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ABSTRACT: The TOR (target of rapamycin) pathway has been convincingly shown to promote aging in
various model organisms. In mice, inhibiting mTOR (mammalian TOR) by rapamycin treatment later in life

can significantly extend lifespan and mitigate multiple age-related diseases.

However, the underlying

mechanisms are poorly understood. Cellular senescence is strongly correlated to organismal aging therefore
providing an attractive model to examine the mechanisms by which mTOR inhibition contributes to longevity
and delaying the onset of related diseases. In this review, we examine the connections between mTOR and
cellular senescence and discuss how understanding cellular senescence on the aspect of mTOR signaling may
help to fully appreciate its role in the organismal aging. We also highlight the opposing roles of senescence in
various human diseases and discuss the caveats in interpreting the emerging experimental data.
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In vitro cultured primary cells from human tissue do not
proliferate indefinitely but instead will reach a cell cycle
arrest state after 40-60 cell divisions, known as Hayflick
limit [1]. This cell cycle arrest state is called replicative
senescence, which is believed to be relevant to human
aging. It is an irreversible cell cycle arrest likely due to
telomeric attrition accompanied with cell cycle
progression [2]. Supporting the role of telomere in cellular
senescence, ectopic expression of catalytic subunit of
human telomerase hTERT, which is supposed to mitigate
the shortening of the telomere during cell division, has
been shown to delay replicative senescence [3, 4].
Senescence can also be induced in the absence of
telomeric attrition (Figure 1A). Several mitogenic
stressors can lead to acute cellular senescence, which is
termed premature senescence because it occurs without
telomere shortening. For example, overexpression of
oncogenic RAS (H-ras V12) or its downstream effector
RAF can lead to senescent phenotypes called oncogene-

induced senescence (OIS) [5, 6]. The OIS has also been
reported in several other cases as well. BRAFV600E
mutation in human naevi results in various phenotypes of
cellular senescence [7]. In addition, loss of PTEN has
been reported to cause cellular senescence, which is
termed PTEN-loss-induced cellular senescence (PICS)
[8]. Some DNA damage-inducing agents are also known
to cause senescence of tumor cells in vitro and in vivo, and
this is dependent on the tumor suppressors pl6 and p53
[9, 10]. It should be noted that since the definition of
senescence is based on limited markers (which will be
discussed as follows), whether various senescence
inducing conditions converge on a similar pathway at the
molecular level is not well understood.

Despite the cell cycle arrest, the senescent cells
remain metabolically active. It is known that senescent
cells can secrete various pro-inflammatory cytokines,
chemokines, growth factors and proteases. This process is
termed senescence-associated secretory phenotype
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(SASP) [11-13]. SASP is one of the most striking
characteristics of senescent cells (Figure 1B). Other than
this, senescent cells also display flattened morphology
and senescence-associated heterochromatin foci (SAHF)
[14]. In addition, SA-B-gal (senescence-associated -
galactosidase) activity is also increased in senescent cells
[15]. This characteristic has been broadly used as a
histochemical marker for cellular senescence due to the
ease of examination (Figure 1C). How senescent cells
contribute to organismal aging remains poorly
understood. However, the senescent markers have been
detected in various animal tissues and are correlated very
well with chronological aging [16-20]. In addition, it has
been shown that senescent metabolites and cell factors
such as SASP contribute to various physiological
malfunctions. It is therefore likely that these “senescent
factors” may play a causative role in aging and age-related
diseases. However, how organismal aging is caused has
been explained by many other theories but none of them
seems to be fully satisfactory [21]. Nevertheless, and
strikingly enough, removing senescent cells by genetic
manipulation in a progerial mice model delays the aging
phenotype and related diseases [22], demonstrating a
significant relevance of cellular senescence to organismal

aging.
Signaling pathways involved in cellular senescence

The signaling pathways underlying the cellular
senescence remain poorly characterized. To date,
experimental evidence from many labs collectively
suggests that although many stimuli can induce
senescence response, they converge on two main
pathways, pS3 and pRb [23]. However, this could be just
the tip of the iceberg. For example, gene expression
profile by microarray shows that the characteristics of the
replicative senescence response are highly cell-type
specific [24], suggesting multiple mechanisms to induce
cellular senescence.

