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Abstract Cellular senescence is the irreversible growth
arrest of individual mitotic cells, which as a conse-
quence display a radically altered phenotype that is
thought to impair tissue function and predispose tissues
to disease development and/or progression as they
gradually accumulate. However, in the past, research
into mechanisms of ageing has commonly been
researched and treated separately from disease devel-
opment. This may partly be due to the lack of under-
standing concerning mechanisms of ageing and the
difficulty in implementing what was known into models
of disease development. Only in the last 10 years, with
increasing knowledge of the senescent phenotype and
the ability to detect senescent cells in human tissues,
have biologists been able to investigate the relationship
between cellular senescence and disease. This review
therefore brings together and discusses recent findings
which suggest that cellular senescence does contribute
to ageing and the development/ progression of disease.
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Introduction

Both ageing and disease result in the same outcome: the
impairment of normal biological function. It would not,
therefore, be a surprise if tissue dysfunction resulting
from an ageing mechanism eventually manifested itself
as a disease. Therefore, understanding mechanisms of
ageing would help understand the processes which
govern the development and progression of some
diseases. This in turn would lead to the development
of new therapeutic methods for disease treatment and,
more importantly, prevention.

In the past, the processes governing ageing and
disease have often been researched separately. This
may partly be due to the mindset that, unlike ageing,
diseases are a medical problem, which can be treated,
and partly due to the lack of understanding con-
cerning mechanisms of ageing and the difficulty in
implementing what was known into models of disease
development. However, this has gradually begun to
change and there is now an ever-increasing overlap in
research between the fields of biology of ageing and
that of disease processes.

Overview of replicative senescence
Mitotic tissues consist of cells which have the ability
to divide when stimulated. Most mitotic cells (i.e.

fibroblasts, endothelial cells, smooth muscle cells,
glial cells, astrocytes etc) within tissues are found in a
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reversible growth arrested state known as quiescence.
These cells remain quiescent until stimulated to
proliferate, usually for the purpose of cellular replace-
ment. How often these cells proliferate is dependent
upon how frequently cells become damaged or lost,
and this may be connected to the general “wear and
tear” of the tissues in which they reside. For example,
fibroblasts exposed to environmental UV radiation or
endothelial cells in blood vessels exposed to high tur-
bulence in blood flow may be more likely to prolif-
erate to replace lost or damaged cells than less
damage-prone tissues. Cells can also become lost or
damaged by other mechanisms such as the presence of
disease.

The predominant ageing mechanism of mitotic
tissues is thought to be due to the gradual accumulation
of senescent cells. Senescent cells have undergone an
irreversible cell cycle arrest, and display a radically
altered phenotype: genetically, morphologically and
behaviourally distinct from its growth-competent
counterparts. These changes are thought to have a de-
trimental impact on neighbouring cells, the surround-
ing extracellular matrix and other structural compo-
nents, leading to aged tissues, disease, and an increased
risk of cancer (Burton et al. 2005, 2007; Campisi
1997a, b).

One mechanism for triggering cellular senescence
is the presence of a critically short telomere. Telo-
meres are regions of highly repetitive DNA at the end
of linear chromosomes that are bound by a number of
proteins which protect the telomere from being pro-
cessed as DNA double-strand breaks. Every time a cell
divides, the telomeres become progressively shorter
due to the inability to replicate DNA at the ends of
chromosomes (Joosten et al. 2003). This eventually
results in the appearance of a short telomere, which
can no longer be protected by telomeric proteins
and thus leads to the exposure of DNA ends, a DNA
damage response and cellular senescence. This pro-
cess is commonly known as “replicative senescence”.
Oxidative stress and activated oncogenes such as ras
have also been shown to trigger cellular senescence
(Von Zglinicki et al. 2000; Di Micco et al. 20006).

Apoptosis and stem cells
When discussing the impact senescent cells may have

on ageing and age-related disease, it is important to
take into consideration factors which may result in the
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removal and replacement of senescent cells. These
include apoptosis and the availability of stem cell
reserves. If senescent cells do not persist in tissues as
they appear and are instead removed by apoptosis, it
would be difficult to see how senescent cells cause pro-
longed damage. Also, if the removal of senescent cells
results in cellular replacement predominantly from stem
cell reserves and not from the surrounding somatic
tissue, it would also be difficult to see how cell loss
could lead to a reduction in the replicative capacity of
somatic cells in the surrounding tissue, which would
result in the increased appearance of senescent cells.

