageing acts at different levels of complexity, from molecule to cell, from 

organ to organ system and also to organism. Thus it is difficult to predict 

exactly the changes related to age in different organs and cell types in 

body. Moreover, to this regard, it has been proposed that the inflamm-

aging is the result of overlapping between the level of pro-inflammatory 

molecules in the bloodstream and their production in different cells and 

tissues (Salvioli S et al., 2013; Cevenini E et al., 2013).  As a consequence, 

the balance between inflammatory and anti-inflammatory stimuli 

modifies cells microenvironment that affects organs and tissues, leading 

to the ‘mosaic of ageing’ (Cevenini E et al., 2008) that causes a 

remodeling in epigenetic and gene expression with aging (Cevenini E et 

al., 2013). Concerning this, it is known that IL-6, a cytokine involved in 

the growth of cancer cells, such as breast cancer (Sansone P et al., 2007; 

Studebaker AW et al.,2008), also has detrimental effects when produced 
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in excess in skeletal muscle (e.g. sarcopenia) whereas is normally released 

during exercise (Beyer I et al., 2012) and has beneficial in muscle 

metabolism (Pedersen BK et., 2008). 

In addition, senescent cells, over the time, could participate to this 

process with opposing effects: adopting a state of permanent cell cycle 

arrest, as response to damaging agents (e.g. oxygen free radicals), with 

beneficial effects (tumor suppression and tissue repair) or promoting 

cancer progression and ageing with deleterious effects on health of the 

organism (Rodier F et al., 2011; Cevenini E et al., 203). Recent findings 

suggest that the number of cells that express senescent markers increases 

with age and that their clearance is performed by immune system but it is 

not known about whether this process changes with age or in age-related 

disease, or if these cells escape to this mechanism (Campisi J et al., 2007). 

In conclusion, it is fundamental to clarify the complex process of 

inflamm-aging to improve targeted therapeutic interventions.  

A number of experimental evidences suggested that another cause  of 

immunosenescence is the persistent viral infection as it has been 

demonstrated for Citomegalovirus (CMV) (Vescovini R et al., 2007; 

Vescovini R et al., 2010; Derhovanessian E et al., 2011) that appears 

accelerate immune aging (Pawelec G et al., 2005; Akbar AN and Fletcher 

JM, 2005). The relation between CMV infection and poor health status 

was assessed in OCTO/NONA longitudinal studies (Wikby A et al., 1994 

Wikby A et al., 2002) in Swedish population. It has been reported that 

CMV infection is part of a group of features called Immune Risk Profile 

(IRP) that are useful to predict mortality (Pawelec G et al., 2005). Other 

parameters that contribute to IRP are high levels of late stage 
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differentiated CD8+ T cells, low levels of CD4+cell count, poor T cells 

proliferative response to mitogens, inversion of CD4:CD8  ratio, low IL-

2 production  and decreased B cells count.  In addition, it has been 

reported the CMV seropositivity and high levels of IL-6 are predictor of 

frailty and mortality (Schmaltz HN et al., 2005; Wang GC et al., 2010). 

Moreover, it has also been demonstrated a correlation between CMV 

infection and the progression of AIDS (Griffiths PD et al., 2006). Besides, 

it has been suggested that in elderly people the inflamm-aging could be 

independent from CMV serostatus as demonstrated by a recent 

longitudinal study (Bartlett DB et al., 2012).  

 

 

 

1.2 The effects of aging on the immune system  

 

1.2.1 T lymphocytes 

- Structural and environmental changes in thymus 

The thymus is the lymphoid organ responsible for the development of 

self-restricted, self-tolerant, immunocompetent T cells that mature 

through a series of proliferation and differentiation stages dependent upon 

receiving instructions from the specialized thymic microenvironment 

(Anderson G, et al., 2001; Ma D et al., 2013).  

With advancing age, there is an involution of the thymus (Taub DD 

and Longo DL, 2005; George AJ et al., 1996; Lynch HE et al., 2009) and 

both intrinsic and extrinsic factors are thought to contribute toward this 

process. Indeed, structural, phenotypical, and architectural changes of 
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thymic microenvironment have been observed (Chinn IK, et al., 2012). 

These processes include down regulation of various thymic epithelial cell 

(TEC) markers such keratin, MHC class II together with alterations of 

cortical and medullary markers (Li L  et al., 2003; Bertho JM, et al., 1997; 

Palmer DB et al., 2013). Furthermore, the structural integrity of the 

thymic niche is disrupted with age, including disorganization of the 

cortical and medullary junction; together with an increase of fibrosis, 

adipose tissue, and the accumulation of senescent cells in the aged thymus 

(Gui J, et al., 2007; Dixit VD, 2010). The thymic involution occurs in two 

phases: the first is associated with the physiological growth and the 

second is linked to the age-related changes (Aw D et al., 2012). In 

particular, the kinetic of this process is not uniform throughout life. 

Indeed, it is characterized by a rapid early decline, after which it seems to 

proceed at a steady rate (Palmer DB et al., 2013; George AJ et al., 1996) 

and then perhaps may end in later life (Nasi M et al., 2006; Mitchell WA 

et al., 2010). 

- Age –related modifications in T cell subsets 

These age–related modifications result in a progressive decrease of the 

percentage and absolute number of circulating CD3+ T lymphocytes and 

CD4+ and CD8+ T cells subsets (Pawelec G et al., 2002; Cossarizza A et 

al.,1996). Moreover, it is also observed the decline in output of newly 

developed T cells. As a consequence, there is a reduction of number of 

circulating naive T cells that do not permit to replenish the naïve T cells 

lost in the periphery and also to maintain the size of T cell repertoire 

(Kohler S et al., 2005; Naylor K et al., 2005; Fulop T et al., 2013). In this 

way, aged subjects become less responsive to immune stimulation and 
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vaccination, and likely prone to develop cancer, autoimmune disorders 

and chronic inflammatory diseases (Fulop T et al., 2013).  

In addition, aging of acquired immunity is associated with 

accumulation of memory and effector T cells as result of lifelong exposure 

to new and persistent infections (Fulop T et al., 2013; Saule P et al., 2006). 

Particularly, several studies have suggested the increase of the number of 

highly differentiated CD28- T cells, especially within the CD8+ T-cell 

subset in the elderly. This subset, that lacks of CD28 expression, is 

considered a biomarker for immunosenescence (Effros RB et al., 1994; 

Pawelec G et al., 2008). In addition, CD8+ CD28- T cells exhibit reduced 

antigen receptor diversity, defective antigen-induced proliferation and a 

shorter replicative lifespan while showing enhanced cytotoxicity 

regulatory functions (Oviedo-Orta E et al., 2013; Weng NP, et al., 2009) 

and resistence to apoptosis (Pawelec G et al., 2008).  

There are several surface markers which can be used to classify T 

cells. The most utilized are CD28, CD27, CD45, CCR7, CD62L, CD95, 

CD95L (Gupta S et al., 2005). For long time, memory and naïve human 

T cells were discriminated on the basis of CD45RA antigen, expressed 

primarily on naïve T lymphocytes and CD45RO expressed on memory T 

cells. But it is noted that a population of late-differentiated memory T 

cells re-express CD45RA, so this marker is not entirely useful to 

discriminate naïve and memory T cells (Hamman D et al., 1997). 

Actually,  the most widely accepted phenotyping model for CD8+ T and 

CD4+ T includes Naïve T lymphocytes (N: CCR7+, CD27+++, CD28+++, 

CD45RA+), that are also characterized by the absence of CD95 and the 

expression of CD62L ; Central Memory cells (CM: CCR7+, CD27++, 



16 

 

CD28++, CD45RA−), principally located in the lymph nodes, they  

represent the lesser differentiated memory population (Nociari MM, et al., 

1999); Effector Memory cells (EM: CCR7−, CD27±, CD28±, CD45RA−), 

the  highly mature T cell population found in extranodal tissues and 

mucous membranes. Furthermore, this last subset of lymphocytes seems 

to be the responsible for the tissue damages in autoimmune disorders 

because EM T cells are found in inflamed non-lymphoid tissues where 

secrete high amounts of effector cytokines (INF-γ and TNF-α), 

chemokines (RANTES) and acquire cytotoxic activity via 

granzyme/perforin granule exocytosis pathway (Kaech SM et al., 2002; 

Wherry EJ et al., 2003).  Another interesting memory T cell population is 

named TEMRA: these are terminally differentiated memory lymphocytes 

re-expressing CD45RA (TEMRA: CCR7−, CD27−, CD28−, CD45RA+). It 

has been demonstrated a strong correlation between chronological age 

and the frequency and absolute number of this population in most humans. 

It has been suggested that many of these TEMRA cells are not able to 

produce cytokines, to mediate cytotoxic activity, besides they show 

senescence-related proliferative defects (Effross RB, 2011; Fulop T et 

al.,2013). However, it has been recently demonstrated that, in some 

circumstances, TEMRA might secrete cytokines and express high levels 

of granzyme B and perforin (Libri VR et al., 2011). So, they may be 

important for protection against certain infections in vivo (Bruns H et al., 

2009; Di Mitri D et al., 2011). 

Another classification of naïve/memory T cells is based on the 

expression of CD57 and KLRG1, two inhibitory receptors present on late-

stage differentiated cells and considered as markers of senescence. 
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Indeed, KLRG1 is expressed by CD4+and CD8+ T lymphocytes and NK 

cells; differently CD57 is mainly expressed  on CD8+and NK cells, and  

at lower levels, is express by CD4+ (Ouyang Q et al., 2003; Larbi A et al., 

2009; Pellicanò 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. Therefore, the typical consequence of aging is the 

progressive filling of the “immunological space” by activated 

lymphocytes in response to chronic/continuous stress either from 

pathological or physiological antigenic stimuli (Goto M, 2008).  

In the aged, it is also observed a high frequency of  regulatory T (Treg) 

cells and an imbalance in Treg response and in production of IL-17.  Treg 

cells from elderly play an immunosuppressive role in vitro and express 

high levels of IL-10 and TGF-β (Simone R et al., 2008; Oviedo-Orta E et 

al., 2013). On the contrary, Th17 cells that act against bacteria, activating 

and recruiting neutrophils, are also reduced in the elderly (Lee JS et al., 

2011; Oviedo-Orta E et al., 2013). 
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1.2.2 B lymphocytes 

- Age-related modifications in B cell compartment  

The most of the literature on immunosenescence has focused on T cell 

impairment, but it has been also demonstrated the impairment of the B 

cell branch in aging. Indeed, B cell compartment is affected in elderly 

people, thus, humoral immune response is modified in aged both in the 

quality and quantity of the antibodies produced and in the size of 

developing B cells subsets (Cancro et al., 2009; Frasca D and Blomberg 

2011; Buffa S et al., 2011). Indeed, it has been abundantly demonstrated 

that the percentage and absolute number of total CD19+ B Cells decrease 

in aged (Colonna-Romano et al., 2003; Frasca D et al., 2008; Veneri D et 

al., 2009), although the B lymphopoiesis persists during adult life (Rossi 

MI et al., 2003). It seems that defects in hematopoietic stem cells (HSC) 

in bone marrow, is partly responsible for the B cell impairment (Kogut I 

et al., 2012; Bulati M et al., 2011).  Indeed, the lowered output of naïve B 

cells from aged might be caused by the shift toward the production of 

myeloid progenitors at expense of lymphoid progenitors. This 

phenomenon seems to be connected to the up-regulation of genes 

involved in myeloid differentiation (Rossi DJ et al., 2005; Chambers SM 

et al., 2007) and in the alteration of cytokine milieu in the bone marrow 

(e.g TGF-β), other than to the impaired of V-DJ rearrangement. (Challen 

GA et al., 2010; Gibson KL et al., 2009). Moreover, it has been suggested 

that the shrinkage of the B cell repertoire (Guerretaz LM et al., 2008) and 

the shortening of telomeres might be implicated (Warren LA et al., 2009; 

Weng NP et al., 2008). In humans, several studies have reported changes 

in B cells or in the antibody repertoire (Dunn-Walters DK et al., 2010), 
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particularly in the heavy chain of BCR. Indeed, upon encountering of 

antigen, mature naïve B cells migrate to secondary lymphoid organs 

where they organize germinal centres and undergo immunoglobulin 

affinity maturation (Carsetti R et al., 2004).  During this stage, class 

switch recombination (CSR) takes place, this leads to production of 

different isotypes (IgG, IgA, IgE) with diverse effector functions, and 

somatic hypermutation (SHM), in which the V domains of 

immunoglobulin may increase their affinity by accumulation of 

mutations. These processes, are both dependent on the expression of the 

enzyme activation-induced cytidine deaminase (AID) (Pan-

Hammarstrom Q, et al., 2007; Cagigi A et al., 2009) and are fundamental 

for the quality of the immune response and for the development of an 

efficient serologic memory to prevent re-infections. Indeed, Frasca D et 

al., (2008) have shown that the expression of E2A-encoded transcription 

factor E47 (E47) and AID in B cells progressively decrease with age. As 

a consequence, elderly people show a significant collapse both in 

repertoire diversity and clonal expansion. Indeed, an increased 

oligoclonality and a reduced frequency of somatic hypermutation in the 

elderly response to pneumococcal vaccination has been reported (Kolibab 

et al., 2005). This is linked with a poor health status, frailty and a reduced 

protective humoral immune responses (Cancro MP et al., 2009; Dunn-

Walters DK et al., 2010; Gibson KL 2009; Scholtz JL et al., 2013). These 

data indicate a relative deficit in the ability of elderly people to mount 

primary responses to newly encountered antigenic epitopes, and also 

suggest that, a decline in T cell help or innate immune functions could 

also contribute to this change (Thompson WW et al., 2003; Kogut I et al., 
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2012). Beside, with aging, the levels of total and specific serum Ig 

isotypes are modified. Indeed, although the number of total B 

lymphocytes is reduced, the amount of IgG, IgA and, to a lesser extent 

IgE, is augmented. In a different way, the levels of IgM decrease or not 

change, while those of IgD decline (Listì F et al., 2006; Frasca D et al., 

2010). 

The study of B cell subsets is complicated by ample differences 

between individuals, as well as the variety of phenotyphing approaches 

employed (Ademokun A, et al 2010). In particular, using CD19+, IgD and 

CD27 (core markers) the following major circulating B cell subsets can 

be distinguished (Kaminski et al.,2013; Wei C et al., 2011): naïve B cells 

(IgD+CD27-); unswitched memory (IgD+CD27+) B cells also referred to 

as natural effector B cells that express IgM too; classical switched 

memory B cells  (IgD-CD27+) that express IgG+ or IgA+ and Double 

Negative (DN) memory B lymphocytes (IgD-CD27-) (Colonna-Romano 

G et al., 2009; Shi Y et al., 2003)  Indeed, naïve B cells are IgD+, while 

classical memory B lymphocytes express switched immunoglobulins 

(IgG, IgA, IgE) (Klein U et al, 1998) and CD27, a typical marker of 

memory B cells correlated with the presence of somatic hypermutations 

in Ig genes (Agematzu K et al., 2000).  

It has been demonstrated that naïve B cells are significantly reduced 

in elderly subjects (Gupta s et al., 2005; Colonna-Romano G et al., 2008), 

although other authors have observed the increase of percentage but not 

in the absolute number with age of these cells (Shi Y et al., 2005; Frasca 

et al., 2008). Concerning memory B cells, that are the responsible for 

driving the rapid secondary antibody response, Frasca et al., (2012) have 
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shown a decrease of switched memory B lymphocytes both in percentage 

and in absolute number suggesting a defect to undergo class switch. 

Unlike the above-mentioned data, Colonna-Romano G et al., (2003, 2009) 

have reported no significant changes of memory B cells identified as 

CD19+CD27+ in the elderly, moreover Macallan DC et al., (2005) have 

shown an increased proliferative ability of switched memory B cells. 

Moreover, DN B cells are memory B cells which have down-regulated 

the CD27 marker (Anolik JH et al., 2004; Fecteau JF et al., 2006; Wei C 

et a., 2007; Colonna-Romano G et al., 2009; Cagigi A et al., 2009). In 

fact, for the most part of them, DN B cells have switched the heavy chain 

of immunoglobulin molecule in IgG+, others (more than 20%) in IgA+, 

whereas less than 10% are IgM+. Beside, these cells have low levels of 

ABCB1 transporter (Colonna-Romano G et al., 2009), a protein 

responsible for the transport of molecules across cell membranes (Efferth 

T et al., 2003) and very low levels of Bcl2 that should preserve cells from 

apoptosis. It has been also verified that DN not act as antigen presenting 

cells (APC) because express reduced levels of HLA-DR, CD80 and CD40 

that are useful for antigen presentation and T-B cooperation. It has also 

been described that shown that DN B cells of the elderly donors have very 

short telomeres compared to the same subpopulation of young donors. 

Moreover, these cells are not responder to CpG stimulation although can 

be activated with F(ab’)2 (anti-BCR) (Colonna-Romano G et al., 2009). In 

addition, keeping in mind that DN B cells from elderly subjects show an 

intrinsic in vitro activation, there is not a link between their capacity to 

proliferate and the ability to produce cytokines as TNF-α and IL-10 also 

when stimulated with strong stimuli (CpG/PMA/Ionomycin) (Buffa S et 
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al., 2011). However, others reported that DN B cells can be stimulated in 

vitro to secrete immunoglobulins against tetanus toxoid and influenza 

virus (Wirths and Lanzavecchia et al., 2005).  

Furthermore, it has been demonstrated that DN B lymphocytes are 

enlarged significantly in percentage but not in absolute number in healthy 

elderly (Colonna-Romano et al., 2009). The increased of these cells has 

also been demonstrated in healthy subjects challenged with respiratory 

syncityal virus (RSV) (Sanz I et al., 2008); in active Lupus patients (Wei 

C et al., 2007) and in HIV patients (Cagigi A et al., 2009) and it might be 

the result of persistent stimulation of immune system. In elderly people, 

DN B cells show a reduced rate of the mutations evaluated in the V region 

of IgG genes when compared with young (Buffa S et al., 2011). Thus, 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) or might represent the first wave of memory B cells (Blink EJ et 

al., 2005; Inamine A et al., 2005) or terminally differentiated memory B 

cells. Alternatively, it has been hypothesized that the increase of these 

memory B cells subset might be also the manifestation of an age-related 

physiologic modification (elderly) or a pathologic deregulation (SLE 

patients) of the immune system (Bulati et al., 2011). 

 Among IgM memory B cells, it is also possible to distinguish 

IgM+IgD+CD27+ and IgM+IgD-CD27+ called “IgM only”. It is reported 

that IgM memory B cell subsets, that is the predominant B subset, is 
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reduced with age and might be involved in defective immune response 

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

al., 2011) so, increasing the predisposition to pneumococcal infection 

(Frasca D and Blomberg ., 2011; Buffa et al., 2011). 

Using additional markers, as CD24 and CD38 it is possible to identify 

a recently produced population (Transitional B cells) (Fecteau JF et al., 

2006; Palanichamy A et al., 2009; Blair PA et al., 2010; Berkowska MA 

et al., 2011). They express high levels of both CD24 and CD38 

(CD38hiCD24hi Transitional B cells). 

It has been demonstrated that the human immature transitional CD19+ 

CD24hiCD38hi B cells have regulatory function. Indeed, these 

lymphocytes, also called Breg, are the main interleukin-10-producing 

subset, that suppress the differentiation of T helper 1 cells (Blair et al., 

2010). It has been observed that they expand in patients suffering of 

lymphoma and autoimmune diseases, such as rheumatoid arthritis (RA) 

and SLE (Palanichamy A et al., 2009; Blair PA et al., 2010). In particular, 

Blair et al (2010) has also reported 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.  

B lymphocytes and cytokine/chemokine production 

Interestingly, B cells have effector and regulatory functions other than 

antibody production such as T cell and dendritic cell regulation and 

cytokine and chemokine production (Sanz I et al., 2007; Martin F and 

Chan AC, 2006; Harris DP et al., 2011). Indeed, in literature, naïve and 
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memory B cells have been distinguished also by producing different pro- 

and anti-inflammatory cytokines. Particularly, naïve B cells produce anti-

inflammatory cytokines, whereas memory B cells are the main 

responsible for pro-inflammatory cytokines production (Duddy ME et al., 

2004, 2007; Sanz I et al., 2007, 2008; Lund FE, 2008). Buffa et al., (2011) 

has demonstrated that CD27+ and CD27- B cells from young and elderly 

subjects produce different kind of cytokines. Indeed, in both age-groups, 

the physiological (α-CD40/IL-4) stimulation induces a good IL-10 and 

TNF-α production by unswitched memory B cells. Fascinatingly, in older  

people, naïve B cells are also highly activated to produce cytokine under 

these conditions. On the other hand, it has been also demonstrated that a 

strong stimulation (CpG/PMA/Ionomycin) (Bouaziz JD et al., 2010) 

activates the production of IL-10 by both IgD+CD27- (classical naïve) and 

IgD+CD27+ (memory unswitched) B cells in young and elderly subjects. 

Thus, it has been suggested that naïve B cells from young donors need a 

sufficiently strong stimulus to be activated in vitro, while naïve B cells 

from elderly subjects are able to produce high basal levels IL-10 and TNF-

α  as they might be basically activated by bacteria  or viruses (such CMV). 

As a consequence, Buffa S et al.,(2011) have supposed that cytokines 

production in young subject might control the size of immune response 

while in the elderly, the higher production of cytokine by naïve B cells 

may be related to overstimulation of the immune system. In this regard, 

Rieger A and Bar-Or A (2008) have proposed that the IL-10 production 

by naïve B cells might be a control mechanism to prevent the exacerbation 

of inflammation in an autoimmune context, whereas IL-10 production by 

memory B cells might be participate in the resolution of the disease. 
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Due to the above reported data, the different distribution of B cell 

subpopulations in the elderly 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 (Agrawall N and Gupta SK, 

2010; Licastro F et al., 2005).  