Early studies by inactivating p53 using the SV40
virus large T antigen shows that DNA synthesis is re-
initiated and the progress of replicative aging is delayed
in cultured human fibroblasts, establishing a role of p53
in cellular senescence [25, 26]. The full characterization
of the function of p53 in cellular senescence comes from
several recent studies. It is found that senescent human
fibroblasts display phosphorylated H2AX nuclear foci at
chromosome termini, which are co-localized with DNA
damage checkpoint factors such as 53BP1 (p53 binding
protein 1), MDC1 and NBS1. This indicates that DNA
double-strand break response (DDR) occurs when cells
progress to senescent state [2]. The senescent fibroblasts
also have elevated amount of Serl5-phosphorylated p53
and p21 and the integrity of p53 pathway is necessary for

the maintenance of senescence phenotypes [27, 28]. p53
also contributes to chemotherapy-induced senescence.
For example, primary Ep-myc lymphomas undergo
cyclophosphamide (CTX) cytostatic state, which turns out
to be p53 dependent [10]. In addition, ectopic expression
of the p53 target gene p2l is sufficient to induce
senescence program in HT 1080 human fibrosarcoma cells
[29, 30]. All these studies argue for a significant role of
p53 in establishing and maintaining senescent program in
the cell.
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Figure 1. An overview of cellular senescence. (A) A variety
of stimuli, such as oncogene expression, PTEN loss of function,
DNA damage and telomere attrition can lead to cellular
senescence. The establishment of cellular senescence requires
the activation of at least one of the two largely independent
pathways involving the well-known tumor suppressors p53/p21
and p16/pRb. (B) Senescent cells secrete a plethora of cytokines,
chemokines, growth factors and proteases, termed SASP, which
is thought to contribute to the organismal aging. (C) SA-B-gal
activity is a marker for cellular senescence. Images show the SA-
[-gal staining pattern of pre-senescent and replicative senescent
primary human fibroblast (IMR90).
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Table 1. Targeting mTOR to delay cellular senescence

Senescence programs also engage another important
signaling pathway, the p16-pRb pathway (Figure 1). pl6
is a cell cycle factor that functions as an inhibitor of
cyclin-dependent kinases Cdk4 and Cdk®6 [5, 6, 31]. It has
been reported that p16 expression is elevated in premature
senescence induced by mitogenic activation of Ras or Raf
[5, 6, 32]. Furthermore, ectopic expression of pl6 in
human diploid fibroblast is sufficient to induce
senescence phenotypes including altered cell size and
shape, appearance of SA-B-gal staining and reduced
proliferation capacity [33]. This line of evidence
establishes p16 as another yet to be fully characterized
pathway in the regulation of cellular senescence.
Overexpression of pl6 activates the tumor suppressor
pRB, which is required for maintaining senescent state.
Replicative aging can be delayed by overexpressing p53

Human fibrasarcoma IPTG-induced p21 Reduce SA-B-gal activity [30]
expression
Human fibrasarcoma IPTG-induced p21 Re-enter cell cycle when inducing [50]
expression agents are removed. Remain large size
Human fibrasarcoma IPTG-induced pl6 Preserve the proliferative capacity [50]
expression
Rodent fibroblast Sodium butyrate- Marginal decrease in SA-f-gal, no [50]
induced p21 change in morphology, yet prevent the
loss of proliferative potential
Human primary lung DNA damage by Partially prevented senescent [30]
fibroblast Doxorubicin phenotype
human retinal pigment H>O2 Reduce SA-B-gal activity, did not [50]
epithelial cell change flat morphology, prevent the
permanent loss of proliferation
Human skin fibroblasts ~Continuous passage Suppress IL-8 and p21 but not SA-B- [52]
gal activity and flattened morphology
in senescent cells
Human skin fibroblasts  Continuous passage Treatment of pre-senescent cells delay [52]
SA-B-gal, no change in cell
morphology
Human skin fibroblasts RAS Higher proliferation rate and less SA- [52]
overexpression B-gal
Mouse embryonic cells Continuous passage Partially suppress senescent marker. [53]
Cells adapt to rapmycin, not useful for
long term treatment.
Rat embryonic cells Continuous passage Reverse SA-B-gal and DNA damage [53]
marker H2AX and 53BP1
Doxycycline- Persistent Partially suppressed disappearance of [54]
inducible K5rtTA/tet- activation of Wntl  the epidermal stem cell compartment
Wntl mice and subsequent hair loss

