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During infection with the human immunodeficiency type-1 virus (HIV), the immune system has to cope
with the exposure to an unexpected number of different and new antigens that are generated by
continuous mutations of the virus. This phenomenon causes a profound derangement of the immune
response, which is similar to that defined immunosenescence, a complex remodeling, whereby clono-
typical immunity deteriorates, and ancestral and innate immunity is largely preserved. Either in HIVþ
patients or in elderly individuals, the lifelong chronic antigenic stress, along with the involution of
the thymus, causes the accumulation of memory/effector T cells and the exhaustion of naïve T cells.
Furthermore, in both these conditions a chronic inflammatory status exists in the aging process, which
has been defined as “inflammaging” and is characterized by an enhanced production of proinflammatory
cytokines. In this review, we will underline the similarities that exist between immunological changes
present during the physiological aging process and HIV infection.

Copyright � 2011, Taipei Medical University. Published by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

In the last few years, it became more and more evident that studies
on immunological changes that occur during human aging (globally
defined: “immunosenescence”) and those copingwith the infection
by the human immunodeficiency virus type-1 (HIV) have several
points in common (immunological changes due to the infection
with a different virus, such as HIV-2, will be not discussed here).
The observation that age-related changes in immune function are
often due to a chronic antigenic stimulation has suggested to HIV
researchers to concentrate on the consequences of this phenom-
enon. On the other side, immunogerontologists have learned that if
the chronic immune stimulation that follows a viral infection is
reduced, as in the case of the use of a highly active antiretroviral
therapy (HAART), some immunological changes, such as those of
the memory T-cell compartment, can be delayed.1

An additional point of contact between the studies on HIV
infection and those on immunosenescence comes from the obser-
vation that the age of HIVþ patients is progressively increasing
because of different reasonsdincluding the moment of the first
contact with the virus, the late recognition of the infection, and the
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possibility to use potent drugs acting on different mechanisms of
the infectiondand that are collectively defined “HAART”. Thus, it is
now crucial to understand how and why the immune system ages
more rapidly in patients with HIV infection, and what can be done
to delay this phenomenon.

Thus, aging and immunosenescence have in common several
features, among which the shrinkage of the T-cell repertoire, the
accumulation of oligoclonal expansions of memory/effector cells
directed toward infectious agents, the involution of the thymus and
the exhaustion of naïve T cells, and finally a chronic inflammatory
status called inflammaging. Here we will discuss some of the basis
of such common immunological changes, pointing out those parts
that are worth of more detailed investigation.

2. Epidemiology Reveals the Dimension of the Problem

The Joint United Nations Programme on HIV/AIDS and World
Health Organization estimate that among 40 million people living
with HIV/AIDS in the world, approximately 2.8 million are >50
years. In the United States, more than 15% of new HIV infection or
AIDS cases reported to the Center for Disease Control and Preven-
tion in the year 2005 were persons aged 50 years and above,
whereas 2% of new diagnoses were in patients more than 65 years
of age.2,3 Present epidemiologic data in all western countries show
changes in the demography of the HIVþ population as a result of
growing awareness, implementation of prevention strategies, and
by Elsevier Taiwan LLC. All rights reserved.
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the availability of HAART, which has resulted in dramatically
increasing life expectancy and the quality of life among patients
with HIV infection.4 As a consequence, nowadays there are many
more individuals infected by HIV of older age than those before 25
years.5 Similarly, in western countries, also the number of elderly
individuals is dramatically increasing, whereas the birth rate
decreases. These demographic trends are causing a relevant
increase in the age-associated diseases, a phenomenon that is
forcing immunologists to unprecedented efforts to better under-
stand how immune senescence occurs, and to limit the develop-
ment and progression of these diseases.

As the HIVþ population ages, the rate of newly detected infec-
tions in the elderly people rises. Indeed, it has been predicted that,
in the United States, more than one-half of all individuals infected
by HIV will be >50 years by 2015.1 Thus, as far as the immune
system is concerned, the effects of the infection will overlap with
those of aging per se.

3. The Natural Course of HIV-1 Infection

Most of the HIV transmissions mainly occur across a mucosal
surface such as the anorectal or vaginal mucosa, or by a parenteral
way, such as the exchange of infected needles among intravenous
drug users. HIV is an enveloped retrovirus belonging to lentiviruses
family,6 which specifically targets and infects cells expressing the
CD4 molecule, i.e., T-helper lymphocytes, monocytes, macro-
phages, and dendritic cells. Binding of the viral envelope glyco-
protein 120 to the CD4 molecule and to the chemokine receptors
CCR5 or CXCR4 that are present on the cell surface allows the
infection. Once inside the cell, the viral enzyme reverse transcrip-
tase transcribes viral RNA to DNA, then the integration into the host
cell genome occurs, and finally the host cellular mechanisms are
used to produce viral progeny.7,8

The clinical course of HIV infection can be schematically divided
into three stages. The first stage, i.e., the acute infection, is charac-
terized by widespread viral dissemination, which is arrested within
1e4 weeks with the induction of an efficient host cellular immune
response that causes the resolution of the clinical symptoms asso-
ciated with primary infection. This response is often accompanied
by a marked drop in the number of circulating CD4þ T cells, and by
a high production of the virus, as detected by the presence of
a relevant number of viral copies in the patient’s plasma. Such an
acute viremia is associatedwith amassive activation of CD8þ Tcells,
most of which are specific for the virus. The CD8þ T cell response is
thought to be important in controlling the production of the virus,
which first peaks and then declines. This decline allows an increase
in CD4þ T cell count.9 A good antiviral response driven by CD8þ T
cells has been associated to a slower disease progression and
a better prognosis, though it is not able to eliminate the virus.10

From a clinical point of view, during acute infection (usually 2e4
weeks postexposure) most individuals develop an acute syndrome
that is very similar to influenza or mononucleosis, whose main
symptoms may include fever, lymphadenopathy, pharyngitis, rash,
myalgia, and mouth and esophageal sores. During this syndrome,
a massive activation of the immune system is accompanied by
a high tendency to apoptosis of the activated cells.11e16

Patients infected by HIV enter a period of clinical latency,
defined chronic stage of HIV-1 infection, whose duration depends
on many factors, including age. Indeed, age influences the course of
HIV-1 infection: the probability of seroconversion to HIV decreases
with age, but also the mean CD4þ Tcells decrease with age, and the
time from HIV-1 infection to the development of AIDS is
shorter.5,17,18 During the chronic infection, HIV is active within
lymphoid organs, where large amounts of virus become trapped in
the follicular dendritic cells network. The surrounding tissues that
Please cite this article in press as: De Biasi S, et al., HIV-1 Infection and t
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are rich in CD4þ T cells may also become infected, and viral
particles accumulate both in infected cells and as free virus.

The latter stage of HIV-1 infection is AIDS, characterized by the
development of opportunistic diseases that is caused by the failure
of the immune system, which is in turn caused by the dramatic
CD4þ T cells decline and the raise in viral activity.18

4. Accelerated Aging in HIV-1 Infection

Increasing evidence is suggesting that patients infected by HIV
experience similar immunological changes as older uninfected
individuals,4 and indeed aging and HIV infection are associated
with overwhelming changes in immunity and host defense, with
striking similarities (summarized in Table 1).19e23 It has been
postulated that immune activation and inflammation play a crucial
role in promoting a gradual age-related decline of the functionality
of the immune system, leading to the so-called “immunose-
nescence”. These two phenomena are thought to occur because of
the chronic stimulation of the immune system, because of the
presence of chronic or persistent infections that are not eradicable,
such as that induced by cytomegalovirus or herpes viruses.

