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Abstract Experimental and clinical data demonstrate that
ageing is associated with the gradual deterioration of the
immune system, generally referred to as immunosenes-
cence. Age-related immune dysfunction may have an
impact not only on the incidence of cancer, but also on the
preventive and therapeutic approaches, which are based on
immune system activation. Over the last few years the use
of immunological measures to prevent cancer in experi-
mental mouse models involving preimmunisation with new
vaccines against even a poor or apparently non-immuno-
genic tumour has yielded worse outcomes in older age than
in young adults. DiVerent mechanisms, which may be due
to age-related numerical or functional dysfunction of immune
cells and/or to tumour microenvironmental changes, could
be responsible for this defect. This review summarises the
impact of immunosenescence on the eVectiveness of cancer
vaccines, knowledge of cancer immunisation in old age and
the potential mechanisms implicated in the poorer eVective-
ness of anticancer immune-based approaches in advanced
age. Several approaches to, and possibilities of correcting
the low eVectiveness of immunisation procedures in old
age are described.
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Introduction

Immunoprevention and immunotherapy for tumour-associated
antigens is now a major Weld of investigation for the treat-
ment of cancer. Today, cancer vaccination represents the
most intriguing means of activating an immune response
capable of eVectively hampering the progression of the pre-
clinical stages of a tumour [11]. The emerging role of
immune-based approaches in treating the disease is further
emphasised by the fact that cancer vaccines which can be
applied in both prevention and therapy are potentially less
toxic than chemo- or radiotherapy and could be especially
suitable for older more frail cancer patients [41]. In recent
years, experimental data, mainly performed in mice trans-
planted with parental tumours or in transgenic mice, have
shown the eVectiveness of anticancer vaccination models,
which can potentially elicit a potent immune response and
induce immune memory against tumour antigens in a
young/adult immunocompetent host [6, 34].

It has been suggested that the increased incidence of cancer
present in the elderly is related to age-associated changes
occurring in the immune system, namely immunosenescence
[35]. This phenomenon is best described as the remodelling
of the immune system, which appears early on and pro-
gresses throughout a person’s life. Immunosenescence may
not only have an impact on the incidence of cancer, but
also on the eVectiveness of preventive and therapeutic
approaches based on immune system activation. Indeed, in
preclinical models cancer vaccines have been shown to be
less eVective at older age than in young adults, implying
that vaccines may not be very eVective in predominantly
elderly cancer patients. The low eYcacy of cancer vaccines
in old age may be attributable to diVerent mechanisms,
which may act at the diVerent steps of the immunisation
process, and whose exact inXuence still remains unclear.

This article is part of the symposium in writing on “Impact of ageing 
on cancer immunity and immunotherapy”.
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This paper analyses the impact of immunosenescence on
the eVectiveness of cancer vaccines and summarises the
studies on cancer immunisation in old age, and examines
the potential mechanisms implicated in the lower eVective-
ness of anticancer immune-based approaches in advanced
age.

Immunosenescence and anti-tumoural responses

As introduced above, the remodelling of the immune
system, which occurs during ageing, referred to as immu-
nosenescence may seriously interfere with successful
cancer immunoprevention and immunotherapy [40]. The
age-dependent reduction of naive T cells, the shift from a
Th1 to a Th2 phenotype, the defect of antigen presentation
by antigen presenting cells (APCs) to T lymphocytes, the
alteration of components of the innate immunity with
potential damage to the innate-adaptive interrelationships,
may determine an age-associated disadvantage with a
multi-step defect in which diVerent cell populations
involved in the activation of anticancer immunity are all
aVected. The well-known immunological changes occur-
ring during ageing at the component level of innate or adap-
tive immunity have been widely described elsewhere. The
new light shed on the integration of innate with speciWc
immune eVectors collected over the past few years empha-
sises a further point, which might have consequences for
the preventive approaches in the elderly. In this respect, the
signals which are produced by the components of the innate
system required to direct the adaptive immune response
may be insuYcient or erroneous in aged individuals and
might thus adversely inXuence the speciWc clonal adaptive
response. We have shown that T lymphocytes bearing the
�� T cell receptor (TCR) are aVected by ageing [1], and as
has been suggested, are thought to contribute to the deWni-
tion of �� T cell responses towards T helper cell type 1
(Th1) or type 2 (Th2) phenotype. In our study, an
age-dependent numerical and functional alteration of �� T
lymphocytes was found in elderly people and in centenari-
ans, with a lower frequency of circulating �� T cells, a
higher percentage of �� T cells producing TNF-�, and an
impaired in vitro expansion of these cells [1]. The decrease
in the �� T cell number and the reduced in vitro expansion
both aVected the V�2 T cell population, whereas the V�1 T
cell subset was unaVected by age. In a further study, we
demonstrated that the numerical decrease of �� T cells in
old subjects was due to the reduction of immature naive and
central memory cells bearing CD27 and CCR7 antigens
[43]. In contrast, the proportion of mature eVector/memory
�� T cells lacking CD27 or CCR7 markers was increased in
old subjects in comparison with younger donors. This age-
related alteration of �� T cell maturation and diVerentiation

