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Abstract

Nascimento MPP, Lara VS. Dendritic Cells in Immunosenescence, Mini Review. ARBS Annu Rev Biomed Sci
2011;13:9-16. The term immunosenescence usually refers to the aging of the immune system. Aging is
associated with the progressive decline in immune function, resulting in an increasing susceptibility of the body
to infection, taking into account the specific changes in T- cells, macrophages, neutrophils and dendritic cells.
Dendritic cells (DCs) are play a key role in the induction of both innate and adaptive immunity. There are
immature and mature forms located in the non-lymphatic organs and lymph nodes, respectively. DCs initiate
and regulate the highly pathogen-specific adaptive immune responses, and are central to the development of
immunologic memory and tolerance. In this text, we will briefly review DCs and changes associated with
human aging, such as cytokine secretion, antigen capture, migration and priming of T cells. This functional
decline would lead to major morbidity associated with infections such as influenza and pneumonia, which
affect mucosal surfaces; in addition the increased incidence of cancer in the elderly is associated with the
potential role of DCs.
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1. Introduction

According to the 2007 World Economic and Social Survey, in 2050, almost 2 billion people will be
aged 60 years or over, reducing the total number of children and young people, and simultaneously
increasing the number of elderly. However, these older persons should receive adequate support during old
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age, access to decent employment in order to remain economically active (Department of Economic and
Social Affairs, 2007).

The increasing of life expectancy in the world population has enabled observation of the
phenomenon of immunosenescence, alteration in the immune system of the elderly, characterized by
decreasing efficiency in combating infections (Pawelec, 2006). With population ageing, this phenomenon
will become increasingly common among older people. This will make it necessary to conduct studies
about these changes, with the aim of acquiring better understanding of the mechanisms of
immunosenescence, thereby contributing to ensuring better health status of the elderly, increase in life
expectancy and improved quality of life.

2. Background History

2.1. Immunosenescence

The term immunosenescence refers to the ageing of the immune system. However, this ageing is not
necessarily associated with disease, but with a series of functional and morphological changes in the cells
that are part of the immune system. This term was first introduced by Dr. Roy Walford in 1969, according
to whom, it refers to decreasing immune function due to ageing, with an important decline in response to
infection, either by the innate and/or the adaptive immune systems, leading to serious damage to health in
the elderly.

The immunosenescence is secondary to a number of factors such as hormonal decline, especially
stress and thymic involution. Increase in autoantibody production is indicative of the presence of
inflammatory processes associated with autoimmune diseases in the elderly. Decrease in naive T cell
frequency, commonly observed in the ageing, leads to a reduced immune effector cell response against
infectious microorganisms. The specific functions of T and B cells also decline with age, and is
characterized by T cells that might evoke a detrimental immune response to specific antigens, changing
cytokine secretion patterns, changes in naive T cells and memory, decreased cytotoxic T cell response,
inability to produce antibodies with high affinity and to generate long-term memory, and defects in signal
transduction (Gupta, 1989, McElhaney et al. 1992; Song et al. 1993; Pawelec et al., 2002). Paradoxically,
ageing is associated with low-grade chronic inflammation and high levels of circulating proinflammatory
mediators, including IL-6, TNF-a, IL-1 b and prostaglandin E2 (Ershler, 1993; Fagiolo et al. 1993;
Brunnsgaard et al., 2003, Trzonkowski et al., 2004). Many studies have focused on the quantification of IL-
6, which has been called the cytokine of gerontologists (Wei et al. 1992; Ershler, 1993). Some studies have
reported increased levels of cytokines in serum or plasma as the aging process advances (Hager et al. 1994;
Brunnsgaard et al., 1999), while others have reported that no differences were observed in comparison with
the young population (Peterson et al. 1994; Beharka et al., 2001). Similarly, some studies in older
populations have found the plasma levels of TNF-a increased (Paolisso et al. 1998) and positively
correlated with the concentration of plasma IL-6 (Brunnsgaard et al, 1999), while others found no
differences between older or young populations (Fagiolo et al., 1993, Peterson et al., 1994). The reported
discrepancies are probably due to variation in sensitivity of the study method, such as ELISA,
standardization of the health status of all elderly participants, and age differences (Krabbe et al., 2004).

The reduced immune response observed during the ageing process is closely related to changes that
occur in the thymus during senescence (Aspinall et al., 2007). During the ageing process, decreases in the
proportion of naive T cells when compared with memory T cells and mature and immature T cells, partly
associated with thymic involution, are considered by Malaguarnera et al (2001) the main anatomical and
histological changes observed in the elderly. These decreases contribute to damage to the cells involved in
the phenomenon of eliminating an invading pathogen, as well as to low immune response to antigens,
vaccine and the reduced generation of immunological memory, which consequently lead to reduced levels
of vaccine protection observed in the elderly.