In the case of HIV infection, whose eradication is at the moment
the “Holy Grail” for immunologists and infectivologists, the persis-
tence of the virus causes immune activation and continuous
inflammation. Indeed, not only viral antigens exert a strong pressure
on the immune system, but they also change continuously because
of the high rate of mutations that is the characteristic of HIV. In turn,
this causes continuous modifications of the epitopes that the
immune system has to recognize, and thus a relevant number of
new cells have to be produced to cope with the new antigens.
Unfortunately, the fate of these cells, which are actually directed
towards antigens that are no longer present in the organism simply
because they have mutated, is anergy or apoptosis. This phenom-
enon occurs during all the course of the infection, and mimics the
accelerated replicative senescence of T cells that progressively
accumulate during the normal course of human aging.24

5. Immunologic Response in HIVD Elderly Patients

It has been shown that HIV infects thymocytes, reducing the
functionality of the organ, namely its capacity to produce naïve T
lymphocytes.25 Qualitative T-cell alterations have been well
reported in HIVþ individuals, and include: accumulation of highly
differentiated CD8þ or CD4þ T cells, a reduced capacity to prolif-
erate, short telomere length, changes in the capability to produce
some types of cytokines, and an increased susceptibility to
activation-induced cell death.26 Rare patients, who are able to
better control viral replication, defined long-term nonprogressors
have HIV-specific CD8þ T cells that retain a strong capacity to
proliferate upon antigenic stimulation and that present polyfunc-
tional capacities in terms of cytokine production,27,28 and have
a low tendency to undergo apoptosis.29

Physiological aging is characterized by a progressive involution
of the thymus, and resultant thymic volumes are significantly lower
in persons >45 years as compared with younger persons.30 The
production of naïve T cells further declines, and thymic output
becomes minimal after the age of 55,17 even if signs of thymic
activity (in terms of production of the T-cell receptor rearrange-
ment excision circlesddefined TRECdand their presence in
peripheral blood lymphocytes) can be found also in persons aged
>100 years.31 Increased age is then associated with diminished T
cell functionality,32 reduced naïve T cell populations,33 progressive
enrichment of terminally differentiated T cells with shortened
telomeres, and fewer numbers of properly functional CD8þ cyto-
toxic T cells.3,34 Since these changes are very similar to those caused
he Aging of the Immune System: Facts, Similarities and Perspectives,
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Table 1 Similar alterations of some cellular functions are present during aging and HIV-1 infection. Relationships between immunological changes present during aging and
HIV infection that cause inflammation or “inflammaids”.

Aging HIV-1 infection Ref.

Innate immunity
Macrophages Functional decline of macrophages Resistant to cytopathic effect induced by HIV-1 66e69

Impaired production of cytokine, chemokine Impaired phagocytosis, intracellular killing, chemotaxis, and cytokine
production

Myeloid and
plasmocytoid
dendritic cells

Number of myeloid DC declines Reduced levels of plasmacytoid and myeloid dendritic cells (direct
correlation with CD4þ cell count, inverse correlation with viral load)

70e73

Decreased levels of CD34þ precursors HAART significantly increases plasmacytoid dendritic cells
High levels of circulating monocytes
High expression of CD80 and CD86
Impaired ability to produce IL-12 under stimulation

Adaptive immunity
B lymphocytes Polyclonal activation Polyclonal activation 59e65

Hypergammaglobulinemia Hypergammaglobulinemia
Activation of resting B cells Activation of resting B naive
Decrease of naive B cells Decrease of naive B cell
Increased IgG, IgM, IgA production Increase amounts of IgG, IgM, IgA

T lymphocytes Diminished thymic production of naive T cell Diminished thymic production of naive T cell 31e45
Increase of activated T cell Increase of activated T cell
High levels of CD28�/CD57þ T cells (senescent phenotype) High levels of CD28�/CD57þ T cells (senescent phenotype)
Clonal exaustion Clonal exaustion

T regulatory cells Increased levels of memory Treg cells Increased levels of memory Treg cells 46e50
Decreased levels of naive Treg cells Decreased levels of naive Treg cells

Th17 cell in GALT Depletion of Th17 cells Depletion of Th17 cells 51e58

DC ¼ dendritic cells; GALT ¼ gut-associated lymphoid tissue; HAART ¼ highly active antiretroviral therapy; HIV ¼ human immunodeficiency type-1 virus; IL ¼ interleukin;
Th17 ¼ T helper 17; Treg ¼ regulatory T cells.

HIV infection and aging 3
by the presence of the virus, the progression of HIV infection in
elderly patients may bemore pronounced: elderly patients infected
by HIV have lower count of CD4þ and functional CD8þ T cells if
compared with their aged-matched controls or to younger HIV-1-
infected patients.17

CD8þ cytotoxic T lymphocytes control HIV replication as they
kill virus-producing infected cells. They exert a strong effect in
determining the initial viral set point,35 which is related to the
trend of the course of the whole infection,36 and indeed this is well
demonstrated also by the different ability of Class I major histo-
compatibility complex molecules to present viral antigens to CD8þ
T cells and the related genetic polymorphisms.37 It is possible to
hypothesize that in elderly persons infected by HIV, viral load is
higher than that in younger patients38 for the reason that elderly
patients fail to control infection from the very beginning, essen-
tially because of a deficit in CD8þ T cell functionality and number.
Hence, HIV infection could compound, or be synergistic with, the
effects of aging on the human immune system.24

6. Altered T Cell Homeostasis

As mentioned before, the intrathymic production of T cells dimin-
ishes with time in elderly patients infected by HIV, because of either
atrophy or direct infection of the thymic precursors and thymo-
cytes.31 As HIV persists in the host, the immune system continues to
be challenged and immune activation and inflammation become
more and more generalized.39 The infection alters the homeostatic
control of the production of T-cell precursors, which leads to the
progressive loss of naïve and memory T cells. As a consequence,
naïve CD4þ and CD8þ T cells (that are typically CD45RAþ, CCR7þ)
are reduced in patients infected by HIV and in elderly HIV-1-
negative individuals as compared with HIV-negative young
controls, with proportional increase in terminally differentiated
effector T cells (CD45RAþ, CCR7�). Moreover, CD4þ and CD8þ
central memory T cells (CD45RA�, CCR7þ) can be reduced in indi-
viduals infected byHIV as comparedwith older seronegative donors.
The degree of activation of CD8þ T cell (that typically express HLA-
DR and CD38) is almost always higher in HIV-1-infected patients as
compared with HIV-1-negative older and younger controls.5
Please cite this article in press as: De Biasi S, et al., HIV-1 Infection and th
Journal of Experimental and Clinical Medicine (2011), doi:10.1016/j.jecm
Like aging, HIV infection is characterized by high levels of
antigen-experienced T cells that do not express CD28 and express
CD57.40 This subpopulation is a key predictor of immune incompe-
tence: highly differentiated T cells (CD28�, CD57þ) are approaching
end-stage senescence: this subpopulation is not longer able to
produce interleukin (IL)-2 and demonstrates a decline in prolifera-
tive capacity, associated with a shortening of telomere length.41

CD28, expressed on T cells, provides co-stimulatory signals that
are required for T-cell activation. CD28 is the receptor for B7.1
(CD80) or B7.2 (CD86), that are expressed on different types
of antigen presenting cells;42,43 after binding, CD28 transduces
downstream survival and proliferation signals including induction
of IL-2 and its receptor, telomerase activation, stabilization several
cytokines mRNAs.5,44 Thus, the loss of expression of CD28 alters
both B-cell and T-cell response by inhibiting the helper activity of
CD4 T cell as far as B-cell proliferation and antibody production are
concerned.45 The mechanism for the accelerated loss of CD28
expression during HIV infection and its significance in the
progression to AIDS remains to be elucidated. In HIVþ patients and
elderly people, the majority of CD8þ cells are CD28�, whereas less
than 10% CD4þ T cells loose this molecule.21 It has also been
reported that the expression of CD28 on CD4þ, but not CD8þ,
T cells is a significant predictor of the progression to AIDS.