pathways may have direct implications in the defective
activation of adaptive immune responses both in anti-infec-
tive and anti-tumour immunity. This evidence is further
emphasised by the fact that �� T cells are involved in coor-
dinating the interplay between innate and adaptive immu-
nity, and in particular in guiding the establishment of
acquired immunity, thus contributing to the deWnition of ��
T cell responses towards T helper cell type 1 (Th1) or type
2 (Th2) phenotype [29]. Various mechanisms may be
involved in this eVect of �� T cells, and one of the most
important seems to be related to the cross-talk of �� T cells
with dendritic cells (DCs), which induces diVerentiation of
DCs, increasing their migratory activity, up-regulating the
chemokine receptors, and triggering the Th1 immune
response [5]. In recent years, based on these mechanisms,
�� T cells have been proposed to be directly involved in
immune control of cancer and infections, and in vitro and in
vivo activation of �� T cells are emerging as a rewarding
target for immunotherapeutic strategies [10, 26].

Another cell population which may represent a func-
tional link between innate and adaptive systems is that of
antigen presenting cells (APCs). Several functions of APCs
have been found to be aVected by the ageing process [7].
A lower expression of the mRNA for the migratory CCR7
chemokine receptor was found in immature APCs from old
mice, and a lower lymphocyte cytotoxicity, and a reduced
number of CD8+ T cells producing IFN-� were induced by
APCs from aged mice in comparison to APCs from young
animals [7]. The fact that CCR7 was greatly increased in
mature APCs from old mice, cultured with GM-CSF and
IFN-�, up to the levels found in young animals and that in
vivo migration of mature APCs to regional lymph nodes
was higher in old than in young mice, suggests that an
increased migratory capacity of old APCs may be required
to balance their reduced antigen presentation to cytotoxic
lymphocytes.

In recent years, particular attention has been paid to T
regulatory cells and myeloid-derived suppressor cells, as
well on inXammatory cytokines, since the changes they
undergo in the elderly, which are discussed below, might
play a relevant role in the success of cancer vaccination in
advanced age.

Cancer vaccines and their eVectiveness in old age

With regard to the evidence in support of an analysis of the
eVectiveness of cancer vaccines in old age, we Wrstly
conducted a study on the eYcacy of interleukin-2 (IL-2)-
engineered mammary tumour cells to induce an immune
response capable of rejecting the tumour and to activate a
speciWc immune memory in young and old mice [38].
Young and old mice were immunised with the syngeneic
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mammary adenocarcinoma cell line TS/A engineered to
release IL-2 (TS/A-IL-2) and subsequently challenged with
the parental TS/A cell line. While TS/A-IL-2 protected
90% of the young mice, it only protected 10% of the old
animals. Whereas, the rejection of IL-2-transduced cells
was attributed to the good inWltration of neutrophils and
macrophages, the defect in memory acquisition correlated
with a reduced representation of both CD4+ and CD8+
lymphocytes in the tumoural inWltrate in old mice [38]. The
age-related decreased eVectiveness in inducing memory
against tumour cells was recently conWrmed in another
study in which a diVerent experimental approach was used.
Immunisation with DNA plasmids codifying HER-2/neu in
old Balb/c mice demonstrated that the eVectiveness of
inducing protective immunity against a lethal challenge
with syngeneic tumour cells overexpressing HER-2/neu
was lower in old mice than in young animals [39]. The
reduced number of tumour-free mice observed in old age in
this study was associated with an age-related impairment of
humoral and cell-mediated immune responses. In another
experimental model, preventive vaccination of young and
old mice with a DNA vaccine encoding Mage-b protected
90% of the young mice from metastases, while only 60% of
the old mice remained metastasis free [18]. Similarly, in
this case the lower eVectiveness of immunisation in old
mice was associated with the impairment of protective
immune responses. Although further evidence in other
experimental models will have to be provided, this knowl-
edge suggests that the application of an anticancer vaccina-
tion in ageing may not be as eVective as it is in young age
because of the existence of age-related defects in the activa-
tion of speciWc immune responses hence, necessitating the
development of speciWc approaches for the immunopreven-
tion of cancer in advanced age. Even though defects in the
number and functionality of the eVectors of speciWc
immune responses are well established, additive defects
may be present in old age which may determine Xaws in
immunisation procedures.