Moreover, another link between inflamm-aging and adaptive immune 

responses might be identified in the expression of chemokines’ receptors. 

Indeed, certain combination of chemokines and their receptors guide all 

the immune cells and also B lymphocytes to specific tissues (Kunkel EJ 

and Butcher EC, 2003). Accordingly, CXCR4, CXCR5, CCR6 and CCR7 

have been identified as receptor that drive B cells to lymph node attract 

by a combination of CXCL12, CXCL13, CCL20 and CCL19 respectively 

while CXCR3 leads B cells to sites of inflammation (Comeford I et al., 

2010; Welsh-Bacic et al., 2011). 

Recently, several lines of evidences have suggested that the 

combination of interleukin-21 (IL-21) and BCR stimulation, in absence 

of CD40 ligation, enables B cells to produce and secrete active form of 

cytotoxic serine protease granzyme B (GrB) that induces apoptosis of 

target cells independently from perforin, but using mannose-6-phosphate 

or fluid phase endocytosis (Hagn M et al., 2009; Kurschus FC et al., 2005; 

Gross C et al., 2003). It has been proposed that GrB-secreting B cells 

might exert cytotoxic functions and partecipate in early cell-mediated 

immune response during inflammatory and neoplastic process. Indeed, it 

has been demonstrated that GrB secretion by B cell might play a 

significant role in early antiviral immune responses, in the regulation of 
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autoimmune diseases and in cancer immunosorvelliance (Hagn M et al., 

2009).   

 

 

 

1.3 Centenarian offspring: a model of successful aging 

 

As previously discussed, healthy aging and lifelong has been also 

related with genetics (Roush W, 1996; Troen BR, 2003; Franceschi C et 

al., 2005; Candore G et al., 2006a; Salvioli S et al., 2006; De Benedictis   

and Franceschi C, 2007).  

Centenarians represent the  best example of extreme longevity in 

humans that have escaped neonatal mortality, illnesses in the pre-

antibiotic era (Candore G et al., 2010), and the major age-related diseases, 

such as cancer (Akushevich I et al., 2012; Pavlidis N et al., 2012),  

cardiovascular diseases, diabetes and dementia (Franceschi C and Bonafe 

M`, 2003; Terry DF et al., 2003, 2004),  so reaching the extreme limit of 

human life in healthy and good clinic conditions. For this reasons, they 

represent the best prototypes of successful aging (Franceschi C et al., 

1995) and are considered a good model for the study healthy aging. 

Studies on centenarians might allow the identification of key factors 

associated with exceptional longevity in humans. Moreover, centenarians 

are equipped with well-preserved and efficient immunological defense 

mechanisms, and optimal combinations of an appropriate lifestyle and 

genetic background (Franceschi C et al., 1995). Moreover, it has been 

demonstrated that they have a genetic predisposition to produce high 
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amounts of anti-inflammatory cytokine or lower level of pro-

inflammatory ones (Salvioli S et al., 2006; Franceschi C et al., 2007: 

Salvioli S et al., 2013).  However, it has been reported that they also 

produce high levels of IL-6 and other inflammatory markers (Gerly R et 

al., 2000; Gangemi S et al., 2005; Salvioli S et al., 2013). In order to 

explain this paradox, it has been suggested that, in these individuals, the 

balance between pro- and anti-inflammatory cytokine could be have 

positive role toward the development of those age-related diseases having 

a strong inflammatory pathogenetic component and might compensate the 

concomitant development of strong and effective anti-inflammatory 

responses (Candore G et al. 2006; Franceschi C et al. 2007; Vasto S et al. 

2008, 2009; Baggio G et al., 1998). Furthermore, centenarians are 

equipped with well-preserved and efficient immunological defense 

mechanism, and optimal combination of lifestyle and genetic background. 

Looking the immune system, some parameters, such as NK cell number 

and activity, are conserved in centenarians and similar to those found in 

young subjects. Nevertheless, centenarians show a decrease of B cells and 

naive T lymphocytes, accumulation of expanded clone of memory T cells, 

a progressive increase of CD28-cytotoxicT cells, the accumulation of 

expanded clones of memory T cells and a shrinkage of T cell repertoire 

as aged people. In addition, it is observed a complex reshaping of the 

cytokine network and an age-relate increase in adhesion molecules on the 

lymphocytes surface (Cossarizza A et al., 1996).   

According to epidemiological data in different populations, there is a 

familial component of longevity. Indeed, these studies demonstrate that 

parents, siblings and offspring of long-lived subjects have a significant 
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survival advantage, a high probability to have been or to became long-

living persons and to have a lower risk to undergo the most important age-

related diseases compared with the age-matched controls population 

(Terry DF et al., 2004a, 2004b). Especially, centenarian offspring (CO), 

have genetic and functional advantages that predispose them to healthy 

ageing and longer survival (Terry DF et al., 2004a, 2004b) and are 

considered the best example of successful aging (Franceschi C et al 1995; 

Franceschi C et al., 2008). These findings support the hypothesis that CO 

are a suitable target of ageing studies because  they have an appropriate 

control group, i.e. age-matched healthy elderly subjects, who haven’t a 

familial history of longevity (Derhovanessian E et al., 2010). It is also 

observed that CO as their controls share the same incidents of cancer, 

dementia, osteoporosis, Parkinson’s disease but lower risk of 

cardiovascular disease, myocardial infarction and stroke (Terry DF et al., 

2004a, 2004b).   

Data in literature on B cell branch demonstrate that CO do not show 

the typical naïve/memory shift observed in elderly (Colonna-Romano G 

et al., 2010). Indeed, although a decreased B cell count was observed both 

in CO and in their age-matched controls, in the offspring of centenarians, 

naïve B cells (IgD+CD27-) were more abundant whereas  DN B cells 

(IgD-CD27-) were significantly decreased, looking similar to the young 

(Colonna-Romano et al., 2010). It is well known that the quality and the 

size of the humoral immune response decline with age (Frasca D et al., 

2005; Miller JP and Cancro MP, 2007; Gibson KL et al., 2009; Dunn-

Walters DK et al., 2010; Bulati M et al., 2011) and that these changes are 

correlated by lower antibody responses and decreased production of high-
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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 idea that centenarian offspring 

have an advantage both to fight the main age-related diseases and to 

properly respond against new infections, prolonging their life. 

Alternatively, immunogenetic profile may give this result.  

 

 

 

1.3 Alzheimer’s Disease (AD): 

a model of unsuccessful aging 

 

Alzheimer’s disease (AD) is the most common cause of dementia in 

elderly people. It is a progressive and irreversible neurodegenerative 

disease characterized by functional impairment, amnesia and other 

cognitive dysfunctions (Martin Prince RB, 2011). It can be considered as 

one of the most example of unsuccessful aging. Currently, AD is 

diagnosed by the presence of memory and cognitive impairment, early 

brain atrophy in several brain regions detected by structural MRI, a 

characteristic pattern of decreased glucose metabolism in parietal-

temporal association cortices shown by FDG-PET analysis (Fox NC et 

al., 2001; Sultana R et al., 2013) but, a firmness  diagnosis can be made 

only post-mortem analysis upon brain autopsy. With this analysis it has 

revealed that the two main neuropathologycal hallmarks of AD include 

extracellular deposit of senile plaques and neurofibrillary tangles (NFTs). 
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The former is characterized by the association of amyloid β-peptide, 

dystrophic neuritis, activated microglia and reactive astrocytes; while, the 

latter consist of iperphosphorylated tau-proteins that cause the collapse of 

microtubules (Nussbaum RL and Ellis CE, 2003). The production of Aβ 

plaques is the result of the cleavage of amyloid precursor protein (APP), 

a transmembrane glycoprotein expressed in an ubiquitous way, that is 

synthesized in the endoplasmatic reticulum and it is involved in the 

neuronal and dendritic growth and synapse formation (Priller C et al., 

2006). APP is processed by two different pathways: the physiological 

pathway and the pathogenic or amyloid pathway. The first involves the α-

secretase enzyme which cuts within the APP domain, generating two 

fragments, P3 and AICD, two γ-secretase substrates while the second 

pathway is due to the consecutive action of β and γ secretases, catalyzing 

the release of Aβ40 and Aβ42 fragments that will settle, joining into 

plaques (Selkoe, 2001; Bird TD, 2005. Alzheimer’s disease occurs 

predominantly after the age of sixty, although there are rare cases of onset 

between thirty-fifty years. Most cases of Alzheimer’s disease are sporadic 

even though there is a small subset of cases that have an earlier age of 

onset and have a strong genetic basis. It is accepted that there are many 

factors that increase the incidence of this disease. Indeed, a number of 

studies have found that mutations on APP, Presenilin-1 (PS1) and 

Presenilin-2 (PS2), enzymes/cofactors are involved in the APP digestion, 

lead to a preferential production of Aβ42, the toxic fragment, compared 

to the not toxic fragment Aβ40 (Bird TD, 2005). It is also known that 

Apoliproprotein E (ApoE) can bind amyloid beta peptide and localize in 

senile plaques, supporting the theory that this protein plays a key role in 
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the clereance of Aβ42 (Nussbaum and Ellis, 2003). Moreover, some 

researchers  have shown that cholesterol may influence APP degradation 

pathway inhibiting α-secretase activity but enhancing β- and γ-secretase 

functions (Crestini A et al., 2006; Grimm MO et al., 2011). The most 

important risk factor seems to be the age (Leuner K, et al., 2012). Indeed, 

the aging brain is exposed to a lifetime of changes and insults such as 

oxidative stress, trauma, damaged molecules, inflammation which may 

support the beginning of neurodegeneration. Furthermore, it has been 

observed that in very old women (over eighty years), the risk to 

developing this disease is greater than in males so it seems that gender 

may be considered another AD risk factor ( Nussbaum RL and Ellis CE, 

2003).  

Brain inflammation is a typical hallmark of Alzheimer’s disease. 

Microglia, astrocytes and neurons are responsible for inflammatory 

reactions. Indeed, inflammatory mediators could directly promote AD by 

interference in the APP-metabolism (Fassbender K et al., 2000). 

It has been shown that Aβ 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, Aβ synthesis that, in turn, will increase cytokines 

production by glial cells and neurons. If the activation of cells persists and 

becomes chronic, these cytokines contribute to neurodegeneration 

(Akiyama H et al., 2000). Moreover, the combined action of TNF-α and 

IFN-γ not only stimulates Aβ42 synthesis, but leads to reduced secretion 

of soluble APP protein, generally considered as a protein with 

neuroprotective attitudes.  Inflammation induced by the accumulation of 
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Aβ 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).  Therefore, a reciprocal relationship between Aβ42 and 

inflammatory mediators might exist (Griffin WS et al., 2002). Different 

studies have shown an increase in chemokines production, like MIP-1α, 

RANTES and MCP-1 by PBMC of AD patients and the expression of 

CCR5 on brain endothelial cells (Li M et al., 2009; Reale M 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-Aβ peptide 

(Pellicanò M et al., 2010).     

It has been recently suggested that blood derived cells seem to 

accumulate in the AD brain and that immunological changes characterizes 

this pathology. Indeed it has been reported a different distribution and 

reactivity of immune cells and the presence of antibodies direct to CNS-

specific amyloid beta peptides (Rogers J et al., 1998; Fiala M et al., 2005; 

Monsonego A et al., 2003). According to this evidences, several studies 

have described a communication between central and systemic immune 

response. It has been suggested that neuroinflammation might induce the 

afflux of central nervous system proteins, as Aβ peptide, or inflammatory 

mediators across the blood-brain-barrel (BBB). This process might cause 

immune response and recruitment of myeloid or lymphocytic cell into the 

brain (Britchgi M and Wyss-Coray, 2007).  Moreover, it has been 

demonstrated that peripheral blood cells (PBMCs) from AD patients are 

able to produce high levels of cytokines, such as IL-1β,and IL-6 compared 

to PBMCs of controls subjects (Speciale L et al., 2007). Other studies 

have shown Aβ-peptide stimulates MIP-1α expression on peripheral T 
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cells and expression of its receptors CCR5 on brain endothelial cells. This 

modification promotes T cells crossing of BBB and migration towards 

brain (Man SM et al., 2006). 

Sign of a systemic involvement have been described in peripheral 

blood lymphocytes. Indeed, it has been reported a significant decrease in 

B and T cells numbers while the number of NK cells does not change 

(Ritchartz-Saltzburger E et al., 2007). Concerning T compartment, the 

most change is seen in CD4+ lymphocytes because, AD patients show a 

significant decline of naïve (CD45RA+CCR7+) and a simultaneous 

increase of effector memory (CD45RA-CCR7-) and TEMRA: (terminal 

effector memory RA) (CD45RA+CCR7-) T cells, when compared to age 

matched controls (Larbi A et al., 2009). Furthermore, recently it has been 

described an higher frequency of activated T cells (CD4+CD25+FoxP3-) 

in AD patients compared to old controls (Pellicanò M et al., 2011).  
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2. OUTLINE OF THE THESIS 

 

The progressive increase of lifespan and the consequent growth of the 

elderly population have focused the attention of scientific community on 

aging. Particularly, researchers have concentrate their efforts trying to 

understand the mechanisms that could lead to longevity. 

Aging is a natural process that occurs in cells, tissues and organs 

(Cevenini E et al., 2008; 2013). One of the most important characteristics 

of aging is the progressive deregulation of immune responses, resulting in 

an increased susceptibility to infectious diseases and pathological 

conditions relating to the inflammation and the onset of autoimmune 

diseases (Troen BR, 2003). The age related modifications in immune 

competence are called “immunosenescence” (Franceschi C et al., 1995; 

Pawelec G et al., 2005). This phenomenon is a complex process that 

involves both the innate and adaptive immune compartment (Franceschi 

C et al., 1995; Licastro F et al., 2005; Pawelec G et al., 2005). Lifelong 

and chronic antigenic load are the major driving force of 

immunosenescence. The consequences of this occurrence are the 

progressive filling of the immunological space 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. All those factors contribute to the 

limited repertoire and the collapse of cell diversity that are frequently 

correlated with poor health status (Cancro MP et al., 2009; Gibson KL, 

2009; Dunn-Walters DK et al., 2010; Scholtz JL et al., 2013)..  
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Nevertheless, some people can reach the extreme limit of life-span in 

good clinical conditions, escaping major age-related diseases, as 

centenarians do. Indeed, they may represent the prototypes of successful 

aging Franceschi C et al., 2005; Terry DF et al., 2003; 2004). This event 

seems to be the result of balance between environmental and genetic 

factors (Franceschi C et al., 1995). Studies of centenarian pose the 

challenge of whom to use as control. Differently from their parents, 

Centenarian offspring (CO) have an appropriate control group, i.e. healthy 

elderly, who haven’t a familiar history of longevity (Derhovanessian E et 

al., 2010). Moreover, offspring of centenarians have a genetic background 

that could predispose them to healthy aging and longer survival rather 

their age-matched controls whose parents died at an average life 

expectancy (Terry DF et al., 2004). 

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 exist a correlation between familial longevity and the 

immune system, focusing our attention on the B cell branch and 

particularly on double negative (DN) B cells. 

As a model of unsuccessful aging, we focused our attention on 

immune system patients suffering by Alzheimer’s disease (AD). 

In chapter 3 (“A novel B cell population revealed by a CD38/CD24 

gating strategy: CD38(-)CD24(-) B cells in centenarian offspring and 

elderly people”, 2013) we show a different distribution of naïve/memory 

B cell subsets in the elderly and in centenarian offspring. We also 

characterize a novel population of late memory B cells and perform 
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functional analysis to evaluate cytokines productions induced by in vitro 

activation with CpG/PMA/Ionomycin.  

In chapter 4 (“ Evidence for Less Marked Potential Signs of T-Cell 

Immunosenescence in Centenarian Offspring Than in the General Age-

Matched Population”, 2013) we show a phenotypic analysis of the T-cell 

arm of adaptive immunity in a group of centenarian offspring comparing 

them with equally elderly people without a familial history of longevity. 

In particular, we have analyzed the expression of CD27, CD28, CD45RA, 

CD45RO and CD57 on CD4+ and CD8+ to evaluate the different stage of 

differentiation of CD4+ and CD8+ subsets between young, elderly, 

centenarian offspring and age-matched controls. The aim of this study is 

to evaluate some possible differences that can be related with the 

increased lifespan expectancy of centenarian offspring. 

In chapter 5 (“Trafficking phenotype and production of Granzyme B  

by Double Negative B cells (IgG+IgD-CD27-) in the elderly”, 2014) we 

investigate the expression of CCR7, CCR6,CXCR4, CXCR5 and CD62L 

on naïve/memory B subpopulations in young and elderly subjects to 

evaluate if the pro-inflammatory status, typical of aged people, could 

influence the trafficking phenotype of these cells.  Furthermore, in order 

to evaluate whether DN memory B cells are able to act as Granzyme B 

(GrB) producing cells, we study their ability to respond to the 

simultaneous in vitro stimulation with IL-21 and the triggering of BCR 

with anti-human IgG, in young and elderly subjects.  

In chapter 6 (“Double Negative (CD19+IgD-CD27-) B lymphocytes: 

a new insight from telomerase activity in healthy elderly, in centenarian 

offspring and in Alzheimer’s disease patients”, manuscript in 
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preparation) we analyze cell surface expression of two BCR-inhibitory 

receptors, CD307d and CD22 to evaluate whether the low proliferative 

ability of Double Negative (DN) B cells might be related to over-

expression of these receptors. Furthermore, in order to evaluate whether 

DN B lymphocytes might play any role in the immune response we 

assessed the proliferative response of these cells after stimulation in vitro 

with different kind of stimuli. Because of DN B cell are capably to 

vigorously proliferate after CpG/α-IgG/CD40 in vitro, we analyzed 

whether this stimulus might modifies telomerase activity in young and 

elderly subjects. In addition, to verify if relative activity of telomerase 

(RTA) might be a useful test to evaluate the efficiency of immune system 

we also performed the test using B cells obtained from genetically 

advantage people, centenarian offspring, and unsuccessfully aged people, 

as patient affected by severe Alzheimer’s disease.  

In chapter 7 (“Immunophenotype and trafficking profile in 

Alzheimer’s disease patients”, manuscript in preparation) we evaluate 

the different distribution of the circulating B cells subpopulation in the 

two different groups of AD patients object of the study (Severe and Mild) 

comparing them one each other and with their age-matched healthy 

controls. Moreover, we analyze the expression of CCR7, CCR6, CXCR3, 

CXCR4 and CXCR5 chemokines receptors on healthy elderly donors, 

severe AD and mild AD patients, in order to evaluate whether in AD 

patients, IgD-CD27- DN B cells show the pro-inflammatory trafficking 

profile.  

In chapter 8 (“Immunosenescence, inflammation and Alzheimer’s 

disease”, 2012) we present a review about the modifications of the 
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immune system with aging (immunosenescence), showing 

immunological changes on cellular and humoral branches. Moreover, we 

focus on changes of some immunoinflammatory parameters observed in 

patients affected by AD.  

In chapter 9 (“Genetics of longevity. data from the studies on Sicilian 

centenarians”, 2012) we report current literature data on centenarians. 

We discuss about genetic background and immune system of these 

subjects that reach the extreme limits of human life.  In particular, we also 

report our data gathered for 10 years in Sicilian centenarians, concerning 

the relationship between gender and longevity, the role of some immune 

and inflammatory genes or epigenetic age-related modifications and 

ageing and longevity. 

In chapter 10 (“Centenarian Offspring: a model for Understanding 

Longevity”,2013) we summarize several aspects that permit to consider 

centenarian offspring a suitable model to understand successful aging. We 

discuss their genetic background, cardiovascular and immunological 

profile and cognitive status. 

Finally, in chapter 11, a summary and general discussion of the 

results are presented.  
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from telomerase in healthy elderly, in centenarian offspring and in 
Alzheimer’s disease patients. 

Adriana Martorana1, Matteo Bulati1, Silvio Buffa1, Carmela Rita Balistreri1, Delia 
Azzarello2, Cecilia Camarda2,  Giuseppina Colonna-Romano1 

1Immunosenescence Unit, Department of Pathobiology and Medical and Forensic 

Biotechnologies (DIBIMEF), University of Palermo, Italy 

2Department of Experimental Biomedicine and Clinical Neurosciences, University of 

Palermo, Italy 

 

Abstract 

Immunosenescence is characterized by the impairment of both 
cellular and humoral immunity, so elderly people show a reduced ability to 
respond against new infections and vaccines. Moreover, ageing is associated 
with decrease of B lymphocyte percentage and absolute number. We and 
others have previously demonstrated a significant increase of Double 
Negative (DN) (CD19+IgG+IgD-CD27-) B cells in elderly people and in 
chronic stimulated subjects (HIV, SLE, RSV).In previous works, we have 
demonstrated that DN B cells of elderly donors have very short telomeres 
compared to the same subpopulation of young donors, show a low frequency 
of somatic mutation and are not responder to CpG stimulation, although they 
can be weakly activated with F(ab’)2 (anti-BCR). In order to understand 
whether the low attitude to proliferate after the in vitro stimulation of DN B 
cells depends on the expression of inhibitory receptors, we have assessed the 
expression of CD307d and CD22 on naïve/memory B cell subsets focusing 
our attention on DN B cells. Then, we have evaluated the proliferative 
response of DN B cells after different kinds of stimuli in young and elderly 
donors. We have demonstrated that the refractoriness to proliferate of DN B 
cells does not depend on the expression of inhibitory receptors, but it is 
limited to certain stimulators. Indeed, when DN B cells are stimulated 



81 

 

engaging contemporarily BCR and TLR9, they become able to proliferate and 
reactivate the relative telomerase activities (RTA). In the present study we 
also compared the telomerase reactivation activity in a group of people 
genetically advantaged for longevity as Centenarian offspring are and in a 
group of severe Alzheimer’s disease patients who represent an example of 
unsuccessful ageing model. In conclusion, we suggest that the monitoring of 
DN B cells might be a useful parameter to evaluate the quality of aging 
process.   