There are at present no studies that have looked at
the survival time of senescent cells in vivo. However,
a number of in-vitro studies have suggested that senes-
cent cells may be resistant to apoptosis (and thus more
likely to persist in tissues), at least in fibroblasts where
most of the research has been conducted (Wang et al.
1994; Marcotte et al. 2004; Hampel et al. 2005). No
difference between the apoptotic potential of senescent
human vascular endothelial cells compared with their
mitotic counterparts has also been observed (Kalashnik
et al. 2000).

It is not clear to what extent both stem cells and
somatic cells play in tissue regeneration, but the
functional ability of stem cells appears to become
impaired with age (Sharpless and DePinho 2007). Stem
cells express telomerase and are unlikely to become
senescent in response to telomere shortening (Ruzankina
and Brown 2007). However, it may still be possible for
stem cells to enter senescence in response to DNA
damage (Ruzankina et al. 2008), consequently taking up
valuable space in stem cell niches (Lynch 2006),
reducing the stem cell pool, leading to an age-related
loss in regenerative capacity. Also, if senescent cells
persist in tissues, their altered secretome may have
detrimental consequences on the local tissue and this
may include stem cell niches. Many stem cells lose the
capacity for self-renewal when removed from the stem
cell niche, suggesting that the local environment plays a
crucial role in determining stem cell behaviour (Boyle
et al. 2007). Senescent cells may alter the environment
of stem cell niches, thus altering stem cell behaviour,
leading to functional decline.

Biological impact of the senescent phenotype

Common features of the senescent phenotype, which
can potentially be detrimental to the tissues in which
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they reside, are the up-regulation of growth factors,
extracellular matrix (ECM)-degrading proteins and
pro-inflammatory cytokines (Coppe et al. 2006; West
et al. 1989; Kletsas et al. 2004). Why senescent cells
adopt this phenotype is currently unknown. One possi-
bility is that the senescent cell secretes cytokines to
attract immune cells to its location (for its removal),
secretes matrix degrading proteins to allow the
immune cells access and secrete growth factors to
stimulate surrounding cells to proliferate once the cell
has been removed. This process may be effective in
young organisms, but may gradually decline with age.
Since immune cells are also governed by the ageing
process, the removal of senescent cells may gradually
become impaired. This would lead to the accumulation
of senescent cells in tissues, causing detrimental
alterations to the structure and consequently the
function of those tissues.

Senescent cells are often observed to up-regulate
matrix metalloproteinases (MMPs), enzymes capable
of degrading proteins such as collagen and elastin
which make up the extracellular matrix (Sandeman
et al. 2001; Campisi 2005). Since the ECM is im-
portant for providing support and anchorage for cells,
separating different tissues and regulating intercellular
communication, its degradation by MMPs is likely to
impact all areas of ECM function. MMP activity is
normally inhibited by TIMPs (tissue inhibitor of
metalloproteinases), but research suggests that that
these inhibitors themselves are down-regulated at
senescence, thereby further contributing to matrix de-
gradation (Hornebeck 2003). MMP secretion by senes-
cent cells has been suggested to play a role in the
progression of disease such as in the pathogenesis of
coronary heart disease (CAD) (Nanni et al. 2007), and
implicated in the progression of osteoporosis, since
MMPs play important roles in bone resorption (Logar
et al. 2007). Price et al. (2002) has also shown that
the secretion of MMPs by senescent chondrocytes
may contribute to the development or progression of
osteoarthritis.

Senescent cells also secrete many cytokines which,
due to their diverse function, could have multiple con-
sequences on the ageing of tissues and the develop-
ment/progression of disease (Ginaldi et al. 2005; Payne
20006; Salvioli et al. 2006; Sue and Griffin 2006; Libby
2006). These secreted proteins may not just impact on
local tissue but also tissues found throughout the
organism. The presence of cytokines can alter cell

functions by up-regulating or down-regulating several
genes and their transcription factors, resulting in the
production of other cytokines and an increase in the
number of surface receptors for other molecules
(Gallin 1999). The ability of cytokines to reach many
tissues and have such diverse consequences on cell
function suggests that only a small fraction of senes-
cent cells may need to be present for there to be any
significant impact on tissue impairment or disease
development/progression.