The data reported to date on the lower eVectiveness of
cancer vaccines in older age raises the important question
on the causes involved in this defect in light of the possibil-
ity of correcting and possibly restoring it. Apart from the
well-known age-related numerical and functional altera-
tions in the innate and adaptive immune systems [40], other
changes may occur in the old subjects which may cause an
increase in the incidence of tumours, may favour tumour
growth, and may determine the lower eVectiveness of
vaccinations.

Recent Wndings from our laboratory show that the defect
in immunisation observed in old age may be related, at least
in part, to the impaired eVectiveness in the Wrst steps of the
vaccination procedure, with the consequent reduced presen-
tation of tumour antigens by antigen presenting cells.

Indeed, studying immunisation in Balb/c mice with plasmid
DNA encoding HER-2/neu, we observed that combining an
intramuscular injection of DNA plasmid with in vivo elec-
troporation, allowed us to recover the defect observed by
immunising old mice with the intramuscular injection of
the plasmid alone, since in the electroporated group 100%
of both young and old mice were able to reject a subsequent
challenge with syngeneic TUBO tumour cells overexpress-
ing HER-2/neu, (unpublished results). Besides demonstrat-
ing that the lower eYcacy of immunisation at old age is not
an irreversible phenomenon, these data suggest that diVer-
ent factors may be involved in the age-related defect in
memory acquisition after administration of the vaccine. We
previously demonstrated that experimental approaches
aimed at rejuvenating T cell compartment through grafting
a young thymus or the adoptive transfer of young memory
T lymphocytes did not confer tumour-speciWc immune
memory in old mice [38]. These data show that T cells per
se do not seem to be the only cause of immune memory
deWciency in old age and other steps of the immunisation
process, such as antigen internalisation and presentation by
antigen presenting cells, might be involved [7]. Since elec-
troporation determines a transient increase of permeability
of the plasma membrane, it is possible that the complete
protection obtained in old mice after immunisation with
DNA plasmids using this technique was dependent on the
better uptake of plasmids into antigen presenting cells. This
evidence is supported by the fact that plasma membrane
Xuidity diminishes during ageing, that the defect is revers-
ible and that its correction ameliorates various immune
functions impaired in old age [37]. In another experimental
model we documented an age-related reduced transgene
expression after intramuscular injection of a recombinant
E1-deleted human type 5 adenovirus encoding �-gal, con-
Wrming the possibility that in the initial immunisation steps
defects exist in the aged, and that these defects may be due
to reduced plasma membrane Xuidity, and/or to a decreased
number of transducible cells, and/or to an impaired tran-
scriptional function of single antigen presenting cells from
aged donors [30].

