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Abstract

Senescence is considered as the response outcome generated in cells to halt the development and progression of tumor.

The detection of senescent cells is problematic as there exists no exclusive marker of senescence that can be applied

universally. In this review, we briefly describe the markers that are commonly used to identify senescent cells and also

point out the limitations of their individual usage. We propose that rather than single marker, a combination of markers

should be employed for faithful senescence detection and that increasing the available pool of senescence markers may

facilitate senescence detection across different settings.
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Introduction

Senescence is described as a terminally non-
proliferative state of cells, characterized by a permanent
exit from the cell cycle and inability to mount response to
mitogenic stimulus [1,2]. Senescence can be induced by a
range of cell intrinsic and extrinsic stimuli and is believed
to pose a defensive barrier against tumor development
and progression [2,3]. One of the nagging challenges in
the field is that there exists no unique marker to identify
senescent cells. Although a number of senescence
markers have been proposed, not all senescent cells will
exhibit all of these markers. The presence of senescence
markers are chiefly dependent on the tissue of origin as
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well as the genetic makeup of cells [3,4]. Here we attempt
to briefly summarize the markers that are routinely
employed to recognize senescent state and point out the
limitation of their individual usage for senescence
detection.

B-galactosidase Activity

Senescence associated f3-gal (SA-B-gal) activity SA is
most widely used senescence marker primarily because of
the ease of assay set up and its effortless detection in
tissues[1,5,6]. B-galactosidase is an endogenous enzyme
found in the lysosomal environment (pH 4 - 4.5) with a
maximal activity. For the purpose of senescence detection,
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the SA-B-gal activity is measured in situ at a suboptimal
pH 6.0 with substrate X-Gal. A positive SA-f-gal activity
denotes higher expression level of the enzyme [7,8].
Intriguingly, SA-[-gal activity is also found elevated under
normal conditions in autophagic cells exhibiting surge in
lysosomal activity and in matured osteoclasts and
macrophages [9-12]. Besides this, cultured
quiescent/differentiated cells also display increases in SA-
B-gal activity when they are maintained for extended
periods [6]. Therefore, the suitability of SA-B-gal activity
detection as a unique senescence marker is clearly
questionable.

p16INK4A Expression

Another marker that is commonly employed for
senescence detection is p16 expression. Normal healthy
tissues do not have any detectable expression levels of
pl6, however, the levels rise markedly in response to
certain kinds of stresses or changes in normal tissue
configuration commonly found during tumorigenesis and
ageing. Although these factors make pl6 seemingly
advantageous for senescence identification, there are
limitations to its utility as senescence marker. pl6
expression is not manifested in all forms of senescence.
Instead, other tumor suppressor genes are found over
expressed in culture models of senescence [13,14].
Moreover, there are instances where pl6 is found
abundantly expressed yet cell do not exhibit non-
proliferative phenotype [15,16]. A prototypic example is
the high level expression of p16 found in HPV cancer
caused by the disruption of negative feedback loop from
inactive Rb [15]. Thus, the presence of senescence gene is
not a definitive indicator of senescence as the senescence
inducing effects of these genes can be nullified by
mutations in the downstream effector molecules.

p21CIP1 Expression

While the expression of p16INK4A is detected in a
broad range of senescence settings, another important
cyclin dependent kinase inhibitor that is found to
accumulate rather commonly in senescent cells is
p21CIP1 [17]. Induction of p21CIP1 has been found in
replicative senescence. Moreover, anti-cancer drug
treatments are also known to induce senescence in cancer
cells through stimulation of p2lexpression [18]. For
example, cisplatin treatment of wild type p53 head and
neck cancer cells lead to senescence phenotype that was
dependent on increased p2lexpression [2,19]. Similarly,
p21 dependent induction of senescence phenotype was
observed in range of cancer cells after treatment with
NEDDS8 activating enzyme inhibitor [20]. Although these
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results suggest that p21 expression may be an attractive
surrogate for therapy induced senescence detection, but
contrary findings in other cancer models precludes its
general application for senescence detection. For
instance, fibrosarcoma and colon cancer cells devoid of
p21 still exhibited senescent features in response to drug
treatment or ionizing radiation [18]. Another aspect that
deters wide application of p21 expression as senescence
marker comes from the observation that p21 over
expression can also induce other form of cellular death
such as apoptosis [17]. Because of these limitations, p21
expression alone does not appear to be a reliable marker
for senescence.

