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Innate and adaptive immunosenescence
Shradha Agarwal, MD,* and Paula J. Busse, MD*

Objective: To review the effect of increasing age on the immune system and some of its clinical implications.
Data Sources: MEDLINE and PubMed searches were performed cross-referencing the keywords immunosenescence, aging,

and immunity. Articles were reviewed for additional citations.
Study Selection: Articles were reviewed and selected based on relevance to subject matter.
Results: The study of immunosenescence is complex and not completely understood. Aging affects both the innate and

adaptive arms of the immune response. With increased age, there may be a decrease in phagocytosis, alteration of cellular
migration, changes in cell populations and numbers, and a decreased ability to produce specific antibodies. Clinically, these
changes potentially increase morbidity and mortality in elderly individuals through an increased rate of infections, malignancy,
and autoimmunity.

Conclusions: The process of aging is accompanied by diverse changes in immunity. Several therapeutic approaches are under
investigation, including cytokine therapy, hormonal replacement, antioxidant supplementation, and caloric restriction, to
attenuate or potentially reverse immunosenescence.
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INTRODUCTION
Immunosenescence is defined as changes in the immune
system that develop with increasing age. Aging can affect
both the innate and adaptive arms of the immune response.
The clinical consequences of the aging immune system in-
clude susceptibility to infection, autoimmunity, and malig-
nancy, which may increase hospitalizations and mortality of
the aging population. Its study is important because people
are living longer compared with years past and seeking to live
those years in good health. The mechanisms of immuno-
senescence are not fully understood partly because of com-
plexities of its research. Comorbid conditions may alter im-
mune function studies and cytokine profiles. Therefore,
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several studies have used the SENIEUR protocol to screen
patients to attempt to eliminate those who are unhealthy.1

Immunosenescence research is frequently performed in aged
mice models that are easily manipulated and specifically
targeted. This review focuses on the innate and adaptive
age-associated immune changes and some of their clinical
implications.

CHANGES IN INNATE IMMUNITY

Macrophages
Blood monocytes and tissue macrophages are important cells
of the innate immune system, phagocytosing microbes either
through recognition of pathogen-associated molecular pat-
terns or opsonins coating the microbe. Once engulfed in the
phagosome, microbes are destroyed after fusion with a lyso-
some that contains enzymes and toxic substances, such as
reactive oxygen intermediates and nitric oxide. Several stud-
ies suggest that macrophage/monocyte function decreases
with aging through multiple mechanisms and at different

points in cellular activation (Table 1).2,3 On the cell surface,
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there may be decreased Toll-like receptors (TLRs),3,4 al-
though this is controversial. Downstream TLR-mediated sig-
naling pathways, such as mitogen activated protein kinase
(MAPK) p38 and c-Jun N-terminal kinase (c-JNK), may be
altered as noted in 1 study that found that lipopolysaccharide-
stimulated macrophages from aged mice had less than 70%
activated MAPK p38 and c-JNK compared with young con-
trols.5 Furthermore, the production of reactive oxygen species
(ROS), which have a biocidal effect on invading bacteria,6

nitric oxide, and inducible nitric oxide synthase, has been
shown to be diminished in macrophages from aged rats and
mice.7

After phagocytosis, macrophages and monocytes secrete
cytokines (eg, interleukin [IL] 1, IL-6, IL-10, IL-12, IL-15,
tumor necrosis factor � [TNF-�], transforming growth factor
� [TGF-�], interferon [IFN] �, and IFN-�), chemokines (eg,
IL-8, growth-related oncogene), coagulation factors, comple-
ment components, leukotrienes, and prostaglandin E2. The
stimulus and location of the macrophage determine which