According to some authors, CD57 expression defines better
than CD28 the proliferative defect of CD8þ T cells after in vitro
stimulation.40 Accordingly, the frequency of senescent CD8þ T
cells (that are CD28�, CD57þ) is higher in HIV-infected as well as
in elderly healthy individuals as compared with seronegative
young donors.40

7. Effect of Aging on Regulatory T Cell Frequency in HIV-1
Infection

Regulatory T cells (Tregs) are a subpopulation of CD4þ T lympho-
cytes that inhibits Tcell activation, proliferation, and function. Tregs
are characterized by high expression of CD25 (the alpha-chain of
the receptor for IL-2), expression of Forkhead P3 transcriptional
factor (FoxP3) and the lack of expression of CD127.46 Unfortunately,
the identification of these cells by flow cytometry is always
e Aging of the Immune System: Facts, Similarities and Perspectives,
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incomplete, and several papers do not identify Treg in a correct
manner. As a result, a high number of data are difficult to under-
standdif not completely wrong.

Naïve Tregs do not express CD45R0 antigen, are directly derived
from thymus, target self-antigens and are resistant to apoptosis.
Memory Tregs are CD45R0þ, are generated in peripheral tissues
from naïve T cells after exposure to antigen, are activated and
apoptosis-prone.47 Deficiency in the number or function of Treg is
associated with autoimmune disease, whereas increased Treg
frequency is present in certain cancers and chronic infections.48

As far as the number of Treg in aging and HIV infection is con-
cerned, it has to be immediately underlined that in the literature
data are quite heterogeneous, especially because of the different
markers used to identify Treg. According to some authors,49 it
seems that memory Tregs increase in HIV infection, whereas naïve
Tregs tend to diminish. Furthermore, Treg percentage is increased
in older HIVþ population and may play a role in the accelerated
disease progression seen in older persons infected by HIV-1,49 even
if a possible effect of the virus on age-related changes in Treg
cannot been excluded. On the other hand, others studies suggest
that the progression of the infection, and not aging per se, drives the
expansion of Treg that was found in elderly patients infected
by HIV.50

In any case, studying the alterations in Treg functionality
remains quite complex, and it is likely that these cells would play
a different role (and thus would be detectable or active in a diverse
manner) in different moments of the infection.

8. Changes in Gut-associated Lymphoid Tissue

The gut-associated lymphoid tissue (GALT) is an important site for
early viral replication and severe CD4þ T cell depletion during HIV-
1 infection.51 A rapid dysfunction of the intestinal epithelial barrier
is observed during acute HIV-1 infection and coincides with the
loss of CD4þ T cells. Such loss also involves CD4þ cells defined T
helper 17 (Th17), a family of CD4þ T cells able to exert a variety of
functions.52 GALT lymphocytes are the primary target cells of HIV
during mucosal transmission, and GALT is the first tissue where
a profound CD4þ T cell depletion occurs. Normally, the percentage
of Th17 cells is higher in GALT than in peripheral blood or other
tissues51 and, despite HAART, CD4þ T cell reconstitution remains
deficient in the gastrointestinal tract; furthermore, the reduced
number of Th17 cells is hardly reconstituted after HAART.53 Th17
cells produce several cytokines, including IL-17, IL-21, IL-22, IL-26,
and tumor necrosis factor-alpha, and generate a rapid response to
microbial pathogens at mucosal site.54 Successively, Th17 cells
stimulate the intestinal epithelium to produce antimicrobial
molecules (like mucin and defensins) and induce chemokine
expression, along with the production of granulocyte colony-
stimulating factor, for the recruitment of neutrophils, monocytes,
and eventually lymphocytes to the site of infection. Th17, through
the production of IL-17A, induces the renewal of intestinal
epithelial barrier by triggering cellular signals like claudins that
ultimately produce tight junction, and facilitate helper T cell func-
tions.55 Thus, at the mucosal level, Th17 cells are a crucial linker
between innate and adaptive immunity.56

During HIV-1 infection, microbial translocation is associated
with chronic immune activation: progressive depletion of Th17
CD4þ T cells in the gut results in loss of barrier integrity, causing
gut leakiness and translocation of microbial products and eventu-
ally microbes into circulation.57 In turn, this phenomenon provokes
and maintains the massive immune activation. Unfortunately, the
physiological consequences of mucosal Th17 depletion have not yet
been fully explored56 and further data are needed to fully under-
stand the mechanisms and the possible intervention strategies.
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Also the effect of aging on GALT is poorly understood but, as
suggested by clinical evidence, there may be age-related changes in
GALT as well.58 Indeed, the aged immune system fails to control
gut-derived antigens mainly because of the dysfunctional thymic
output and the lack of maintenance of an intact naïve T cell
repertoire.5 Hence, during lymphophenic condition such as aging
and chronic viral infections, keeping an efficient gut mucosal
defense is extremely difficult.

9. Altered B-cell Function and Antibody Production

Although HIV-1 does not directly target B lymphocytes, during HIV-
1 infection the number of B cells is reduced and their function is
impaired. HIVþ patients display follicular hyperplasia in secondary
lymphoid organs with changes in the architecture of germinal
centers, whose integrity is crucial for the development of high
affinity antibodies against T cell-dependent antigens. The abnor-
malities of B cells in Patients infected by HIV include polyclonal
activation, hypergammaglobulinemia, autoimmune phenomena,
defective response to antigen stimulation, and occurrence of AIDS-
related lymphomas.59 The loss of the appropriate interactions
between fully competent T lymphocytes and B cells in the germinal
centers might be the basis for the impairment of B-cell responses
during HIV-1 infection.60

Although nearly all individuals infected by HIV produce anti-
bodies against several HIV antigens, only a few display an efficient
antiviral activity, such as the neutralization of viral particles, and in
any case the neutralizing response appears only severalmonths after
infection,61 when relevant and often-irreversible damages to the
immune system had already occurred. A baseline high activation of
resting naïve B cells persists inHIVþ individuals even duringHAART.