The relevant role of defects in the antigen presentation
step in age-related impaired immunisation is further sug-
gested by the studies of the Lustgarten group, which
reported that dendritic-cell based vaccination plus rIL-2
protected 60% of the young mice from challenge with
syngeneic TRAMP-C2 tumour cells (adenocarcinoma of
the prostate), while only a minimal eVect was observed in
the old mice [46]. However, when co-administered with
anti-OX40 or anti-4-1BB mAbs a vigorous anti-tumour
response in both young (85–90%) and in old (70–75%)
mice was observed. Furthermore, administration of a
syngeneic pre-B lymphoma cells line (BM-185) engineered
to express the co-stimulatory molecule CD80 together with
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agonists of the co-stimulatory molecule OX40, restored
or improved the lower memory response against tumour
cells, suggesting that deWciencies in long-lasting memory
responses may be secondary to ineVective cross-presenta-
tion of tumour antigens by endogenous antigen presenting
cells [28].

Most data on the preventive potential of vaccines have
been drawn from studies performed in mice transplanted
with parental tumours or in transgenic mice. Although
transgenic models have been shown to reXect human cancer
more adequately than syngeneic models, they are not gener-
ally considered useful for the study of vaccines in old age
since the development of cancer occurs early in young age.
Nevertheless, the possibility of preventing the development
of spontaneous tumours through cancer vaccination in
young age and of tracking mice ageing renders transgenic
models appealing even for studies in advanced age. The
FVB/neuNT mice overexpress the rat HER-2/neu oncogene
under the control of the MMTV promoter. These mice
develop spontaneous tumours in their mammary glands
with histological and clinical progression of the disease
closely resembling what is seen in breast cancer patients. It
has been demonstrated that intramuscular immunisation
with plasmid DNA encoding HER-2/neu protects 100% of
FVB/neuNT transgenic mice from the spontaneous devel-
opment of mammary carcinomas. However, this vaccine
does not permanently protect treated animals: preliminary
data obtained in our laboratory in FVB/neuNT mice show
that the vaccine protects 100% of the mice until about
45 weeks of age, with a progressive reduction of the per-
centage of tumour-free animals as their age increases, and
with less than 20% tumour-free mice at more than
90 weeks of age (unpublished results). Although the mech-
anisms involved in the tumour relapses in old age in most
of the mice where vaccination hampered tumour develop-
ment in young age remains to be demonstrated, two main
considerations can be made: immunisation against HER-2/
neu remains protective until the onset of immunosenes-
cence, and/or the cellular and humoral immunity activated
by HER-2/neu vaccination does not confer long-term pro-
tection and booster shots are required to induce immunity
into old age. Although immunosenescence certainly plays
an important role in the age-related defect in cancer vac-
cines, several data suggest that the long-term persistence
of protective immunity after a cancer vaccination largely
depends on the number of immunisations. The immunisa-
tion of Balb/c mice with a single injection of TS/A cell
clones engineered with IL-2 gene and producing intermedi-
ate (3,600 U, clone B6.3600) or high (6,000 U, clone
B4.6000) amounts of IL-2 protected 25 or 88% of the mice
1 month after a challenge with TS/A parental cells (unpub-
lished results). When the mice with no tumours were chal-
lenged again with TS/A-pc 5 months after their last

immunisation, tumours developed in all the mice. Immuni-
sation of the mice with three successive injections of IL-2-
gene engineered clones at 1-month intervals followed by a
challenge with TS/A-parental cells protected 87 or 88% of
mice challenged with B6.3600 and B4.6000, respectively,
1 month after an injection of TS/A-pc. Five months after
their last immunisation, 43 or 28% of the mice immunised
with B6.3600 or B4.6000 clones, respectively, survived. In
another tumour model, a single course of immunisation
with DNA plasmid coding for HER-2/neu was unable to
prevent the development of mammary tumours in trans-
genic Balb/c mice for the expression of the HER-2/neu
oncogene. By contrast, progressive clearance of neoplastic
lesions and complete protection of all 1-year-old mice were
achieved when Balb/c mice were repeatedly immunised at
10-week intervals [42]. It is clear from these data that
repeated immunisations prolong the length of time in which
vaccines are protective and their eYciency. Whether
repeated immunisations overcome the defect arising from
immunosenescence and endow protective immunity up to
old age remains to be demonstrated.