and RB in an additive manner, suggesting that these two
pathways are largely independent [34]. However, there is
no doubt that many crosstalk exist between these two
pathways [35].

Emerging role of mTOR pathway in cellular
senescence

The mTOR pathway

mTOR, the mammalian TOR protein, is the intracellular
target of rapamycin, a pharmacological compound whose
derivatives have been approved by FDA (Food and Drug
Administration, USA) for various types of cancers. TOR
is a large protein kinase belonging to phosphatidylinosital
3 kinase-related kinase (PI3KK) family [36]. TOR
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protein is present in all eukaryotic species examined to
date including algae, slime mold, plants, worms, flies
[36], indicating that the function of TOR is highly
conserved throughout evolution. There are two conserved
TOR complexes in a cell, which is usually referred to as
TORC1 (TOR complex 1) and TORC2 (TOR complex 2)
[37, 38]. They can be differentiated by the distinct
associated proteins, for example Raptor for mTORCI,
and Rictor for mTORC?2. The two TOR complexes have
distinct roles in cell biology, which remain not fully
understood. However, experimental data in the past two
decades suggest that TORC1 is the main mediator of
nutrient signaling and is central to growth regulation.
TORC?2, although poorly characterized, may regulate the
spatial organization of cytoskeleton, which coordinates
the TORC1 machinery to expand the cytoplasmic volume.
Rapamycin is highly specific and inhibits mTORCI1
activity in a nanomolar concentration in cultured cells.
However, it may also inhibit mTORC?2 activity in long
term treatment [39].

TORCI activity is regulated by nutrient availability,
especially amino acids [40]. However, there is no
evidence that TORCI1 is a direct nutrient sensor. In higher
organisms, insulin and insulin-like growth factor (IGF)
are critically important to signal nutrient cues and activate
TORCI1 [41]. The upstream and downstream of TOR has
been nicely delineated using cultured mammalian cells.
In the upstream, there are multiple inputs including insulin
signaling through PI3K and AKT, energy signaling
(ATP:AMP ratio) through AMPK and stress signaling
through poorly characterized pathways. These signals
converge on TSCI-TSC2 complex. TSC complex serves
as a GEF (GTPase Exchange Factor) for Rheb while Rheb
in GTP-bound form activates mTOR through direct
binding [42]. Amino acid signaling does not require Rheb
but goes through different sets of small GTPase RagA/B
and RagC/D. In the downstream of mTOR, S6K1 and
4EBP1 are two most well-studied effectors, which are
phosphorylated by mTORC1 but not mTORC?2 [43]. The
phosphorylation of these two effectors, especially S6K1
phosphorylation at Threonine 389 has been used broadly
as readout for mTORCI1 activity. These two effectors are
involved in regulation of translational initiation. Other
than this, ULKI1-ATG13, the autophagic initiation
complex is also regulated by mTOR through direct
phosphorylation. Recent studies also identify another
conserved effector Mafl [44]. Mafl is a transcriptional
repressor of RNA polymerase III (Pol III) that synthesize
5S rRNA and tRNA. Mafl is directly phosphorylated by
TORCI1 in both yeast [45] and human cells [46] and is
critical in growth control as demonstrated by genetic data
in Drosophila [47].