Vascular smooth muscle cells that have become
senescent due to the activation of Ras have been
shown to drastically increase the expression of pro-
inflammatory cytokines (Minamino et al. 2003). IL1
was shown to be up-regulated 11-fold, IL1{3 50-fold,
IL-6 12-fold and IL-8 77-fold. With such dramatic
changes, it was suggested that this proinflammatory
phenotype may contribute to the progression of ath-
erosclerosis. Senescent T cells in vivo have also been
shown to produce high levels of two cytokines, IL6
and TNF«x (Effros 2004a, b). Interestingly, the up-
regulation of TNFa by T-cells in the bone marrow has
been implicated as a causal mechanism in bone loss
(Roggia et al. 2001).

Replicative senescence of human hepatic stellate
cells (a major cell type involved in liver fibrosis) in
culture also display a higher expression of inflammation
genes (Schnabl et al. 2003). Interleukin-8 is among
the cytokines up-regulated in senescent stellate cells
(SC), which correlates with increase expression ob-
served with disease activity in human alcoholic liver
fibrosis (Sheron et al. 1993). Interleukin-6 is a known
fibrogenic cytokine, which was also shown to be up-
regulated in SC senescent cultures. In normal condi-
tions, chronic tissue damage results in the activation of
SC characterised by proliferation, motility, contractility
and synthesis of ECM (Gutiérrez-Ru et al. 2002).
Since SC are stimulated to proliferate in response to
tissue damage, the replicative capacity of these cells will
be reduced and the accumulation of senescent cells
accelerated. This activation of SC in response to tissue
damage is regulated by cytokines and growth factors.
Therefore, unregulated secretion of pro-inflammatory
cytokines and growth factors from senescent SC within
the liver may cause further damage. Trak-Smayra et al.
(2004) has also shown that replicative senescence does
have a significant impact in the progression of fibrosis
in hepatitis C virus recurrence after liver transplanta-
tion. The presence of senescent hepatocytes in liver
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grafts was assessed by SA-[3-Gal staining, with a total
of 34 of the 103 biopsies analysed within the first year
of follow-up displayed SA-{-Gal-positive cells.

This pro-inflammatory phenotype may partly be due
to the up-regulation of intercellular adhesion molecule-1
(ICAM-1), a molecule known to be involved in
inflammatory response and is over-expressed in senes-
cent cells and aged tissues (Gorgoulis et al. 2005).

Abnormal secretion of some growth factors has
also been shown to be another characteristic of the
senescent phenotype. Coppe et al. (2006), for example,
found that vascular endothelial growth factor (VEGF)
secretion is elevated in human senescent fibroblast
cultures. Since growth factors are capable of stimu-
lating cellular proliferation, it has been suggested that
while initially cellular senescence may be a mechanism
to suppress tumourigenesis early in life, it may promote
cancer in aged organisms (Campisi 1997a, b). Human
senescent fibroblasts have been shown to stimulate
premalignant and malignant, but not normal epithelial
cells to proliferate in culture and form tumours in mice
(Krtolica et al. 2001; Krtolica and Campisi 2002).
Bavik et al. (2006) sought to characterise the molecular
alterations that occur during prostate fibroblast senes-
cence to identify factors which may be capable of
promoting the proliferation and, potentially, the neo-
plastic progression of prostate epithelium. Fibroblast
growth factor 7 (FGF7), hepatocyte growth factor and
amphiregulin (AREG) were found to be elevated in the
extracellular environment of senescent prostate fibro-
blasts. Direct co-culture and conditioned medium from
senescent prostate fibroblasts stimulated epithelial cell
proliferation threefold and twofold, respectively. These
results suggest that senescent cells may contribute to
the progression of prostate neoplasia by altering the
prostate microenvironment.

Some of the changes observed during cellular
senescence are likely to be cell-type specific. For
example, in senescent vascular endothelial cells, nitric
oxide synthase (eNOS) activity has been found to be
decreased (Matsushita et al. 2001; Minamino et al.
2002). Since nitric oxide (NO) is important in regu-
lating vascular function, a decline in its production
may have detrimental consequences. A reduction
in NO production by eNOS, for example, has been
suggested to be a significant risk factor for cardio-
vascular disease (Cannon 1998). Also, eNOS activity
has been shown to be present in astrocytes (Wienchen
and Casagrande 1999; Lin et al. 2007), but the impact
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of cellular senescence (if any) on eNOS activity on
this cell type is currently lacking.