Tumour-induced immunosuppression in advanced age

It still has to be clearly determined whether the increased
incidence of tumours with age may primarily result from an
increased number or accumulation of somatic mutation in
cells and/or attenuated immunosurveillance leading to the
development of tumours with age. In any case, it is well
known that age-related alterations in immune eVectors
inXuence the ability of an aged subject to react against
exogenous antigens and, in particular, reduce the capacity
of anti-tumoural immune defences in the elderly. Besides
this, other factors may contribute to triggering spontaneous
tumour growth through avoiding detection by the immune
system. In the last few years, it has become apparent that, in
vivo, tumour cells have evolved multiple means of resisting
attack from immune eVector mechanisms. Either passive
mechanisms, such as the lack of distinctive antigenic pep-
tides or the adhesion and co-stimulatory molecules needed
to elicit a primary T-cell response, or active mechanisms
through which tumours can avoid or evade immune attack
may be involved. Several mechanisms of active immune
escape have been proposed to explain the incapacity of the
immune response in rejecting tumours. It seems that these
mechanisms of immune escape play an important role in
the aged host even though the exact relevance of tumour-
induced immunosuppression in the early phases of tumour
development in the elderly remains to be proven. Some evi-
dence suggests that at least some of the mechanisms used
by cancer cells to escape immune clearance might be more
eVective in ageing.
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The Fas ligand (FasL)/Fas receptor (FasR) interaction is
a well-known mechanism in tumour immune escape.
Malignant cells have been shown to escape immune recog-
nition by developing resistance to Fas-mediated apoptosis
and acquiring the expression of FasL which they may use
for eliminating activated Fas+ lymphocytes. FasL is a key
molecule in normal immune development, homeostasis,
modulation, and function and acts by inducing apoptosis of
sensitised cells through interaction with its own FasR
receptor, expressed on their surface. To date, the expression
of functional FasL has been reported in several distinct lin-
eages of tumours [48]. Various studies have demonstrated
signiWcant increases in the FasR expression with age, either
as percentages of T cells or as an intensity of mean Xuores-
cence [9]. An increased FasR expression on aged leuko-
cytes might facilitate the immune escape of tumours
expressing FasL in elderly patients by promoting the apop-
tosis of tumour inWltrating leukocytes. The release of
immunosuppressive cytokines by tumour cells represents
another mechanism through which tumours evade immune
rejection. Many tumours produce TGF-�, or IL-10, or other
cytokines which tend to suppress inXammatory T-cell
responses and cell-mediated immunity essential in control-
ling tumour growth and destroying tumour cells [40]. In old
subjects, these suppressive cytokines released by tumour
cells may synergise with immunosuppressive cytokines
(TGF-�, IL-10, and others) which are already overproduced
by leukocytes to elevated concentrations able to impair anti-
tumour immune responses. The presence of prostaglandins is
another factor which is involved in cancer-induced immune
suppression. Tumour cells produce prostaglandins which can
inXuence various immune functions and, in particular, may
switch from Th1-type to Th2-type immune responses. The
above examples lend weight to the idea that immune sup-
pression induced by tumour cell-derived prostaglandins
may have particular implications in ageing, since lympho-
cytes from elderly subjects are now known to be sensitive
to inhibition by prostaglandins in comparison with
lymphocytes from younger individuals [17]. Another
molecule that has been reported to be involved in tumour
immune escape is indoleamine-2,3-dioxygenase (IDO), an
enzyme which catalyses the initial and rate-limiting step
in the catabolism of tryptophan along the kynurenine
pathway and which is endowed with immunosuppressive
activity [51]. IDO activity was found to increase with
older age in a group of healthy subjects aged 34–93 years
[14]. In a study recently conducted in 284 nonagenarians
and 309 controls, IDO activity was signiWcantly higher in
nonagenarian than in young subjects, and at enrollment
predicted subsequent mortality in nonagenarians, suggest-
ing that increased IDO activity might be a mechanism
involved in the decline of T cell responses in immunose-
nescence [36].