TOR and cellular senescence

Cell growth and senescence are seemingly two
antagonistic biological processes, because cell growth is a
process of mass accumulation while senescence is state of
arrest. However, emerging data show that these two
cellular processes are linked together [48, 49].
Specifically, these newly emerging data argue for a role
of mTOR in promoting cellular senescence. This, in light
of the extensive literatures on lifespan extension through
attenuating TOR activity (which will be discussed in point
4), is consistent with the idea that cellular senescence may
reflect some if not all aspects of organismal aging. It is
therefore worth examining the literatures concerning the
cellular senescence that are linked to mTOR pathway.
Recent data have begun to uncover the important role
of mTOR in the senescence of various cell types derived
from human or mice in vitro. For example, in HT-p21
cells, a human fibrosarcoma cell line, stimulating growth
while inhibiting cell cycle simultaneously increases SA-
B-gal activity, a well-known marker for cellular
senescence (Table 1). Interestingly, treating these cells
with rapamycin diminishes the senescence markers [30].
What makes these studies especially intriguing is that
these arrested cells can re-enter cell cycle when
rapamycin and IPTG (used to confer cell cycle arrest by
inducing p21 expression) are removed. Note that in the
control, treatment of IPTG alone for 3 days has already
caused irreversible cell cycle arrest [50]. These data
suggest that mTOR inhibition by rapamycin can delay the
progression of cellular senescence. Supporting this idea,
in another normal human fibroblast WI-38, rapamycin
treatment prevents or attenuates senescence induced by
chemotherapy drug doxorubicin (DOX) [30]. In addition,
in ARPE-19 cells (a human retinal pigment epithelial cell
line), rapamycin not only decreases hydrogen peroxide
(H207)-induced senescence, but also prevents the
permanent loss of proliferation capacity [50]. Several
other cell lines have also been tested and the results are
strikingly consistent (Table 1), arguing for a critical role
of mTOR in establishing the senescent phenotypes.
Apart from chemical-induced senescence, the effect
of rapamycin on attenuating senescence is also
demonstrated in several other conditions, such as
replicative senescence and oncogene-induced senescence
(OIS) [51-53]. In a study on replicative senescence of
human skin fibroblasts (BJ cells), 3-day rapamycin
treatment suppresses the induction of IL-8 and p21, but
not other senescent markers such as SA-B-gal activity and
flattened morphology [52]. Nevertheless, rapamycin can
still significantly slow down the process of replicative
senescence if treated from early passage (cells are in pre-
senescent stage). Untreated BJ cells with additional 30
passages (total 60 passages) will assume flattened
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morphology and SA-B-gal staining, while cells with
rapamycin treatment not only show higher proliferative
rate, but also have higher numbers of population doubling
[52]. In addition, these rapamycin-treated BJ cells display
less SA-B-gal activity and less expression of p21 and IL8
[52]. In the case of OIS that is induced by oncogene RAS,
rapamycin-treated cells show a higher proliferation rate
and less SA-B-gal staining compared to non-treated cells
[52]. Similar observations have been reported in rat
embryonic cells, although proliferation-inhibiting effect
of rapamycin on rodent cells masks its effect on
replicative life span [53]. Persistent activation of
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Whntlcauses disappearance of the epidermal stem cell
compartment and subsequent hair loss in a mouse model,
apparently due to stem cell senescence [54]. Later in vitro
experiments show that Wntl activates mTOR signaling in
cultured keratinocytes from such transgenic mice and
leads to subsequent cellular senescence. Significantly, this
phenotype can be partially suppressed by rapamycin
treatment [54]. All the above studies suggest that
rapamycin treatment, which decreases the activity of
mTOR, can decelerate cellular senescence caused by
different stimuli.
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Figure 2. Emerging role of mTOR in cellular senescence and organismal aging. (A) mTOR integrates different signaling pathways
to cellular senescence. mTOR regulates cellular senescence through modulation of mitochondrial metabolism, autophagy and protein
translation. (B) mTOR homologs in many model organisms promote organismal aging through poorly characterized mechanisms.