Some researchers have proposed a different view on immunosenescence, suggesting that the ageing
process of the immune system would result from the remodeling of immune functions, in which some
functions are reduced while others are increased through compensatory mechanisms, or remain unchanged,
considering immunosenescence to be a highly dynamic process and not only a unidirectional decline in all
functions of the immune system (Globerson and Effros, 2000).
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2.2. Dendritic Cell

Dendritic cells (DCs) were first described by Steinman and Cohn in 1973. They are powerful antigen
presenting cells, extremely efficient in the activation of CD4 + and CD8+ (Steinman et al., 2003). They are
considered specialized cells, known as professional antigen presenting cells, due to their ability to induce
strong immune response by T cells, despite the low number of these cells in the body (Castle, 2000).
Considering that the innate immune response is critical in the development of subsequent adaptive immune
responses, the DCs appear as a typical example of this connection between the two forms of immunity
(Kapsenberg, 2003; Hackstein and Thomson, 2004; Rossi and Young, 2005; Dubsky et al. 2005;
Schuurhuis et al., 2006, Hugues et al. 2006; Reis e Souza, 2006).

Their main role is to capture and transport protein antigens to the draining lymph nodes. During this
process, the interaction between chemokine receptor CCR7 and its connector (MIP3-b) is essential for
normal migration of mature DCs from the periphery to lymph nodes (Agrawal et al., 2007). Here the DCs
complete their maturation, to become extremely efficient antigen presenting cells required for the
stimulation of the T naive lymphocytes. The maturation occurs in response to microbial products or to the
signals sent by the activated T cells or macrophages (Agrawal et al., 2007). The mature or activated DCs
reside in the T cell areas of lymph nodes, and in this location they present antigens to T cells. The
properties of DCs for induction and regulation of the immune responses has aroused interest in the use of
these cells (Elkord et al., 2005), mainly for production of vaccines against infectious diseases and cancer.
These cells have also shown to be promising for gene therapy in the treatment of tumors or immune
diseases, in addition to their role in inducing tolerance to T cells (Banchereau et al., 1998, Steinman et al.,
2003). In a recent study, it was reported that DCs can prevent, inhibit or modulate T cell mediated
responses through a variety of mechanisms, ranging from the production of pleiotropic anti-inflammatory
factors that exert broadly attenuating effects to the induction of antigen-specific T cell responses, resulting
in anergy, suppression or instruction of the regulatory T cells (Tregs) (Maldonado and Andrian, 2010). The
Treg cells have been shown to play a crucial role in controlling autoimmunity and chronic inflammation
and the failure in their function has been implicated in the development of many autoimmune processes.

The DCs capture antigens by several mechanisms including micropinocytosis or Fcy receptors that
belong to the immunoglobulin superfamily of receptors Fc and are the most important receptors for
inducing phagocytosis of opsonized microbes (Fridman W, 1991), apoptotic and necrotic cells, viruses and
bacteria, including mycobacteria. Internalization of heat shock proteins, hsp 70 or complex peptide gp-96,
through multiple receptors including Toll-like receptors (TLR2/TLR4) also are considered mechanisms of
antigen capture (Dubsky et al., 2005). The TLR are pattern-recognition receptors (PRRs) involved in
recognizing the pathogen-associated molecular patterns (PAMPs) (Janeway and Medzhitov, 2002). These
receptors are located in a large number of mammalian cells in the body, but mainly in the cells of the innate
immune system, such as macrophages and dendritic cells (Hallman et al., 2001). The activation of these
receptors by PAMPs induces both phagocytosis and release of cytokines and chemical mediators that act on
the immune system (Barton and Medzhitov, 2002). The PRPs expressed by the DCs include C-type lectins
and DCla, which also recognize molecular characteristics expressed in pathogens (van Kooyk and
Geijtenbeek, 2003; Colonna, 2006). Therefore, an efficient catchment of antigens is essential for the
generation of a specific immune response (Agrawal et al., 2007).

The mechanisms by which the DCs perform their activities are varied and still remain misunderstood
(Maldonado and Andrian, 2010). Immature DCs are not yet fully functional antigen-presenting cells
(Agrawal and Gupta, 2011); they are typically tolerogenic (Steinman et al, 2003) until they mature, which
means that the lack of maturity provides a clue to their tolerogenic capacity. However, immature DCs are
composed of several different subgroups that have distinct abilities to present antigens, secrete cytokines, in
addition to inducing tolerance (Ueno et al., 2007). Upon stimulation DCs start to mature and migrate to
draining lymph nodes, where they become fully functional antigen-presenting cells (APC) capable of
priming naive T cells (Agrawal and Gupta, 2011).