Table 1. Effect of Aging on Cell Types

Cell type Effect of aging

Hematopoietic stem
cells

Decline in function
Reduced ability to repopulate

Thymic precursors Reduced numbers of precursors
Reduced ability to generate double

positive thymocytes
Thymus involution
Decline in thymic output

T cells Reduced response and proliferation of
CD4�

Reduced proliferation of CD8�

Accumulation of CD8�CD28� T cells
Increased oligoclonal expansion to

persistent latent infections
Reduced TCR diversity
Reduced number of mitogen-

responsive cells
Reduced signal transduction

B cells Reduced activity of transcription factors
Production of low affinity antibodies
Increased oligoclonal expansion
Reduced surface MHC class II molecule

expression
Neutrophils Reduced phagocytosis

Reduced ROS production
Macrophages Reduced phagocytosis

Reduced cytokine and chemokine
secretion

Reduced generation of nitric oxide and
superoxide

Delayed wound healing
Diminished TLR expression and

function

Abbreviations: MHC, major histocompatibility complex; ROS, reactive
oxygen species; TCR, T-cell receptor; TLR, toll-like receptor.
proteins are secreted and subsequently amplify the innate
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response and activate the adaptive arm. The effect of age on
the cytokine and chemokine secretion after macrophage stim-
ulation is not entirely clear; however, rodent studies suggest
that it declines.8 For example, cytokine (TNF-� and IL-6) and
chemokine (macrophage inflammatory protein 1� and CCL5)
production was reduced in culture supernatants from thiogly-
collate-elicited peritoneal and splenic macrophages from
aged mice compared with younger mice after TLR stimula-
tion.4 Furthermore, after addition of lipopolysaccharide to
purified splenic macrophages from aged BALB/c and
C57BL/6 mice, IL-1�, IL-6, TNF-�, and IL-12 was de-
creased but IL-10 increased.9 In vitro studies from human
monocytes on cytokine and chemokine secretion suggest that
there is an increase in IL-6 and IL-8 and other proinflamma-
tory cytokines.10,11 This increase may be secondary to under-
lying inflammation and poor nutrition and not part of the
natural aging process.12 However, other studies demonstrate
decreased13 or no change in macrophage cytokine and che-
mokine production.12 These potential discrepancies between
the murine and human data may be due to several factors. In
humans, much of the data on macrophages have been ob-
tained from monocytes, which are easier to obtain but repre-
sent immature macrophages. In addition, many of the murine
studies were performed using stimulated spleen cell cultures,
whereas the human studies were obtained from peripheral
blood.

Prostaglandin E2 is a potent modulator of both inflamma-
tion and immune responses and may suppress cell-mediated
immune response. Production of prostaglandin E2 from aged
mice and human activated macrophages has been shown to be
increased.14 In another study performed in mice, prostaglan-
din E2 suppressed IL-12 secretion and class II major histo-
compatibility complex (MHC) expression on antigen-present-
ing cells (APCs) and increased IL-10 secretion.15 Therefore,
T-cell activation may be decreased because of increased
prostaglandin E2. Furthermore, class II MHC IFN-�–induced
expression is decreased in aged murine macrophages second-
ary to defects in transcription of the MHC class II antigen IA
molecule.16

Lastly, it is not entirely clear if the number of macrophages
decreases with aging. Evidence supports the theory that he-
matopoietic stem cells age and have a limited functional
lifespan.17 Studies in aged humans demonstrated a significant
decrease in bone marrow macrophage precursors, reflecting
the hypocellularity observed in the bone marrow of elderly
individuals.18 The lifespan of a cell may be regulated by many
factors, although studies of the cell cycle have implicated
telomeres in the regulation of replicative lifespan.19 Telo-
meres are special structures located at the end of chromo-
somes, consisting of an array of tandem hexamer DNA re-
peats. Inability of DNA polymerase to fully replicate the end
of chromosomes leads to a loss of telomere repeats and
“uncapping” of the telomeres, which can signal the cell to
enter cell cycle arrest or senescence. Therefore, changes in

telomere length in hematopoietic progenitor cells may sub-
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sequently reflect the age-related changes in other derived cell
lines.20