Potential mechanisms

Although cell cycle is arrested, senescent cells are active
in metabolism and protein synthesis [11-13, 55]. A
common feature of senescent cells is the enlarged cell
morphology (hypertrophy) [56]. Consistently, senescent
cells contain more cell mass [57]. It has also been shown
that during therapy-induced senescence (TIS), protein
synthesis rate is elevated as judged by the increased
incorporation of fluorescence-labeled methionine [55].
The increase in cell mass hence enlarged morphology is

consistent with the role of mTOR in promoting cellular
senescence, as mTOR promotes protein synthesis and cell
growth[48]. Presumably, mTOR is activated in senescent
cells, which may be necessary for progression of cellular
senescence. Indeed, evidence has been shown that S6
phosphorylation, a well-established marker for mTORCI1
activity, is enhanced in these cells [53]. Furthermore,
mTOR inhibition by rapamycin treatment attenuates the
activation of some if not all senescent markers. These data
collectively suggest an intriguing role of mTOR in
establishing cellular senescence (Figure 2A). A variety of
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oncogenic proteins, such as RAF and RAS can activate
mTOR pathway. Consistently, these oncogenic proteins
are well known to cause cellular senescence [5, 6].
mTOR positively regulates protein synthesis and
negatively regulates autophagy pathway [48]. Excessive
activity of mTOR during aging may increase abnormal
proteins in senescent cells, as a result of both increased
protein synthesis and decreased autophagic activity. This
in turn, might lead to protein aggregation in degeneration
disease. Supporting this argument, ATF4, an unfolded
protein response (UPR) marker, is activated by therapy-
induced senescence (TIS) [55]. Senescent cells rely on
autophagy and lysosome pathway to eliminate mis-folded
proteins and relieve proteotoxic stress. Inhibiting
autophagy and lysosome activity is known to cause
senescent cell death [55]. This work suggests that the
autophagy-lysosome pathway likely serves to delay the
progression of senescence [55]. Interestingly, as also
mentioned early in this review, autophagy is negatively
regulated by mTORC1 [58-60]. In senescent cells, high
levels of mTOR activity may mitigate the effect of
autophagy on clearing excessive, damaged proteins and
organelles, therefore accelerating the progression of
senescence (Figure 2A). To the contrary however,
inhibiting mTOR by rapamycin activates autophagy,
protects cells from proteotoxicity, therefore delaying
cellular senescence. This argument is also supported by
recent data showing that TOR inhibition decreases the
mitochondrial UPR marker HSP-60 in C. elegans [61].
Mitochondria dysfunction has been suggested to be
an important mechanism leading to cellular senescence,
as decreased mitochondrial function, impaired ATP
generation and increased reactive oxygen species (ROS)
levels are implicated in cellular senescence [62, 63].
Mitochondrial biogenesis is essential for maintaining
healthy and normal function of mitochondria in the cell.
PPARy and its co-activator 1(PGCl-a) are master
regulators of mitochondrial metabolism and biogenesis.
Intriguingly, mTORC1 1is linked to mitochondrial
biogenesis through regulating the transcriptional activity
of PGC1-a [64]. Supporting this, studies elsewhere show
that reducing mTORC1 function by rapamycin treatment
enhances mitochondrial membrane potential, reduces
ROS levels, and increases replicative life span [65]. In a
radiation-induced  senescence  model, rapamycin
treatment prevents the ROS induction by irradiation in
primary normal oral keratinocytes (NOK) [66]. The
prevention of ROS is mainly mediated by the induction
and stability of MnSOD protein, as knockdown of
MnSOD abrogates the increased clonogenic capacity of
rapamycin-treated NOKs [66]. These data suggest that
mTOR activity contributes to the radiation-induced
senescence by accelerating intracellular ROS
accumulation, which is mediated through the inhibition of

mitochondrial superoxide dismutase MnSOD (Figure
2A).

