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Abstract

This is a mini-review addressing the main aspects of immunosenescence, including: predisposition towards infections,

inflammation, autoimmunity, cancer, response to vaccines, allergy, stress, nutrition and physical activity. Remarks are made about

this complex network of possible alterations relating to aging.
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Introduction

Mean life expectancy has increased greatly over recent decades.
Aging has thus become an important focus of studies in many sec-
tors, especially within the field of healthcare [1]. One of the main
fields of study within the medical sciences involved with senes-
cence relates to the immunological system, which undergoes a
variety of changes consequent to aging, with alterations to the re-
sponses to infections and vaccines, occurrences of states of chronic
inflammation, repercussions regarding the autoimmune response
and increased incidence of neoplasia, among other changes [2].

Immunosenescence

The set of alterations to the immune system that are observed
as consequences of aging is known as immunosenescence. This
is often linked to progressive decline in immunological function,
which mainly consists of deficient responses to combating infec-
tions and to vaccines, impaired performance of immunological
vigilance relating to neoplasia and alterations to autoimmunity
and allergic processes. Inmunosenescence may also be associated
with nutritional and emotional disorders, among other possible
repercussions [2-12].

In addition, through aging, the profile of interleukins (IL) that
are released tends to change towards those with pro-inflammatory
action, i.e. interferon (INF) gamma, tumor necrosis factor (TNF)-
alpha and IL-6. Thus, there is a tendency for atherosclerotic vascu-
lar diseases and dementia to arise [8,13].

Over the course of life, the immunological system is continually
exposed to stimuli and morphological and functional changes. Its
functioning reaches its peak level at puberty, with a gradual de-
cline thereafter, with aging, in parallel with involution of the thy-
mus [2-9]. The immunological system is closely related to several
other sectors of the organism, including the individual’s mental,
neurological, endocrinological and nutritional situation. Homeo-

stasis is required for controlling the immune response, so as to

impede excessive responses or auto- aggression. This control is

provided mainly by cells of the regulatory T cell class (Treg) [2-11].

Regarding primary lymphoid tissues, at bone marrow level, the
number of stem cells and the capacity for cell self-renewal are seen
to decrease with aging. This has a direct repercussion on hemato-
poiesis. In parallel, colony-stimulating factors diminish and this,
in association with involution of the thymus, has repercussions for
lymphocyte maturation. This limitation to cell proliferation poten-
tial is linked to erosion of telomers, which are chromatin structures
that cap and protect the ends of chromosomes. Regeneration of
telomers depends on telomerase activity, which declines with age
[5,6].

The thymus is responsible for “educating” T lymphocytes (TL),
which orchestrate the immune response, through positive and neg-
ative selection of specific antigens. Atrophy of the thymus occurs
through aging, such that by the age of 50 years, 5 to 10% of the
thymus mass remains. The epithelial cells of the thymus produce
large numbers of colony-stimulating factors, such as the interleu-
kins IL-1, IL-3 and IL-7 (this last one is essential for lymphocytes).
On the other hand, there is also increased production of cytokines
that induce atrophy of the thymus, such as IL-6 and LIF (leukemia
inhibitory factor) [2-9].

The immune response is didactically divided into the innate re-
sponse (natural) and the adaptive response (acquired). These two
responses often present a correlation and both of them can become
altered through aging. The innate or natural response is the first
to act against aggressors, and it consists mainly of the following:
a- mechanical barriers provided by the skin and mucosa, with their
secretions; b- macrophages and neutrophils, which are cells with
high phagocytic capacity that do not have a memory; c - natural
killer (NK) cells, which are mainly implicated in the response to
viruses and in vigilance against tumor cells; d- pattern recogni-
tion receptors such as toll-like receptors (TLR), which are present
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in a variety of cells and especially in those of the immune system,
and which recognize the pathogen-associated molecular patterns
(PAMPs) that are present in various infectious agents; and e- the

complement system.

Macrophages also participate in the start of the adaptive or
acquired response: after phagocytosis, they have the capacity to
present antigenic structures from the phagocytized structure,
through the major histocompatibility complex (MHC), to T lym-
phocytes. Thus, together with dendritic cells, macrophages belong
to the class of so-called “antigen-presenting cells” (APC). They have
the capacity to release a variety of fundamental interleukins, in
triggeringthe organism’s defenseresponse. TheseincludeIL-1, IL-6,
[L-8 and TNE.