Polymorphonuclear Neutrophilic Leukocytes
Neutrophil granulocytes are recruited to inflamed tissue to
phagocytosize opsonized particles and enzymatically destroy
invading microorganisms. The production of cytokines (spe-
cifically TNF-� and IL-1) and chemokine IL-8 by activated
tissue macrophages stimulates and attracts circulating poly-
morphonuclear neutrophilic leukocytes (PMNs) to the site of
infection through increased expression of endothelial cell
selectin and neutrophil integrins (CD11a/CD18 and CD11b/
CD18). Whether migration of PMNs to the site of injury on
the skin is impaired with aging is not clear. Migration of
PMNs to the site of skin abrasion21 and in an experimental
gingivitis model22 in both young and aged human individuals
was equivalent. However, in vitro data have been conflicting,
with some studies demonstrating impairment in chemotaxis
and others demonstrating no significant differences in aged
populations, suggesting a potential selection bias of those
individuals with “healthy” PMNs in the older population.23

On migration to the site of injury, the PMN phagocytosizes
the microbe into a phagosome, which fuses with an intracel-
lular lysosome. The microbe is destroyed by lysosomal en-
zymes and ROS, similar to macrophages. Neutrophils also
recognize microbes through pathogen-associated molecular
patterns, binding to the Fc region of IgG at specific receptors
(CD16, CD32, or CD64) or through complement molecules
(CD35, CD11b/CD18). The ability of the aged neutrophil to
phagocytosize particles may or may not be decreased.23 Lev-
els of CD11b and serum complement are not altered with
aging, but CD16 is decreased,24 potentially diminishing Fc-
mediated phagocytosis. Aging appears to alter the PMN’s
lysomal ability to kill the microbe.23,25 ROS production is
decreased with gram-positive bacteria, most likely secondary
to reduced intracellular calcium signaling.26

The numbers of PMNs in older individuals may be lowered
because of increased apoptosis. In younger individuals, the
production of inflammatory mediators IL-2, granulocyte-
macrophage colony-stimulating factor, or granulocyte colony-
stimulating factor prevents apoptosis of PMNs. However, this
antiapoptotic ability is lost with aging.26 Of note, the apop-
totic death of inactivated aged PMNs is not increased, and
there is no change in the expression of CD95.27 Also contrib-
uting to decreased numbers of PMNs is a diminished prolif-
erative response to growth factors.24

Natural Killer Cells
Natural killer (NK) cells are a class of lymphocytes that
destroy cells infected with intracellular pathogens through the
production of perforin and granzyme. Furthermore, NK cells
have tumoricidal activity and produce IFN-�, activating mac-
rophages to kill phagocytosed microbes. Although the num-
ber of NK cells increases with age,3 whether their function is
altered is controversial. Some investigators have demon-

strated normal, enhanced, or diminished activity.3,28,29 Re-

VOLUME 104, MARCH, 2010
duced cytotoxic activity may be secondary to increased ex-
pression of Ly-49 receptors, which downregulates NK
activation30 or an intracellular decrease in calcium mobiliza-
tion, necessary for NK cell proliferation and cytotoxicity.31 In
addition, younger NK cells may require lower concentrations
of IFN-� for activation compared with older NK cells.32

Therefore, if IFN-� decreases with age, NK cells may be
more difficult to activate.

CHANGES IN ADAPTIVE IMMUNE RESPONSE

T Lymphocytes
There are several key changes in T-cell immunity that de-
velop with increasing age, including decreased numbers of
naive T cells, decreased antigen response and proliferation,
increased memory cells, and alterations in apoptosis (Table
1). Furthermore, production of specific cytokine profiles may
change with a shift from a TH1 response to a TH2-like re-
sponse,33 although this is controversial.34 These events are
most likely interconnected and result from several intrinsic
processes, including involution of the thymus, decreased T-
cell survival, changes in T-cell subpopulations, and impaired
T-cell signaling.35