Currently unpublished work on the transcriptional
analysis of human vascular smooth muscle cells has
also demonstrated cell-type specific alterations (Burton
and co-workers). A 24-fold decrease in the expression
of matrix Gla protein (an inhibitor of calcification) and
over a fourfold increase in bone morphogenic protein 2
(a promoter of calcification) in senescent vascular
smooth muscle cells was observed. A comparison of
these changes with the transcriptional profiles of other
senescent cell types show that these changes appear to
be specific to senescent vascular smooth muscle cells.
Thus, these results suggest that senescent vascular
smooth muscle cells may play a role in the age-related
hardening and stiffening of the arteries due to increases
in calcification. Stiffening of the arteries is the major
cause of high blood pressure in older people, which in
turn is a leading risk factor for stroke, coronary artery
disease, heart attack, and heart failure (O’Rourke and
Hashimoto 2007).

Another known change associated with cellular
senescence is the reduced ability to migrate
(Schneider and Mitsui 1976; Sandeman et al. 2000;
Reed et al. 2000; Ruiz-Torres et al. 2003). This
impaired ability to migrate may be related to changes
which occur to the cytoskeleton during cellular
senescence (Nishio and Inoue 2005). Actin is an
important component of the cytoskeleton required for
cellular migration. However, in senescent fibroblasts,
for example, it has been shown that vimentin is
produced in place of actin, which is down-regulated
(Nishio and Inoue 2005). This migration deficit has
important implications during wound healing since
cells are stimulated to migrate into the wound,
proliferate and construct the new ECM. Since senes-
cent cells tend to secrete proteins which degrade the
matrix, wound repair would be further impaired. An
alternative explanation for the decline in the ability of
senescent cells to migrate is the loss or impairment of
the migratory response to stimuli such as growth
factors (Matsuda et al. 1992; Cavallaro et al. 2000).

The majority of the research into the senescent
phenotype has been carried out on fibroblasts with
little or no understanding of the senescent phenotype
of other cell types, especially those cell types linked
to age-related pathology. A detailed understanding of
the senescent phenotype of cells linked to age-related
pathology may provide an alternative perceptive for
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disease development/progression which could be used
to develop new approaches in treatment and prevention.

Cellular senescence and disease

Cellular senescence is unlikely to contribute solely to
the development and/or progression of age-related
diseases, but also other diseases or tissue dysfunc-
tion unrelated to age. Some age-related diseases may
progress as a result of gradual accumulation of senes-
cent cells, while other diseases, unrelated to age, may
progress at a faster rate due to factors which acce-
lerate the formation of cellular senescence. The
underlying mechanism of both is the same, but the
rate at which they progress differ.

Another important point to mention is that
although senescent cells are generated within mitotic
tissues, their impact is not likely limited to that tissue
type. Tissues are made up of a mixture of mitotic
cells, post-mitotic cells and long-lived proteins. The
predominant ageing mechanism for each of these
components is likely to be different, but since all
these components interact with each other, a change
in one will have a direct impact on another.

Le Maitre et al. (2007) has provided strong evidence
to suggest that intervertebral disc degeneration, a major
cause of low-back pain, may be due to accelerated
cellular senescence. Cells isolated from normal and
degenerate human tissue were assessed for mean
telomere length, senescence-associated [(3-galactosidase
(SA-B-Gal) staining [for determining the senescent
fraction (Dimri et al. 1995)], and replicative potential.
Mean telomere length decreased with age in cells from
non-degenerate tissue and also decreased with progres-
sive stages of degeneration. SA-3-Gal staining was not
observed in non-degenerative patients, unlike cells from
degenerative discs, which did exhibit 10-12% SA-3-
Gal staining and a decrease in replicative potential.
However, the factors which may have led to accelerated
senescence in this instance were not discussed.
There are three possible reasons why cellular senes-
cence was accelerated in this instance: (1) unknown
factors resulted in the damage and removal of cells,
resulting in cell turnover for replacement, (2) oxidative
stress could have been involved, resulting in stress
induced premature senescence (SIPS), or (3) telomeres
in these cells for some unknown reason started off
shorter than normal, meaning less cell turnover is
required for the appearance of senescent cells.