With HIV infection, as well as during the aging process, the
number of memory B cells may vary, the quality of the B-cell
response may worsen and the naïve B-cell repertoire decreases.3,62

Recent studies have reported that the expression of CD27, a mole-
cule expressed by somatically mutated peripheral memory B
lymphocytes, is decreased in HIV infection. In the peripheral blood
of healthy individuals, memory B lymphocytes represent about 40%
of the total B-cell pool, whereas this subset is reduced to about 20%
in HIVþ patients.63 In persons infected by HIV and elderly indi-
viduals, the clinical evidence of B-cell dysfunction, such as an
increased risk of infection such as pneumonia (due to Streptococcus
pneumoniae), is well evident.64 Finally, both older and HIVþ indi-
viduals exhibit elevations in total serum levels of IgG and IgM,
along with changes in Ig classes and subclasses,65 whereas total IgA
serum levels are higher only in patients with AIDS.39

10. Innate Immune Response in HIV-1 and Aging: Alterations
of the Monocyte/macrophage System and Dendritic Cells

The senescence of the innate immune system is an extremely
complex phenomenon, and studies are difficult also because innate
immunity cells are spread in almost every tissue and organ, and
play a variety of roles. Natural killer cells, monocytes, macrophages,
plasmacytoid dendritic cells, and neutrophils are crucial elements
that are functionally impaired during HIV-1 infection, and
whose activity can change during pathological or physiological
aging.5,66e73Monocyte/macrophages are resistant to the cytopathic
effect of HIV and can persist alive throughout the course of infec-
tion as long-term stable viral reservoirs that are capable of
producing virus, and thus allowing the dissemination to tissues.74

Indeed, infectious virus can be recovered from peripheral blood
monocytes obtained from patients receiving HAART, who have an
undetectable viremia.75 Following infection, effector functions
performed by monocyte/macrophages, including phagocytosis,
he Aging of the Immune System: Facts, Similarities and Perspectives,
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HIV infection and aging 5
intracellular killing, and chemotaxis and cytokine production, are
also impaired.74,76,77 Such defects contribute to the pathogenesis of
AIDS allowing the reactivation of the virus, that further impairs
CD4þ T cell response, and also facilitating the development of
opportunistic infections.78

In HIVþ patients, a defective phagocytic capacity for opportu-
nistic pathogens by cells of macrophage lineage has been largely
documented, but the mechanism whereby HIV-1 impairs phago-
cytosis has been not clarified in detail.79 As monocyte and macro-
phages contribute considerably to cytokine and chemokine
production, it is not surprising that cytokine profile is altered
during almost all stages of the infection and is associated with
increased production of inflammatory cytokines, Th2 cytokines,
beta-chemokines by cells of macrophage lineage.80

These changes are similar to those observed in elderly peo-
ple.81e85 In fact, as a person ages, the adaptive immune systemshows
a functional decline in ability to respond to new pathogens whereas
serum levels of some cytokines (typically, those with proin-
flammatoryactivity) are elevated.86Despite age-associated increases
in cytokines, the functionof agedmacrophages is decreased: toll-like
receptor expression and function decline, wheras there are elevated
levels of activated nuclear factor-kB (NFkB),87 whose activation by
means of toll-like receptor stimulation results in the production and
the secretion of proinflammatory cytokines.88

Furthermore, in elderly persons infected by HIV, who display
a chronic inflammation because of their age, age-associated defects
in innate immunity are exacerbated by the infection, and viral
clearance is further compromised. This clearly increases the
persistence of viral antigens in the organism, and further drives
immunosenescence,5 which is in turn accelerated by the immu-
nological impairment caused by HIV.

11. Inflammaging and Inflammaids

The term "Inflammaging" has been coined a few years ago to explain
the fact that, in humans, physiological aging is accompanied by
a low-grade and chronic and systemic up-regulation of the inflam-
matory response, and that the underlining inflammatory changes
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are common to most age-associated diseases.89 The inflammatory
scenario that characterizes inflammaging constitutes a highly
complex response to internal and environmental stimuli (like
chronic infections) mediated mainly by the increased circulating
levels of proinflammatory cytokines. Inflammaging is a consequence
of "macrophaging",90 i.e., a hyperactivity of macrophages producing
proinflammatory cytokines.

Inflammaging is influenced by unfavorable genetic poly-
morphisms and epigenetic alterations, may slowly damage one or
several organs, and lead to an increased risk of frailty together with
the onset of age-related chronic diseases. Interestingly, different
tissues (adipose tissue and muscle), organs (brain and liver),
immune system and even ecosystems (such as the gut microbiota)
can give relevant contributions to the age-related inflammation, and
offer different targets for interventions. It is easy thus to note that the
factors that play a role in causing the aforementioned alterations are
well present, also duringHIV infection. For example, alteration in the
permeability of the intestinal tract can eithermodify themicrobiota,
or cause a constant activation of the immune system,40,57 which is
very similar to that observed during aging.

Thus, taking into account the changes that occur during HIV
infection, and their striking similarity to what happens during
immunosenescence (Figure 1), it is possible to define as “inflam-
maids” the immunological situation that is characterized by
a massive activation of either the natural immune system (with
a relevant production of proinflammatory cytokines) or the adaptive
immune system (with the induction of a massive cellular activation).

12. Therapy for HIV Infection and the Problem of Side Effects

HAART consists of a combination regimen, usually including
a minimum of three antiretroviral agents, typically from at least
two different classes. At present, six classes of antiretroviral agents
are available: (1) protease inhibitors , which are able to inhibit the
viral protease (that has to cleave viral proteins into functional
components); (2) nucleosidic or nucleotidic reverse transcriptase
inhibitors, which block the viral RNA to DNA transcription process
by substituting in chain-terminating nucleosides in the DNA chain;
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(3) non-nucleosidic reverse transcriptase inhibitors, which change
the conformation of the reverse transcriptase enzyme; (4) fusion
inhibitors, which block the fusion of HIV-1 with the host cell at the
initial point; (5) entry inhibitors, which can block the entry of HIV-
1, for example by blocking the cell-surface co-receptor CCR5; (6)
integrase inhibitors, which prevent the integration of the viral DNA
into host genome.

Combination therapy for HIV infection is required because,
thanks to the presence of an extremely high frequency of muta-
tions, the virus can quickly develop resistance to one agent if it is
given as monotherapy; with combination of drugs, the virus takes
longer time to develop resistance to the entire regimen.2 In other
words, should a viral subspecies emerge with a mutated protein
that cannot be inhibited by a single compound, a drug with
a different mechanism of action can intervene and block the virus.
Using different drugs renders highly unlikely that a single virus
harbors all the mutations required for escaping all classes of drugs.
Unfortunately, this may occur in patients who have received
a suboptimal treatment with different drugs for long periods.

The complex relationship between HIV-1 infection, HAART,
aging and treatment of a multitude of comorbidities makes the
comprehensive care of elderly patients infected by HIV a chal-
lenging clinical effort. If treatment guidelines are available for the
management of HAART for naïve patients (of undefined age), there
are no specific treatment guidelines presently available that focus
on management in the elderly adults infected by HIV.3 This has an
extraordinary importance, considering the age-related changes in
several districts of the organism. Hepatic mass, blood flow, and
metabolism decrease with age;91 the age-related decrease in renal
mass, blood flow, tubular secretion, and glomerular filtration can
lead to drug accumulation and result in drug toxicity.92

Patients infected by HIV appear to have higher prevalence of the
metabolic syndrome.93,94 Drug-induced metabolic changes, that
include derangement of lipid and glucose metabolism, along with
older age, have been associated with increased risk of cardiovas-
cular disease and myocardial infection.95

Age-related changes in body composition can also influence
drug pharmacokinetics by altering drug volume of distribution.96,97

Some interesting data suggest that elderly HIVþ patients receiving
HAART experience more adverse events than younger ones.98

However, few drug trials involving elderly populations have been
performed, and almost nothing is known about drug interactions in
elderly HIVþ individuals.3 Thus, additional research is urgently
needed to determine the efficacy and safety of antiretroviral
therapy in the elderly patients.