Regarding the innate (natural) response, which is the organism’s
firstline of defense, it has been observed that immunosenescence
leads neutrophils to have diminished chemotactic, phagocytic and
bactericidal capacity and to have lower superoxide production,
along with greater tendency to undergo premature apoptosis, thus
impeding long presence at the infection site. They also undergo
diminution of the number of receptors such as CD16 and CD11 on
their surface, which are essential for correct functioning of neu-
trophils [2-10]. In macrophages, alterations similar to those seen
in neutrophils are seen, along with lower capacity for expression
of MHC class Il molecules. This therefore also has repercussions
relating to elaboration of the adaptative immune response.

Regarding NK cells, although they do not decrease in number,
their functional activity decreases such that they have lower ca-
pacity to respond to cytokines, diminished cell cytotoxicity and
diminished interleukin and chemokine synthesis. This diminishes
their response to viral infections and impairs their capacity for im-
munological surveillance against tumor cells.

Dendritic cells form the link between innate and adaptative im-
munity. Immunosenescence seems to lead them to secrete more
IL-6 and TNF-alpha, but to fail to generate an anti- inflammatory
response. This is the so-called paradox of increased inflammatory
activity in elderly people (“inflammaging”) [2-8].

In relation to the adaptative or acquired response, it is observed
that immunosenescence may be accompanied by a cell or humoral
response that has become insufficient. Despite some divergences
of opinion, the current consensus is that the main alterations relate
to T cell activity, i.e. the cell immune response [2-12]. No alteration
to the total number of lymphocytes has been observed, but some
qualitative alterations may be found. These include the following:
a- reduction of the number of virgin T cells (CD45RA+) and in-
creased numbers of memory clones (CD45R0); b- diminished pro-
liferation of TL due to phytohemagglutinin; c- relative reduction of
the number of CD4 lymphocytes in relation to CD8 lymphocytes;
d- change to the relative proportionality of T helper lymphocytes,
with an increased Th-2/Th-1 ratio cause by decline in IL-2 and
e- reduction of the expression of CD154 surface molecules, which
are important in cell activation of TL. Despite the increase in the
number of memory T cells, they present lower expression of CD28
surface molecules, which interact with B7 molecules in APC and
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are fundamental for cell activation. Thus, they multiply less when
exposed to antigens.

Regarding B lymphocytes, the possible effects of aging may in-
clude diminution of the numbers of co-stimulatory molecules such
as the CD40 surface molecule, along with lower affinity for immu-
noglobulins (Ig), but higher production of plasmacytes and immu-
noglobulins that act insufficiently (deficient opsonization) [2-12].

Regarding cytokines, these can be divided didactically into pro-
inflammatory cytokines, i.e. INF-gamma, TNF-alpha, IL-1, IL-2, IL-
6, IL-12 and IL-18; and anti-inflammatory cytokines, i.e. TGF-beta
and IL-10, which are synthetized mainly by the family of Treg cells.
With increased levels of the inflammatory cytokines IL-1, IL-6 and
TNF-alpha, a chronic inflammatory state known as “inflammaging”
arises. This is connected with increased levels of atherosclerosis

and dementia at advanced ages [13].

Regarding vaccination, it has been observed that at advanced
ages, the protective effect of immunization is diminished [2-16].
For example, in the case of the influenza virus, the efficacy of vac-
cination among healthy adults is 70 to 90%, while among elderly
people the efficacy is between 30 and 40%. The degree to which
protection is maintained is directly related to the intensity of the
serum conversion and protection that is reached more than one
month after the vaccination [15].

Another matter that has been much discussed in relation to ag-
ing is the question of auto- immunity [17]. Auto-tolerance can be
defined as the capacity that the immunological system has for dis-
cerning between self and non-self. For this to occur, the organism
makes use of the clonal selection process that begins in the thymus,
where it is called central tolerance, and then extends to the periph-
eral level, i.e. peripheral tolerance. This is executed by Treg lym-
phocytes (CD4+, CD25+ and FOXP3). Conversely, the autoimmune
process may be stimulated by some classes of cytokines such as
IL-17. Thus, the imbalance between the actions of the interleukins
produced by Treg cells (IL-10 and TGF-beta) and IL-17, favoring
IL-17, may increase the predisposition towards development of au-
toimmune diseases [18]. In practice, higher prevalence of auto-an-
tibodies is observed, but not always accompanied by autoimmune
diseases.

In a recent study, increased levels of Treg cells were found in
elderly people, but without statistical significance. The authors
of that study suggested that further studies with larger samples
should be conducted, focusing on Treg cells. One of the current hy-
potheses is that increased levels of Treg cells could be a physiologi-
cal response that has the aim of countering possible autoimmune
manifestations derived from higher prevalence of elevated levels of
auto-antibodies in elderly people [10]. In an alternative hypothesis,
increased levels of Treg cells could impair anti-tumor surveillance
and the fight against infections through excessive containment of
the immune response produced by these cells [10].