Introduction 

Advancing age yields numerous immune system changes, as 
evidenced by blunted primary and recall response, feeble vaccine efficacy and 
increased prevalence of inflammatory pathologies (Frasca et al. 2004; 
Schenkein et al. 2008; Cancro et al. 2009; Shaw et al., 2010; Frasca et al. 
2011). Accordingly, the knowledge of how age impacts the production and 
the behaviour of B cells, as well as the modulation of the humoral immune 
response, are fundamental to understanding the age-related phenomenon 
known as immunosenescence. B cells are key mediators of immunity having 
effector and regulatory functions, other than antibody production (Harris et 
al., 2000; Martin and Chan, 2006; Sanz et al., 2007), through the secretion of 
different cytokines. These in turn play an important role in the regulation of 
normal immune responses, but also contributing to human autoimmune 
diseases (Youinou et al., 2005; Harris et al., 2005a,b). 

Nowadays B cell branch has been extensively studied and different B 
cells subsets, such as transitional, naïve, memory and plasmablasts have been 
identified by using of different cellular markers, for instance IgD, CD27, 
CD24, CD38 although do not exist a general consensus to classify B cell 
subpopulation in humans (Kaminski et al., 2012). However, it has been 
suggested a kind of classification to identify “core” subsets on peripheral 
CD19+ B cells which could represents an useful biomarker in some 
autoimmune disease (Kaminski et al., 2012). To this perspective,naïve and 
different memory B cells subsets have been described (Shi et al., 2003; 
Tangye and Hodgkin 2004; Fecteau et al., 2006, Wei et al., 2007; Bulati et al. 
2011). In particular, in humans, peripheral blood naïve and memory B cells 
can be divided, on the basis of differential expression of IgD and CD27, into 
different functional cell subsets: naïve IgD+CD27- cells; memory unswitched 
IgD+CD27+ cells, (some of which are the so called “IgM memory” 
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IgM+IgD+CD27+), classical switched memory B cells IgD-CD27+ that also 
include the IgM+IgD-CD27+ (IgM only) and finally - Double Negative (DN) 
memory B lymphocytes  IgD-D27- (Shi et al., 2003; Colonna-Romano et al., 
2009). 

Advanced age is per se a condition characterized by lack of B 
clonotypic immune response to new extracellular pathogens. It is to note that 
aging affects the humoral branch of the immune system because the B cell 
number is reduced in the elderly (Faria et al., 2008; Frasca et al., 2008; Veneri 
et al., 2009). Indeed, it is known that the proportion of different subsets is also 
altered (as reviewed by Bulati et al., 2011).We and others (Colonna-Romano 
et al., 2003; Gupta et al., 2005) have shown that in the elderly there is a 
significant decrease in naïve (IgD+CD27-) B cells and no significant 
reciprocal increase of CD27+ memory B lymphocytes (Klein et al., 1998; 
Agematsu et al., 2000). Moreover, our and other groups have also 
demonstrated the increase in percentage but not in absolute number of 
CD19+IgG+IgD-CD27- (DN) B cells in different cohort of subjects. Indeed, 
this B cell population is expanded both in the elderly (Colonna-Romano et 
al., 2009; Bulati et al., 2011) and in patients suffering of chronic immune 
inflammation, such as chronic HIV infections (Cagigi et al., 2009), systemic 
lupus erythematosus (SLE) (Anolik et al., 2004; Wei et al., 2007) and in 
healthy subjects challenged with respiratory syncytial virus (RSV) (Sanz et 
al., 2008). (Fecteau et al., 2006; Wei et al., 2007; Sanz et al., 2008; Cagigi et 
al., 2009; Colonna-Romano et al., 2009; Bulati et al., 2011). 

However, not all subjects or population groups are equally susceptible 
to the effects of long-term chronic stimulation of the immune system. 
Recently, we have reported that in a genetically advantaged cohort of 
centenarian offspring (CO), distribution of naïve/memory B cells subsets is 
more similar to that observed in young subjects instead of their age-matched 
(AM) controls (70-80 years old) that have not a background of longevity. 
Indeed, CO do not show the typical naïve/memory shift observed in the 
elderly and DN B cells are not increased, while naïve B cell subset is well 
preserved. These data on centenarian offspring support the hypothesis of a 
“familiar youth” of the immune system, due to their favorable genetic 
background, that can be a big advantage both to fight the main age-related 
diseases and to properly respond to vaccinations, also suggesting a good bone 
marrow cell reservoir. Recently, we have evaluated the distribution of 
naïve/memory B cell subset in a Sicilian cohort of Alzheimer’s disease (AD) 
patients. Our preliminary results corroborate data from literature that 
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indicates a reduction both in percentage than absolute number of total B cells 
(Speciale L et al., 2007; Xue et al., 2009; Pellicanò et al., 2010) but 
interestingly, DN B cells are significantly increased in severe AD patients, 
when compared to age-matched healthy elderly donors, suggesting the effect 
of chronic stimulation on the humoral B cell branch (manuscript in 
preparation).  

In our previously paper, we have estimate the ability of DN B cells to 
go toward cycle of replication evaluating the telomere length. As “classical 
memory” IgD-CD27+ B cells, also DN B cells show features of memory 
lymphocytes with short telomeres. We have also demonstrated that DN B 
cells of elderly donors have very short telomeres compared to the same 
subpopulation of young donors (Colonna-Romano et al., 2009). Moreover, 
these cells are not responder to CpG stimulation, although they can be weakly 
activated with F(ab’)2 (anti-BCR)(Colonna-Romano et al. 2009). In addition, 
keeping in mind that DN B cells from elderly subjects show an intrinsic “in 
vitro” activation, there is not a link between their capacity to proliferate and 
the ability to produce cytokines as TNF-α and IL-10 also when stimulated 
with strong stimuli (CpG/PMA/Ionomycin) (Buffa S et al., 2011). 

Recently, a new memory B lymphocyte population was discovered by 
Moir et al. (2008) in HIV-viremic individuals. This subset (CD20+CD27-

CD21-), called tissue-like memory B cells, lacks the expression of CD27 and 
shows a typical profile of pro-inflammatory trafficking receptors that is in 
agreement with migration to chronically inflamed tissues and away from 
lymphoid tissues that favour the cooperation between B and T cells. Similarly 
to DN B lymphocytes, these cells express significantly high levels of some 
chemokine receptors that drive cells to the inflamed tissues (Bulati et al., 
2014). Furthermore, tissue-like memory cells are characterized by high levels 
expression of inhibitory receptors, compared with memory and naïve B cells,  
such as CD307d, CD22 and CD72 that, probably, do not allow high levels of 
proliferation ability of these B cells in response to  B cell stimuli (Moir et al., 
2008).  

In the present study, we have evaluated in young and elderly donors, 
the proliferative response of DN B cells after different kinds of stimuli. In 
order to understand whether the low attitude to proliferate after the in vitro 
stimulation of DN B cells depends on the expression of inhibitory receptors, 
such as exhausted tissue-like memory B lymphocytes in HIV-viraemic 
individuals (Day et al., 2006; Trautmann et al., 2006), we have decided to 
investigate cell surface expression of CD307d and CD22 in naïve and 



84 

 

memory B cells in young and elderly donors. Our results demonstrate that, 
although DN cells of elderly donors are per se poorly responders, we show 
that the refractivity to proliferate of DN B cells does not depend on the 
expression of inhibitory receptors, but it is limited to certain stimulators. 
Indeed, in the present paper we observed that engaging contemporary both 
the innate (to which they are not sensitive) and the adaptive receptors, DN B 
cells are able to proliferate. As consequence, we compared the potential 
relationship between proliferation and relative telomerase activities (RTA) in 
DN B cells in young and elderly subjects in order to understand the biology 
of these cells and the age-related modulation of response.  

In conclusion, an adequate stimulation might render DN B 
lymphocytes active players in the immune response. Noteworthy, here we 
also report data obtained from CO and severe AD patients that suggest us that 
the evaluation of the reactivity of DN cells might be a useful parameter to 
evaluate the quality of ageing process. 

Materials and methods 

Subjects 

A total of 63 Sicilian subjects were included in the study:  20 young (age 
range 25-40 years) and 20 elderly (age range 78-90 years), 8 Centenarian 
Offspring (CO) (age range 60-70), 7 age-matched controls (AM) (age range 
63-74) and 8 Alzheimer’s disease patients (AD) (age range 69-76). Among 
this group we have performed phenotype analysis, to evaluate the BCR-
inhibitory receptors (CD307d and CD22) expression in B cell subpopulations 
(20 young and 20 elderly) and we have also performed functional analysis (B 
cell proliferation and relative telomerase activity, RTA, after in vitro 
stimulation on total B cells and DN subset) (10 young, 10 elderly, 8 
Centenarian Offspring (CO), 7 age-matched controls (AM) and 8 Alzheimer’s 
disease patients (AD). 

AD subjects included in the study were assessed with a multidimensional 
protocol including: demographic characteristics, medical history, 
pharmacological treatments, clinical, neuropsychological and neurological  
examination, standard laboratory blood tests and neuro-imaging study with 
CT and/or MRI scan. The exclusion criteria were: a diagnosis of severe 
systemic disorder, the presence of psychosis, a history of significant head 
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injury or substance abuse. Diagnosis of probable AD was according to 
standard clinical procedures and followed the DSM-IV criteria [American 
Psychiatric Association: Diagnostic and Statistical Manual of Mental 
Disorders: DSM-IV (Text Revision). Washington, American Psychiatric 
Association, 2000] and the diagnosis of AD was based on the criteria of the 
National Institute for Neurological and Communicative Disorders and 
Stroke-Alzheimer Disease and Related Disorders Association (NINCDS-
ADRDA) (McKhann et al.,1984). Cognitive perfor mance and alterations 
were measured according to the Mini Mental State Examination (MMSE) and 
the Global Deterioration Scale.  

Healthy controls (HC), randomly selected from the same population as the 
patient cohort, had complete neurological examinations and were judged to 
be in good health based on their clinical history and blood tests (complete 
blood cell count, erythrocyte sedimentation rate, glucose, urea nitrogen, 
creatinine, electrolytes, liver function tests, iron, proteins, cholesterol, 
triglycerides). The University Hospital Ethics Committee approved the study, 
and informed consent was obtained from all guardians of patients and controls 
according to Italian law. Whole blood was collected by venopuncture in 
vacutainer tubes containing ethylenediamine tetraacetic acid. The samples 
were kept at room temperature and used within 2 h for the various 
experiments. 

B lymphocytes immunomagnetic separation 

Peripheral blood mononuclear cells (PBMCs) were isolated by use of density-
gradient Ficoll-Lympholyte (Cedarlane Laboratories Limited, Ontario, 
Canada) centrifugation. PBMCs were adjusted to 1*106/ml in RPMI 1640 
medium (Euroclone, Devon, UK) supplemented with 10% heat-inactivated 
Fetal Bovin Serum (Euroclone), 1% penicillin/streptomicin, 10 mM HEPES, 
and 1 mM L-Glutamin. B lymphocytes were separated from PBMCs by 
immunomagnetic sorting, as described by Miltenyi et al. (1990) using anti-
CD19 magnetic microbeads (MACS CD19 Multisort Microbeads; Miltenyi 
Biotec, Aubum, CA, USA). Cells obtained from immunomagnetic sorting 
were >98% CD19+ lymphocytes, as determined by flow cytometry analysis. 

Antibodies and Flow Cytometry for phenotypic analysis 

Purified B cells were stained with different combinations of the following 
monoclonal antibodies: anti-IgDFITC, anti-CD27PE or anti-CD27APC, anti-
CD22PE-Cy5(BD, Pharmingen) and anti-CD307dPE (FcRL4) (BioLegend).  
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Cells were washed twice and analyzed. All measurements were made with a 
FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA, USA) with 
the same instrument setting. At least 104 cells were analyzed using 
CellQuestPro (Becton Dickinson, San Jose, CA, USA) software.  
Stimulation of B cells in vitro  
Purified B cells (1x105/200 µl) were cultured in 96-well round-bottom plates, 
in complete RPMI medium with 10% Fetal Bovin Serum in absence or 
presence of 2 µg/ml of anti-BCR [F(ab’)2] (Jackson ImmunoResearch 
Laboratories, Inc, Philadelphia) 3µg/ml of CpG-B 2006 
oligodeoxynucleotide (TIB Molbiol, Genova, Italy), and 500ng/ml of anti-
human CD40 purified (BD, Pharmingen) for 72h, at 37°C in 5% CO2. 
 
Proliferation assay 
Cell proliferation assay was performed by Ki67 evaluation. Cultured cells, 
stimulated or not, were washed and stained with anti-IgDPE or anti anti-IgGPE, 
anti-CD19PECy5 and anti-CD27APC for 30 minutes at 4°C. Then cells were 
washed twice and re-suspended with 250 µl of BD Fixation/Permeabilization 
solution for 20 minutes at 4°C. After two wash in BD Perm/Wash solution 
buffer, cells were stained in the dark for 30 minutes on ice with 20µl of anti-
Ki67FITC (Becton Dickinson). Subsequently, cells were washed twice and the 
Ki67 positive cells were analyzed. All measurements were made with a 
FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA, USA) with 
the same instrument setting. At least 104 Cells were analyzed using 
CellQuestPro (Becton Dickinson, San Jose, CA, USA) software.   
 
DN B (CD19+IgG+CD27-) lymphocytes sorting with FACSCalibur flow 
cytometer (Becton Dickinson, San Jose, CA, USA)  
After 72hrs of culture, B  cells, stimulated and not stimulated as above 
mentioned, were stained with 20µl of anti-IgGFITC, anti-CD27PE and anti-
CD19APC (Pharmingen, BD Bioscience, Mountain View, CA, USA) for 30 
min at 4°C. Next, cells were washed and 1 ml of PBS/BSA (4%) was added. 
After defining the sorting region gate of CD19+IgG+CD27- (Double Negative, 
DN B cells) population, we optimized the sample concentration, verifying the 
event rate and the sort rate to maximize the efficiency of cell separation. 
Finally, DN B lymphocytes were collected in cytometry tubes and used for 
telomerase activity measurements. 
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Detection  of telomerase activity by TRAP assay  
For quantitative analysis of telomerase activity, a Telomeric Repeat 
Amplification Protocol (TRAP) (Kim et al., 1997) and a photometric enzyme 
immunoassay were performed using TeloTAGGG Telomearse PCR ElisaPlus 

kit (Roche Diagnostics, Indianapolis, USA), according to the manufacture’s 
protocol. This precisely involved elongation and amplification of telomerase 
reaction products to allow highly sensitive detection of telomerase activity by 
a photometric enzyme immunoassay. In addition, cellular extracts from 
human CD19+ or DN B lymphocyte cultures under baseline conditions or 
activated, incubated for 72hrs  and sorted (as above described) were utilized.  

Briefly, we firstly obtained pellets of sorted CD19+IgG+CD27- cells at 
3,000g for 5 min at 2-8°C. They were lysed directly in sterile reaction tubes 
using the lysis buffer provided in the kit.  Protein lysate was kept on ice for 
30 min and centrifuged at 16,000g for 20 min at 2-8°C. Protein concentration 
was measured by standard methods. Subsequently, the supernatants obtained 
were utilized in quantity of 0.5-10 µg total protein for the TRAP reaction, 
having the assurance to prepare for each sample a negative control by heat 
inactivation of its aliquot at 85°C for 20 min. In performing the TRAP 
reaction,  high control template (concentration 0.1 amol/µl; quantity used for 
each reaction 1µl), a reaction mixture (25 µl for each sample), an Internal 
standard (IS;5 µl for each sample) provided in the kit were also utilized. Thus, 
sterile tubes (each containing a total of 30µl of the master mix-25 µl of 
reaction mixture and 5 µl of IS- and a suitable volume of each negative or 
positive sample or  1 µl of control template) were transferred to thermal cycler 
(MyCycler, Biorad). A combined primer elongation/amplification reaction 
was performed by the following protocol:  primer elongation 10-30 min at 25 
°C 1 cycle; telomerase inactivation 5 min at 94°C 1 cycle; amplification 
(denaturation 30s at 94°C; annealing 30s at 50 °C; polymerization 90s 72°C 
) for 30 cycles; 10 min at 72 °C for 1 cycle; hold 4°C. During the  reaction, 
telomerase add   telomeric repeats (TTAGGG)  to the 3’end of the biotin-
labeled primer. The elongation products, as well as the IS included in the same 
reaction tube, are then amplified. The PCR products were split into two 
aliquots, denatured, bound to a streptavidin-coated 96-well plate and 
hybridized to a digoxigenin (DIG)-labeled telomeric repeat-specific probes, 
specific for the telomeric repeats and IS. The resulting products were 
immobilized via the biotin label  to streptavidin-coated 96-well microplate. 
Immobilized amplicons were then detected with an antibody against 
digoxigen that is conjugated to horseradish peroxidase (anti-DIG-HRP) and 
the sensitive peroxidase substrate TMB. . Sample absorbance was measured 
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at 450 nm (reference wavelength 690 nm) using an ELISA plate reader within 
30 min after the addition of the stop reagent. Absorbance values were then 
utilized to calculate the relative telomerase activity of each sample using an 
appropriate formula provided in the kit ‘s protocol.   
 
Statistical analysis 
All statistical analyses were performed with Graph Pad Prism 4.0 using the 
Mann-Whitney nonparametric U test to compare two independent groups. 
Statistical significance was expressed as P<0.05 (*), P<0.01 (**), and 
P<0.001 (***) as shown in the figures. All values are expressed as mean± 
standard error of the mean (SEM). 
 
RESULTS 

Expression of BCR- inhibitory receptors (CD307d and CD22) in B cell 
subpopulations 

To evaluate if any analogy exists between tissue-like memory B cells 
described in the blood of HIV-viraemic individuals and DN B cells observed 
in our models of aging, we have evaluated the expression of two BCR-
inhibitory receptors,CD307d (FcRL4) and CD22. Indeed, it has been 
suggested that the low proliferative capacity of tissue-like memory B cells 
and their reduced replication history in vivo might be related to the over-
expression of inhibitory receptors (Moir et al., 2008).As we have previously 
demonstrated, DN B cells, that are increased in the elderly, proliferate less 
than naïve B cells when stimulated in vitro with different stimulators. The 
evaluation of these inhibitor receptors on naïve/memory B cells identified on 
the basis of IgD/CD27 expression revealed a different situation from data 
described in literature. As shown in table 1, both in young and elderly donors, 
CD307d is mainly expressed on memory unswitched B cells and it is 
significantly reduced on naïve B cells and lost by memory switched and 
double negative B cells. Intriguingly, memory unswitched B cells from old 
donors show significantly higher levels of this molecule compared to memory 
unswitched B cells from young donors. 

Concerning CD22 analysis, its expression is not related to the different ability 
of the four  B cell subpopulations to proliferate. Indeed, our analysis revealed 
a higher degree of expression in all B cell subpopulations independently from 
the age of donors and so, no significant difference was observed between 
young and elderly subjects (Table 1). 
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Taken together these data suggest that there is not a relationship between the 
expression of the two inhibitory receptors and the ability to proliferate of DN 
B cells. 

 

Total CD19+B cells and DN B cells are strongly activated by the 
simultaneous triggering of adaptive (BCR) and innate (TLR9) immune 
receptors 

The attitude of total CD19+ B cells to proliferate, after stimulation with a 
combination of different stimuli, was evaluated in a group of young and 
elderly donors to assess whether any difference could be related to the age of 
the subjects or, differently due to the kind of stimulation. As known, during 
aging the B cell branch of the immune system is impaired resulting in a loss 
of function and a less protective effect against a variety of pathogens. So, the 
correlation stimulus-activation might be helpful to understand the biology of 
these cells and the effector mechanisms. We tested total CD19+ B cells to the 
proliferative effects of TLR9 ligand CpG alone, or with α-IgG/α-CD40 that 
engages the adaptive receptor BCR. Moreover, we have also engaged both 
the innate and the adaptive receptors culturing the cells with both the 
stimulators. Our data confirm the reluctance of CD19+ B cells of elderly 
subjects to properly respond against innate and adaptive stimulation. On the 
contrary, in young donors the same stimuli induce a feeble but growing 
response. Interestingly, when contemporary engaged, the innate and adaptive 
receptors of total B cells cause a strong proliferation both in young than 
elderly subjects (Figure 1). As we are interested on DN B cells and to assess 
whether these cells of the elderly might play any role in the immune response, 
we have evaluated their ability to be activated by different kinds of stimuli. 
As total B lymphocytes, also DN B cells of elderly donors are able to 
proliferate by the contemporary engagement of the innate and adaptive 
receptors (Figure 1). 

Relative Telomerase Activity (RTA) in CD19+B lymphocytes upon 
“different” in vitro stimulation 

As known, chronic stimulation of immune cells and ageing are characterized 
by telomere erosion: this phenomenon causes the reduced proliferative ability 
of immune cells together with the reduction of clonal expansion after antigen 
stimulation. To verify whether the ability to respond to the stimulation with 
CpG, α-IgG and α-CD40 modifies telomerase expression in total B cells and 
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in naive/memory B cells subsets, we cultured B cells of our different groups 
of study with different stimuli. Our preliminary results demonstrate that RTA 
evaluation seem to be a very sensitive method to evaluate the size of 
activation of B cells: indeed as shown in figure 2, activation of total B cells 
with 2 different concentration of CpG alone, or with α-IgG and α-CD40 or, 
finally with CpG,  α-IgG and α-CD40, causes a telomerase activation that is 
dependent on the quality and on the quantity of the stimulation (Figure 2).  