13. HAART, Virologic Suppression, and CD4 T Cell Counts in
Elderly HIVD Patients

Contrasting data exist on the influence of age on virologic
suppression and CD4þ T cell restoration in HAART-treated patients.
Furthermore, it is not clear whether the level of CD4þ T cell
required for initiation of the therapy should be different in elderly
HIVþ patients.

It has been demonstrated that the degree and the speed of
immune recovery and CD4þ T-cell restoration are reduced in
elderly patients99 and that younger age may favor CD4 cell resto-
ration because of a more preserved thymic mass and function-
ality.100 In other studies, older patients tended to achieve better
virologic control comparedwith younger patients, possibly because
of better HAART adherence.101,102

It has been shown that, although elderly individuals present
a more severe HIV-1 infection, they can achieve the same
viro-immunological success as the younger individuals under
HAART.103 Accordingly, a more recent study showed that CD4 cell
Please cite this article in press as: De Biasi S, et al., HIV-1 Infection and t
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counts were not significantly different from those of younger
patients after 3 years of HAART.102 Considering the effect of age on
HIV-1 progression and mortality in the HAART era, some data
indicate that, despite the good rate of virologic suppression, which
is expected because the plasma concentrations of the drugs are
always in the range of efficacy for suppressing viral activity, elderly
patients had an increased risk of death and new opportunistic
infections, compared with younger patients.104

Concerning the earliest period of the use of HAART, data on the
importance of the patient’s age are difficult to interpret, and they
yieldmixed results probably because of the few patients enrolled in
the studies, the different drugs used in the HAART regimen, or even
because studies has not been adjusted for adherence or for
comorbidities.3,103,105e107 In fact, clinical trials often exclude elderly
patients because of multiple medical problems, and especially
because of the use of other, nonantiviral therapeutic regimens by
these patients. Future studies, based on selected populations of
elderly patients, eventually taking well-defined therapies, are
needed to better understand and characterize the immunological
response in HAART patients.2

14. Conclusions

HIV infection, through a continuous process of both direct and
indirect immune activation, might accelerate the aging or decay of
the immune system. A relatively young HIVþ adult might exhibit
some of the immune characteristics displayed by an uninfected,
healthy individual even 3 times older.4

Activation and inflammation occur in both HIV infection and
aging, and both conditions share a common detrimental pathway
that lead to early immunosenescence. This includes direct or indi-
rect activation of the adaptive immune system and of innate
immune cells.5 Thymic dysfunctionality, loss of thymic mass,
reduction of T cell renewal, exhaustion of cellular immune capacity,
inability to control mucosal dysregulation, loss of Th17 cells, and
impaired function of monocyte/macrophages are the major char-
acteristic of immunological aging and HIV-1 infection. Thus, the
accelerated aging caused by HIV is a huge problem in these years,
characterized by the efficacy of HAART, and it is necessary study
cohorts of elderly people infected by HIV to better understand the
management of elderly persons living with HIV, and to increase the
quality of their life.

References

1. Effros RB. Aging and HIV disease: synergistic immunological effects? In:
Fulop T, et al., editors. Handbook on Immunosenescence. Berlin, Germany:
Springer; 2009. p. 949e64.

2. Nguyen N, Holodniy M. HIV infection in the elderly. Clin Interv Aging
2008;3:453e72.

3. Effros RB, Fletcher CV, Gebo K, Halter JB, Hazzard WR, Horne FM, Huebner RE.
Aging and infectious diseases: workshop on HIV infection and aging: what is
known and future research directions. Clin Infect Dis 2008;47:542e53.

4. Appay V, Rowland-Jones SL. Premature ageing of the immune system: the
cause of AIDS? Trends Immunol 2002;23:580e5.

5. Desai S, Landay A. Early immune senescence in HIV disease. Curr HIV/AIDS Rep
2010;7:4e10.

6. Dandekar S, Sankaran S, Glavan T. HIV and the mucosa: no safe haven. In:
Vajdy M, editor. Immunity against mucosal pathogens. Berlin, Germany:
Springer; 2008. p. 459e81.

7. Ugolini S, Mondor I, Sattentau QJ. HIV-1 attachment: another look. Trends
Microbiol 1999;7:144e9.

8. Nasi M, Pinti M, Manzini S, Gibellini L, Manzini L, Bisi L, De Biasi S. Predictive
value of intracellular HIV-1 DNA levels during CD4-guided treatment inter-
ruption in HIVþ patients. AIDS Res Hum Retroviruses 2010;26:553e8.

9. Rosenberg ES, Altfeld M, Poon SH, Phillips MN, Wilkes BM, Eldridge RL,
Robbins GK. Immune control of HIV-1 after early treatment of acute infection.
Nature 2000;407:523e6.

10. Dinges WL, Richardt J, Friedrich D, Jalbert E, Liu Y, Stevens CE, Maenza J. Virus-
specific CD8þ T-cell responses better define HIV disease progression than
HLA genotype. J Virol 2010;84:4461e8.
he Aging of the Immune System: Facts, Similarities and Perspectives,
.2011.06.001



HIV infection and aging 7
11. Cossarizza A, Ortolani C, Mussini C, Borghi V, Guaraldi G, Mongiardo N,
Bellesia E. Massive activation of immune cells with an intact T cell repertoire
in acute human immunodeficiency virus syndrome. J Infect Dis 1995;172:
105e12.

12. Cossarizza A, Ortolani C, Mussini C, Guaraldi G, Mongiardo N, Borghi V,
Barbieri D. Lack of selective V beta deletion in CD4þ or CD8þ T lymphocytes
and functional integrity of T-cell repertoire during acute HIV syndrome. AIDS
1995;9:547e53.

13. Cossarizza A. T-cell repertoire and HIV infection: facts and perspectives. AIDS
1997;11:1075e88.

14. Cossarizza A, Mussini C, Mongiardo N, Borghi V, Sabbatini A, De Rienzo B,
Franceschi C. Mitochondria alterations and dramatic tendency to undergo
apoptosis in peripheral blood lymphocytes during acute HIV syndrome. AIDS
1997;11:19e26.

15. Cossarizza A, Mussini C, Borghi V, Mongiardo N, Nuzzo C, Pedrazzi J, Benatti F.
Apoptotic features of peripheral blood granulocytes and monocytes during
primary, acute HIV infection. Exp Cell Res 1999;247:304e11.

16. Cossarizza A, Stent G, Mussini C, Paganelli R, Borghi V, Nuzzo C, Pinti M.
Deregulation of the CD95/CD95L system in lymphocytes from patients with
primary acute HIV infection. AIDS 2000;14:345e55.

17. Kalayjian RC, Landay A, Pollard RB, Taub DD, Gross BH, Francis IR, Sevin A.
Age-related immune dysfunction in health and in human immunodeficiency
virus (HIV) disease: association of age and HIV infection with naive CD8þ cell
depletion, reduced expression of CD28 on CD8þ cells, and reduced thymic
volumes. J Infect Dis 2003;187:1924e33.

18. Appay V, Almeida JR, Sauce D, Autran B, Papagno L. Accelerated immune
senescence and HIV-1 infection. Exp Gerontol 2007;42:432e7.