Paradis et al. (2001) have also shown a correlation
between disease states and the presence of senescent
cells in vivo. SA--Gal staining was used to detect
senescent hepatocytes in normal liver, liver with chro-
nic hepatitis C and hepatocellular carcinoma (HCC).
They found senescent cells present in three of 15
(20%) normal livers tested, 16 of 32 (50%) in livers
with chronic hepatitis C and in six of ten (60%) livers
with HCC. The presence of senescent cells in normal
livers was found to be associated with old age. This
increase in the senescent fraction of liver with chronic
hepatitis is probably due to accelerated senescence as
a result of the disease, but their presence may con-
tribute further to the progression of liver damage.
Interestingly, the presence of senescent cells in non-
tumoural tissues was strongly correlated with the
presence of HCC in the surrounding liver. The pre-
sence of senescent cells in non-tumoural tissues could
stimulate premalignant and malignant cells to prolifer-
ate, demonstrating not only that the ageing of one
tissue can have a direct impact on another, but also that
senescent cells may contribute to carcinogenesis.

Choi et al. (2000) looked at cellular senescence in
human benign prostatic hyperplasia (BPH) specimens.
BPH is a disease associated with an abnormal growth
of the adult prostate that begins mid to late life.
Results from this study found that 40% of the
analysed samples showed positive staining for SA-
[3-Gal and only in the epithelial cells. A high prostate
weight (>55 g) was found to correlate strongly with
the expression of SA-{3-Gal. Prostates weighing less
than 55 g tended to lack senescent epithelial cells. It
was suggested that the accumulation of senescent
epithelial cells may play a role in the development of
prostatic enlargement associated with BPH. The
accumulation of senescent cells in this case is likely
to be a consequence of the disease, but may lead fur-
ther to its progression. The enlargement of the pros-
tate may be the result of unregulated stimulated
proliferation, increasing cell turnover and consequently
the appearance of senescent cells. This would explain
why a stronger expression of SA-{3-Gal is detected in
prostates weighing more than 55 g, since they have
undergone more cellular divisions.

During the pathogenesis of type-2 diabetes, insulin
resistance causes compensatory proliferation of pan-
creatic beta cells. This compensatory proliferation
might accelerate cellular senescence, contributing
further to the progression of diabetes. To investigate
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this, Sone and Kagawa (2005) used nutrient-induced
diabetic mice to analyse beta cells for SA-3-Gal and
the proliferation marker Ki67. At 4 months, the
proliferation of beta cells was 2.2-fold higher than in
the control group. At 12 months, the frequency of
Ki67 decreased to one-third that of the control and
SA-B-Gal-positive cells increased to 4.7-fold that of
the control group. This increase in the senescent beta-
cell fraction correlated with insufficient insulin re-
lease, suggesting cellular senescence may contribute
to diet-induced diabetes. In this instance, it is difficult
to determine whether cellular senescence is the cause
or the consequence of insulin resistance. It later
appears to be a contributor, but whether it is also the
initiating factor is unknown.

Muller et al. (2006) found there to be an increase in
the number of senescent primary lung fibroblasts in
patients with emphysema compared with normal
controls (an average of 4% of cells from control
patients stained positive for SA-3-Gal compared with
an average of 16% in patients with emphysema). It is
possible that long-term exposure to tobacco smoke
accelerates the formation of senescent cells, which
subsequently may lead to loss of elasticity of the lung
tissue, destruction of structures supporting the alveoli,
and destruction of capillaries feeding the alveoli
observed with emphysema. Tsuji et al. (2004) has
shown, for example, that cigarette smoke induces
senescence in alveolar epithelial cells.

Sis et al. (2007) used senescent-associated pl6
increases instead of SA-[3-Gal to detect senescent
cells in kidneys with glomerular disease (GD). GDs
include many conditions, which fall into two major
categories: glomerulonephritis describes the inflam-
mation of the membrane tissue in the kidney that
serves as a filter, separating wastes and extra fluid
from the blood; glomerulosclerosis is the scarring or
hardening of the tiny blood vessels within the kidney.
This study found an increased expression of the nuclear
pl6 in samples with GD compared with normal.
Independently, older age and interstitial inflammation
was associated with increased expression of nuclear
pl6. Since senescent cells adopt a pro-inflammatory
phenotype, their presence may be a contributing factor
in inflammation observed in glomerulonephritis.

All these examples demonstrate the presence of
senescent cells not only in tissues but also, more
importantly, in disease states. The appearance of
senescent cells may occur gradually through general
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cell loss and replacement or much quicker by me-
chanisms which accelerate cellular senescence, such
as the presence of disease. This suggests that if no
injuries occurred as a consequence of disease, envi-
ronmental factors or by normal biological/ mechan-
ical wear and tear, ageing of mitotic tissues and the
appearance of disease would be greatly reduced.