DNA Damage Foci

DNA damage is closely linked to senescence as the chief
senescence inducing pathways are spurred by the action
of DNA damage response (DDR) signaling cascade.
Activated DDR signaling is widely detected by monitoring
the expression level of phosphorylated H2AX on serine
residue 139 [21,22]. This phosphorylated histone variant,
also known as Gamma H2AX, can form punctate pattern in
the nucleus which denotes DSBs and/or uncapped or
eroded telomeres or sometimes can be evident as a pan
nuclear stain (for example, under conditions of oxidative
or replication stress) [23]. DNA damage foci are
prominently observed at the telomere junction in cells
undergoing replicative senescence [13,24,25]. Moreover,
expression of DNA damage foci is also seen in non-
telomere regions of cells undergoing other forms of
senescence [26,27]. Inspite of this apparent association
between DNA damage foci and senescence induction, DNA
damage foci cannot employed as a distinguishing marker
for senescence. This is because a number of cancer cells
exhibiting persistent activation DDR pathway are seen to
proliferate normally in culture [28]. Similarly, wide range
of genotoxic insults in cells also trigger DNA damage foci
without eliciting senescent phenotype. Thus, DNA damage
foci cannot be employed in isolation to detect senescent
cells.

SAHF

In addition to the perceived morphological and
biochemical changes, the induction of senescence is also
marked by modifications to the chromatin structure
[23,29]. When 4’, 6-diamidino-2-phenylindole (DAPI) is
introduced in certain senescent cells; it elicits a strongly
punctate staining pattern of the chromatin structures.
These focally dense staining of nuclear domains with
DAPI is termed as senescence-associated heterochromatic
foci (SAHF). The presence of SAHFs alone do not
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necessarily represent senescent cells but is certainly used
to mark senescence when accompanied with epigenetic
silencing modifications such as trimethylated lysine 9 on
histone 3 [30]. Moreover, accumulation of other proteins
including HP1, HMGA, histone chaperones HIRA and Asf1,
macroH2A, and pRb at the genetic loci containing pro-
proliferation genes have also been employed for
senescence detection [30-33]. Despite their apparent
utility for senescence detection, the SAHFs are not
universally seen across all senescent cells. The SAHFs are
more commonly observed in oncogene induced
senescence and closely correlated with increase in p16
INK4a expression, but can also be evoked in cell type and
senescence stimuli dependent manner [23]. For these
reasons, SAHFs formation alone is rather unreliable
marker for senescence detection.

SASP

Induction of senescence leads to massive alterations in
the transcriptional program of several hundreds of
proteins. The secretion of such hundreds of factors by
senescent cells which include proteases, chemokines, and
cytokines, is collectively known as the senescence-
associated secretory phenotype (SASP) [2,23,29,34,35].
The SASP exerts a range of effects and at times, the factors
involved may have opposing effects depending on the
genetic context and cell type. An earlier study reported
that persistent DNA damage signaling is required for the
secretion of SASP factors. Because DNA damage signaling
is not observed in all senescent cells, therefore SASP is not
invariably linked to senescence [4,36]. Indeed, expression
levels of SASP factors are found grossly elevated under
non-senescent backgrounds such as inflammation, injury,
infection, and prevailing malignances [1]. Currently, no
SASP components alone or in combination can unfailingly
distinguish senescence from other cellular stresses.

Telomere Shortening

The telomeric length imposes restriction on the
replicative capacity of untransformed normal cells.
Abnormally short telomere trigger DDR pathway which in
turn blocks the propagation of cells and contribute to the
maintenance of chromosomal integrity [37]. It has been
proposed that assays measuring telomere erosion and
integrity may be useful to identify senescence. A number
of approaches are available to examine telomeric length.
On account of its precision, the flow cytometry coupled
fluorescence in situ hybridization is preferred for
visualization and assessment of telomeres. As with other
senescence markers, shortened telomere length can be
observed in non-senescent settings raising the question
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on its general applicability for senescence detection.
Furthermore, a range of stresses can also induce
senescence in human cells in absence of telomeric
shortening. For these reasons, senescence determination
cannot be solely based on the assessment of length and
integrity of telomeres.

Conclusion

The inability of any of the above markers to
unambiguously identify senescence on its own has
created problems for faithful detection of senescence.
Adding to this problem are the observations that wide
range of stimuli can trigger senescence and their
mechanism of action are distinct. It is clear that
senescence detection will need to be pursued by relying
on the combination of senescent markers that are
properly adapted to the context under investigation. In
this regard, agreeing to the suggestion put forth
previously, we feel that stable cell cycle arrest in
conjunction with two or more markers, could be
acceptable evidences for demonstrating senescence [1].
For example, in an earlier study, we had used SA-B-gal
staining along with p21 induction to mark therapy
induced senescence in HNSCC cells. Similarly,
combinations of other markers have also been utilized for
senescent detection. We feel that availability of a greater
pool of senescence markers may enable rapid
demonstration of senescence in different contexts.
Evolving technologies of genome-wide expression
analysis in single-cells and proteomic approaches may be
helpful in uncovering novel markers of senescence. For
instance, a proteomic study conducted previously had
furnished 107 markers of senescence [38]. While such
discoveries will undoubtedly improve our understanding
of senescence signaling, they may also create new
complications arising out of cell heterogeneity and
compel us to further refine the definition of senescence.
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