Relative Telomerase Activity (RTA) in DN B cell subset upon “triple” in 
vitro stimulation 

To verify if RTA might be a useful test to evaluate the efficiency of immune 
system in the elderly, we also performed the test using B cells obtained from 
genetically advantaged people, as Centenarian offspring (CO) are (Colonna-
Romano et al., 2010) and unsuccessfully aged people as patient affected by 
severe Alzheimer’s disease (AD).  

As depicted  in Figure 3, the evaluation of RTA in DN obtained from young, 
old, CO and severe AD patients shows that the activation of telomerase in DN 
cells by the combined stimulation of innate and adaptive stimuli mirrors the 
“immunological” age of the donors. In fact old donors show a reduce RTA 
when compared with young donors, CO, as described in other models are in 
the middle between Y and O and finally severe AD patients show very low 
levels of RTA. 
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INHIBIT
ORY 

RECEPT
OR 

Median       
(P25-P75) 

 

Naive 
(IgD+CD

27-) 

 

Memory 
Unswitc

hed 
(IgD+CD

27+) 

 

Memory 
Switched 

(IgD-

CD27+) 

 

Double 
Negative 

(DN)        
(IgD-

CD27-) 

 

p1 

 

p2 

 

p3 

 

p4 

 

p5 

 

p
6 

 

 

YOUNG 

68.6                 
(66.2-71) 

205.5                  
(168.6-
242.5) 

19.3                     
(16.9-
21.8) 

15.7                  
(14.6-
16.7) 

0.04 0.05 0.00
4 

0.002 0.00
1 

N
S C

D
307d ELDERL

Y 

85.8                 
(64.8-
118) 

577.4                  
(526.6-
877) 

30.7                    
(29.9-
35.4) 

21.2                       
(20-27.8) 

0.00
5 

0.05 0.04 0.002 0.00
1 

N
S 

p Young 
vs Elderly 

NS 0.03 NS NS   

 

YOUNG 

421.3      
(383.5-
443.2) 

436.9                       
(366.9-
459.7) 

289.6                    
(246.6-
307.1) 

353.3       
(299.7-
437.5) 

NS NS NS 0.01 NS N
S 

C
D

22
 

ELDERL
Y 

449.5                 
(437.6-
570) 

562.2                    
(411-
581.8) 

248.3                 
(231.9-
287.9) 

359.7      
(232.9-
378) 

NS 0.00
1 

0.00
8 

0.009 0.02 N
S 

p Young 
vs Elderly 

NS NS NS NS   

 

Table 1.Evaluation of BCR-inhibitory receptors (CD307d and CD22) expression on B cell 
subpopulations obtained from 20 Young (age range 25-40) and 20 Elderly donors (age range 
78-90). Purified B lymphocytes were stained with anti-IgD and anti-CD27to identify the four 
IgD/CD27 B cell subsets. Subsequently, naïve/memory B cells were evaluated for CD22 and 
CD307 (FcRL4) expression. Both in young and elderly donors, CD307d (FcRL4) is mainly 
expressed on memory unswitched B cells and it is significantly reduced on naïve B cells and 
lost by memory switched and double negative B cells. Memory unswitched B cells from 
elderly subjects show significantly higher levels of this molecule compared to memory 
unswitched B cells from young donors. CD22 is well expressed at in all B lymphocytes 
subpopulations both in young and elderly donors. Values are expressed as median and range 
of mean fluorescence intensities (MFI) ± SEM. p1= Naïve Vs Memory Unswitched; p2= 
Naïve Vs Memory Switched; p3= Naïve Vs DN; p4= Memory Unswitched Vs Memory 
Switched; p5= Memory Unswitched Vs DN; p6= Memory Switched Vs DN. NS=Not 
Significant. Statistical analysis were evaluated by Mann-Whitney nonparametric U testing 
are indicated by p (GraphPad Prism 4). 
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Figure 1. Intracitoplasmatic expression of Ki67 onCD19+B cells and Double Negative (DN) 
B cells cultured in RPMI, CpG,α-IgG/CD40 and CpG/α-IgG/CD40 for 72hr in 10 young 
(age-range 25-40) and 10 elderly (age-range 78-90) subjects. Purified B lymphocytes were 
cultured with different stimuli and then were stained with Ki-67, anti-IgD, anti-CD19 and 
anti-CD27 to assess proliferative ability after in vitro stimulation. (A) Total CD19+ B cells 
from young donors (left side of the figure) slightly proliferate to different stimuli but at higher 
levels with combination of adaptive and innate stimulation;total CD19+ B cells from elderly 
people (right side of the figure) are less responder to the stimulation with CpG and α-
IgG/CD40 but are well activate by the “triple” stimuli CpG/α-IgG/CD40. (B) DN cell from 
young subjects (left side of the figure) maintain the same trend of proliferation of the total 
CD19+ B cells, indeed these cells show a significant level of Ki67 expression when stimulated 
with CpG/α-IgG/CD40; DN B lymphocytes from elderly donors (right side of the figure) 
proliferate significantly with CpG/α-IgG/CD40, even though these cells have higher in vitro 
basal level of activation. Values are expressed as median and range of mean fluorescence 
intensities (MFI) ± SEM. Significant differences are evaluated by Mann-Whitney 
nonparametric U testing and are indicated by *p ≤ .05, **p ≤ .01, ***p ≤ .001. Moreover, we 
reported significant differences between the proliferative ability of DN B cells in young vs 
elderly subjects in not stimulated culture (p<0.0015) and after stimulation with α-IgG/CD40 
(p<0.03), whereas we did not observed significant differences between the proliferative 
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ability of DN B cells in young vs elderly subjects after stimulation with CpG and CpG/α-
IgG/CD40. 

 

 

Figure 2. Relative Telomerase activity (RTA) (mean and SEM) evaluatedin 
CD19+lymphocytes from (5) young subjects (age-range 25-40) purified by immunomagnetic 
sorting and activate withdifferent stimuli: CpG (10µl/ml), CpG (3µl/ml), a-IgG/CD40 and 
CpG/α-IgG/CD40). Telomerase activity was measured by TRAP assay as described in 
Materials and Method. Values are shown in log10 scale. Significant differences are evaluated 
by Mann-Whitney nonparametric U testing (GraphPad Prism 4).   
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Figure 3. The Relative Telomerase Activity (RTA) in Double Negative (DN) B lymphocytes 
(IgG+IgD-CD27-) was measured in not stimulated and stimulated culture with CpG/α-
IgG/CD40 for 72h in 7 young controls(Y) (age-range 25-40), 8 elderly subjects (E) (age-
range 78-90), 8 Centenarian Offspring (CO) (age range 60-70),7 age-matched controls 
(AM)(age range 63-74) and 8 Alzheimer’s disease patients (AD) (age range 63-74). DN B 
cells were separated from other subsets by sorting with FACSCalibur flow cytometer.Values 
are expressed as mean of MFI±SEM.Significant differencesvaluated by Mann–Whitney 
nonparametric U testing (GraphPad Prism 4). In the right side of the figure are represented 
the fold of increase between stimulated and unstimulated culture. The p values are: p<0,0003 
(young), P<0,0002 (elderly), P<0,0003 (Centenarianoffspring), <0,0006 (Age-Matched) and 
<0,0006 (Alzheimer’s disease).  

 

Discussion 
It is well established that both innate and adaptive immunity in the elderly are 
impaired and related to the increased susceptibility to infectious disease, 
autoimmunity and cancer. T and B cell branch are involved in 
immunosenescence (Ouyang et al. 2003; Pawelec et al., 2005; Pawelec and 
Larbi., 2008; Frasca et al., 2004, 2010, 2011; Schenkein et al., 2008; Cancro 
et al., 2009; Bulati et al., 2011; Frasca and Blomberg 2011). In the elderly we 
have demonstrated the increase in percentage,  but not in absolute number, of  
a “Double negative” (IgG+IgD-CD27-) memory B cells population (Colonna-
Romano et al., 2009) and the contemporary reduction of naïve (IgD+CD27-) 
B lymphocytes (Colonna-Romano et al., 2009; Gupta et al., 2005), that is 
crucial for the response to new antigens. However, there are controversial 
findings about the increase, decrease or no change in the naïve/memory B 
cells, as we have reviewed (Bulati et al., 2011). The increase of DN B 
lymphocytes in the old subjects might be associated with their typical 
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inflammatory micro-environment (Licastro et al., 2005; Vasto et al., 2007; 
Singh and Newman, 2011), characterized by a general increase in plasma 
levels of pro-inflammatory cytokines and other inflammatory mediators. 
Moreover, this B cell subset has also been described in patients affected by 
HIV, SLE and challenged with RSV (Fecteau et al., 2006; Wei et al., 2007; 
Sanz et al., 2008; Cagigi et al., 2009). Accordingly with this evidence, their 
increase could be the consequence of pathologic-long-enduring stimulation 
or, alternatively, it might be related to the exhaustion of memory B cells 
chronically stimulated in the elderly (Colonna-Romano et al., 2009).  
A link between “Inflamm-aging” and adaptive immune responses may be 
identified in the expression of chemokine receptors. Recently, we have shown 
that naïve and memory B cells from young and elderly donors  express 
different chemokine receptors. Focusing on DN B cells, we have described 
the higher expression of CCR6 and CCR7 in elderly donors, while the same 
subset obtained by young subjects have revealed the sole expression of 
CXCR3 (Bulati et al., 2014). The meaning of the changing in the chemokine 
receptors profile might be related to the inflammatory environment, typical 
of ageing, rendering these cells more sensitive to pro-inflammatory molecules 
and cytokines (Singh and Newman, 2011; Salvioli et al., 2013) and in this 
way DN B cells become able to migrate in inflamed sites (Bulati et al., 2014).   
Moreover, we have hypothesized that DN might be an exhausted pool of 
memory B cells  (Colonna-Romano et al., 2009) because of their low 
replicative ability after in vitro stimulation with physiological (α-CD40/IL-4; 
CpG ) or not-physiological strong stimulus (CpG/PMA/Ionomycin). 
Recently, we have shown as these cells are not able to produce cytokines such 
as TNF-α and IL-10 (Buffa et al., 2011), even if others reported that DN B 
cells can be stimulated in vitro to secrete immunoglobulins against tetanus 
toxoid and influenza virus  (Wirths and Lanzavecchia et al., 2005).  
Two different groups (Moir et al., 2008; Hao et al., 2011) have described other 
two exhausted B cell populations. The first group have observed, in HIV-
viraemic patients, the increase of a population of memory, tissue-like memory 
B cells (CD20+CD27-CD21-), that express significantly high levels of 
CXCR3 and CXCR6, and low levels of CCR7, CD62L and CXCR5 than 
classical memory or naïve B cells. Furthermore, tissue-like cells are 
characterized by the expression at high levels of inhibitory receptors, 
compared with memory and naïve B cells,  such as CD307d, CD22 and CD72 
that, probably, prevent the proliferation capacity of these B cells in response 
to B cell stimuli (Moir et al., 2008). Hao’s group (2011) has described a 
mature B cell subset that accumulates with age in old mice. They lack the 
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expression of CD21/35, CD23, CD43 and AA4.1, and are also IgD negative. 
Moreover, these cells express low levels of CD62L and CXCR5 and high 
levels of CXCR4. This population is not activated, because of low levels of 
MHC-II and CD86 expression and they seem to be refractory to activation by 
adaptive immune receptors. Indeed this cells poorly respond to BCR and 
CD40 triggering, but they yet respond to TLR9 or TLR7 ligation and 
proliferate most actively to combined TLR and BCR stimuli (Hao et al., 
2011). In the present study, to better understand whether the low proliferative 
capacity of DN B cells after in vitro stimulation may be related to the 
expression of inhibitory receptors, such as exhausted tissue-like memory B 
lymphocytes in HIV-viraemic individuals (Day et al., 2006; Trautmann et al., 
2006), we have decided to analyze cell surface expression of CD307d and 
CD22 in naïve and memory B cells in young and elderly donors. In particular, 
CD307d (FcRL4), is a protein that has the capacity to inhibit BCR signaling 
by binding to SHP-1 and SHP-2 (Ehrhardt et al., 2005), that is exclusively 
presents on B cells, although it is not found in the earliest stages of bone 
marrow B cell development. Low level of CD307d has been found on mature 
and germinal centre B cells, but higher expression of this molecule has been 
observed in a subpopulation of memory B cells (Matesanz-Isabel et al., 2011). 
It has been suggested that CD307d+ B cells could represent a specialized 
tissue subpopulation of memory B cells (Ehrhardt et al., 2005). Thus, it would 
be interesting to determine whether CD307d is a good marker for identifying 
different memory B-cell subsets. In this regard,  Moir et al. (2008) report that 
a population of memory B cells (CD20+CD27-CD21-) positive for FcRL4 
(CD307d+) have an increased frequencies in the peripheral blood of human 
HIV-viraemic patients and have an “exhausted” phenotype. But, in healthy 
individuals FcRL4+ B cells are largely restricted to mucosal tissues and 
mesenteric lymph nodes, and are very rare in peripheral blood, lymph nodes 
and the spleen (Ehrhardt et al., 2005). These cells do not express the typical 
memory B cells marker, CD27, almost all of them have undergone class 
switching, mainly to IgG, whereas a smaller proportion express IgA and they 
lack the expression of markers that identify germinal centre B cells and 
plasma cells (Ehrhardt et al., 2005; Falini et al., 2003). The CD307d+ B cells 
detected by Moir et al. (2008) share many phenotypic features with the tissue-
based FcRL4+ memory B cells, indicating that, in the disease situation of 
viraemic HIV-positive patients, FcRL4+ B cells might exit from mucosal 
tissues and circulate through the blood. Another intriguing feature is that 
reported by Cagigi et al. (2009). Indeed they also found a significant increase 
in percentage of a not classical IgG+CD27- or IgA+CD27-  memory B cell 
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population in HIV-infected patients, that could be the same population, 
identified with different phenotypic markers by Moir et al. (2008).  

Concerning CD22, is a type I membrane protein that is expressed at 
low levels on pre- and immature B cells and maximally on mature B cells 
(Nitschke et al., 1997). Furthermore, it is an inhibitory coreceptor of the BCR 
(Sieger et al., 2013) and, like other co-receptors, is required to modulate the 
antigen receptor signal in response to the stimuli coming from the local 
microenvironment (Cyster  and Goodnow, 1997). This molecule was 
originally identified as a B-cell-associated adhesion protein that appeared to 
function in the regulation of B-cell activation, but the ability of CD22 to 
inhibit antigen-induced signaling depends upon its proximity to the BCR 
(Walker and Smith, 2008). Indeed, while CD22 appears to inhibit signals that 
derive from the BCR, it might also initiate positive signals when react to itself, 
or perhaps with other surface receptors (Walker and Smith, 2008). 

The evaluation of the expression of BCR inhibitory receptors CD307d 
and CD22 in all B subpopulations in young and elderly donors revealed that 
there are not differences between the two age groups studied, with the 
exception of for CD307d on memory unswitched from elderly subjects. In 
this way, the reduced ability of B lymphocytes from old donors to respond to 
immune challenge cannot be fully attributed to a mechanism lying on the 
expression of these molecules. It is interesting to note that, differently to 
tissue-like B cells identified by Moir et al.,(2008), DN B cells do not express 
CD307d. This result might suggest that tissue-like B cells and DN B cells are 
differently controlled in their ability to proliferate after BCR engagement.  

As DN B lymphocytes do not express inhibitors receptors, to 
understand whether these cells might be a by-product of B cell activation or 
whether they might play any role in the immune response, we have decided 
to stimulated B cells in vitro by CpG alone, then α-IgG/CD40 and also the 
contemporary engagement of adaptive and innate immune receptors (BCR 
and TLR9). Our results show that in young subjects total CD19+ cells and all 
B subsets respond after stimulation in vitro albeit at different levels. Indeed, 
they proliferate at higher levels with triggering of BCR/TLR9, respectively 
less with adaptive or innate stimuli. In old donors, the situation is different 
because CD19+ lymphocytes and naïve, memory unswitched and double 
negative B cells do not proliferate after physiological stimuli (CpG alone, 
then α-IgGCD40) but proliferate with the double stimulation although al 
lower levels observed in young donors. This could reflect that simultaneous 
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BCR and TLR stimulation might activate some pathway involved in immune 
function.  

Telomerase is a ribonucleoprotein enzyme that plays an essential role in cell 
proliferation by compensating for the loss of telomere (Greider et al, 1998) 
and protecting chromosomes (Epel et al., 2010). Its activity is highly 
regulated, indeed it is constitutively expressed in germ line cells (Atzmon G 
et al., 2010; Martens et al., 2002; Weng et al., 1997) and in tumor cells while 
is absent in most of human somatic cells (Atzmon G et al., 2010; Kim et al., 
1994), exceptlymphocytes that are the unique cellular population 
characterized by high telomerase expression even during advanced phases of 
differentiation.Moreover, during resting phases B and T subpopulations 
express h-TERT at low levels, but upon activation a significant increase is 
observed (Lobetti-Bodoni et al., 2010; Son et al., 2003;Weng et al., 1997; 
Donaldson et al., 1999). Additionally, it is known that the chronic life stress 
(Damjanovic et al., 2007; Epel et al., 2004) is cause of shortening of telomeres 
and both raised (Damjanovic et al., 2007) and decrease of telomerase activity 
(Epel et al., 2004). Nowadays, the meaning of this paradox is unclear. 
Generally, telomerase activity is under dynamic control. For example, the 
acute stress, e.g. cortisol (Choi et al., 2008) may compromise its activity while 
mitogenic stimulation, e.g. antigen stimulation for B lymphocytes (Igarashi 
and Sakaguki, 1997), may induce itself (Epel et al.,  2010). In fact, telomerase 
activation occurs in conjunction with cell activation after the encounter with 
a cognate antigen (Dolcetti and De Rossi, 2012). 

It is also known that B lymphocytes have longer telomeres and higher 
telomerase activity than T cells (Dolcetti and De Rossi, 2012; Martens et al., 
2002; Weng et al., 1997). In particular, with regard to B subtype, germinal 
centre B cells, a subpopulation with extensive clonal expansion and antigen-
driven selection, show longer telomeres than those of naïve and memory 
lymphocytes and also that CD27+ memory B cells have longer telomeres than 
CD27- population (Dolcetti and De Rossi, 2012; Martens et al., 2002; Weng 
et al., 1997). 

In agreement with these evidence, our group have demonstrated that DN B 
cells and memory B cells have shorter telomeres than naïve B cells. Especially 
in elderly people, classical memory (IgD-CD27+) and double-negative B cells 
(IgD-CD27-), that have a very similar telomere length, have shorter telomere 
compared to young subjects (Colonna-Romano et al., 2009). An open debate 
about the role of shortened telomeres and decrease telomerase activity in the 
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aging of immune system is the main aim of investigations in 
immunosenescence (Lobetti-Bodoni et al., 2010; Son et al., 2000). For this 
reason, and because of it is believed that the up-regulation of telomerase 
might play a role in maintaining lymphocytes replicative potential and 
function (Son et al., 2003) we have examined whether relative telomerase 
activity was induced after stimulation with CpG/α-IgG/CD40 in CD19+ cells 
in young  donors and in DN B lymphocytes in young and elderly subjects. 
We have seen that in stimulated B cells from young people the relative 
telomerase activity approximately increased about 200 fold and also that in 
double negative B cells the levels of induced telomerase activity was higher 
in young than elderly. Further, we have expanded this study to centenarian 
offspring and subject affected by a severe form of Alzheimer’s disease. It is 
known that the CO are a good model to study successful aging inasmuch have 
favourable background, escaping the main age-related disease. Indeed, they 
have a good reservoir of naïve B cells that allow them to keep fighting off 
new infections. As we have previously demonstrated, CO also have less 
double negative B lymphocytes than their age-related counterpart that are not 
genetically advantaged for longevity (Colonna-Romano et al., 2010). On the 
other hand, Alzheimer’s disease is the most common cause of dementia in the 
elderly subjects and it is estimated that the number of affected individuals is 
predicted to triplicate by 2050 (Wimo et al., 2003; Rubio-Perez et al., 2012; 
Hebert et al., 2000; Martorana et al., 2012). Moreover, it has been 
demonstrated that AD patients show many modifications of immune and 
inflammatory systems (Pellicanò et al., 2012; Larbi A et al., 2009; Richartz-
Salzburger E et al., 2007). Particularly, our group and others (Martorana A et 
al., 2012; Pellicanò et al., 2010; Speciale L et al., 2007; Xue et al., 2009) have 
reported a decrease both in percentage and absolute number of total B cells 
from AD patients when compared to their age-matched healthy controls. 
Recently, we have also observed the increase of DN B cells in severe AD 
subjects (manuscript in preparation). Furthermore, it is known that telomerase 
seems to be protect neurons from amyloid Aβ-induced apoptosis (Zhu et al., 
2000; Panossian et al., 2003) and that there are a significant telomeres 
shortening in PBMC from AD than age-matched controls (Panossian et al., 
2003). Here, we have observed that, after stimulation, telomerase activity of 
double negative B cells in centenarian offspring was higher than healthy 
elderly and lower than young subjects so we confirm that they behave halfway 
between young and elderly people. Differently, we have seen that stimulation 
induced telomerase reactivation of double negative B cells of AD patients but 
at lower level than other groups studied.  
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Taken together, our data suggest that if properly stimulated, DN B cells 
acquire the ability to begin new cellular cycles as demonstrated by RTA 
values. Age is not per se a limiting factor for the telomerase function, 
although it has influence on the level of expression of this enzyme. The 
monitoring level of the enzymatic function such as other functional analysis 
(cytokine and chemokine expression, production of pro- and anti-
inflammatory mediators, cytotoxic activity, etc) might represent a rapid and 
immediate additional tool for monitoring the physiologic and pathological 
ageing process. 
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Abstract 

Alzheimer’s Disease (AD) is the most common cause of dementia. It is 
known that, other than age, the systemic inflammation represent one of 
the risk factor for this pathology. Recent evidences suggest that it is not 
only the central nervous system (CNS) that can be blamed for 
inflammatory response in AD, but also cells from periphery. The chronic 
stimulus given by the accumulation of Amyloid β, that characterize the 
Alzheimer’s disease, may trigger the immune reactions inducing a chronic 
inflammation. In the brain tissue, there is an activation of adaptive 
immunity, that try to eliminate the initially insult both from brain and 
periphery. This inflammatory scenario could lead towards a recruitment 
of myeloid and lymphocytic cells into the CNS. As the immune status in 
the periphery is strictly linked with the brain environment, the study of 
the different peripheral lymphocyte subpopulations in AD, results to be 
important. In our previously study, it has been demonstrated a decrease of 
total CD19+ B cells in AD patients when compared with their healthy age-
matched controls, suggesting the involvement of B cells in AD. 
Moreover, we have demonstrated a different distribution of B lymphocyte 
subpopulations in elderly subjects, in which the pro-inflammatory milieu 
seems to influence the profile of trafficking receptor in the increased 
Double Negative (DN, IgD-CD27-) B cell population. Thus, in this study 
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we have assessed the distribution of specific naïve/memory B lymphocyte 
subpopulations in severe and mild AD patients comparing them with their 
age-matched controls. Furthermore, we have evaluated in DN B cells, the 
expression of some chemokine receptors involved in cell migration 
toward inflamed tissue in AD patients and in healthy elderly age-matched 
controls. Here, we show that there is a significant decrease of naïve  
(IgD+CD27-) B cells and a significant increase of DN B cells in severe 
AD subject compared with healthy age-matched control, while mild AD 
subjects behave as their age-matched healthy controls. Besides, we also 
show that DN B cells in AD patients have an enhanced pro-inflammatory 
trafficking profile. Indeed, the increased expression of the chemokine 
receptor CCR6 seems to depend on the severity of the pathology, while 
CCR7, increase only in severe AD patients, supporting the hypothesis that 
the increase of DN B cells is correlated with chronic inflammation. Thus, 
we conclude that AD status might affects the distribution of specific naïve 
and DN memory B cells and that might also influence the pro-
inflammatory profile of trafficking receptor in DN B cells, driving these 
lymphocytes to inflamed brain tissue. 