Thymic Involution
Naive T cells are generated from bone marrow precursor cells
that migrate to the thymus for maturation. In the thymus, T
cells that weakly recognize class I and II MHCs are selected
and mature in secondary lymphoid organs. The thymus con-
sists of a thymopoietic space, containing thymocytes and
supporting thymic epithelial cells, and a perivascular space
with nonepithelial, nonthymopoietic cells. The thymus is
most active early in life and reaches its peak size within the
first year and undergoes a steady decline with aging, a pro-
cess called involution. The mechanisms of thymic involution
include a loss of T-cell progenitors, loss of self-peptide–
expressing thymic epithelium, defects in rearrangement of
TCR� genes, and reduced thymic epithelial cell production of
cytokine IL-7, necessary for thymocyte maturation.36 Conse-
quences of thymic involution include a decreased production
of new T cells, which in turn reduces T-cell receptor (TCR)
diversity. (In 1 study, young adults had a repertoire diversity
of 20 million different TCR-� chains, whereas those older
than 70 years had 200,000.37) By the age of 70 years, the
thymopoietic space is reduced to less than 10% of the total
thymus and the perivascular space expands.38 Thymic atrophy
can be estimated by measurement of the TCR excision circles
(TRECs) (DNA circles that are byproducts of TCR gene
rearrangement in developing thymocytes) and in vivo label-
ing of recent thymic emigrants.

Decreased T-Cell Survival
Apoptosis is a physiologic form of cell death that functions to
remove damaged cells. There are different apoptotic path-
ways, including stimulation of surface CD95 (Fas), which
activates caspase 8 and/or caspase 3, or via alterations of

Bcl-2, which regulates cellular calcium homeostasis. Studies
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in humans report that both aged naive and memory CD4� and
CD8� cells have an increase in Fas and that the CD95-
mediated activation of caspase 8 and caspase 3 is increased.39

Data on whether the expression of FasL is increased or
decreased in aging are conflicting.40 Furthermore, it has been
reported that Bcl-2 (potentially induced by IL-7), which is
expressed on cell surfaces and acts to prevent apoptosis, is
decreased in naive and memory cells of CD4� and CD8�

cells in aged humans compared with young controls.39 Telo-
meres also play a role in the survival of CD4� and CD8�

cells. Sequential loss of or shortening of telomeric DNA, seen
with increased aging, increases apoptosis.41 It was recently
shown in peripheral blood collected from healthy adults that
IL-7 also induces telomerase activity in naive CD4� cells,
therefore preventing cell death through another mechanism.42

Increased Memory T Cells
There are several factors that lead to both increased memory
CD4� and CD8� cells. As naive T-cell counts decrease with
aging, the proportion of memory T cells increases. However,
there may be peripheral factors that could increase the num-
bers of memory cells. Chronic viral stimulation, in particular
cytomegalovirus, could increase memory CD8� cells.43,44 An-
other study reconstituted young bone marrow cells into both
irradiated aged and young mice of the same strain. Twelve
weeks after transplantation, peripheral CD4� cells collected
from the mice who underwent transplantation with aged bone
marrow displayed a memory CD4� phenotype similar to
aged, matched, nontreated controls, whereas the CD4� pop-
ulation in the younger, reconstituted mice had a CD4� naive
phenotype.45 The authors suggested that the increased mem-
ory CD4� phenotype in the aged mice was due to different
lymphokine production or expression of costimulatory mol-
ecules in the aged population.

Decreased T-Cell Signaling
T-cell activation requires 2 signals; signal 1 comes from
binding of the TCR/CD3 complex and signal 2 from binding
of costimulatory molecules, resulting in IL-2 production and
proliferation. Naive CD4� T cells from an aged animal pro-
duce less IL-2 compared with younger cells on antigen-APC
stimulation.46 There are several age-related changes in T cells
that can affect response to both signals 1 and 2. First, murine
studies reported that aged CD4� TCR synapses with APCs
may not be as efficient compared with younger cells.47 Sec-
ond, several activation and differentiation markers have re-
duced expression in aged CD4� cells, including CD40L,
CD25, CD28, and CD62L.48,49 Third, there are changes in the
signaling cascade of T cells with aging due to calcium me-
tabolism, tyrosine kinase phosphorylation, and protein kinase
C translocation to the membrane,50 as well as alterations in
cell membrane lipid rafts, that function as signaling plat-
forms, leading to decreased T-cell signaling.51