Active suppression of tumour-speciWc T lymphocytes 
by immune cells

The induction of antigen-speciWc unresponsiveness is one
of the mechanisms by which tumour cells evade the
immune system. Two main cell populations have been
implicated in the induction of T cell tolerance: T regulatory
cells (Treg) and myeloid-derived suppressor cells (MSCs).
Treg cells, which represent a CD4+ T cell population char-
acterised by the expression of the forkhead/winged helix
transcription factor (Foxp3), play an important role in the
control of immune reactivity against self-antigens and non
self-antigens. In humans, Treg cells have been found at
higher frequencies in the peripheral blood of cancer
patients and in several types of tumours, and may induce
peripheral ignorance of tumour cells [52]. In vivo, deple-
tion of Treg cells resulted in the suppression of tumour
growth in various tumour models [25]. MSCs represent
another leukocyte population endowed with suppressive
activity towards T cells; MSCs have a CD11b+GR1+ phe-
notype and comprise diVerent myeloid cells at various
stages of diVerentiation, including granulocytes, mono-
cytes, and a pool of immature cells of myelomonocytic
lineage [16]. MCSs are generated in large numbers in
patients with various types of cancers and have been shown
to inhibit antigen-speciWc T cell responses in these patients.

Although accumulating evidence suggests that Tregs and
MCSs play an important role in tumour-mediated suppres-
sion, the role of these populations in the incidence and
progression of cancer in elderly subjects has yet to be
elucidated. The Wrst paper to be published on the subject
reports that the number of CD4+CD25+ T regulatory cells
in peripheral blood progressively decreases with the
increasing age of C57BL/6 mice [31]. More recently,
another study conducted in the same mouse strain revealed
that CD4+CD25+ T cells from the spleen of aged mice
were functionally comparable in their suppressive activity
to those in young mice, albeit slightly increased in number
[33]. Moreover, functional changes to whole CD4+CD25¡
T cells were found in aged mice, the majority of these cells
being hyporesponsive and present, inside this population, a
Foxp3-positive population with suppressive activity, which
does not seem to be present at young age. Another recent
paper documents that old mice contain twice the amounts
of CD4+CD25+Foxp3+ and CD8+CD25+Foxp3+ popula-
tions in spleen and lymph nodes when compared to spleen
and lymp nodes from young mice [47]. The accumulation
of these cells in old humans was able to inhibit the activa-
tion of immune responses, as demonstrated by the capacity
of old mice to reject immunogenic tumour cells and to
restore anti-tumour T cell cytotoxicity after depletion of
CD25+ cells with anti-CD25 mAb [47]. In humans, the
number of Treg cells, present as either CD4+CD25+ cells
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[20] or Foxp3+CD4+ cells [27], was found to be increased
with age. Besides naturally occurring CD4+ T regulatory
cells, other subsets of adaptive CD4+ Treg cells induced in
the periphery have been described. Based on secreted cyto-
kines at least two diVerent groups may be distinguished:
Tr1 cells, whose function relies on secreted IL-10 [22], and
Th3 cells, which mainly produce TGF� [15]. Both popula-
tions exert a suppressor function on T cells and can develop
from conventional CD4+ T cells when exposed to speciWc
stimulatory conditions such as the blockade of co-stimula-
tory signals, deactivating cytokines or diVerent drugs [2].
Studies will be needed to clarify the role of these important
regulatory populations in ageing. With regard to myeloid-
derived suppressor cells, a recent paper reports that these
cells, along with a CD11b+Gr1+ phenotype, accumulate in
the spleen and in the tumours of old BXD12 mice previ-
ously challenged with TS/A mammary adenocarcinoma
cells [21]. Interestingly, the increase of these cells corre-
lated with a decline of T cell tumour cytotoxicity. The
depletion of CD11b+Gr1+ cells in aged mice led to a
slower growth of the tumour, while adoptive transfer of
CD11b+Gr1+ cells from old mice resulted in an increase in
susceptibility to tumour growth in young mice, thus dem-
onstrating the immunosuppressive role played by this cell
population in old age. Further studies will be required in
order to better understand the role of both populations of
suppressor cells in tumour tolerance in advanced age, as
well as the interrelationships involved between Treg cells
and MCSs in mediating suppression. Another mechanism
of active suppression of immune cells which might be
involved in tumour escape is represented by the PD-1/PD-L
co-stimulatory pathway. Programmed cell death-1 (PD-1)
is an immune inhibitory receptor belonging to the CD28/B7
family of co-stimulatory molecules, which is expressed on
activated T cells, B cells, and myeloid cells [19]. PD-1
binds to two ligands, PD-L1 and PD-L2, which are
expressed on immune cells and a variety of non-hematopoi-
etic cell types. Engagement of PD-1 by its ligands has been
shown to inhibit T cell proliferation and IL-2 production by
arresting the cell cycle arrest in the GO/G1 phase [4].
Although the expression of PD-1 on CD4+ and CD8+ T
cells does not change with age at the RNA or protein level,
PD-1 seems to represent a good candidate for the regulation
of the inhibition and Wne tuning of T cell responses in age-
ing and further investigation of its function may provide to
be of great therapeutic value in boosting anti-tumour immu-
nity [24].