 

Introduction 

Alzheimer’s disease is the most common cause of dementia involving about 
13 million people worldwide. This pathology, that leads a loss, usually 
progressive and severe, of brain function, does not represent only a medical 
but also a social problem. The economic impact of dementia is enormous. 
Globally, costs for people with dementia is over than 1% of gross domestic 
product (GDP) (Wimo et al., 2010; de Vugt and Verhey, 2013). 

The single greatest risk factor for Alzheimer's disease is age. While the 
disease can occur in younger people, even in their 30s and 40s, the risk grows 
considerably after age 65, and it is estimated that 50% of those who pass their 
eightieth birthday will be stricken. 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 
neuro-degeneration (Fulop et al., 2013a, 2013b). Pathological changes in the 
AD brain include neuronal and synapse loss, senile plaques and 
neurofibrillary tangles, that are normally present in normal brain aging, but in 
AD they are more severe and, at the beginning,  the degeneration involves 



112 

 

specific regions of the cerebral cortex, as hippocampus, entorhinal and 
temporoparietal cortex (Sardi et al., 2011). These  areas are  important not 
only for memory, but also for other cognitive functions. The crucial step in 
AD pathogenesis is the production of amyloid beta (Aβ), that is  the result of 
cleavage of a larger peptide, named amyloid precursor protein (APP), which 
is overexpressed in AD (Griffin, 2006). The highly insoluble and proteolysis-
resistant fibrillar 42-aminoacid form of β-amyloid (Aβ42 peptide), leads to a 
formation of senile plaques that accumulate and deposit in the parenchyma 
brain of the AD patients. Even if the elderly are the most involved population, 
aging alone cannot be considered as the only cause of this disease. There are 
other risk factors besides age: family history of Alzheimer's, stress, serious 
illness or injury, inadequate physical and social activity and poor diet (Fulop 
et al., 2013a, 2013b). A number of additional pathogenic mechanisms that 
overlap with Aβ plaques and neurofibrillary tangles include inflammation 
(Strous and Shoenfeld, 2006), oxidative damage (Evseev  et al., 2001), iron 
deregulation (Combarros  et al., 2005), mitochondrial dysfunction 
(Arshavsky, 2006). Inflammation clearly occurs in pathologically vulnerable 
regions of the AD brain, indeed senile plaques result from the accumulation 
of several other proteins and a chronic inflammatory reaction around deposits 
of amyloid. Microglia, astrocytes, and neurons are responsible for the 
inflammatory reaction. Activated cells strongly produce inflammatory 
mediators such as pro-inflammatory cytokines, chemokines, macrophage 
inflammatory proteins, monocyte chemo-attractant proteins, prostaglandins, 
leukotrienes, thromboxanes, coagulation factors, reactive oxygen species, 
nitric oxide, complement factors, proteases, protease inhibitors, pentraxins, 
and C-reactive protein (Veneri et al., 2009; Appay et al., 2011; Bulati et al., 
2011; Frasca et al., 2012; Pawelec et al., 2012).  The microglia activation can 
be due to local or systemic inflammation. In fact, a strong local inflammatory 
stimulus, such as a previous head trauma, is a risk factor for AD and several 
epidemiological studies clearly show that blood elevations of acute phase 
proteins, markers of systemic inflammatory stimuli, may be risk factors for 
cognitive decline and dementia. For a long time lymphocytes were not 
considered as major players in brain immunity and consequently in 
neurodegenerative diseases. Recent evidences suggest that it is not only the 
central nervous system (CNS) that can be blamed for inflammatory response 
in AD, but also cells from periphery (Bonotis et al., 2008; Ciccocioppo et al., 
2008; Miscia et al., 2009; Liu et al., 2010; Pellicanò et al., 2010, 2012; 
Martorana et al., 2012). It is also known that in AD, the integrity of blood 
brain barrier (BBB), which normally act protecting and isolating the brain 
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from organism’s immune reactions, is compromised by multiple 
microtrauma, microvascular pathologies and inflammation. This results in an 
increased permeability of BBB that leads to the abolition of the 
immunological privilege of CNS. It is now well accepted that adaptive 
immunity plays a role in normal brain physiology as well as in 
neurodegenerative diseases (Kipnis et al., 2004, 2008; Schwartz and 
Schechter, 2010). The chronic stimulus given by the accumulation of Aβ, or 
other insults that characterize the Alzheimer’s disease, may trigger the 
immune reactions inducing a chronic inflammation, not only in the brain 
tissue but also in periphery. Herein, the immune system seeks to eliminate the 
overproduced Aβ by mounting an acute inflammatory response (Feng and 
Sun, 2011). This results in an activation of adaptive immunity, production of 
specific antibodies and T cells activation to eliminate the initially insult both 
from brain and periphery. This inflammatory scenario could lead towards a 
recruitment of myeloid and lymphocytic cells into the CNS (Britschgi and 
Wyss-Coray, 2007). So, in this context it has been demonstrated the presence 
of both CD4+ and CD8+ T lymphocytes in brain parenchyma of AD patients 
(Town et al., 2005; Li et al., 2009; Fulop et al., 2013a, 2013b). The overall 
immune response and the persistent microglial activation could result in a 
chronic inflammation process contributing to AD development and 
progression (Fulop 2013a, 2013b).   

The “peripheral lymphocytes” topic, as a different tool for early diagnosis of 
AD, has been examined by different groups, even if with conflicting results 
(Britschgi and Wyss-Coray, 2007; Speciale et al., 2007; Larbi et al., 2009; 
Pellicanò et al., 2010). A reduction of total CD3+ T cells were demonstrated 
(Xue et al., 2009). Specific lymphocyte subpopulations have also been 
investigated, although there are many discordant results (Britschgi and Wyss-
Coray, 2007; Speciale et al., 2007; Larbi et al., 2009; Xue et al., 2009; 
Pellicanò et al., 2010 ). The involvement of B cells in the complex cellular 
interactions active in AD patients is suggested by the modification of their B 
cell compartment when compared with healthy age-matched controls. We 
have previously demonstrate a decrease, both in percentage and in absolute 
number, of total CD19+ B cells in AD patients when compared with their 
healthy age-matched controls (Pellicanò et al, 2010). In this paper we focused 
on the naïve/memory B cell subsets identified with the combination of the 
“core” IgD and CD27 surface markers (Kaminski et al., 2012), trying to 
assess whether the involvement of the B cell branch in AD patients also 
affects the distribution of specific lymphocyte subpopulations. This is also 
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based on our previous paper (Colonna-Romano et al., 2009; Buffa et al., 2011; 
Bulati et al., 2011) in which we showed a different distribution of B 
lymphocyte subpopulations in elderly subjects, in particular a significant 
decrease of naïve (IgD+CD27-) B cells and a significant increase of Double 
Negative (DN, IgD-CD27-) memory B cells. Moreover, as we have 
demonstrate in healthy elderly subjects a pro-inflammatory profile of 
trafficking receptor in DN B cells (Bulati et al., 2014), we evaluated the 
expression of some chemokine receptors involved in cell migration in AD 
patients and in healthy elderly age-matched controls. It is known that the 
combinations of chemokines and their receptors guide the immune cells, and 
also B cells, to specific tissues. In particular CXCR4, CXCR5, CCR6 and 
CCR7 have been identified as receptors that drive B cells to lymph node and 
allow B cells to recirculate, while CXCR3 leads B cells to sites of 
inflammation (Kunkel and Butcher, 2003). Moreover, many authors report 
the involvement of CCR6 in the recruitment of immune system cells in sites 
of inflammation (Schutyser et al., 2003; Comerford et al., 2010; Welsh-Bacic 
et al., 2011). Concerning the role of CCR7 as pro-inflammatory receptor, its  
involvement has been shown in autoimmune and infectious diseases, such as 
rheumatoid arthritis, Helicobacter pylori-induced gastritis, and Sjögren's 
syndrome (Müller and Lipp, 2003). Besides, the CCR7/CCL19/CCL21 
chemokine axis  involvement in the development of tertiary lymphoid tissue 
(TLT), has been recently demonstrated in the chronically inflamed intestine 
of a mouse model of Crohn's-like ileitis (McNamee et al., 2013).  

Surprisingly, both in mild and in severe AD patients, we found a trafficking 
phenotype of DN B cells consistent with the migration of these cells into the 
inflamed tissues.  

 

Materials and methods 

 

1. Subjects studied 
 

Fifty Sicilian subjects were studied, 20 severe (age range 65-85 years) and 15 
mild (age range 65-91 years) Alzheimer’s Disease (AD) patients and 15 
healthy age-matched controls (age range 65-81 years). None of the selected 
subjects had neoplastic, infectious, autoimmune diseases, or received any 
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medications influencing immune function at the time of the study. All 
subjects, or their care-givers,  gave informed consent according to the Italian 
law.  

Healthy controls (HC), randomly selected from the same population as the 
patient cohort, had complete neurological examinations and were judged to 
be in good health based on their clinical history and blood tests (complete 
blood cell count, erythrocyte sedimentation rate, glucose, urea nitrogen, 
creatinine, electrolytes, liver function tests, iron, proteins, cholesterol, 
triglycerides). The University Hospital Ethics Committee approved the study, 
and informed consent was obtained from all guardians of patients and controls 
according to Italian law. Whole blood was collected by venopuncture in 
vacutainer tubes containing ethylenediamine tetraacetic acid. The samples 
were kept at room temperature and used within 2 h for the various 
experiments. 

AD subjects were assessed with a multidimensional protocol including: 
demographic characteristics, medical history, pharmacological treatments, 
clinical, neuropsychological and neurological  examination, standard 
laboratory blood tests and neuro-imaging study with CT and/or MRI scan. 
The exclusion criteria were: a diagnosis of severe systemic disorder, the 
presence of psychosis, a history of significant head injury or substance abuse. 
Dementia was diagnosed according to DSM-IV criteria [American 
Psychiatric Association: Diagnostic and Statistical Manual of Mental 
Disorders: DSM-IV (Text Revision). Washington, American Psychiatric 
Association, 2000] and the diagnosis of AD was based on the criteria of the 
National Institute for Neurological and Communicative Disorders and 
Stroke-Alzheimer Disease and Related Disorders Association (NINCDS-
ADRDA) (McKhann G et al.,1984). According to Mini-Mental State 
Examination [MMSE] (Folstein et al., 1975), 20 patients were affected by 
severe dementia (score < 17), whereas 15 were affected by mild-to-moderate 
grade of dementia (score >17< 24). Patients with vascular dementia were not 
included in the study. Since treatment with acetyl-cholinesterase inhibitors 
may modulate cytokine expression (Reale et al., 2004), patients were included 
before starting that therapy. The clinical protocol included the following: 
cognitive assessment, functional and behavioural assessment, evaluation of 
vascular risk factors (VRF) and somatic co-morbidity. 
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2. Cell preparation 
 

Peripheral blood mononuclear cells (PBMCs) were isolated from venous 
blood by density gradient centrifugation on Ficoll-Lympholyte (Cedarlane 
Laboratories Limited, Ontario, Canada). PBMCs were adjusted to 1x106/ml 
in RPMI 1640 medium (Euroclone, Devon, UK) supplemented with 10% 
heat-inactivated fetal bovine serum (FBS) (Euroclone), 1% 
penicillin/streptomicin, 10 mM HEPES, and 1 mM L-Glutamin.  

3. Antibodies and Flow Cytometry panels 
 

 PBMCs were stained with different combinations of the following 
monoclonal antibodies: anti-IgDFITC, anti-CD196PE (CCR6), anti-CD197PE 
(CCR7), anti-CD183APC (CXCR3), anti-CD184PE (CXCR4, Fusin), anti-
CD185PE-Cy7 (CXCR5) (BD, Pharmingen), anti-CD19PB, anti-CD27AlexaFluor750 
or anti-CD27PE-Cy7 (Beckman Coulter, Miami, FL, USA). Cells were washed 
twice and analyzed. All measurements were made with a CyAN ADP flow 
cytometer (Beckman Coulter, Miami, FL, USA) with the same instrument 
setting. At least 104 cells were analyzed using FlowJo (Tree Star) software.  

 

4. Statistical analysis 
 

Values are given as median and range of mean fluorescence intensities 
(MFI) and are compared using Mann-Whitney nonparametric U test. 
Differences are considered significant when a p value <0.05 was obtained 
by comparison between the different groups. 

 

Results 

Naïve(IgD+CD27-) B cells are decreased and Double Negative (IgD-CD27-) 
B cells are increased in Severe Alzheimer’s Disease Patients. 

We have evaluated the different distribution of the circulating B cells 
subpopulation in the two different groups of AD patients studied (Severe and 
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Mild) comparing them one each other and with their age-matched healthy 
controls. First, as shown in Figure 1, we confirm (Pellicanò et al., 2010) a 
significant decrease, both in percentage and in absolute number, in total B 
cell population in severe AD subjects compared to healthy elderly, but no 
significant difference between these last ones and mild AD patients. 

 

 

 

 

Figure 1. Evaluation of percentage and absolute number of CD19+ B lymphocytes in 
peripheral blood of healthy elderly, severe AD and mild AD patients. Data are expressed 
as mean ± SD. Statistically significant differences was evaluated with Mann-Whitney 
test and is indicated on the top of the histogram, only when it occurs. 

Concerning the four B cells subpopulations, identified with the “core” 
markers IgD and CD27, we have found, in severe AD subjects, a further 
significant decrease in (IgD+CD27-) naïve B cells (Figure 2, panel A), both in 
percentage and absolute number, and a connected marked increase in Double 
Negative (IgD-CD27-) memory B cells (Figure 2, panel B), in percentage but 
not in absolute number, compared to age-matched healthy donors,. We did 
not find any significant differences on Unswitched (Figure 2, panel C) and 
Switched (Figure 2, panel D) memory B lymphocytes in severe AD patients, 
while Mild AD patients behave as healthy elderly subjects. 

(A) 

0.01 0.03 
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Figure 2. Percentage and absolute number of the four B cell subpopulation, identified by 
using the “core” markers IgD and CD27, in healthy elderly donors, severe AD patients 
and mild AD patients. Data are expressed as mean ± SD. Statistically significant 
differences was evaluated with Mann-Whitney test and is indicated on the top of the 
histogram, only when it occurs. (A) IgD+CD27- Naïve B cells. (B) IgD-CD27- Double 
Negative (DN) B cells. (C) IgD+CD27+ Unswitched Memory B cells. (D) IgD-CD27+ 
Switched Memory B cells. 

 

Profile of trafficking receptors in DN B cell subpopulation. 

 

In order to evaluate whether also in AD patients, IgD-CD27- DN B cells 
show the typical pro-inflammatory trafficking profile (Bulati et al., 2014), 
we have assessed, on these population of lymphocytes, the expression of 
CCR7, CCR6, CXCR3, CXCR4 and CXCR5 chemokines receptors on 
healthy elderly donors, severe and mild AD patients. Concerning CXCR4 
and CXCR5, we have found, in both groups of AD patients (severe and 
mild), exactly similar results to those of their age-matched controls, 
indeed these two chemokines receptors are not present in DN B cells (data 
not shown). The pro-inflammatory CXCR3 chemokine receptor of all 
groups studied shows no significant differences between them (data not 
shown). Surprisingly, we found intriguing results for the other two pro-
inflammatory chemokines receptors CCR6  and CCR7. Concerning 
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CCR6 we show (Figure 3) a significantly increased expression (p= 0.008 
healthy elderly vs mild AD; p= 0.006, healthy elderly vs severe AD) of 
this chemokine receptor related to the severity of Alzheimer’s disease. 
CCR7 expression is significantly increased (Figure 4) in severe AD 
patients, but not in mild AD subjects (p= 0.02, severe AD vs healthy 
elderly; p= 0.009, severe AD vs mild AD). A similar behaviour is 
mirrored in total B cells (Figure 5), suggesting that the expression of these 
chemokines receptors could be influenced by the pro-inflammatory milieu 
of AD patients, and that, CCR6 and, probably, CCR7 could drive B cells 
to inflamed brain tissue. 

 

 

Figure 3. Evaluation of CCR6 expression on IgD-CD27- DN B cells of healthy elderly, 
severe AD patients and mild AD patients. Data are expressed as mean ± SD of Mean 
Fluorescence Intensity (MFI). Statistically significant differences was evaluated with 
Mann-Whitney test and is indicated on the top of the histogram, only when it occurs. 
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Figure 4. Evaluation of CCR7 expression on IgD-CD27- DN B cells of healthy elderly, 
severe AD patients and mild AD patients. Data are expressed as mean ± SD of Mean 
Fluorescence Intensity (MFI). Statistically significant differences was evaluated with 
Mann-Whitney test and is indicated on the top of the histogram, only when it occurs. 