19. Linton PJ, Dorshkind K. Age-related changes in lymphocyte development and
function. Nat Immunol 2004;5:133e9.

20. Effros RB, Dagarag M, Spaulding C, Man J. The role of CD8þ T-cell replicative
senescence in human aging. Immunol Rev 2005;205:147e57.

21. Cao W, Jamieson BD, Hultin LE, Hultin PM, Effros RB, Detels R. Premature
aging of T cells is associated with faster HIV-1 disease progression. J Acquir
Immune Defic Syndr 2009;50:137e47.

22. Franceschi C, Monti D, Barbieri D, Grassilli E, Troiano L, Salvioli S, Negro P.
Immunosenescence in humans: deterioration or remodelling? Int Rev
Immunol 1995;12:57e74.

23. Franceschi C, Cossarizza A. Introduction: the reshaping of the immune system
with age. Int Rev Immunol 1995;12:1e4.

24. Appay V, Sauce D. Immune activation and inflammation in HIV-1 infection:
causes and consequences. J Pathol 2008;214:231e41.

25. McCune JM. The dynamics of CD4þ T-cell depletion in HIV disease. Nature
2001;410:974e9.

26. Appay V, Papagno L, Spina CA, Hansasuta P, King A, Jones L, Ogg GS, et al.
Dynamics of T cell responses in HIV infection. J Immunol 2002;168:3660e6.

27. Migueles SA, Connors M. The role of CD4(þ) and CD8(þ) T cells in controlling
HIV infection. Curr Infect Dis Rep 2002;4:461e7.

28. Betts MR, Gray CM, Cox JH, Ferrari G. Antigen-specific T-cell-mediated
immunity after HIV-1 infection: implications for vaccine control of HIV
development. Expert Rev Vaccines 2006;5:505e16.

29. Franceschi C, Franceschini MG, Boschini A, Trenti T, Nuzzo C, Castellani G,
Smacchia C, et al. Phenotypic characteristics and tendency to apoptosis of
peripheral blood mononuclear cells from HIVþ long term non progressors.
Cell Death Differ 1997;4:815e23.

30. Pinti M, Nasi M, Lugli E, Gibellini L, Bertoncelli L, Roat E, De Biasi S, et al. T cell
homeostasis in centenarians: from the thymus to the periphery. Curr Pharm
Des 2010;16:597e603.

31. Nasi M, Troiano L, Lugli E, Pinti M, Ferraresi R, Monterastelli E, Mussi C, et al.
Thymic output and functionality of the IL-7/IL-7 receptor system in cente-
narians: implications for the neolymphogenesis at the limit of human life.
Aging Cell 2006;5:167e75.

32. Wack A, Cossarizza A, Heltai S, Barbieri D, D’Addato S, Fransceschi C,
Dellabona P, et al. Age-related modifications of the human alphabeta T cell
repertoire due to different clonal expansions in the CD4þ and CD8þ subsets.
Int Immunol 1998;10:1281e8.

33. Cossarizza A, Ortolani C, Paganelli R, Barbieri D, Monti D, Sansoni P, Fagiolo U,
et al. CD45 isoforms expression on CD4þ and CD8þ T cells throughout life,
from newborns to centenarians: implications for T cell memory. Mech Ageing
Dev 1996;86:173e95.

34. Franceschi C, Monti D, Sansoni P, Cossarizza A. The immunology of excep-
tional individuals: the lesson of centenarians. Immunol Today 1995;16:
12e6.

35. Turnbull EL, Lopes AR, Jones NA, Cornforth D, Newton P, Aldam D,
Pellegrino P, et al. HIV-1 epitope-specific CD8þ T cell responses strongly
associated with delayed disease progression cross-recognize epitope variants
efficiently. J Immunol 2006;176:6130e46.

36. O’Brien WA, Hartigan PM, Daar ES. Changes in plasma HIV RNA Levels and
CD4þ lymphocyte counts predict both response to antiretroviral therapy and
therapeutic failure. Ann Intern Med 1997;1997:939e45.

37. Fellay J, Shianna KV, Ge D, Colombo S, Ledergerber B, Weale M, Zhang K, et al.
A whole-genome association study of major determinants for host control of
HIV-1. Science 2007;317:944e7.

38. Navarro G, Nogueras MM, Segura F, Casabona J, Miro JM, Murillas J, Tural C,
et al. HIV-1 infected patients older than 50 years. PISCIS cohort study. J Infect
2008;57:64e71.
Please cite this article in press as: De Biasi S, et al., HIV-1 Infection and th
Journal of Experimental and Clinical Medicine (2011), doi:10.1016/j.jecm
39. Appay V, Sauce D. HIV infection as a model of accelerated immunosenescence.
In: Fulop T, Franceschi C, et al., editors. Handbook on immunosenescence.
Berlin, Germany: Springer; 2009. p. 997e1026.

40. Brenchley JM, Karandikar NJ, Betts MR, Ambrozak DR, Hill BJ, Crotty LE, et al.
Expression of CD57 defines replicative senescence and antigen-induced
apoptotic death of CD8þ T cells. Blood 2003;101:2711e20.

41. Effros RB. Replicative senescence of CD8 T cells: effect on human ageing. Exp
Gerontol 2004;39:517e24.

42. Girolomoni G, Zambruno G, Manfredini R, Zacchi V, Ferrari S, Cossarizza A,
Giannetti A. Expression of B7 costimulatory molecule in cultured human
epidermal Langerhans cells is regulated at the mRNA level. J Invest Dermatol
1994;103:54e9.

43. Sharpe AH, Freeman GJ. The B7-CD28 superfamily. Nat Rev Immunol 2002;
2:116e26.

44. Lenschow DJ, Walunas TL, Bluestone JA. CD28/B7 system of T cell cos-
timulation. Annu Rev Immunol 1996;14:233e58.

45. Weyand CM, Brandes JC, Schmidt D, Fulbright JW, Goronzy JJ. Functional
properties of CD4þ CD28- T cells in the aging immune system. Mech Ageing
Dev 1998;102:131e47.

46. Weiss L, Letimier FA, Carriere M, Maiella S, Donkova-Petrini V, Targat B,
Benecke A, et al. in vivo expansion of naive and activated CD4þCD25þFOXP3þ
regulatory T cell populations in interleukin-2-treated HIV patients. Proc Natl
Acad Sci U S A 2010;107:10632e7.

47. Baecher C, Hafler Allan DA. Human regulatory T cells and their role in auto-
immune disease. Immunol Rev 2006;121:203e16.

48. Li S, Gowans EJ, Chougnet C, Plebanski M, Dittmer U. Natural regulatory T cells
and persistent viral infection. J Virol 2008;82:21e30.

49. Tenorio AR, Spritzler J, Martinson J, Gichinga CN, Pollard RB, Lederman MM,
Kalayjian RC, et al. The effect of aging on T-regulatory cell frequency in HIV
infection. Clin Immunol 2009;130:298e303.

50. Mendez-Lagares G, Leal M, del Pozo-Balado MM, Leon JA, Pacheco YM. Is it age
or HIV that drives the regulatory T-cells expansion that occurs in older HIV-
infected persons? Clin Immunol 2010;136:157e9.

51. Guadalupe M, Reay E, Sankaran S, Prindiville T, Flamm J, McNeil A,
Dandekar S. Severe CD4þ T-cell depletion in gut lymphoid tissue during
primary human immunodeficiency virus type 1 infection and substantial
delay in restoration following highly active antiretroviral therapy. J Virol
2003;77:11708e17.