When DCs are stimulated to maturation or activation, they increase their expression of major
histocompatibility complex class II (MHC-II) and several co-stimulatory molecules, resulting in the loss of
ability to capture and process antigens, but they increase their antigen-presenting function. This activation
1s associated with several events, including loss of endocytic/phagocytic receptor, increase in the regulation
of MHC and co-stimulatory molecules (e.g. DC40, DC58, DC80, DC40L, DC70, 4-IBB-I), changes in
adhesion molecules and secretion of a wide spectrum of cytokines and other inflammatory mediators,
which allow them to communicate with each other and other immune cells (Shuurhuis et al., 2006).
Consequently, DCs can modulate the adaptive immune response in two ways: 1) by modulating the
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expression of co-stimulatory/inhibitory molecules of DCs, which regulate the priming of T and B cells; and
2) by producing cytokines in response to the pathogens that are largely responsible for determining the type
of response, whether it will be T helper (Th) 1, Th2 or Th3 (Kapsenberg, 2003).

DCs differ from other antigen-presenting cells because they are the only cells that can cross-present
antigens (Burgdorf et al., 2008; Amigorena and Savina, 2010) in the immune response, whereas the other
APCs (B cells and macrophages) are involved in the amplification of immune responses. The DCs plays an
important role in adaptive immunity, induction of tolerance and immunity (Kapsenberg, 2003; Schuurhuis
et al., 2006, Hugues et al. 2006; Reis e Sousa, 2006). Immature DCs induce tolerance by activation/
induction of regulatory T cells and deletion of auto-reactive clones by apoptosis, while mature DCs induce
immune responses by T and B cells, which are the key mediators of immune activity (Banchereau and
Steinman, 2001).

These cells also act as potent immunostimulatory cells leading the clonal expansion of T cells and the
immunomodulatory cytokines such as interleukin (IL)-10 and IL-12, promoting the development of Thl or
Th2 cells (Steinman et al. 1991; Elkord et al., 2005).

In the past few years, the tolerogenic potential of DCs has been experimentally explored for the
expansion of regulatory T cells that express FOXP3 (important transcription factor in the suppressive
activity) and suppression of inflammation, either in autoimmune diseases, such as response in allogeneic
transplantation. Many believe that the expansion of regulatory T cells in the presence of DCs is an
important strategy to induce immune regulation in the clinic (Coelho et al., 2007).

Peripheral blood monocytes (PBMCs) are the precursor cells of the dendritic cells and they can be
differentiated by exposure to some pathogens or inflammatory factors (Zhou and Tedder, 1996; Geissmann
et al., 2010). Blood is the most accessible tissue for the study of dendritic cells in humans (Freudenthal and
Steinman, 1990). Therefore, reports of TANG and co-workers (2005) have demonstrated the development
of a new and simple method of DC generation, using recombinant human granulocyte-macrophage-colony-
stimulating factor (thGM-CSF) and recombinant human interleukin-4 (rhIL-4) for the differentiation of
monocytes. The DCs produced by this method acquired morphologic and antigenic characteristics of DCs.
These authors have also used TFN-a to induce DCs maturation, and the presence of TNF-a or LPS during
the differentiation of the DCs significantly stimulated the proliferation of T cells (Tang et al., 2005). In this
experiment, the authors reported that DC1a is the major molecular marker of DCs derived from monocytes,
and is related to the process of antigen presentation by these cells. Furthermore, the authors described that
DC83 is a specific marker of activated DCs; DC14 is a specific marker of monocytes, which gradually
decreases its expression during differentiation of monocytes into DCs, and that DC80 and DC86 are
important co-stimulatory factors in the proliferation of T lymphocytes by the DCs, in agreement with other
researchers (Bender et al. 1996; Labeur et al, 1999; Duperrier et al. 2000; Ebner et al., 2001).

2.3. Immunosenescence and Dendritics Cells Tissues and cells

DC function is usually quite limited in the elderly (AGRAWAL et al., 2007), in addition to the
quantity of these cells and their precursors being reduced with the ageing process (Della-Bella et al., 2007).
The role of the DC in the immune phenomena of the elderly is still poorly understood (Agrawal et al.,
2007). In elderly individuals, Pietschmann and co-workers (2000) observed a reduced capacity of DCs to
cross the transendothelial barrier, an important activity in the identification of several pathogens in different
tissues.