 

 

 

 

Figure 5. Evaluation of CCR6 and CCR7 expression on CD19+ B cells of healthy elderly, 
severe AD patients and mild AD patients. Data are expressed as mean ± SD of Mean 
Fluorescence Intensity (MFI). Statistically significant differences was evaluated with 
Mann-Whitney test and is indicated on the top of the histogram, only when it occurs. 
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Discussion 

 

Although Alzheimer’s disease is a neurodegenerative pathology, it has been 
widely demonstrated the involvement of a dysregulation of the  immune 
response in AD pathogenesis. Even if it is still unclear whether the 
inflammatory processes are a primary or a subsequent event, it has been 
suggested that flogistic process has an important role in disease development 
(Sardi et al., 2011). It is also known that in the elderly there is a low-grade 
chronic and systemic inflammation (inflamm-aging), which is always 
controlled and asymptomatic, and it can constitute a major determinant of 
frailty and age-associated diseases (Gupta and Pansari, 2003; Sardi et al., 
2011; Salvioli et al., 2013). A growing body of evidences demonstrates that 
Aβ-plaques induce an inflammatory reaction in the brain (Vom Berg et al., 
2012; Heneka et al., 2013; Monsonego et al., 2013), whereas the oligomeric 
forms of Aβ42 exert synaptotoxicity (Haass and Selkoe, 2007; Walsh and 
Selkoe, 2007).  It has also been shown the pathological effects of Aβ on brain 
vasculature, that lead to  the “cerebral amyloid angiopathy”, a phenomenon 
that causes vascular inflammation, brain haemorrhages, compromised 
perivascular drainage and altered blood flow (Thal et al., 2008). Moreover, 
the loss of integrity of  BBB, may lead to a passage of proteins in cerebro 
spinal fluid (CSF), causing a compromised role of BBB in preserving the 
brain as an “immune sanctuary” (Sardi et al., 2011). Inflammatory processes 
such as microgliosis, astrocytosis, dystrophic microglia, complement 
activation, cytokine elevation and acute-phase protein changes are thought to 
represent a response to the accumulation of Aβ in the vasculature and 
parenchyma of the brain (Monsonego et al., 2013). The compromised 
immune system associated with aging may substantially impact on these 
processes and lead to compromised brain function and neuronal repair 
processes, which enhance the progression of AD (Monsonego et al., 2013). 
In AD patients there is an evident systemic inflammation, indeed they present 
higher than normal levels of pro-inflammatory cytokines and chemokines 
both in the periphery as well as in the brain (Reale et al., 2008; Lee et al., 
2009). So immune system cells can be stimulated by these pro-inflammatory 
mediators, including also Aβ and various other agents, and the result may be 
an enhanced immune cell differentiation (Pellicanò et al., 2010, 2012; 
Goldeck et al., 2013). So, it is clear that there is a link between immune status 
in the periphery and the brain. Indeed, in AD patients, immune cells migrate 
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along a chemokine gradient from the periphery through the BBB into the 
brain (Fiala et al., 1998), or they are recruited in the CNS by other pro-
inflammatory mediators, such as Aβ, produced in the inflamed brain of AD 
(Britschgi and Wyss-Coray, 2007). For these reasons, an accurate study of the 
phenotype of the different peripheral lymphocytes subpopulation in AD, 
results to be important for monitoring the stage and the severity of the 
pathology. To this day, the only way to confirm a diagnosis of Alzheimer's is 
by autopsy of brain tissue. However, physical, psychological, and 
neurological examination can lead to a relatively accurate diagnosis, partly 
by eliminating other possible causes of dementia and partly by identifying the 
key signs or manifestations of Alzheimer's. Indeed severe and mild-to-
moderate AD subjects were included in the study by using cognitive, 
functional and behavioural assessment and the evaluation of vascular risk 
factors and somatic co-morbidity. In our previously studies on 
immunosenescence of the B cell branch, we have demonstrated a significantly 
decrease in total CD19+ B lymphocytes, both in percentage and in absolute 
number, and a remodeling of the B cell subpopulation with ageing (Colonna 
Romano et al., 2009; Bulati et al., 2011). Indeed, we have reported a 
significantly decrease, in percentage, of the IgD+CD27- naïve B cells  and a 
simultaneous increase, in percentage, of the IgD-CD27- double negative (DN) 
memory B lymphocytes. We characterized these DN B cells as a population 
of switched (IgG+/IgA+) memory B cells with short telomeres and they are 
poorly responder to conventional stimuli, indicating them as senescent cells 
(Colonna Romano et al., 2009; Buffa et al., 2011). It has been also 
demonstrated that the increase of these cells is correlated to the chronic 
stimulation of the immune system, as in Systemic Lupus Erythematosus or 
HIV patients and healthy subjects challenged with Respiratory Syncytial 
Virus (Wei et al., 2007; Sanz et al., 2008; Cagigi et al., 2009). DN B cells 
have also a pro-inflammatory phenotype of trafficking receptors, as they 
express elevated levels of CCR6 and CCR7, indicating that the typical age-
associated chronic-inflamed milieu influence the leukocytes migration 
(Bulati et al., 2014). Moreover, if adequately stimulated, these cells are able 
to proliferate and reactivate telomerase (Martorana et al., manuscript in 
preparation), and, in the presence of IL-21, they produce Granzyme B (Bulati 
et al., 2014). In the present paper we investigate on the B cell arm of the 
adaptive immune system of a cohort of AD patients in two different stages of 
the pathology, severe and mild AD patients, compared them each other and 
with their age-matched healthy controls. We show a decrease of CD19+ B 
cells, both in percentage and in absolute number, in severe AD patients when 
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compared with their age-matched healthy controls. Concerning the B cell 
subpopulation identified by using the “core” markers IgD and CD27, we show 
a significantly decrease, both in percentage and in absolute number, of naïve 
(IgD+CD27-) B cells in severe AD subject compared with healthy age-
matched controls. Besides, there is a significant increase, only in percentage, 
of DN (IgD-CD27-) B cells in severe AD subject compared with healthy age-
matched controls. Mild AD subjects behave as their age-matched healthy 
controls. This data is very interesting because, due to the inflammatory nature 
of AD, it supports the hypothesis that the increase of DN B cells is correlated 
with chronic inflammation. Another intriguing data is that obtained from the 
trafficking phenotype. Indeed, concerning the pro-inflammatory chemokine 
receptor CCR6, its increase depends on the severity of the pathology. 
Recently it has been observed an increase of this chemokine receptor also in 
T cells obtained from AD patients (Goldeck et al., 2013). Other authors report 
that, together with adhesion molecules, like selectins and integrins, CCR6 
influences T cell migration through the choroid plexus into the CSF (Sallusto 
et al., 2012). Moreover, in a mouse model of AD-like disease, it has been 
shown a higher CCR6 expression both in brain and in periphery of these mice, 
which the authors suggested was due to the systemic inflammation in AD 
(Subramanian et al., 2010). Besides, CCR7 expression is significantly 
increased only in severe AD patients, but not in mild AD subjects. These data 
suggest that the expression of these two pro-inflammatory chemokines 
receptors could be influenced by the pro-inflammatory milieu of AD patients, 
and that, CCR6 and, probably, CCR7 could drive B cells to inflamed brain 
tissue. 

 

Conclusions 

 

Alzheimer’s Disease is a progressive, irreversible and debilitating disease 
and, currently, there is no effective preventive or disease modifying therapy 
or treatments available. Immunotherapy represents a potentially disease 
modifying strategy aimed at reducing the pathological lesions of AD and 
facilitating cognitive improvement. Many clinical trials are currently 
underway (Madeo and Frieri, 2013). The main goal of these therapies is to 
reduce the production of and/or enhance the clearance of cerebral Aβ plaques. 
Although mouse models of AD have shown promising results for both passive 
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and active immunotherapy, more investigations are needed before this 
approach can be applied in practice in humans (Fu et al., 2010). Clinical trials 
have not yet shown a significant effect on cognitive decline for A-beta 
immunotherapy despite a reduction is plaque burden (von Bernhardi, 2010; 
Aisen and Vellas, 2013). Another issue is how to monitor therapeutic 
progress. For this reasons, the use of different biomarkers could be important 
to detect pre-clinical disease, select individuals with mild cognitive 
impairment (MCI) and predict which patients may benefit most from therapy. 
So, biomarkers could be useful for the determination of disease risk but are 
also invaluable in establishing a diagnosis.  For example, complement 
proteins show promise as possible biomarkers and seem to be linked to AD 
pathology (Thambisetty et al., 2011). Nowadays, there are several types of 
peripheral biomarkers under investigation, but more work is required before 
they can be considered clinically useful (Mayeux and Schupf 2011). Thus, 
also the phenotypic studies of the peripheral lymphocyte subpopulations 
might be useful as biomarkers of AD for monitoring the effectiveness of 
therapeutic interventions. In this view, the results discussed in this paper 
could be used as additional empirical support aimed at developing standard 
operating procedures for AD biomarkers in the diagnostic routine and clinical 
trial. 
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11. Summary and general discussion 

The aging of the immune system is a gradual and dynamic process that 

modifies some immunological functions. These changes are known as 

“immunosenescence” (Franceschi C et al., 1995; Pawelec G et al., 2005) 

that have a great impact on immune performance in late life, contributing 

to the decreased ability of the elderly people to respond to emerging 

pathogens and to the decreased responsiveness to vaccinations (Grubeck-

Loebenstein B et al., 2009; Thompson WW et al., 2003; Fulop T et al., 

2013). Both the innate and the adaptive immune functions are affected in 

the aged. In particular, with aging, the acquired compartment of the 

immune system shows significant modifications in both T and B cell 

branches. Lifelong and chronic antigenic load are the major driving forces 

of this process, resulting in the reduction of the number of virgin antigen-

non experienced T cells (Franceschi C et al., 2007) and, contemporarily, 

in the filling of the immunological space with expanded clones of memory 

and effector, experienced cells (Franceschi C et al., 2000; Miller JP, and 

Cancro MP, 2007).  

It is known that the adaptive immune response of elderly people is 

qualitatively and quantitatively reduced when compared with the immune 

response of young people. Many studies have focused on T cells but B 

cell compartment is also affected with age. It has been demonstrated that, 

although the number of B cells is diminished, the levels of serum IgG, 

IgA and, to a lesser extent IgE increase while IgM and IgD are decreased 

(Listì F et al., 2006). Thus, it is suggested the possible shift from naïve 

toward memory compartment (Gupta S et al., 2005; Listì F et al., 2006; 

Colonna-Romano G et al., 2008).  
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A typical feature of aging is a chronic low grade of pro-inflammatory 

status, named “Inflamm-aging”, observed in the old people. This 

phenomenon, under genetic controls, is associated with a general increase 

in the production of pro-inflammatory cytokines and inflammatory 

markers (Cevenini E et al., 2010; Cevenini E 2013, Fulop T et al 2004, 

2013) that render elderly people prone to frailty (Balistreri CR et al., 2008; 

Franceschi C et al., 2005).  

It has been suggested that chronic antigenic stimuli, such as herpes 

virus infections (e.g.CMV), play a relevant role in exhaustion of the 

immune system, accelerating immune aging (Pawelec G et al., 2005; 

Akbar AN and Fletcher JM, 2005). Furthermore, the continuous attrition 

caused by chronic antigenic load results in the generation of inflammatory 

responses involved in age-related diseases (Pawelec G et al., 2005; Vasto 

S et al., 2007). 

A typical pathology, correlated to aging, is Alzheimer’s disease (AD). 

It is considered the most common form of age-related cognitive failure. 

Extracellular deposits of amyloid beta peptide trigger inflammatory 

reaction in the brain (Weiner et al., 2006). Moreover, changes in 

lymphocytes distribution and in cytokine levels in the plasma of AD 

patients have been reported (Richartz-Salzburger E et al., 2007; Speciale 

L et al., 2007; Larbi A et al., 2009; Pellicanò M et al., 2011). 

On the other hand, centenarians represent an example of successful 

aging because they have delayed diseases that normally cause mortality 

in the general population (Franceschi C, Bonafè M, 2003). In addition, 

centenarian offspring (CO) have a genetic advantage that could 

predispose them for longevity as they are preserved from age-associated 
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diseases, in particular cardiovascular diseases, stroke, myocardial 

infarction, and diabetes mellitus (Terry DF et al., 2004 a,b).   

The aim of this thesis is to study changes in immune system with age, 

also focusing on people genetically advantaged for healthy ageing 

(Centenarian Offspring) or unsuccessfully aged patients (Alzheimer’s 

Disease) affected paying attention principally on the naïve/memory B cell 

compartments.   

In chapter 3, we have shown our recent work about the naïve/memory 

B cells characterization based on two developmentally regulated markers, 

CD38 and CD24. We discussed about a new population of late memory 

B cells, 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 a high production levels of TNF by CD19+CD38-CD24+ and 

CD19+CD38-CD24- B cells. Despite the increase of the number of 

markers using 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.  

In chapter 4 we show our data obtained in a recent study on the T-

cell immune profile of centenarian offspring (CO), their age-matched 

(AM) controls, healthy elderly and young subjects. We have studied the 



185 

 

distribution of CD4+ and CD8+ T cells within CD3+ T cell population. 

Here, we observed that CO have a slight increase of percentage CD4+ and 

a lower percentage of CD8+ T cells, compared to AM controls, so the 

CD4:CD8 results higher than AM subjects. Then, it was performed the 

analysis of costimulatory molecules, CD27 and CD28 on CD4+ and CD8+ 

T cells, to identify the stage of differentiation of T cell branch. We have 

shown that, young subjects have the higher percentage and absolute 

number of early differentiated CD4+CD27+ lymphocytes when compared 

to any of older groups (CO, AM and elderly donors). However, CO have 

the higher but not significant percentage and absolute number of these 

two cell subsets within elderly population. A similar pattern was observed 

within CD8+ T cells. Indeed, in young donors there were the highest 

percentage of CD27+ and CD28+ cells compared the other donors 

analyzed; differently, the  mean of percentage of CD27+ T cells and the 

percentage and absolute number of CD28+ were higher in CO than AM 

controls. Moreover, we have also identified the naïve/memory 

distribution within CD4+ and CD8+ populations. Our results show the 

most frequent percentage and absolute number of 

CD27+CD28+CD45RA+CD45RO- naïve cells within the CD4+ and  

CD8+ subsets in centenarian offspring, compared with their age-matched 

controls. Moreover, we have reported the reduction of CD28-CD27-

CD45RA+CD45RO+ late differentiated memory T cells in CO when 

compared with age-matched controls and old people. Next, we have also 

demonstrated that CO have a lower levels of potentially senescent 

CD8+CD57+ cells when compared with AM and elderly people. It is 

possible conclude that CO seems to have a similar phenotype to the young 
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subjects than that of AM controls. Thus, T cell arm appears resistant to 

major infections and might contribute to reach the extreme limits of life. 

In chapter 5 we have studied the expression of some chemokine 

receptors in peripheral naïve/memory B cell, from young and elderly, to 

evaluate whether the inflammatory milieu could influence B cell subsets 

trafficking. We have observed that naïve and memory unswitched B cells 

have a “lymph node phenotype”, while memory switched B cells express 

molecules useful to leave the lymphoid organs. Indeed, our data show a 

different expression of these chemokine receptors on peripheral naïve and 

memory B cells between the two groups studied. In particular, in young 

donors, naïve B cells express CCR7, CCR6 and CXCR4 allowing B cells 

to circulate. Thereafter, both memory unswitched and memory switched 

modulate the expression of CD62L and CXCR5 necessary to cooperate 

with cells in lymphoid organs. Memory unswitched and DN B cells from 

young subjects show also high levels of CXCR3, a chemokine receptor 

that consent to reach the inflammatory sites. Thus, it seems that both 

memory unswitched and DN B cells are able to migrate into the inflamed 

sites in a common flogistic reaction. With aging, naïve/memory B cell 

populations show some modifications on the expression of the studied 

receptors. Indeed, due to the expression of CXCR3, memory unswitched 

B cells retain the capacity to migrate to the sites of inflammation, while 

DN B cells lose the expression of this molecule, but express CCR6 and 

CCR7, that are also implicated in the migration to the inflammatory sites. 

Further, we investigated also whether total B cells and DN memory B 

lymphocytes are able to act as granzyme B (GrB) producing cells. We 

have shown that, after stimulation, both in young and elderly people, total 



187 

 

B cells produce GrB when compared to the not stimulated cells without 

differences between the two groups. Next, we focused on DN B cells, 

observing that also this particular memory population, under the same 

conditions, shows a GrB producing ability without differences between 

the two age groups studied. We hypothesize that the inflammatory 

environment, typical of aging, in some ways changes the trafficking 

ability of B cells and renders them more sensitive both to the cytokines 

and to the pro-inflammatory molecules which are over-produced in the 

elderly. Moreover, these data suggest that DN B cells, which are increased 

in old subjects and show a different pro-inflammatory trafficking profiles, 

in young and elderly subjects are able, if properly stimulated, to migrate 

into inflammatory sites,  to cooperate with other immune cells(i.e. 

memory unswitched B cells), to produce GrB.    

In chapter 6 we show our data (manuscript in preparation) about the 

expression of two inhibitory receptors (CD307d and CD22) on 

naïve/memory B cell subsets from young and elderly donors. We have 

observed that, both in young and elderly subjects, CD307d is mainly 

expressed on memory unswitched B cells and it is significantly reduced 

on naïve B cells and lost by memory switched and DN B cells. 

Interestingly, memory unswitched B cells from old donors, show 

significantly high levels of this molecule compared to memory 

unswitched B cells from young donors. Differently, CD22 is expressed at 

high level in all B cell subsets, independently from the age of donors and 

no significant differences were observed between young and elderly 

subjects. Thus, we conclude that DN B cells do not express a unique 

pattern of inhibitory receptors. Moreover, we have stimulated B cells in 
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vitro with the TLR9 ligand CpG alone, or with α-IgG/CD40, that engages 

the adaptive receptor BCR or with the contemporary engagement of 

adaptive and innate immune receptors (BCR and TLR9). We have 

reported that, in young subjects, total CD19+ cells and DN B lymphocytes 

respond to all stimuli used, albeit at different levels. Indeed, they 

proliferate at high levels with the triggering of BCR/TLR9, and at lower 

levels engaging BCR alone or TLR9. In old donors, the situation is 

different, because CD19+ lymphocytes and DN B cells do not proliferate 

after physiological stimuli (CpG alone, nor α-IgGCD40) but proliferate 

with the double stimulation (CpGα-IgGCD40), although al lower levels 

than those observed in young donors. This could reflect that, the 

simultaneous BCR and TLR stimulation might activate some pathway 

involved in immune function.  Furthermore, we have evaluated the 

relative telomerase activity (RTA) in young and in different groups of 

elderly subjects (CO, AM and elderly donors) to verify whether the ability 

to respond to the stimulation with CpG, α-IgG and CD40 could modify 

telomerase expression in DN B cells. We have reported that, the 

contemporary innate and adaptive stimulation induces the activation of 

telomerase in DN B cells from old and young. Moreover, we have also 

evaluated the induction of telomerase activity in groups of CO and AD 

subjects. Here, again, the contemporary engagement of innate and 

adaptive immune receptors activate telomerase although at different 

levels in the different groups. Indeed, old subjects show a reduced RTA 

when compared with young donors and CO subjects. So, we confirm that 

CO behave halfway between young and elderly subjects. Differently, 

severe AD patients show very low levels of RTA. This findings 
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demonstrated that, DN B cells can proliferate with appropriate stimulation 

and also that healthy aging does not annul the ability to induce telomerase 

activity in DN B cells but influences the level of expression of this 

enzyme.  

In chapter 7 we illustrate data from a manuscript in preparation, about 

the evaluation of naïve/memory B cell distribution, identified with the 

combination of the “core” IgD and CD27 surface markers (Kaminski et 

al., 2012), in the two different groups of AD patients object of the study 

(Severe and Mild), comparing them each other and with their age-matched 

healthy controls. We have confirmed (Pellicanò et al., 2009) a significant 

decrease, both in percentage and absolute number, in total B cell 

population in severe AD subjects, compared to healthy elderly, but no 

significant difference between elderly and mild AD patients. Moreover, 

we have found a significant decrease both in percentage and absolute 

number of (IgD+CD27-) naïve B cells, and a marked increase in 

percentage of Double Negative (IgD-CD27-) B cells, compared to age-

matched healthy donors. Differently, Mild AD patients seem behave as 

healthy elderly subjects. Further, we have assessed the expression of 

CXCR3, CXCR4, CXCR5, CCR6, and CCR7, chemokine receptors, on 

DN B lymphocytes in healthy elderly donors, severe and mild AD 

patients. We have demonstrated that DN B cells from AD patients do not 

express CXCR4 and CXCR5. Concerning CXCR3, we have observed 

high expression of this receptor in DN B cell in all groups studied, with 

no significant differences between them. On the other hand,  CCR6 is a 

significantly increased both in mild and severe AD patients, while CCR7 

expression is significantly increased in severe AD patients, but not in mild 
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AD subjects. Thus, we conclude that severe AD status might affects the 

distribution of specific naïve and DN B cells and that might also influence 

the pro-inflammatory profile of trafficking receptor in DN B cells, driving 

these lymphocytes to inflamed brain tissue. 

In chapter 8, we have discussed about the literature and previous data 

from our group, regarding the involvement of immunological 

modifications in Alzheimer’s disease (AD). We conclude that changes in 

innate and acquired immune system, genetic background and other risk 

factors contribute to the AD pathogenesis.  Indeed, it is suggested that Aβ 

peptides induce a persistent stimulation of the immune system that causes 

chronic T and B cells inflammatory responses and the release of 

inflammatory mediators. These events seem to contribute to 

neurodegeneration. On the other hand, genetic background, such as 

polymorphisms of genes involved in the immune-inflammation, might 

play a role in the generation of AD. Beside, other risk factors, such as 

hormones, levels of education and environmental events could be related 

to this age-related disease. In conclusion, it is considered relevant to 

identify a new method that allows the use of peripheral blood from AD 

patients to identify prognostic or disease markers. Until now, different 

factors, that might be useful at this purpose, has been identified although 

there are many discordant results. 

 

In chapter 9 we have reviewed our and literature data on Sicilian 

centenarians. We conclude that both a well preserved immune function 

and genetic background have a crucial role in aging and longevity and that 

centenarians represent the optimal model to understand successful and 
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unsuccessful aging. Indeed, it has been demonstrated that people 

genetically enriched for longevity possess immune different signatures 

respect to those general population. This suggests the idea of “familiar 

youth”. At this regard, centenarian offspring (CO) do not show a typical 

T naïve/memory shift observed in their age-matched (AM) controls. 

Moreover, also the B cell compartment of CO results similar to that young 

subjects than elderly donors. Indeed, although a decrease in B cell count 

was observed in centenarian offspring and their age-matched controls, it 

has been verified that naïve B cells (IgD+CD27-) were more abundant and 

double negative (DN) B cells (IgD-CD27-) were significantly decreased 

when compared with in young people. In this review, we suggest that 

there are other factors that contribute to longevity, such as, gender, 

environmental conditions, the low pro-inflammatory status, diet and 

genetics variants in TLR4, CCR5 Cox2 genes and also in cytokine 

(e.g.INF-γ, IL-10) genes that, regulating the immune response, seem to 

increase the chances to attain longevity.  

In chapter 10 we review literature data and the results of our studies 

about centenarian offspring (CO). We discussed about the biological 

mechanisms involved in determining the long-lived phenotype and the 

role that these investigations might have in developing of anti-aging 

therapies, drugs and modulating aging rate. We conclude that, CO may 

represent a model for understanding exceptional longevity. Indeed, they 

have a protective genetic background and may have inherited genetic 

variations, from their long-lived parents that protect them from ageing 

processes and hypertension, cancer, diabetes, cardiovascular disease 

(CVD). Moreover, CO show favorable lipid (i.e. high levels of HDL-C, 
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low levels of LDL-C), cardiovascular and an optimal immune profile (i.e. 

high levels of naïve B cells, decrease of DN B cells and high levels of 

serum IgM.). Furthermore, centenarians and their offspring, also, escape 

and/or postpone cognitive decline, dementia and have a reduced incidence 

for AD when compared to their AM controls. These data suggest that, the 

exceptional longevity might be the result of a concomitant action of 

phenotypic and genotypic characteristics, transmitted in long-lived 

families. 