52. McMichael AJ, Borrow P, Tomaras GD, Goonetilleke N, Haynes BF. The
immune response during acute HIV-1 infection: clues for vaccine develop-
ment. Nat Rev Immunol 2010;10:11e23.

53. Hunt PW. Th17, gut, and HIV: therapeutic implications. Curr Opin HIV AIDS
2010;5:189e93.

54. Bettelli E, Korn T, Oukka M, Kuchroo VK. Induction and effector functions of
T(H)17 cells. Nature 2008;453:1051e7.

55. Korn T, Oukka M, Kuchroo V, Bettelli E. Th17 cells: effector T cells with
inflammatory properties. Semin Immunol 2007;19:362e71.

56. Dandekar S, George MD, Baumler AJ. Th17 cells, HIV and the gut mucosal
barrier. Curr Opin HIV AIDS 2010;5:173e8.

57. Brenchley JM, Price DA, Schacker TW, Asher TE, Silvestri G, Rao S, Kazzaz Z,
et al. Microbial translocation is a cause of systemic immune activation in
chronic HIV infection. Nat Med 2006;12:1365e71.

58. Redelings MD, Sorvillo F, Mascola L. Increase in Clostridium difficile-related
mortality rates, United States, 1999e2004. Emerg Infect Dis 2007;13:
1417e9.

59. Cagigi A, Nilsson A, Pensieroso S, Chiodi F. Dysfunctional B-cell responses
during HIV-1 infection: implication for influenza vaccination and highly
active antiretroviral therapy. Lancet Infect Dis 2010;10:499e503.

60. Moir S, Fauci AS. B cells in HIV infection and disease. Nat Rev Immunol
2009;9:235e45.

61. Stamatatos L, Morris L, Burton DR, Mascola JR. Neutralizing antibodies
generated during natural HIV-1 infection: good news for an HIV-1 vaccine?
Nat Med 2009;15:866e70.

62. Mariotti S, Sansoni P, Barbesino G, Caturegli P, Monti D, Cossarizza A,
Giacomelli T, et al. Thyroid and other organ-specific autoantibodies in healthy
centenarians. Lancet 1992;339:1506e8.

63. Carpenter EL, Mick R, Rech AJ, Beatty GL, Colligon TA, Rosenfeld MR,
Kaplan DE, et al. Collapse of the CD27þ B-cell compartment associated with
systemic plasmacytosis in patients with advanced melanoma and other
cancers. Clin Cancer Res 2009;15:4277e87.

64. Titanji K, De Milito A, Cagigi A, Thorstensson R, Grutzmeier S, Atlas A,
Hejdeman B, et al. Loss of memory B cells impairs maintenance of long-term
serologic memory during HIV-1 infection. Blood 2006;108:1580e7.

65. Paganelli R, Quinti I, Fagiolo U, Cossarizza A, Ortolani C, Guerra E, Sansoni P,
et al. Changes in circulating B cells and immunoglobulin classes and
subclasses in a healthy aged population. Clin Exp Immunol 1992;90:351e4.

66. Panda A, Arjona A, Sapey E, Bai F, Fikrig E, Montgomery RR, Lord JM, et al.
Human innate immunosenescence: causes and consequences for immunity in
old age. Trends Immunol 2009;30:325e33.

67. Sansoni P, Cossarizza A, Brianti V, Fagnoni F, Snelli G, Monti D, Marcato A,
et al. Lymphocyte subsets and natural killer cell activity in healthy old people
and centenarians. Blood 1993;82:2767e73.

68. Cossarizza A, Ortolani C, Forti E, Montagnani G, Paganelli R, Zannotti M,
Marini M, et al. Age-related expansion of functionally inefficient cells with
markers of natural killer activity in Down’s syndrome. Blood 1991;77:1263e70.
e Aging of the Immune System: Facts, Similarities and Perspectives,
.2011.06.001



S. De Biasi et al.8
69. Shaw AC, Joshi S, Greenwood H, Panda A, Lord JM. Aging of the innate
immune system. Curr Opin Immunol 2010;22:507e13.

70. Della Bella S, Bierti L, Presicce P, Arienti R, Valenti M, Saresella M, Vergani C,
et al. Peripheral blood dendritic cells and monocytes are differently regulated
in the elderly. Clin Immunol 2007;122:220e8.

71. Schmidt B, Fujimura SH, Martin JN, Levy JA. Variations in plasmacytoid
dendritic cell (PDC) and myeloid dendritic cell (MDC) levels in HIV-infected
subjects on and off antiretroviral therapy. J Clin Immunol 2006;26:55e64.

72. Killian MS, Fujimura SH, Hecht FM, Levy JA. Similar changes in plasmacytoid
dendritic cell and CD4 T-cell counts during primary HIV-1 infection and
treatment. AIDS 2006;20:1247e52.

73. Schmidt B, Ashlock BM, Foster H, Fujimura SH, Levy JA. HIV-infected cells are
major inducers of plasmacytoid dendritic cell interferon production, matu-
ration, and migration. Virology 2005;343:256e66.

74. Kedzierska K, Crowe SM. The role of monocytes and macrophages in the
pathogenesis of HIV-1 infection. Curr Med Chem 2002;9:1893e903.

75. Crowe SM, Sonza S. HIV-1 can be recovered from a variety of cells including
peripheral blood monocytes of patients receiving highly active antiretroviral
therapy: a further obstacle to eradication. J Leukoc Biol 2000;68:345e50.

76. Zhao C, Thibault S, Messier N, Ouellette M, Papadopoulou B, Tremblay MJ. In
primary human monocyte-derived macrophages exposed to Human
immunodeficiency virus type 1, does the increased intracellular growth of
Leishmania infantum rely on its enhanced uptake? J Gen Virol 2006;87:
1295e302.

77. Fagiolo U, Cossarizza A, Santacaterina S, Ortolani C, Monti D, Paganelli R,
Franceschi C. Increased cytokine production by peripheral blood mononuclear
cells from healthy elderly people. Ann N Y Acad Sci 1992;663:490e3.

78. Kedzierska K, Churchill M, Maslin CL, Azzam R, Ellery P, Chan HT, Wilson J,
et al. Phagocytic efficiency of monocytes and macrophages obtained from
Sydney blood bank cohort members infected with an attenuated strain of
HIV-1. J Acquir Immune Defic Syndr 2003;34:445e53.

79. Kedzierska K, Azzam R, Ellery P, Mak J, Jaworowski A, Crowe SM. Defective
phagocytosis by human monocyte/macrophages following HIV-1 infection:
underlying mechanisms and modulation by adjunctive cytokine therapy. J Clin
Virol 2003;26:247e63.

80. Herbein G, Varin A. The macrophage in HIV-1 infection: from activation to
deactivation? Retrovirology 2010;7:33.

81. Fagiolo U, Cossarizza A, Scala E, Fanales-Belasio E, Ortolani C, Cozzi E, Monti D,
et al. Increased cytokine production in mononuclear cells of healthy elderly
people. Eur J Immunol 1993;23:2375e8.

82. Paganelli R, Scala E, Rosso R, Cossarizza A, Bertollo L, Barbieri D, Fabrizi A, et al.
A shift to Th0 cytokine production by CD4þ cells in human longevity: studies
on two healthy centenarians. Eur J Immunol 1996;26:2030e4.