The changes in the role of DCs in immunosenescence can be attributed to changes in the balance of
these cells under conditions of chronic inflammation, as reported by Kim er al. (2007) and observed in the
chemotaxis and phagocytosis in neutrophils (Agrawal et al. 2007; Gasparotto et al., 2009). Moreover, DCs
from aged humans show increased reactivity to autoantigens released during apoptosis, and similar
increases in cytokines have been observed in aged DCs in response to late apoptotic cells (Agrawal and
Gupta, 2011). In the elderly, DCs can stimulate CD8 T cells, but seem to fail in the proper stimulation of
CD4 T cells (Agrawal et al., 2007), resulting in an emerging paradigm of the behavior of both CD4 and
CD8 T cells, which can be observed in states of infections (Appay et al., 2007), autoimmunity (Goronzy et
al., 2006, Witkowski et al., 2007) or cancer (Pawelec et al., 2006). It is possible that changes in the signal
transduction mechanisms may be responsible for some of these aspects of immunosenescence, but detailed
mechanisms are still not well understood (Agrawal et al., 2007).

The differentiation and proliferation of the DCs after the interaction with the T cells may also be
involved in ageing or chronic diseases, due to decreased production of GM-CSF, an important growth
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factor for DCs (Pawelec and Wagner, 1999, Plackett et al., 2004).

In recent times, some relevant clinical studies on elderly people have revealed new approaches to the
involvement of Toll-like receptor, which may lead to the decreased immune response after influenza
vaccination (van Duin et al., 2007).

The activation of the DCs via Toll-like receptor 2 or 4, results in the secretion of anti-inflammatory
cytokine (IL-10) and proinflammatory (TNF-a, IL-6, IL-12p70, IL-23). The secretion of IL-12 by DCs
leads to production of IFN-g (Thl), while anti-inflammatory cytokine IL-10 inhibits the secretion of IL-12
by DCs, leading to Th2 responses (Agrawal et al., 2007). Recent studies have shown that activation of DCs
through a combination of receptor TLR-2 and C-lectin results in the secretion of IL-10, which leads to the
Th3 response (regulatory). Therefore, any change in the pattern of cytokine secretion by DCs in the ageing
process may influence the nature of the immune response by T cells. However, there are no detailed reports
describing the expression and work of Toll-like receptors in DCs in elderly mice and humans (Agrawal et
al., 2007).

According to Simioni ef al. (2010) there are reports indicating that DCs derived from peripheral
blood of humans do not exhibit significant phenotypic or functional changes in the ageing process. On the
other hand, DCs differentiated in vitro from precursors obtained from bone marrow of elderly mice, have
increased secretion of IL-10 and a reduced secretion of tumor necrosis factor alpha (TNF-a)) and IL-6 after
stimulation with lipopolysaccharide, when compared with DCs obtained from young mice (Grolleau-Julius
et al., 2006). Furthermore the ageing process and genetic heritage may also influence susceptibility to the
induction or maintenance of oral tolerance (Moreau et al. 1996; de Faria ef al. 1998; Lahmann et al., 1992).

T cell mediated immune response to tumors and bacterial or viral infections is mainly based on their
cognition of antigenic peptides processed and presented to the T cells by DCs (Timmerman and Levy,
1999; Turley et al., 2000, Steinman and Nussenzweig, 2002). It has been shown that when compared with
young mice, aged mice were ten times more susceptible to the challenge with tumor cells (Shi et al., 2005)
suggesting that the aged microenvironment affects the antitumor response by DCs. (Sharma et al., 2006)
and that there are also intrinsic defects in aged DCs. (Grolleau-Julius et al.,2006). However, DCs are an
important target in the study and development of potential anticancer treatments and vaccines, mainly
involving the elderly population, since it is preferentially affected by diseases with potential for treatment
with immunotherapy based on DCs (Shurin et al., 2007).

3. Concluding Remarks

It has been hypothesized that normal aging alters the coordinated interactions between the immune
system and the other systems of the body. Impaired immunoregulation may predispose older individuals to
an increased frequency of peripheral infections. The senescent cells accumulated in vivo, are presumed to
contribute to the pathogenesis of age-related diseases. Therefore, studies in immunosenescence, as well as
its causes and factors responsible for its development, are still contradictory, considering the variety of
divergent results in the literature. As the data related to the ageing process and DCs are relatively scarce
and sometimes conflicting, it is of crucial importance to conduct further studies in this area, because the
effects of ageing on these powerful antigen-presenting cells are not well known. Understanding how
immunity is affected by age is important, because DCs play an integral role in propagating inflammatory
signals that are initiated in the periphery. The majority of studies have used an allostimulatory model to
study DC-induced T cell proliferation. Additional studies on the numerical and functional alterations of
these cells in the aging process may contribute to the achievement of preventive and therapeutic strategies,
particularly with regard to infectious diseases, such as influenza, pneumonia and cancer, in order to seek a
better quality of life for the growing elderly population.
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