 

11.1 Conclusions 

It is known that the lifelong exposure to new and persistent infections 

(Fulop T et al., 2013; Saule P et al., 2006), typical of aging, affects the 

adaptive immune reactions. Thus, modifications in both T and B cell 

compartments has been demonstrated (Pawelec et al., 2002; 2008; 2013; 

Miller and Cancro, 2007; Colonna-Romano G et al., 2009). Regarding T 

cell branch, these age-related changes result in progressive decrease of 

circulating CD3+, CD4+ and CD8+ T lymphocytes and in the 

accumulation of late stage differentiated CD8+ T cell subset in elderly 

people (Pawelec G et al., 2002). Particularly, several studies suggested 

the increase of the number of highly differentiated CD28- T cells, 

especially within the CD8+ T-cell subset in aged subjects (Effros RB et 

al., 1994; Pawelec G et al., 2008). These (CD28-CD8+) T cells exhibit 

reduced antigen receptor diversity, defective antigen-induced 

proliferation and a shorter replicative lifespan while showing enhanced 

cytotoxicity regulatory functions (Oviedo-Orta et al., 2013; Weng NP, et 

al., 2009) and resistance to apoptosis (Pawelec G et al., 2008). Another 
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interesting memory T cell population increased with aging is TEMRA 

(CCR7−, CD27−, CD28−, CD45RA+). It has been suggested that many of 

these TEMRA cells are not able to produce cytokines, to mediate 

cytotoxic activity and also they show senescence-related proliferative 

defects (Effross RB, 2011; Fulop T et al.,2013). However, it has been 

recently demonstrated that, in some circumstances, these cells might 

secrete cytokines and express high levels of granzyme B and perforin 

(Libri VR et al., 2011). So, they may be important for protection against 

certain infections in vivo (Bruns H et al., 2009; Di Mitri D et al., 2011). 

 As previously described, it has been also reported the impairment of 

the B cell branch with aging (Colonna-Romano G et al., 2003; Miller JP 

and CancroMP, 2007; Frasca D et al., 2008). Indeed, the time-enduring 

stimulation seems induce in elderly people, the decrease of naïve B cells 

(Gupta s et al., 2005; Colonna-Romano G et al., 2008), although other 

authors have observed the increase of percentage but not in the absolute 

number with age of these last cells (Shi Y et al., 2005; Frasca et al., 2008). 

Concerning memory B cell population, Frasca et al., (2012) have shown 

a decrease of both percentage and absolute number of switched memory 

B lymphocytes, suggesting a defect to undergo to class switch. Unlike the 

above-mentioned data, our group (Colonna-Romano G et al., 2003, 2009) 

has reported no significant changes of memory B cells identified as 

CD19+CD27+ in the elderly whereas a population of DN 

(CD19+IgG+IgD-CD27-) B cells is increased in the elderly (Colonna-

Romano G et al., 2009). Beside, the levels of total and specific serum Ig 

isotypes are modified. Indeed, although the number of total B 

lymphocytes is reduced the amount of IgG, IgA and, to a lesser extent 
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IgE, is augmented. In a different way, the levels of IgM decrease or not 

change, while those of IgD decline (Listì F et al., 2006; Frasca D et al., 

2010).  

Most of scientific research on immunosenescence has focused on the 

mechanisms that could lead to longevity. Thus, it is important to study the 

complex process of aging of the immune system in the elderly, in 

successful and unsuccessful models aging, to identify biomarkers of 

human healthy aging that could be potentially useful for the evaluation of 

anti-aging treatments or to improve the quality of life of the growing 

elderly population. Generally, centenarian offspring (CO), that are 

genetically advantaged for longevity, represent a model for understanding 

longevity, while Alzheimer’s disease patients are useful to study 

unsuccessful aging (Terry et al., 2004a, 2004b; Derhovanessian et al., 

2010). Our studies show that CO have a T cell branch more similar to that 

of young people than in their age-matched (AM) controls. Accordingly, 

in these subjects, also the naïve/memory B cell compartment is more 

similar to that of young people than elderly donors. Indeed, naïve B cells 

are increased and DN B cells are reduced when compared to their AM 

controls. Thus, these interesting data indicate that naïve B lymphocytes 

and DN B cells could represent two hallmarks of aging process. The 

relevant role of DN B cells, as biomarker of human life, also results from 

studies conducted on immune system of Alzheimer’s disease patients. 

Indeed, we have demonstrated the decline of naïve B cells and an increase 

of percentage of Double Negative B cells in severe AD subjects, 

compared to age-matched healthy donors; whereas, mild AD patients 

seem behave as healthy elderly subjects. Therefore, it is possible to 
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suppose that the evaluation of the percentage of DN B cells could indicate 

both the chronological age and the biological age of immune system and 

also the performance of immune response against pathogens. Indeed, it 

has been reported that DN B pool is enlarged in chronically stimulated 

individuals, such as healthy subjects challenged with respiratory syncityal 

virus (RSV) (Sanz I et al., 2008), active Lupus patients (Wei C et al., 

2007) and in HIV patients (Cagigi A et al., 2009). Thus, the increased of 

these cells could be the result of persistent stimulation of immune system. 

Furthermore, we have evaluated whether DN B cells represent only a 

marker of aging or whether they are related to systemic inflammation 

because it is known that both elderly and AD patients are characterized 

by an inflammatory milieu that is not typical of CO (Terry DF et al., 2006; 

Salvioli S et al., 2013).  For this purpose, we have studied the expression 

of some chemokine receptors that drive the cells to inflamed tissues, in 

peripheral naïve/memory B cell from young and elderly. These 

experiments have suggested that the inflammatory milieu could influence 

B cell subsets trafficking. Indeed, naïve and memory B cell subsets 

express different pattern of chemokine receptors. The most important 

difference is represented by DN B lymphocytes. Indeed, DN B cells from 

young subjects show high levels of CXCR3, a chemokine receptor that 

consent to reach the inflammatory sites. Differently, in aged people, DN 

B cells lose the expression of this molecule, but show high levels of CCR6 

and CCR7, that are also implicated in the migration to the inflammatory 

sites. In addition, the same analysis has been realized in severe and mild 

AD and it has demonstrated that in patients with severe status of 

Alzheimer’s disease, DN B cells show significant high expression of 
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CCR6 when compared with mild AD subjects, whereas the CCR7 

expression is significantly increased in severe AD patients, but not in mild 

AD subjects. Thus, it seems that the increase of expression of CCR6 

depends on the severity of the pathology. Recently it has been observed 

an increase of CCR6 also on T cells obtained from AD patients (Goldeck 

et al., 2013). A similar behaviour is mirrored in total B cells, suggesting 

that the expression of these chemokines receptors could be influenced by 

the pro-inflammatory milieu of AD patients, and that, CCR6 and, 

probably, CCR7 could drive B cells to inflamed brain tissue. Until now, 

it is known that DN B cells might migrate into tissues with inflammation, 

although their role in these sites is unidentified. Nevertheless, it has been 

demonstrated that, with adequate stimulation, DN B cells secrete 

immunoglobulins against tetanus toxoid and influenza virus (Wirths and 

Lanzavecchia et al., 2005). Moreover, it has been demonstrated that both 

total B cells and DN B lymphocytes, might exert cytotoxic functions. 

Indeed, these cells, when stimulated with α-IgG and IL-21, that is 

increased in aged people, become GrB producing cells that might play a 

significant role in early antiviral immune responses, in the regulation of 

autoimmune diseases and in cancer immunosorvelliance (Hagn M et al., 

2009; Kurschus FC et al., 2004; Gross C et al., 2003). Additionally, we 

have demonstrated that both total B cells and DN B cell become able to 

produce granzyme B, after adequate stimulation, without no differences 

between young and elderly people. Thus, we conclude that DN B cells, 

that show a pro-inflammatory trafficking profile, in young and old 

subjects, if properly stimulated, might migrate into inflammatory sites 
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and, cooperating with other immune cells (e.g. memory unswitched) 

might produce GrB (Bulati M et al., 2014). 

Furthermore, it is known that DN B cells of the elderly donors have 

very short telomeres compared to the same subpopulation of young 

donors and that are not responder to CpG stimulation, although can be 

activated with F(ab’)2 (anti-BCR) (Colonna-Romano et al., 2009). We 

have demonstrated that the engagement of BCR and of TLR9 induces the 

proliferation of DN B cells and also the reactivation of telomerase in DN 

B cells from young and, progressively lesser, in CO, old people and AD 

subjects. This process permits the maintenance of length of telomeres or 

induces replications. 

In conclusion, in the present thesis I show data obtained studying some 

aspects of immune system in young and elderly donors, comparing the 

data obtained from these subjects with the data obtained studying a cohort 

of “genetically advantaged” for long-life subjects (CO) and elderly people 

affected by AD. The presented data suggest that the study of 

naïve/memory B and T cell compartments may be relevant in the 

evaluation of biological ageing of the immune system.  
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12. Sommario e discussione generale 

I cambiamenti progressivi e cumulativi del sistema immunitario con 

l’età, 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 età, contribuendo alla ridotta 

abilità degli anziani di rispondere in maniera adeguata nei confronti di 

nuovi patogeni e vaccini (Grubeck-Loebenstein B et al., 2009; Thompson 

WW et al., 2003; Fulop T et al., 2013). Durante tale processo, sia le 

risposte innate che quelle adattative subiscono delle modificazioni. In 

particolar modo, con l’invecchiamento, il compartimento acquisito del 

sistema immunitario presenta evidenti variazioni e sia nella branca B che 

in quella T. La stimolazione antigenica cronica rappresenta la causa 

principale di tale processo, che comporta la riduzione del numero di 

cellule T vergini che non hanno mai incontrato l’antigene (Franceschi C 

et al., 2007) e, contemporaneamente, il riempimento dello spazio 

immunologico con cloni espansi di cellule memoria ed effettrici che 

hanno già incontrato l’antigene (Franceschi C et al., 2000; Miller JP, 

Cancro MP, 2007).  

La risposta umorale delle persone anziane è qualitativamente e 

quantitativamente ridotta rispetto a quella presente nei giovani.  Molti 

studi si sono concentrati sulle disfunzioni dei linfociti T e B, che risultano 

essere compromessi con l’invecchiamento. E’ stato dimostrato che, 

sebbene il numero di cellule B si riduca, i livelli sierici di IgG, IgA e, in 

misura minore di IgE aumentano, invece quelli di IgM e IgD 

diminuiscono (Listì F et al., 2006). Pertanto, è stato suggerito un possibile 
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passaggio dalle cellule vergini verso quelle memoria (Gupta S et al., 2005; 

Listì F et al., 2006; Colonna-Romano G et al., 2008).  

Un elemento caratteristico dell’invecchiamento è rappresentato dallo 

stato di infiammazione cronica basale, definito “Inflamm-aging”, 

osservato negli anziani. Tale processo, che è sotto controllo genico, è 

correlato con un aumento generale della produzione di citochine pro-

infiammatorie e marcatori infiammatori (Cevenini E et al., 2010; 

Cevenini E 2013, Fulop T et al 2004, 2013)  che predispone gli anziani 

alla fragilità (Balistreri CR et al., 2008; Franceschi C et al., 2005).  

E’ stato ipotizzato che stimoli antigenici cronici, come l’infezione da 

parte di virus erpetici (es. CMV), svolgono un ruolo rilevante nel rendere 

il sistema immunitario “esausto”, accelerando l’invecchiamento 

immunologico (Pawelec G et al., 2005; Akbar AN and Fletcher JM, 

2005). Inoltre, il logoramento continuo del sistema immunitario, causato 

dalla stimolazione antigenica cronica, genera risposte di tipo 

infiammatorio che sono implicate nelle malattie età-correlate (Pawelec G 

et al., 2005; Vasto S et al., 2007). 

Una tipica patologia, correlata all’età, è la malattia di Alzheimer (AD), 

che è considerata la causa più comune dei problemi cognitivi negli 

anziani. Depositi extracellulari di beta amiloide innescano una reazione 

infiammatoria nel cervello (Weiner et al., 2006). Inoltre, nei pazienti con 

AD sono stati osservati dei cambiamenti nella distribuzione linfocitaria e 

nei livelli di citochine plasmatiche (Richartz-Salzburger E et al., 2007; 

Speciale L et al., 2007; Larbi A et al., 2009; Pellicanò M et al., 2011). 

Diversamente, i centenari rappresentano un esempio di 

invecchiamento con successo, poiché sono sopravvissuti alle malattie che 
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normalmente causano mortalità nella popolazione generale (Franceschi C, 

Bonafè M, 2003). Inoltre, i figli di centenari (CO) hanno un background 

genetico che potrebbe predisporli alla longevità, poiché sembrano essere 

protetti contro le principali malattie associate all’età, come per esempio 

patologie cardiovascolari, infarto, infarto del miocardio e diabete mellito 

(Terry DF et al.,2004 a,b).  

L’obiettivo di questa tesi è di studiare i cambiamenti del sistema 

immunitario durante l’invecchiamento, focalizzando l’attenzione su 

quegli individui che sono “geneticamente avvantaggiati” per 

l’invecchiamento in buono stato di salute (Centenarian Offspring) oppure 

nei confronti di soggetti che mostrano un invecchiamento senza successo 

(Alzheimer’s disease patients), prestando attenzione principalmente ai 

linfociti B naive e memoria.   

Nel capitolo 3, abbiamo presentato un nostro lavoro recente sulla 

caratterizzazione dei linfociti B vergini/memoria basata sull’espressione 

di due marcatori di sviluppo, CD38 e CD24. Abbiamo discusso di una 

nuova popolazione di linfociti B della memoria tardivi, CD19+CD38-

CD24-, che è incrementata negli anziani rispetto ai giovani ed è, 

contemporaneamente, ridotta nei figli dei centenari, quando confrontati 

con i controlli della stessa età. Abbiamo valutato la produzione di 

citochine pro- e anti-infiammatorie da parte delle popolazioni 

CD38/CD24, confermando i dati presenti in letteratura, i quali affermano 

che, la popolazione CD19+CD38hiCD24hi (Breg) è la principale 

popolazione B responsabile della produzione di IL-10. Abbiamo anche 

osservato che le popolazioni CD19+CD38-CD24+ e CD19+CD38-CD24- 

sono le principali cellule responsabili della produzione di TNF. 
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Nonostante, l’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 età. Quindi, il profilo immunologico dei 

figli dei centenari potrebbe garantire loro una maggiore protezione contro 

il rischio di infezioni e dai processi infiammatori tipici dei soggetti 

anziani. 

Nel capitolo 4 abbiamo mostrato i nostri dati ottenuti studiando il 

profilo immunologico dei linfociti T dei figli di centenari (CO), dei loro 

controlli coetanei (AM), dei soggetti anziani sani e dei soggetti giovani. 

Abbiamo studiato la distribuzione dei linfociti T CD4+ e CD8+ dentro la 

popolazione dei linfociti CD3+. In tale studio, abbiamo osservato che i 

CO hanno un debole incremento della percentuale di CD4+ ed una ridotta 

percentuale di cellule T CD8+, per cui il rapporto CD4+:CD8+ risulta 

essere maggiore di quello osservato nei controlli  di pari età. Inoltre, è 

stata effettuata l’analisi delle molecole costimolatorie CD27 e CD28 sui 

linfociti CD4+ e CD8+, per identificare lo stadio di differenziamento dei 

linfociti T. Abbiamo dimostrato che, i soggetti giovani mostrano una 

percentuale ed un numero assoluto di cellule CD4+CD27+  precocemente 

differenziate maggiore rispetto a quella osservata negli altri gruppi 

studiati (CO, AM e anziani). Tuttavia, i CO esprimono  una percentuale, 

anche se non significativa, e un numero assoluto di queste due 

sottopopolazioni cellulari più elevati rispetto agli AM e anziani sani. 

Un pattern simile è stato osservato nella popolazione dei linfociti T 

CD8+.  Infatti, i donatori giovani mostravano una percentuale di CD27+ e 

CD28+ maggiore rispetto a tutti gli altri soggetti studiati; diversamente, la 
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percentuale media di linfociti T CD27+ e sia la percentuale che numero 

assoluto di CD28+ erano maggiori nei CO rispetto gli AM. Inoltre, 

abbiamo anche identificato la distribuzione di cellule naive/memoria 

all’interno delle popolazioni di CD4+ e CD8+. I nostri risultati mostrano 

che i figli di centenari hanno, sia nell’ambito dei CD4+ che dei CD8+, i 

valori percentuali e numero assoluto delle cellule T naive 

CD27+CD28+CD45RA+CD45RO-  maggiore rispetto agli AM. Per di più, 

i CO presentano una riduzione delle cellule T CD28-CD27-

CD45RA+CD45RO+ (late differentiated memory) rispetto sia i controlli 

di pari età che gli anziani sani. Oltre a ciò, abbiamo dimostrato che i figli 

dei centenari hanno un livello basso di cellule potenzialmente senescenti 

CD8+CD57+, rispetto a quello osservato negli AM e nelle persone 

anziane. Quindi, è possibile concludere che i CO presentano un fenotipo 

più simile a quello dei soggetti giovani rispetto ai controlli coetanei. Così, 

il compartimento cellulare T sembra essere più resistente alle principali 

infezioni e potrebbe contribuire al raggiungimento degli estremi limiti 

della vita. 

Nel chapter 5 abbiamo studiato l’espressione di alcuni recettori 

chemochinici in cellule B naïve/memoria di sangue periferico, di soggetti 

giovani ed anziani, per valutare se l’ambiente infiammatorio  influenza il 

traffico cellulare. Abbiamo osservato che i linfociti B naive e memoria 

unswitched hanno un fenotipo linfonodale, mentre le cellule memoria 

switched esprimono molecole utili per lasciare gli organi linfonodali. 

Infatti, i nostri dati dimostrano una espressione diversa di questi recettori 

chemochinici sulle cellule B naive e memoria tra i due gruppi studiati. In 

particolar modo, nei donatori giovani, le cellule B naïve esprimono il 
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CCR7, CCR6 e CXCR4 che consentono ai linfociti B di ricircolare. 

Inoltre, sia le cellule memoria unswitched che quelle switched modulano 

l’espressione del CD62L e CXCR5, necessari a cooperare con le cellule 

negli organi linfoidi. Le cellule B memoria unswitched e le cellule doppio 

negative (DN) dei soggetti giovani mostrano anche livelli elevati di 

espressione del CXCR3, un recettore chemochinico che consente di 

raggiungere i siti infiammatori. Quindi, sembra che sia le cellule memoria 

che le DN siano in grado di migrare nei siti infiammati in una reazione 

flogistica comune. Con l’invecchiamento, le cellule B naive/memoria 

mostrano alcune modificazioni nell’espressione dei recettori studiati. 

Infatti, a causa dell’espressione di CXCR3, le cellule memoria B 

unswitched conservano la capacità di migrare nei siti di infiammazione, 

mentre le cellule B DN perdono l’espressione di questa molecola, ma 

esprimono CCR6 e CCR7, che a loro volta sono anche coinvolti nella 

migrazione ai siti con infiammazione. Successivamente, abbiamo cercato 

di capire se le cellule B totali e le cellule B DN fossero in grado di agire 

come cellule produttrici di granzima B. A questo scopo, abbiamo 

stimolato in vitro le cellule di soggetti giovani ed anziani, con IL-21, che 

è incrementata nelle persone anziane, e con anti-IgG. Abbiamo dimostrato 

che, dopo la stimolazione, le cellule B totali di persone giovani e anziane, 

producono GrB, senza notare alcuna differenza tra i due gruppi.  In 

seguito, abbiamo focalizzato la nostra attenzione sulle cellule B DN, 

osservando che anche questa popolazione particolare di cellule memoria, 

nelle stesse condizioni, produce granzima B, senza alcuna differenza tra i 

due gruppi studiati. Abbiamo ipotizzato che l’ambiente infiammatorio, 

tipico dell’invecchiamento, in qualche modo cambia le abilità di 
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ricircolare (trafficking) delle cellule, rendendole più sensibili sia alle 

citochine e alle molecole pro-infiammatorie che sono over-prodotte 

nell’anziano. Inoltre, questi dati suggeriscono che le cellule B DN, che 

sono aumentate nei soggetti anziani e mostrano un profilo di trafficking 

pro-infiammatorio, in soggetti giovani ed anziani che consente loro, con 

la stimolazione adeguata, di migrare nei siti infiammati, per cooperare con 

le altre cellule del sistema immunitario (es. le cellule memoria B 

unswitched), per produrre il GrB.    