83. Gerli R, Monti D, Bistoni O, Mazzone AM, Peri G, Cossarizza A, Di
Gioacchino M, et al. Chemokines, sTNF-Rs and sCD30 serum levels in healthy
aged people and centenarians. Mech Ageing Dev 2000;121:37e46.

84. Bagnara GP, Bonsi L, Strippoli P, Bonifazi F, Tonelli R, D’Addato S, Paganelli R,
et al. Hemopoiesis in healthy old people and centenarians: well-maintained
responsiveness of CD34þ cells to hemopoietic growth factors and remodel-
ing of cytokine network. J Gerontol A Biol Sci Med Sci 2000;55:B61e6.
discussion B67e70.

85. Roat E, Prada N, Lugli E, Nasi M, Ferraresi R, Troiano L, Giovenzana C, et al.
Homeostatic cytokines and expansion of regulatory T cells accompany thymic
impairment in children with Down syndrome. Rejuvenation Res 2008;11:
573e83.

86. Dunston CR, Griffiths HR. The effect of ageing on macrophage Toll-like
receptor-mediated responses in the fight against pathogens. Clinical &
Experimental Immunology 2010;161:407e16.

87. Helenius M, Hanninen M, Lehtinen SK, Salminen A. Changes associated with
aging and replicative senescence in the regulation of transcription factor
nuclear factor-kappa B. Biochem J 1996;318(Pt 2):603e8.
Please cite this article in press as: De Biasi S, et al., HIV-1 Infection and t
Journal of Experimental and Clinical Medicine (2011), doi:10.1016/j.jecm
88. Renshaw M, Rockwell J, Engleman C, Gewirtz A, Katz J, Sambhara S. Cutting
edge: impaired toll-like receptor expression and function in aging. J Immunol
2002;169:4697e701.

89. Franceschi C, Capri M, Monti D, Giunta S, Olivieri F, Sevini F, Panourgia MP,
et al. Inflammaging and anti-inflammaging: a systemic perspective on aging
and longevity emerged from studies in humans. Mech Ageing Dev 2007;128:
92e105.

90. Sebastian C, Espia M, Serra M, Celada A, Lloberas J. MacrophAging: a cellular
and molecular review. Immunobiology 2005;210:121e6.

91. Sotaniemi EA, Arranto AJ, Pelkonen O, Pasanen M. Age and cytochrome P450-
linked drug metabolism in humans: an analysis of 226 subjects with equal
histopathologic conditions. Clin Pharmacol Ther 1997;61:331e9.

92. Ramsay LE, Tucker GT. Clinical pharmacology: drugs and the elderly. Br Med J
(Clin Res Ed) 1981;282:125e7.

93. Bonfanti P, De Socio GL, Marconi P, Franzetti M, Martinelli C, Vichi F, Penco G,
et al. Is metabolic syndrome associated to HIV infection per se? Results from
the HERMES study. Curr HIV Res 2010;8:165e71.

94. Worm SW, Friis-Moller N, Bruyand M, D’Arminio Monforte A, Rickenbach M,
Reiss P, El-Sadr W, et al. High prevalence of the metabolic syndrome in HIV-
infected patients: impact of different definitions of the metabolic syndrome.
AIDS 2010;24:427e35.

95. Friis-Moller N, Reiss P, Sabin CA, Weber R, Monforte A, El-Sadr W, Thiebaut R,
et al. Class of antiretroviral drugs and the risk of myocardial infarction. N Engl
J Med 2007;356:1723e35.

96. Bressler R, Bahl JJ. Principles of drug therapy for the elderly patient. Mayo Clin
Proc 2003;78:1564e77.

97. Bsoul SA, Terezhalmy G. Drugs and the elderly patient. Gen Dent 2007;55:
238e43. quiz 244, 264.

98. Knobel H, Guelar A, Valldecillo G, Carmona A, Gonzalez A, Lopez-Colomes JL,
Saballs P, et al. Response to highly active antiretroviral therapy in HIV-
infected patients aged 60 years or older after 24 months follow-up. AIDS
2001;15:1591e3.

99. Yamashita TE, Phair JP, Munoz A, Margolick JB, Detels R, O’Brien SJ,
Mellors JW, et al. Immunologic and virologic response to highly active anti-
retroviral therapy in the Multicenter AIDS Cohort Study. AIDS 2001;15:
735e46.

100. Viard JP, Mocroft A, Chiesi A, Kirk O, Roge B, Panos G, Vetter N, et al. Influence
of age on CD4 cell recovery in human immunodeficiency virus-infected
patients receiving highly active antiretroviral therapy: evidence from the
EuroSIDA study. J Infect Dis 2001;183:1290e4.

101. Grabar S, Kousignian I, Sobel A, Le Bras P, Gasnault J, Enel P, Jung C, et al.
Immunologic and clinical responses to highly active antiretroviral therapy
over 50 years of age. Results from the French hospital database on HIV. AIDS
2004;18:2029e38.

102. Silverberg MJ, Leyden W, Horberg MA, DeLorenze GN, Klein D,
Quesenberry Jr CP. Older age and the response to and tolerability of anti-
retroviral therapy. Arch Intern Med 2007;167:684e91.

103. Tumbarello M, Rabagliati R, de Gaetano Donati K, Bertagnolio S, Montuori E,
Tamburrini E, Tacconelli E, et al. Older age does not influence CD4 cell
recovery in HIV-1 infected patients receiving highly active antiretroviral
therapy. BMC Infect Dis 2004;4:46.

104. Kearney F, Moore AR, Donegan CF, Lambert J. The ageing of HIV: implications
for geriatric medicine. Age Ageing 2010;39:536e41.

105. Manfredi R. HIV disease and advanced age: an increasing therapeutic chal-
lenge. Drugs Aging 2002;19:647e69.

106. Tumbarello M, Rabagliati R, De Gaetano Donati K, Bertagnolio S, Tamburrini E,
Tacconelli E, Cauda R. Older HIV-positive patients in the era of highly active
antiretroviral therapy: changing of a scenario. AIDS 2003;17:128e31.

107. Greenbaum AH, Wilson LE, Keruly JC, Moore RD, Gebo KA. Effect of age and
HAART regimen on clinical response in an urban cohort of HIV-infected
individuals. AIDS 2008;22:2331e9.
he Aging of the Immune System: Facts, Similarities and Perspectives,
.2011.06.001


	 HIV-1 Infection and the Aging of the Immune System: Facts, Similarities and Perspectives
	1 Introduction
	2 Epidemiology Reveals the Dimension of the Problem
	3 The Natural Course of HIV-1 Infection
	4 Accelerated Aging in HIV-1 Infection
	5 Immunologic Response in HIV+ Elderly Patients
	6 Altered T Cell Homeostasis
	7 Effect of Aging on Regulatory T Cell Frequency in HIV-1 Infection
	8 Changes in Gut-associated Lymphoid Tissue
	9 Altered B-cell Function and Antibody Production
	10 Innate Immune Response in HIV-1 and Aging: Alterations of the Monocyte/macrophage System and Dendritic Cells
	11 Inflammaging and Inflammaids
	12 Therapy for HIV Infection and the Problem of Side Effects
	13 HAART, Virologic Suppression, and CD4 T Cell Counts in Elderly HIV+ Patients
	14 Conclusions
	 References