In review, senescent cells within tissues may
contribute to the ageing process and disease develop-
ment/progression by:

1. Cellular dysfunction: inability to function properly

2. Altering the behaviour of neighbouring cells

3. Degradation of structural components such as the
extracellular matrix

4. Reducing the pool of growth-competent mitotic
cells

5. Stimulating cancer formation

Future considerations

Understanding how ageing mechanisms cause alter-
ations to tissues and understanding the consequences
of those alterations brings us one step closer to
developing new therapeutic ways of treating and,
more importantly, preventing the appearance of age-
related impairment and disease. In regard to cellular
senescence, an in-depth understanding of the senescent
phenotype of all mitotic cell-types is required so we
can better assess the potential consequences of their
appearance.

To combat the problem of senescent cells in
tissues, ongoing and future research should concen-
trate on the following three strategies: (1) prevention,
(2) removal and (3) replacement.

Telomerase therapy is aimed at preventing the
appearance of senescent cells by elongating the
telomeres of somatic cells (Shawi and Autexier
2008). The idea is to develop strategies for transiently
turning on telomerase in cells. This results in longer
telomeres, a higher replicative capacity and a reduced
chance of a cell becoming senescent through replica-
tion. However, not all cells appear to senesce as a result
of telomere shortening. Some cells have been shown to
senesce independently of telomere shortening (Itahana
et al. 2003,) and as such would be unaffected by the
elongation of telomeres by telomerase (Kiyono et al.
1998). Also, cells can become senescent as a result of
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DNA damage (Robles and Adami, 1998, Chen et al.
1998), meaning even those cells with elongated telo-
meres can become senescent. It is not known to what
degree DNA damage plays in the formation of senes-
cent cells in vivo.

Even if telomerase therapy is made possible, there
will still be a fraction of senescent cells present in
tissues. As such, strategies should also focus on direct
removal of senescent cells from tissues. Two potential
approaches include the development of drugs which
specifically target and destroy senescent cells, and the
use of the body’s own immune system to target and
remove senescent cells.

At present, a drug which specifically targets senes-
cent cells is unavailable. However, drugs which are
currently being developed (Gillies and Frechet 2005;
Alexis et al. 2008) to target specific cancer cells could
one day be adapted to target senescent cells. They
would recognise senescent specific cell-surface mark-
ers, bind to them and induce apoptosis, thus removing
the cell.

If senescent cells appear in tissues as a result of
failure of an aged immune system to remove them,
then rejuvenation of the aged immune system would
be greatly beneficial. An understanding of the biology
which leads to the functional decline in the immune
system is thus essential for the development of
rejuvenation medicine. One area of focus should be
on age-related changes associated with tumour-antigen
capture and presentation. In brief, dendritic cells cap-
ture and process tumour-specific antigens, they begin
to mature and migrate to the lymph nodes where they
interact with cytotoxic T-lymphocytes (CTLs), pre-
senting the tumour information and causing the CTLs
to become activated and proliferate, targeting tumour
cell removal (Chan and Housseau 2008). If senescent
cells are indeed removed by the immune system, the
mechanism is probably similar to that of tumour cell
removal. Although not discussed in detail here, there
are a number of stages during antigen capture and
presentation that could become altered with age and
thus in need of further investigation (Shurin et al.
2007).

1. Dendritic cells did not recognise the target cell

2. The dendritic cell did not display the target cell
specific marker

3. Lymphocytes were not activated in response to
dendritic cells

Finally, the third strategy is the replacement of
cells. If telomerase therapy is not possible, the
removal of senescent cells from tissues will only
stimulate the proliferation of surrounding cells for its
replacement, reducing the replicative capacity of that
tissue and increasing the appearance of more senescent
cells. However, tissues may also consist of a popula-
tion of stem cells involved in cell replacement (Li and
Neaves 20006), but it is not known to what extent these
stem cells or the surrounding somatic cell population
plays in tissue regeneration. Stem cells may also be
affected by ageing mechanisms and as a result may
become functionally impaired (Sharpless and
DePinho 2007). As such, the addition of stem cell
populations into tissues (Smart and Riley 2008) after
the removal of senescent cells is thus another strategy
in need of research.

Strategies involving the prevention, removal and
replacement of senescent cells is at its infancy. It is
only through a deeper understanding of the biology of
ageing and the ability to translate such knowledge into
practical therapeutic applications that we will begin to
see inevitable benefits in regenerative medicine.
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