Decreased B Cells
There are several mechanisms to account for decreased B-cell

numbers with increasing age. With aging, pre–B-cell counts
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decrease because of reduced expression and activity of tran-
scription factors (E12 and E47) and recombination activating
genes required for the transition of pro–B cell to pre–B
cell.52,53 Furthermore, marrow stromal cells from aged mice
release less IL-7, decreasing in vitro lymphopoiesis compared
with younger mice.12 Finally, there is a progressive change in
the phenotypes of B cells, with aging to fewer naive B cells
to increased memory B cells with restricted diversity.54

Antibody Diversity
There are several important changes in antibody diversity that
occur with aging. Most notable is the decreased ability to
produce specific antibodies. Mechanisms for decreased anti-
body diversity include alterations of the number and size of
lymph node germinal centers with age54 and decreased
CD40L expression on aged T cells.48 There is also increased
production of autoantibodies,54 both organ and non–organ
specific.

T-Regulatory Cells
T-regulatory (Treg) cells are specialized T cells that have the
ability to suppress the immune response. Treg cells are clas-
sified as natural T regulatory (nTreg) cells or induced or
adaptive Treg cells. nTreg cells are CD4�, CD25�, and
Foxp3� cells derived directly from the thymus, and their
phenotype may also be characterized by expression of
CD62L, CD103, glucocorticoid-induced tumor necrosis fac-
tor receptor, and cytotoxic T-lymphocyte antigen 4. A second
population of T cells whose immunosuppressive activity is
induced or acquired in the periphery has been identified and
include type 1 regulatory T cells, which secrete large amounts
of IL-10, and TH3 cells, which secrete TGF-�.

The functional activity of CD4�CD25� T cells may de-
crease with aging,55 secondary to decreased IL-2 produc-
tion,50 necessary for regulatory T-cell maintenance. However,
Gregg et al56 showed that the number of CD4�CD25hi cells
(enriched population of cells with highest density of CD25
molecule) was increased and functionally intact in elderly
individuals. Given the increasing interest in Treg cells, we are
likely to discover more information regarding their change
with aging.

CONSEQUENCES OF CELLULAR CHANGES WITH
AGING
The clinical implications of age-related dysregulation of the
immune system include increased risk of infections, malig-
nancy, autoimmune disorders, atherosclerosis, and neurode-
generative changes. These conditions likely result from alter-
ations in several aspects of the immune system previously
discussed rather than an isolated defect. A few of these topics
will be discussed herein.

Infections
Influenza, Streptococcus pneumoniae, and gram-negative
bacteria urinary tract infections are leading causes of mor-
bidity and mortality in older patients. Older patients may be

at increased risk for infections due to defects in phagocytosis,
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lymphopenia, and decreased specific antibody production
during active infection. Of particular concern is the decreased
antibody response to vaccination that occurs with aging.35

Less than half of older recipients of the influenza57 and
hepatitis B58 vaccines produced protective antibody titers.
Individuals older than 65 years may have diminished re-
sponse to pneumococcal vaccination, producing fewer spe-
cific antibodies to pneumococcal serotypes.59 In addition, the
specific antibodies produced may be less effective at opso-
nization.60 Therefore, some have suggested that patients older
than 65 years should be revaccinated with pneumococcal
vaccine every 5 years if they had an initial appropriate re-
sponse.61