TOR pathway in regulation of lifespan in model
organisms

The role of mTOR in cellular senescence is consistent
with a large body of work that has been done in model
organisms (Figure 2B), where inhibition of mTOR
homologues consistently extends lifespan [41]. The direct
evidence showing the role of TOR in modulating lifespan
is initially found in C. elegans, where lowering TOR
activity increases lifespan more than 2 folds, one of the
most striking records that have been made. Note that this
specific experiment was done at a very specific
temperature (25.5 °C) [67], which may account for the
only mild lifespan extension observed in later studies.
Nevertheless, shortly after this initial observation,
experiments in Drosophila and budding yeast confirm the
important role of TOR in lifespan regulation. Down-
regulation of TOR activity in Drosophila through
expressing a dominant-negative TOR allele extends mean
lifespan around 15% [68]. In yeast, replicative lifespan
can be extended when TORCI1 activitry is decreased [69].
In subsequent studies, both genetic and pharmacological
manipulations in various model organisms consistently
show that TOR inhibition can extend lifespan [70-72].
Impressively, rapamycin administration starting at 600
days in mice, an age analogous to ~50 years in human,
extends lifespan up to 14% in female and 9% in male mice
[72]. Since TOR is sensitive to nutrients, it is believed
that TOR inhibition underlies the effect of calorie
restriction to extend lifespan. It has been shown that
rapamycin inhibits only TORC1 but not TORC2 [73].
However, later experiments demonstrate that chronic
rapamycin treatment can also inhibit TORC2 activity
[39]. It is therefore unclear in situations involving long
term rapamycin treatment, especially those related to
research on senescence and organismal aging, whether
TORC2 is also playing a role. Nevertheless, the results
obtained from the mice study suggest that rapamycin
derivatives as FDA-approved drugs hold promise in
delaying aging and alleviating age-related disease in
human.

Other than TOR kinase, many TOR regulators and
effectors are also lifespan regulators. For example, C.
elegans lifespan can be lengthened by RNAi knockdown
of Rheb homolog [74], or by expressing a dominant
negative form Rag [75]. In addition, worms heterozygous
for daf-15, the homolog of mammalian Raptor, extends
lifespan about 30% [76]. The TOR downstream effectors
including S6K1, 4EBP1 and ULK1 are also implicated in
lifespan regulation. For example, deletion of the gene
encoding Sch9, the yeast homolog of human S6K1, gives
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as much as 90% in lifespan extension [77]. RNAi
knockdown of rsks-1/S6K1 in C. elegans causes up to
50% increase in mean lifespan. In flies, expression of a
dominant-negative dS6K1 increases mean lifespan
around 15% [68]. Consistently, S6K1 knockout in mice
extends mean lifespan up to 19% [78]. Another TOR
effector 4EBP1 is negatively regulated by TORCI.
Overexpression of 4EBP1 in flies increases lifespan up to

11% in male and 22% in female [79]. Atgl is the yeast
homolog of ULK1 and deletion of ATG 1 not only shortens
WT lifespan but also blocks the life-prolonging effect of
rapamycin [80]. It would be interesting to see if these
TOR pathway regulators and effectors are also implicated
in cellular senescence and related diseases.

T Inflammation,
. Cellular Stem cell
" exhaustion
Tissue repair Senescenc '
Neuro-
degeneration

Figure 3. Opposing roles of cellular senescence in disease. Cellular senescence on the one hand can cause chronic inflammation,
decrease stem cell renewal ability and promote progerial syndrome, but on the other hand serves to inhibit cancerous
transformation and enhance tissue repair. The role of cellular senescence in disease, especially age-related disease awaits further

investigation.