InXammation, cancer and ageing

InXammation is a response to acute tissue damage, whether
resulting from physical injury, ischaemic injury, infection,

exposure to toxins, or other types of trauma. In recent
years, clinical and experimental studies have revealed that
chronic inXammation predisposes to some forms of cancer
and that the use of non-steroidal anti-inXammatory drugs
(NSAIDS) may be associated with protection against vari-
ous tumours [45]. The most thoroughly studied examples of
the association between inXammation and cancer are the
relationships between chronic inXammatory bowel disease
and the increased risk of colorectal cancer, chronic gastritis
resulting from Helicobacter pylori infection and gastric
adenocarcinoma, and chronic hepatitis and liver cancer. It
has been widely demonstrated in the last few years that age-
ing is often characterised by low-grade inXammation [12].
Altered cytokine proWles due to ageing of the innate
immune system and/or of non-immune cell types, are
hypothesised to contribute to age-related changes in the
structure and function of tissues, pathophysiological
changes, and the development of chronic diseases of age-
ing. InXammatory cytokines and other mediators of inXam-
mation can also serve as strong near-term predictors of
mortality associated with age-related chronic diseases [23].
Chronic inXammation causes the release of a plethora of
agents, such as cytokines, prostaglandins, chemotactic
factors, reactive oxygen and nitrogen species. It also
determines changes in gene expression which favour the
activation of oncogenes and down-regulation of tumour
suppression genes [32]. These factors also change the
responses of cells to apoptosis signals and up-regulate angi-
ogenesis factors as well as factors favouring the growth of
tumour cells. Moreover, some of the same factors cause
impairments in immune surveillance, which facilitates the
escape of tumour cells from surveillance and their clonal
expansion [49]. In this respect, very recent studies have
suggested the role of inXammatory cytokines in the protec-
tion of cancer stem cells. One hypothesis propounded to
explain the lack of treatment eYcacy and tumour relapse is
the presence of cancer stem cells in the tumour itself.
Recent advances in the study of tumour biology have led to
the identiWcation of a sub-lineage of cells retaining key
stem cell properties [50]. These properties include self-
renewal, which drives tumourigenesis, and diVerentiation,
albeit aberrant, which contributes to cellular heterogeneity.
By virtue of their very nature, cancer stem cells represent
an unlimited tumour reservoir and are resistant to treatment
therapies directed against primary tumour cells. Important
eVorts are being made to identify oncogenic alterations
which could drive the initiation and maintenance of this cell
subpopulation. These alterations can be produced at a
genetic or epigenetic level and may aVect diVerent cellular
functions. The biology of tumour stem cells has been
shown to be strictly aVected by the pro-inXammatory
milieu of the tumour: recent evidence shows that inXamma-
tory cytokines, such as interleukin-6 (IL-6), play primary
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roles in the pathogenesis of breast cancer by sustaining the
survival and proliferative capacity of tumour stem cells
[44]. Another cytokine which was very recently discovered
to play a crucial role in the survival of cancer stem cells,
and in particular of stem cells from colon carcinoma, is
interleukin-4 (IL-4) [13]. Since the up-regulation of the
inXammatory response is a major characteristic of the
remodelling process of the immune system during ageing,
further research is needed to evaluate the possibility that the
“aged” microenvironment may constitute a preferential
niche for the survival of cancer stem cells. The inXamma-
tory microenvironment present in old age may be further
involved in another mechanism of evasion of tumour cells
from immunosurveillance. It has been reported that inXam-
matory cytokines enhance the accumulation of myeloid-
derived suppressor cells which inhibit tumour immunity
and accelerate tumour progression thereby supporting the
hypothesis that the induction of suppressor cells which
down-regulate tumour immunity is one of the mechanisms
linking inXammation and cancer [3]. The dysregulation of
pro-inXammatory cytokine production seems to be mainly
due to an intrinsic alteration present in cells from aged indi-
viduals. At least in mice, hematopoietic stem cells from old
animals diVerentiate in vivo in CD4+ T cells producing IL-4
levels characteristic of old age, even when these stem cells
are injected in a young host [8]. Thus cells from animals in
old age retain their capacity to produce higher levels of
inXammatory cytokines independently of the microenviron-
ment in which they proliferate and diVerentiate.