Autoimmunity
Despite the decreased capacity of B cells to produce specific
antibodies with aging, there is increased autoantibody pro-
duction. Elderly populations demonstrate a predominance of
non–organ-specific autoantibodies over organ-specific auto-
antibodies. The most frequent autoantibodies described in
elderly individuals include antiphospholipid, rheumatoid fac-
tor, and antinuclear antibodies. The mechanisms for autoan-
tibody production are not clear but may be a result of failed
suppressor cell function. The increase in autoantibodies in
elderly individuals seems to be inversely correlated with a
decreased proliferation of T cells to mitogens.62 Furthermore,
there is evidence in aged mice of increased percentages of
“autoreactive” CD8� T cells with reduced apoptosis.63

Malignancy
Cancer incidence and mortality in individuals older than 65
years markedly increases in both men and women, leveling
off at approximately 85 to 90 years of age.64 There are several
factors that could account for this trend, including environ-
mental exposure and age-related changes in the immune
system. It is well documented that patients with primary and
acquired immunodeficiency are at risk for certain tumors;
therefore, it is not unexpected that immunosenescence may
also increase cancer risk. Some of the mechanisms may
include diminished proliferation responses and cytotoxicity
of NK cells. An 11-year, prospective study of 3,500 middle-
aged and elderly, Japanese individuals demonstrated in-
creased cancer incidence in those with lower initial NK
cytotoxic activity.65 It has also been suggested that IL-6,
which has been shown to increase with aging and is associ-
ated with decreased longevity, is a stimulus of metastasis by
upregulating adhesion molecule and vascular endothelial
growth factor expression on endothelial cells.66

POTENTIAL THERAPEUTIC APPROACHES

Interleukin 7
IL-7 plays several key roles in the immune system, including
rearrangement of the TCR� chain genes and lymphocyte
survival at both preselection and postselection and thymic
atrophy. Furthermore, memory cells express the IL-7 recep-

tor. Several murine studies have shown that treatment with
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recombinant IL-7 in aged mice reverses thymic atrophy,67,68

increases thymic output, and improves immune responses,69

whereas other studies have not reported similar results.70,71

Administration of simian IL-7 to aged rhesus macaques in-
creased the numbers of CD4� and CD8� cells and the num-
bers of naive (CD62L�CD45RA�) CD4� and CD8� cells and
TRECs.72 Use of IL-7 has been reported in humans, but not
for aging studies. In a small clinical trial of humans aged 20
to 59 years with metastatic cancer, IL-7 administration in-
creased CD45RA� and decreased CD45RO� in both CD4
and CD8 lymphocytes, although not significantly.73

Hormone Treatment
With aging there is a decline in growth hormone (GH)
release. Rodent studies have demonstrated that its decrease
induces thymic atrophy, whereas GH replacement in aged
animals improved thymic size and function of peripheral T
cells.74 Although not specifically studied for age-associ-
ated immunodeficiency, GH replacement in HIV-infected
patients increased thymus size and stimulated peripheral
immune response.75 However, GH replacement has many
adverse effects, including arthralgia, carpal tunnel syn-
drome, and hyperglycemia. Manipulation of sex hormones,
specifically testosterone, has also been investigated in
murine studies. In aged male mice, a reversal of thymic
atrophy was noted after androgen ablation.76 This same
group also demonstrated that older patients undergoing
gonadal steroid ablation therapy for prostate cancer had
increases in circulating naive T cells.76

Zinc and Other Antioxidants
The use of mineral and vitamin supplements to improve
immune function with aging is complex and cannot be
adequately reviewed in this article. Therefore, only a few
supplements will be briefly mentioned. Zinc treatment at
physiologic doses for 1 month in older patients with bron-
chopneumonia increased NK cell cytotoxicity and rescued
IFN-� production, leading to a 50% reduction in infection
relapse.50 Zinc decreased spontaneous apoptosis in peripheral
blood mononuclear cells; however, it was accompanied by an
age-dependent increase in oxidative stress–induced apopto-
sis, potentially limiting its use as a supplement.77 The use of
vitamin E supplementation in aged mice and older adults to
augment immune function has been recently reviewed.78 Sev-
eral murine studies demonstrated that its use increased lym-
phocyte proliferation and production of IL-2, whereas the
clinical human work show mixed results on these immune
function studies and antibody response to influenza virus and
numbers of upper respiratory tract infections.78 One mecha-
nism of improved immune function with vitamin E has been
to decrease the age-related increase in prostaglandin 2 release
from macrophages. This in turn decreases T-cell–mediated
function.79 Vitamin C has also been proposed to improve
immune function with aging. Aged mice fed a diet enriched
with vitamins C and E, beta carotenes, selenium, and zinc had