Opposing roles of senescence in diseases

Although evidence has been shown that cellular
senescence can contribute to organismal aging and age-
related diseases [16-20], paradoxically, senescence is well
known to protect cells from cancerous transformation. For
example, senescence has been proposed to be an
anticancer mechanism that prevents the neoplastic
transformation. Such ideas find plenty of experimental
supports in the literature [81]. For example, human naevi
are in a senescent state and refractory to oncogenic
transformation caused by mutations in the RAS pathway
[7]. In addition, acute loss of PTEN, a tumor suppressor
in mouse induces cell cycle arrest both in vitro and in vivo
but does not initiate tumorigenesis as expected [8]. In
another setting, RAS-induced lymphomagenesis is
accelerated by the loss of cellular senescence [82]. The
positive role of senescence in disease has also been
reported in wound healing. In a mouse model of liver
injury, senescent cells from activated hepatic stellate cells

are found to accumulate in the injured liver [83]. Loss of
senescence in these cells results in significant increase in
fibrosis after injury. Mechanistically, senescent stellate
cells secrete extracellular matrix-degrading enzyme and
enhance immune surveillance, thus may contribute to
fibrosis resolution [83].

Despite the beneficial role of cellular senescence
mentioned above, senescent phenotype is well correlated
to normal aging and several other related diseases (Figure
3). For example, degeneration at the organismal level is at
least in part due to altered secretion of cell factors from
senescent cells [11-13]. These secreted factors can disrupt
the normal tissue structure and function in cell culture
[49], suggesting a similar role in vivo. Matrix
metalloproteinases (MMPs), which are prominent SASP
components, can disrupt alveolar morphogenesis,
differentiation and branching of mammalian breast
epithelial cells [84]. In addition, evidence has been shown
that in the aging brain, astrocytes undergo cellular
senescence  and  express pl6é  and  matrix
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metalloproteinase-1(MMP-1). Furthermore, the frontal
cortex of AD patients shows more senescent astrocytes
than that of normal people of similar age [85]. The
senescent astrocytes can poorly support in vitro cultured
neurons, suggesting that astrocytes senescence may
contribute to neuronal degeneration in vivo [86].

Another line of evidence supporting the role of
cellular senescence in causing aging is from the study on
stem cell renewal. The contribution of stem cell renewal
in delaying aging has become increasingly appreciated
[87]. In higher organisms, adult stem cell is essential to
replenish the loss of somatic cells due to damage or
disease. It is found that pl6-dependent stem cell
senescence results in decreased proliferation and
regeneration potential [88-90]. In old mice, the pro-
senescence protein pl6 is accumulated in the stem and
progenitor cells in the brain, bone marrow and pancreas.
Significantly, depleting p16 through genetic engineering
of corresponding chromosomal locus suppresses the
decline in stem cell proliferation and tissue regeneration.
However, as p16 functions as a tumor suppressor, these
mice die earlier of cancer instead of living healthier and
younger. Despite the broad interest in stem cell research
in the aging field, significant amount of work awaits to be
done in order to exploit the beneficial side of stem cell
therapy for aging and age-related disease.

Recently, a genetically engineered mouse model
where pl6-expressing senescent cells are eliminated by
apoptosis [22], demonstrates delayed onsets of progeroid
phenotypes in different tissues, such as adipose tissue,
skeletal muscle and eyes. However, lifespan is not
extended in these mice. Note that the benefits on age-
related disease are obtained in a progerial model and
whether removing senescent cells could improve healthy
span or even life span in normal mice remains to be
determined. However, this work has provided the basis for
further study on similar topics, which may promise novel
strategy to delay aging and improve healthy span in
human.

Conclusion

Although the role of TOR in lifespan regulation has been
supported by numerous studies in various model
organisms, the underlying signaling circuits remain
poorly understood, especially those related to mammals.
Cellular senescence has been used as a nice aging model
to delineate the mechanisms by which mTOR exerts its
pro-aging function. However, the contribution of cellular
senescence to organismal aging has not been fully
established. When it comes to age-related disease, for
example cancer, senescence can function to protect
against malignant transformation. However, at the
organismal level, accumulating data suggest that

senescent cells contribute to multiple age-related diseases.
The opposing roles of senescence in age-related disease
reflect the highly complex interaction of multiple
signaling pathways in the pathology of these diseases.
Nevertheless, future study on how mTOR modulates
senescence of in vitro cultured cells and aging at the
organismal level will definitely facilitate the design of
strategy to delay aging and mitigate age-related disease.
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