Concluding remarks and future prospects

The alteration of both innate and adaptive immune
responses which occur during ageing, the phenomenon of
immunosenescence, may have an impact on the incidence
of cancer and on the eVectiveness of preventive and thera-
peutic approaches based on immune system activation.
Cancer vaccines have been shown to be less eVective in
older age than in young adults, implying that vaccines may
not be very eVective in cancer patients who are for the most
part elderly. The imbalance between positive and negative
regulators of immune responsiveness may be involved in
the poorer eVectiveness of anticancer immune-based
approaches in advanced age (Fig. 1). Various mechanisms,
which may act at the diVerent steps of immunisation, from
antigen presentation to activation and maintenance of
protective tumour-speciWc immune responses, may be
involved and may be particularly relevant in the aged
host. These include tumour-induced immunosuppression,
suppression of tumour-speciWc responses by subsets of
immune cells and the eVect of chronic inXammation on the
tumour microenvironment. Experimental approaches able

to correct some of these mechanisms have been reported,
increasing the eVectiveness of immune-based preventive
and therapeutic strategies. The defect of antigen presenta-
tion by APCs present in old age has been overcome: (a) by
inducing APCs to express co-stimulatory molecules which
render APCs eVective in self-presentation, and (b) by opti-
mising the immunisation approach, using for example elec-
troporation to increase plasmid uptake by APCs. The lower
activation of memory T cells in old age may be corrected if
diVerent co-stimulatory signals are utilised or increased in
intensity. Another approach may be related to the route of
immunisation, since long-term persistence of protective
immunity after a cancer vaccination has been shown to
depend on the number of immunisations. The correction of
the age-related numerical and functional alteration of Treg
and myeloid-derived suppressor cells has been shown to
restore the anti-tumour immune eVectiveness. Other, as yet,
unexplored approaches may enhance the eYcacy of vac-
cines in inhibiting immunosuppressive factors produced by
tumour cells, such as inXammatory cytokines, prostaglan-
dins, PD1-ligand, or IDO, or in recovering the age-related
alteration of �� � cells.

Greater insight into the mechanisms underlying immu-
nosenescence, not only at a cellular, but also at a molecular
level, will be indispensable for the future of tumour vac-
cines for old subjects. Adopting “old”-tailored procedures
of immunisation for conferring both adequate antigen pre-
sentation and long-term activation of protective immune
responses seems to represent an indispensable requisite for

Fig. 1 Positive and negative regulators of immune responsiveness
which may condition the poorer eVectiveness of anticancer immune-
based approaches in advanced age
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the planning of speciWc immunopreventive and immuno-
therapeutic anticancer approaches for the elderly. However,
it is to be regarded as unfortunate that the enormous eVort
required to accomplish this will almost certainly be oVset
by the fact that cancer vaccines which can be applied in
both prevention and therapy are potentially less toxic than
chemotherapy or radiation and could be especially suit-
able for older more frail cancer patients. The way forward
requires devising eVective tumour vaccines for the old
which should include: (a) improved delivery systems for a
better expression of the vaccine; (b) greater knowledge of
the factors which exert suppression of immune-surveil-
lance and which are up-regulated in old, and, in particular,
T and myeloid suppressor cells, and inXammatory cyto-
kines, the latter being implicated in the survival of cancer
stem cells.

Consequently, as cancer predominantly aZicts the old
and any adjuvant approaches which yielded promising
results in the young but generally failed to do so in old
individuals subjects, the time has come to usher in a new
era of immune-based anticancer research and clinical trials
primarily in the old to design eVective cancer vaccines.
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