Nel capitolo 6 abbiamo studiato l’espressione di due recettori inibitori 

(CD307d and CD22) sulle cellule B naïve/memory in soggetti giovani e 

anziani. Abbiamo osservato che, sia nei giovani che negli anziani, il 

CD307d è principalmente espresso dalle cellule B memoria unswitched, 

ridotto in modo significativo nelle cellule B naïve B e non espresso dalle 

cellule B memoria switched e anche dalle DN. Un dato molto interessante 

è rappresentato dalle cellule B memoria unswitched dei soggetti anziani, 

le quali mostrano livelli elevati e significativi di questa molecola rispetto 

alle cellule B memoria unswitched nei soggetti giovani. Diversamente, il 

CD22 è espresso a livelli elevati da tutte le sottopopolazioni cellulari B, 

in modo indipendente dall’età dei donatori e senza differenze significative 

tra soggetti giovani ed anziani. Quindi, possiamo concludere che le cellule 

B DN non esprimono un unico pattern di recettori di inibizione. Inoltre, 

abbiamo stimolato le cellule B in vitro con il CpG, ligando del TLR9, o 

con α-IgG/CD40, per stimolare il recettore BCR oppure abbiamo 

stimolato contemporaneamente i recettori dell’immunità acquisita e 

innata (BCR e TLR9). Abbiamo riportato che, nei soggetti giovani, le 

cellule CD19+ totali e i linfociti B DN rispondono a tutti gli stimoli 
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utilizzati, sebbene a differenti livelli. Infatti, queste cellule proliferano a 

livelli elevati stimolando sia il BCR che il TLR9, e a bassi livelli 

stimolando solamente il BCR oppure il TLR9. Nei donatori anziani, la 

situazione è differente, perchè i linfociti CD19+ tot e quelli DN non 

proliferano dopo stimolazione fisiologica (CpG o α-IgGCD40) ma 

proliferano con la doppia stimolazione (CpGα-IgGCD40), sebbene a 

livelli inferiori rispetto a quelli osservati nei donatori giovani. Questo 

potrebbe indicare che, stimolando contemporaneamente il  BCR e  il TLR, 

potrebbe essere attivato qualche pathway coinvolto nelle funzioni 

immunologiche.  Inoltre, abbiamo anche saggiato l’attività relativa della 

telomerasi (RTA) in giovani e anche in diversi gruppi di soggetti anziani 

(CO, AM e anziani sani) per verificare se la capacità di rispondere alla 

stimolazione con CpG, α-IgG e CD40, potesse essere in grado di 

modificare l’espressione della telomerasi nelle cellule B DN. Abbiamo 

dimostrato che, utilizzando simultaneamente uno stimolo innato ed uno 

specifico si induce l’attivazione delle telomerasi nelle cellule B DN di 

soggetti giovani e anziani. Per di più, abbiamo anche saggiato l’attività 

della telomerasi nei figli di centenari e nei soggetti con malattia di 

Alzheimer. Anche in questi altri due gruppi di individui, la stimolazione 

di recettori dell’immunità innata ed acquisita attivano la telomerasi anche 

se a differenti livelli nei diversi gruppi. Infatti, i soggetti anziani mostrano 

una RTA ridotta quando paragonati con i giovani e i figli di centenari.  Di 

conseguenza, confermiamo che i CO hanno un comportamento 

immunologico intermedio tra quello dei giovani e degli anziani. Invece, i 

soggetti con AD in forma grave mostrano bassi livelli di RTA. Questi 

risultati dimostrano che, le cellule B DN possono proliferare con una 
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stimolazione appropriata e anche che il processo di invecchiamento non 

annulla l’abilità di indurre l’attività della telomerasi nelle cellule B DN 

ma influenza i livelli di espressione di questo enzima.  

Nel capitolo 7 abbiamo riportato i dati, inseriti in un lavoro in 

preparazione, in merito alla valutazione della distribuzione delle cellule B 

naïve e memoria, identificate con una combinazione di due marcatori di 

superficie, IgD e CD27 (Kaminski et al., 2012), in due diversi gruppi di 

pazienti con malattia di Alzheimer (gravi e lievi), paragonandoli l’un 

l’altro e con i soggetti sani di controllo loro coetanei. Abbiamo 

confermato (Pellicanò et al., 2009) una riduzione significativa, sia della 

percentuale che del numero assoluto delle cellule B totali nei soggetti con 

AD in forma grave, rispetto agli anziani sani, senza trovare alcuna 

differenza tra gli anziani e i pazienti con AD in forma lieve. Inoltre, 

abbiamo trovato una riduzione significativa sia della percentuale che del 

numero assoluto delle cellule B naive (IgD+CD27-), ed un significativo 

incremento della percentuale delle cellule B DN (IgD-CD27-) rispetto i 

controlli sani di pari età. Diversamente, i pazienti con AD lieve sembrano 

comportarsi in modo simile agli anziani sani. Inoltre, abbiamo saggiato 

l’espressione di alcuni recettori chemochinici, quali CXCR3, CXCR4, 

CXCR5, CCR6, e CCR7 da parte delle cellule B DN in soggetti anziani 

sani e pazienti con AD grave o lieve.  Abbiamo dimostrato che le cellule 

B DN dei soggetti con AD in forma grave non esprimono CXCR4 e 

CXCR5. Per quanto riguarda il CXCR3, abbiamo dimostrato 

un’espressione elevata di questo recettore nelle cellule B DN di tutti i 

gruppi studiati, senza osservare alcuna differenza significativa tra loro. 

Sorprendentemente, il CCR6 è aumentato in modo significativo sia nei 
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pazienti con AD in forma grave che in quelli con forma live, invece il 

CCR7 è aumentato in modo significativo nei pazienti con AD in forma 

grave, ma non in quelli con forma lieve. Quindi, concludiamo che la 

gravità della malattia di Alzheimer potrebbe influenzare la distribuzione 

delle cellule naïve e delle cellule B DN, ed anche il profilo dei recettori di 

trafficking pro-infiammatorio nelle cellule B DN, guidando questi 

linfociti nel tessuto cerebrale infiammato.  

Nel capitolo 8, abbiamo discusso alcuni dati nostri ed altri presenti in 

letteratura riguardanti il coinvolgimento delle modifiche del sistema 

immunitario nella malattia di Alzheimer (AD).  Dall’esame di questi, 

abbiamo dedotto che i cambiamenti nel sistema immunitario innato e 

acquisito, il background genetico ed altri fattori di rischio, contribuiscono 

alla patogenesi di questa patologia. Infatti, è stato suggerito che il peptide 

Aβ induce una stimolazione persistente del sistema immunitario che causa 

risposte infiammatorie croniche da parte delle cellule T e B ed anche il 

rilascio di mediatori infiammatori. Questi eventi sembrano contribuire 

alla neurodegenerazione. Per quanto riguarda il background genetico, è 

stato dimostrato che i polimorfismi dei geni coinvolti nel processo di 

infiammazione del sistema immunitario, potrebbero avere un ruolo nella 

generazione dell’AD. Inoltre, altri fattori di rischio, come ormoni, il 

livello di istruzione e fattori ambientali potrebbero essere associati a 

questa malattia età-correlata. In conclusione, è stato considerato di 

importanza rilevante, identificare un metodo nuovo che consenta l’uso del 

sangue periferico di pazienti con AD per identificare marcatori 

prognostici o associati alla malattia. Sino ad oggi, sono stati identificati 
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diversi fattori che possono essere utili a tale scopo, sebbene ci siano molti 

risultati discordanti. 

Nel capitolo 9 abbiamo commentato nostri dati e alcuni di letteratura 

riguardanti i centenari siciliani. Dalla riflessione su questi dati, è possibile 

concludere che, sia una funzione immunitaria ben preservata che il 

background genetico svolgono un ruolo cruciale nell’invecchiamento e 

nella longevità ed anche che, i centenari rappresentano il modello migliore 

per comprendere l’invecchiamento con e senza successo. Infatti, è stato 

dimostrato che le persone avvantaggiate geneticamente per la longevità 

possiedono delle caratteristiche immunologiche differenti rispetto quelle 

della popolazione generale. Questo suggerisce l’ipotesi della “giovinezza 

familiare”. A tal proposito, i figli dei centenari (CO) non possiedono il 

tipico profilo delle cellule T naive e memoria osservato nei controlli di 

pari età (AM). Inoltre, anche il compartimento cellulare dei linfociti B dei 

CO risulta essere più simile a quello osservato nei soggetti giovani rispetto 

a quello degli anziani. Infatti, sebbene nei figli dei centenari e nei loro 

controlli di pari età sia stato osservata una riduzione nel numero delle 

cellule B, è stato dimostrato che le cellule B naïve  (IgD+CD27-) 

aumentano e che le cellule B DN (IgD-CD27-) si riducono in modo 

significativo quando paragonate con le persone giovani. In questo lavoro, 

noi ipotizziamo che esistono altri fattori che contribuiscono alla longevità, 

come il genere, condizioni  ambientali, lo stato pro-infiammatorio, la dieta 

e le mutazioni nei geni per il TLR4, CCR5 Cox2 ed anche in quelli per le 

citochine (es. INF-γ, IL-10) che regolano la risposta immunitaria. Tali 

fattori aumentare le possibilità per il raggiungimento della longevità. 
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Nel capitolo 10 abbiamo esaminato i dati presenti in letteratura 

insieme ai risultati dei nostri studi riguardanti i figli dei centenari (CO). 

Abbiamo discusso dei meccanismi biologici che contribuiscono al 

raggiungimento di un fenotipo longevo ed anche il ruolo che queste 

ricerche potrebbero avere nello sviluppo di terapie anti-invecchiamento, 

farmaci e nel controllo della velocità del processo di invecchiamento. 

Concludiamo che, i figli dei centenari (CO) potrebbero rappresentare un 

modello di invecchiamento per comprendere la longevità. Infatti, essi 

hanno un background genetico protettivo e potrebbero avere ereditato 

delle varianti geniche, dai loro genitori longevi, che li proteggono dal 

processo di invecchiamento e dall’ipertensione, cancro, diabete, patologie 

cardiovascolari (CVD). Inoltre, i CO mostrano un profilo cardiovascolare 

e lipidico favorevoli (es. alti livelli di HDL-C, bassi livelli di LDL-C) ed 

un profilo immunologico ottimale (es. alti livelli di cellule B naïve, 

diminuzione di cellule B DN ed alti livelli di IgM sieriche). Inoltre, i 

centenari ed i loro figli, sfuggono o posticipano il declino cognitivo, la 

demenza ed hanno una ridotta incidenza per l’AD rispetto ai loro controlli 

di pari età (AM). Questi dati suggeriscono che, l’eccezionale longevità 

potrebbe essere il risultato di un’azione concomitante di caratteristiche 

fenotipiche e genotipiche, trasmesse nelle famiglie longeve. 

 

12.1 Conclusioni 

E’ noto che l’esposizione duratura alle infezioni nuove e persistenti 

(Fulop T et al., 2013; Saule P et al., 2006), tipiche degli anziani, 

influenzano le reazioni immunitarie acquisite. Infatti sono state 

dimostrate modifiche nel compartimento cellulare sia dei linfociti T che 
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in quello dei B (Pawelec et al., 2002; 2008; 2013; Miller and Cancro, 

2007; Colonna-Romano G et al., 2009). Per quanto concerne la branca 

cellulare dei linfociti T, i cambiamenti correlati all’età risultano in una 

riduzione progressiva dei linfociti T CD3+, CD4+ e CD8+ T circolanti e 

nell’incremento delle cellule T CD8+ terminalmente differenziate (late 

stage differentiated) nelle persone anziane (Pawelec G et al., 2002). In 

particolar modo, diversi studi hanno suggerito l’incremento del numero 

di cellule T CD28- altamente differenziate (highly differentiated), 

specialmente nell’ambito dei linfociti T CD8+ nei soggetti anziani (Effros 

RB et al., 1994; Pawelec G et al., 2008). Queste cellule T (CD28-CD8+) 

mostrano una ridotta diversità recettoriale, proliferazione difettiva indotta 

dall’antigene, breve vita replicativa e un’aumentata funzione citotossica 

(Oviedo-Orta et al., 2013; Weng NP, et al., 2009) e resistenza all’apoptosi 

(Pawelec G et al., 2008). Un’altra popolazione di linfociti T memoria 

interessante, che incrementa con l’età, è rappresentata dalle cellule T 

memoria effettrici terminalmente differenziate, TEMRA (CCR7−, CD27−, 

CD28−, CD45RA+). E’ stato suggerito che molte di queste cellule 

TEMRA non siano in grado di produrre citochine, di mediare attività 

citotossiche, e sembrano mostrare difetti proliferativi associati alla 

senescenza (Effross RB, 2011; Fulop T et al.,2013). Tuttavia, di recente, 

è stato dimostrato che in alcune circostanze queste cellule possono 

secernere citochine ed esprimere alti livelli granzima B e perforina (Libri 

VR et al., 2011). Quindi, queste cellule potrebbero essere importanti per 

la protezione contro alcune infezioni in vivo (Bruns H et al., 2009; Di 

Mitri D et al., 2011). Come discusso precedentemente, nel compartimento 

cellulare dei linfociti B sono stati dimostrati dei cambiamenti correlati 



213 

 

all’età (Colonna-Romano et al., 2003; Miller JP and Cancro MP, 2007; 

Frasca D et al., 2008). Infatti, la stimolazione persistente sembra indurre 

nelle persone anziane, la diminuzione delle cellule B CD19+ totali 

(Colonna-Romano et al., 2003; Frasca D et al., 2008; Veneri D et al., 

2009) e delle cellule naive (Gupta s et al., 2005; Colonna-Romano G et 

al., 2008), sebbene altri gruppi di ricerca abbiano osservato l’incremento 

della percentuale ma non del numero assoluto di queste ultime con l’età 

(Shi Y et al., 2005; Frasca et al., 2008). Per quanto riguarda la popolazione 

di cellule B memoria, il gruppo di ricerca della Frasca (Frasca et al.,, 

2012) ha dimostrato una diminuzione sia della percentuale che del numero 

assoluto dei linfociti B memoria switched, suggerendo un difetto delle 

cellule nel compiere lo switch di classe. Diversamente da quanto riportato 

prima, il nostro gruppo (Colonna-Romano G et al., 2003, 2009) non ha 

riportato nessun cambiamento significativo nelle cellule B memoria, 

identificate come CD19+CD27+ nell’anziano, ma un incremento 

significativo della popolazione di linfociti B DN(CD19+IgG+IgD-CD27-) 

in tali soggetti (Colonna-Romano G et al., 2009). Inoltre, i livelli sierici 

di immunoglobuline totali e degli isotipi specifici subiscono modifiche 

con l’età. Infatti, sebbene il numero dei linfociti B totali si reduca con 

l’età, i livelli di IgG, IgA , e in misura minore di IgE, sono aumentati. 

Diversamente, i livelli di IgM diminuiscono oppure non cambiano, 

mentre quelli di IgD si riducono (Listì F et al., 2006; Frasca D et al., 2010).  

La maggior parte delle ricerche scientifiche sull’immunosenescenza 

hanno focalizzato l’attenzione sui meccanismi che potrebbero portare alla 

longevità. Per cui, si ritiene importante studiare il complesso processo 

dell’invecchiamento del sistema immunitario negli anziani ed anche in 
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modelli di studio dell’invecchiamento con e senza successo, per 

identificare biomarcatori di invecchiamento in buona salute, che 

potrebbero essere utili per valutare i trattamenti di anti-invecchiamento 

oppure migliorare la qualità della vita della popolazione anziana che è in 

aumento. In generale, i figli dei centenari (CO), che sono avvantaggiati 

geneticamente per la longevità, rappresentano un modello per 

comprendere la longevità, invece i pazienti con malattia di Alzheimer 

sono utili per studiare l’invecchiamento senza successo (Terry et al., 

2004a, 2004b; Derhovanessian et al., 2010). I nostri studi dimostrano che 

i CO hanno un compartimento cellulare dei linfociti T molto più simile a 

quello dei soggetti giovani che ai loro controlli di pari età (AM). Inoltre, 

in questi soggetti, anche il compartimento cellulare dei linfociti B naïve e 

memoria è più simile quello delle persone giovani rispetto a quello delle 

persone anziane. Infatti, le cellule B naive sono aumentate e i  linfociti B 

DN sono ridotti rispetto ai loro controlli AM. Di conseguenza, questi dati 

interessanti indicano che i linfociti B naïve e le cellule B DN potrebbero 

rappresentare due marcatori del processo di invecchiamento. Il ruolo 

rilevante delle cellule B DN, come biomarcatori di vita umana, risulta 

anche da studi condotti sul sistema immunitario dei pazienti con malattia 

di Alzheimer. Difatti, abbiamo dimostrato il declino delle cellule B naïve 

e un incremento della percentuale di cellule B DN in soggetti con AD 

grave, rispetto ai donatori coetanei in buone condizioni di salute; invece, 

i pazienti con AD lieve sembrano comportarsi come gli anziani sani. 

Quindi, è possibile supporre che la valutazione della percentuale delle 

cellule B DN potrebbe indicare sia l’età cronologica che quella biologica 

del sistema immunitario ed anche le prestazioni delle risposte immunitarie 
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contro i patogeni. Infatti, è stato riportato che il pool di cellule B DN è 

espanso in individui stimolati cronicamente, come soggetti sani infettati 

con virus respiratorio sinciziale (RSV) (Sanz I et al., 2008), pazienti con 

Lupus (Wei C et al., 2007) ed in soggetti con HIV (Cagigi A et al., 2009).  

Di conseguenza, l’incremento di queste cellule potrebbe essere il risultato 

di una stimolazione persistente del sistema immunitario.  Inoltre, abbiamo 

anche cercato di comprendere se le cellule B DN possono essere 

considerate un marcatore di invecchiamento oppure se queste cellule sono 

correlate all’infiammazione sistemica, poiché è noto che sia gli anziani 

che i pazienti con AD sono caratterizzati da un’infiammazione sistemica 

che non è tipica dei CO (Terry DF et al., 2006; Salvioli S et al., 2013). A 

tale scopo, abbiamo studiato l’espressione di alcuni recettori 

chemochinici che guidano le cellule verso i tessuti infiammati, nelle 

cellule B naive e memoria di sangue periferico di soggetti giovani e 

anziani. Questi esperimenti hanno suggerito che l’ambiente 

infiammatorio potrebbe influenzare il traffico delle cellule B. Infatti, le 

sottopopolazioni B naive e memoria esprimono differenti pattern di 

recettori chemochinici. La differenza più importante è rappresentata dai 

linfociti B DN. In particolar modo, le cellule B DN dei soggetti giovani 

esprimono livelli elevati di CXCR3, un recettore chemochinico che 

consente di raggiungere i siti infiammati. Differentemente, nelle persone 

anziane, le cellule B DN perdono l’espressione di questa molecola, ma 

mostrano livelli elevati di CCR6 e di CCR7, che sono anche implicati 

nella migrazione ai siti infiammati. Inoltre, la stessa analisi ha è stata 

realizzata in soggetti con AD grave o lievi. E’ stato dimostrato che nei 

pazienti con la forma grave di Alzheimer, le cellule B DN esprimono 
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elevati e significativi livelli di CCR6 rispetto i soggetti con AD lieve, 

mentre l’espressione del CCR7 è aumentata in modo significativo nei 

pazienti con AD in forma grave, ma non in quelli con la forma lieve della 

malattia. Quindi, sembra che l’incremento dell’espressione del CCR6 

dipenda dalla gravità della patologia. Di recente, è stato osservato un 

incremento di espressione del CCR6 anche da parte delle cellule T 

ottenute da pazienti con AD (Goldeck et al., 2013). Un comportamento 

simile è effettuato anche da parte delle cellule B totali, suggerendo che 

l’espressione di questi recettori chemochinici potrebbe essere influenzato 

dall’ambiente pro-infiammatorio dei pazienti con AD, e che, il CCR6 e, 

probabilmente, il CCR7 potrebbero giudare le cellule B verso il tessuto 

cerebrale infiammato. Ad oggi, è noto che le cellule B DN potrebbero  

migrare nei tessuti con infiammazione, sebbene il loro ruolo in questi siti 

non si conosca. Tuttavia, è stato dimostrato che, con un’adeguata 

stimolazione, le cellule B DN secernono immunoglobuline contro la 

tossina tetanica ed il virus influenzale (Wirths and Lanzavecchia et al., 

2005). Per di più, è stato dimostrato che sia le cellule B totali che i linfociti 

B DN, possono esercitare funzioni citotossiche. Infatti, queste cellule, 

quando stimolate con α-IgG e IL-21, che è aumentata nelle persone 

anziane, producono il granzima B (GrB) che può svolgere un ruolo 

significativo nelle fasi precoci della risposta immunitaria antivirale, nella 

regolazione delle patologie autoimmuni e nell’immunosorveglianza nel 

cancro (Hagn M et al., 2009; Kurschus FC et al., 2004; Gross C et al., 

2003). Inoltre, abbiamo dimostrato che sia le cellule B tot che le B DN, 

dopo adeguata stimolazione, diventano abili a produrre granzima B, senza 

nessuna differenza tra soggetti giovani e anziani. Quindi, concludiamo 
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che le cellule B DN, che mostrano un profilo di trafficking di tipo pro-

infiammatorio, in soggetti giovani e anziani, se adeguatamente stimolate, 

potrebbero migrare verso i siti infiammatori, cooperando con altre cellule 

del sistema immunitario (es.le cellule memoria unswitched), potrebbero 

produrre il GrB (Bulati M et al., 2014). 

Inoltre, è noto che le cellule B DN degli anziani hanno i telomeri corti 

rispetto la stessa sottopopolazione dei soggetti giovani e che non 

rispondono alla stimolazione con CpG, sebbene possano essere attivate 

con il F(ab’)2 (anti-BCR) (Colonna-Romano et al., 2009). Abbiamo 

dimostrato che la stimolazione del BCR e del TLR9 induce la 

proliferazione delle cellule B DN ed anche la riattivazione delle 

telomerasi nelle cellule B DN B di soggetti giovani, anziani, CO e soggetti 

con AD. Questo processo permette di mantenere la lunghezza dei telomeri 

o di indurre la replicazione. 

In conclusione, nella presente tesi ho mostrato i dati ottenuti studiando 

alcuni aspetti del sistema immunitario in soggetti giovani e anziani, 

paragonando i dati ottenuti da questi soggetti con quelli ottenuti studiando 

una coorte di soggetti “geneticamente avvantaggiati” per la longevità 

(CO) e persone anziane affette da AD. I dati riportati suggeriscono che lo 

studio dei compartimenti cellulari dei linfociti T e B naïve/memoria 

potrebbero essere rilevanti nella valutazione dell’invecchiamento 

biologico del sistema immunitario.  
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