Another aspect of immunosenescence is the increasing inci-
dence of neoplasia that is observed with aging [2-8,19-22]. A vari-

ety of factors may explain this higher predisposition towards neo-
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plasia, as follows: a- damage to DNA over the course of life caused
by the great diversity of chemical, biological and physical aggres-
sors to which the organism is exposed; b- the chronic inflamma-
tory state (“inflammaging”) that is often observed with aging; and
c- genetic mutations leading to dysfunction of genes that suppress
oncogenesis, such as Rb and p53, or leading to activation of genes
that induce oncogenesis, such as myc and ras. These factors, to-
gether with those listed earlier, may give rise to impairment of
anti-tumor immunosurveillance. This may occur both within the
natural immunity through dysfunction of NK cells and within the
acquired immunity through alterations to the function of CD4 and
CD8 T cells (cell response) or reduced action by immunoglobulins

against tumor antigens (humoral response).

Regarding nutritional issues within aging, the organism may
undergo alterations relating to food intake and digestion and to
absorption of some nutrients that are necessary for immunocom-
petence. There may be dysfunction of deglutition; the motility of
the digestive tract tends to become slower; the taste buds become
diminished; and secretion of saliva decreases. The diet may also be
inadequate, which may give rise to nutritional disorders and sec-
ondary immunodeficiency relating to proteins, vitamins and trace
elements (for example, deficiencies of vitamins C and E and zinc)
[3,23].

Another topic that has been addressed in some studies within
geriatrics is allergies among elderly people [24-26]. Two situations
have generally been highlighted: pruritus occurs more frequently
in this age group, often related to the condition of these individuals’
skin, which is drier [26-29] and elderly people present greater
numbers of drug-related hypersensitivity reactions [27,28], be-
cause of their increasing exposure to situations of polypharmacy
with advancing age. Elderly people become increasingly exposed
to a variety of classes of drugs, which increases the chance of oc-

currence of drug-related adverse reactions.

Anotherissuethatisextremelyimportantiselderlypeople’semo-
tional condition. Avariety of conditions like depression and stress
[3,30] are often present at the end of their lives and these may have
indirect implications such as loss of appetite or may have direct
neuroendocrine-immunological implications. Indirectly, inade-
quate nutrient intake because of diminished appetite (which often
accompanies depressive conditions) may have nutritional reper-
cussions relating to the adequacy of the immunological response,
as mentioned earlier. Moreover, in a direct manner, stressful situa-
tions run their course with elevation of cortisol and catecholamine
levels. This leads to suppression of IL-12 production and distur-
bance of the balance of the Th1/Th2 ratio towards Th2, thereby

diminishing the cell immune response [30].

Another topic, the importance of physical activity cannot be for-
gotten, especially among elderly people [5,31,32], while obviously
respecting individuals’ physical limitations. Elderly people who
remain continually physically active present better immunological
responses than those of sedentary elderly people. Aerobic physi-
cal activity diminishes “inflammaging” through lowering the lev-
els of pro-inflammatory interleukins (IL-1, IL-6, INF-gamma and
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TNF-alpha) and raising the levels of anti-inflammatory cytokines
(TGF-beta and IL-10). It also have positive effects in terms of mood
and favors good social integration, with favorable emotional reper-

cussions and hence beneficial effects for the immunological system.

Lastly, a very current data concerns the pandemic by the coro-
navirus disease, whose lethality is higher in the elderly, where the
median age was 64 years in severe cases, compared to 51.5 years in
no severe cases (P <.001) [33]. Studies have shown that the disease
caused by SARS- CoV-2 (severe acute respiratory syndrome coro-
navirus), recently named as COVID-19 (coronavirus disease 2019)
by World Health Organization (WHO), could induce symptoms in-
cluding fever, dry cough, dyspnea, fatigue, and lymphopenia in in-
fected patients [33]. In more severe cases, infections causing viral
pneumonia may lead to severe acute respiratory syndrome (SARS)
and even death that occur mainly in the elderly probably due to the
effects of immunosenescence.

Conclusion

Immunosenescence occurs concomitantly with complex remod-
eling of the entire organism, with modifications to many immuno-
logical parameters. To a certain extent, these can be regarded as
physiological changes, but they may come accompanied by other
situations that are deleterious for the individual’s state of health.
These other factors may include nutritional disorders, impaired
emotional states and lack of physical activity. Advancing age is
likely to be accompanied by health complications. Hence, humans’
increasing life expectancy places studies on immunosenescence
among the major priorities of science. It is important not only to
have a long life but also to be able to reach the final stage of life
with good health and quality of life. To achieve this, it is important
to gain better understanding of the human immunological system.
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