improvement of oxidative functions of peritoneal leuko-
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cytes.80 However, in vitro pretreatment with vitamin C did not
increase human T-cell proliferation.81

Calorie Restriction
Reduced nutrient intake, referred to as caloric restriction, has
been shown to delay aging and increase life span in several
species, suggesting that this process may be an evolutionary
adaptation. Caloric restriction, first studied in laboratory ro-
dents, resulted in small, lean mice with impaired fertility but
otherwise healthy and living up to 40% longer compared with
mice fed ad libitum.82 Studies in animals have demonstrated
that caloric restriction in young adult animals has the most
striking effect on aging.55 However, there is some evidence
that caloric restriction may be beneficial when initiated in
adulthood, and in some cases, the effects may be reversible
such that termination of caloric restriction results in the return
of the “normal state” with an associated reduction in life span
compared with animals continued on caloric restriction. This
suggests that the beneficial effects of caloric restriction on
aging depends on the starting age and duration of dietary
restriction. Rodent studies have suggested that calorie restric-
tion protects against cellular and DNA damage83 and reduces
autoimmune disease.82

CONCLUSIONS
The study of immunosenescence is critical as our population
ages. Although not well characterized, aging most likely has
several significant consequences on the immune function.
Age-associated immune dysfunction in both the innate and
adaptive sides may increase the risk of infections, malig-
nancy, and autoimmune disease. Phagocytosis by PMNs and
macrophages has been shown to be suppressed in both aged
mouse models and humans. Furthermore, these cells may be
more likely to undergo apoptosis in older individuals. Cyto-
kine production is also altered with aging, which may in turn
affect phagocytosis and proliferation responses. The numbers
of several immune cells can decrease with age, including NK
cells, T lymphocytes, and B lymphocytes. Furthermore, the
receptor diversity of those cells may be altered, especially in
the TCR. Another important consequence of immunosenes-
cence is the decreased production of specific antibodies and
an increased production of autoantibodies. The underlying
mechanisms of these changes are not fully elucidated. How-
ever, increased understanding of the pathophysiology of im-
munosenescence may improve the quality of life as we age.
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Objectives: After reading this article, participants should be able to demonstrate an increased understanding of their knowledge of allergy/asthma/
immunology clinical treatment and how this new information can be applied to their own practices.
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CME Examination
CME Test Questions
1. Proposed therapies for immunosenescence include which

of the following?
a. growth hormone
b. caloric restriction
c. cytokine interleukin 7
d. zinc
e. all of the above

2. Increase susceptibility to infection in the elderly popu-
lation may be due to which of the following?
a. increased specific antibody production
b. increased phagocytosis
c. lymphopenia
d. decreased autoantibody production
e. increased apoptosis

3. Inadequate responses to antigens in elderly individuals
are secondary to which of the following?
a. increased naive T-cell repertoire
b. reduced T-cell receptor diversity
d. increased p53 expression
e. increased recombination activating gene expression

4. Consequences of age-related dysregulation of the im-
mune system include which of the following?
a. increased autoimmunity
b. decreased malignancy
c. decreased bacterial infections
d. increased vaccination response
e. decreased viral infections

5. Age-related changes in the thymus include which of the
following?
a. increased interleukin 7
b. increased thymic epithelial cell production
c. reduced epithelial space
d. reduced perivascular space
e. increased cells containing T-cell receptor excision

circles
Answers found on page 210.
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