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ABSTRACT 

Accumulation of senescent cells in aged tissues has been proposed as a possible factor for the 

development of age related diseases, as their associated secretory phenotype (SASP) provides 

an environment highly favourable for inflammation and tumorigenesis. As recent studies 

provide a proof of concept that removing senescent cells delays the emergence of pathological 

conditions in mice, the idea of targeting senescent cells in humans is quite promising. 

This review will address the current knowledge of senescent cells, focusing on their biomarkers 

and possible mechanisms to target them. 

 

The role of senescent cells in aging 

Aging can be described as a progressive tissue damage and loss of functionality in living 

organisms, which can be evidenced by the increase in incidence of several pathologies during 

senescence (termed age-related diseases). Although several theories of senescence have raised 

in the last decades (Medvedev, 1990), the link between aging and disease is still poorly 

understood. In this regards, the accumulation of senescent cells over time has been proposed 

as a possible factor, since there is evidence for their accumulation in cultured tissues as well as 

aged primates (Herbig et al., 2006; Jeyapalan et al., 2007). Indeed, accumulation of these cells 

has been reported in human tissues with pathological conditions such as atherosclerosis 

(Erusalimsky & Kurz, 2005; Minamino & Komuro, 2007), autoimmune diseases (Manestar-Blažić 

& Volf, 2009) and even cancer (Castro-Vega et al., 2015; Krtolica et al., 2001).  

Fortunately, it seems that the role of senescence cells in the emergence of age related diseases 

is starting to be elucidated. In addition to declining the pool of functional healthy cells as they 

accumulate in tissues, there is increasing evidence that these senescent cells have also an active 

role in disease by promoting a dysfunctional micro-environment, known as the senescence-

associated secretory phenotype (SASP) (Coppé et al., 2010; Velarde et al., 2013). Numerous pro-

inflammatory factors like cytokines and chemokines, together with growth factors and 

proteases are released to the extracellular matrix (ECM), making the environment favourable 

for tumour growth, chronic inflammation and other pathological conditions.  

Given this, targeting and killing senescent cells periodically might be an interesting strategy for 

preventing or delaying the development of age-related diseases. This idea has been recently 

carried out in a few experiments with transgenic mice, achieving a healthier life-span (Baker et 

al., 2011, 2016; Chang et al., 2016; Zhu et al., 2015). 

 

 

 

 



Targeting senescent cells 

For targeting senescent cells, we first need to identify which biomarkers they express. Although 

there is still little research in this area, recent reviews made by Matjusaitis et al. (2016), Salama 

et al. (2014) and Sharpless & Sherr (2015) summarise the current knowledge in this field. Several 

distinctive features have been described for these cells, ranging from specific membrane 

proteins, activation of cell cycle arrest, DNA damage, telomere loss or other phenotypic changes; 

however, none of them can be used alone as a reliable and specific biomarker for cell 

senescence. The heterogeneity of senescent cells (e.g. replicative and stress-induced 

senescence have different distinctive features (Herbig & Sedivy, 2006)) and the presence of 

markers shared with other non-senescent cells, are challenges that hinder the finding of reliable 

biomarkers. 

The following sections will provide a brief description of the most promising biomarkers for 

senescence. 

 

Cell cycle arrest 

Cell senescence is, by definition, a permanent withdrawn from the cell cycle (Campisi, 2005; 

Kuilman et al., 2010), that is thought to have a tumour suppressor purpose. Therefore, cell cycle 

machinery is a central, indispensable marker for targeting any type of senescent cell. However, 

there exist other non-dividing cells, such as quiescent stem cells or post-mitotic neurons, that 

share many of these biomarkers for cell cycle arrest (table 1) (Matjusaitis et al., 2016). Thus, 

using these markers along won´t be precise and they need to be combined with other 

biomarkers. 

Many causes can trigger cell cycle arrest but all of them converge in two pathways: p53 and 

p16/pRB (Campisi, 2005). P53 can be induced by telomere dysfunction, DNA damage or 

oncogene overexpression. This activation of p53 triggers the expression of p21, which can 

initiate a pause in the cell cycle in order to give time for DNA repair (known as a checkpoint 

control). However, these factors are overexpressed only at the initial states of senescence, 



which means that they are not needed for the maintenance of a “deep” senescence. Indeed, cell 

cycle arrest in this case can be reversible (Sharpless & Sherr, 2015).  

On the other hand, p16/pRB pathway is induced mostly by oncogenes and other stressors like 

wounding. p16 is a potent tumour suppressor that activates pRB. This reorganizes 

heterochromatin and represses the expression of several cell cycle regulator genes, therefore 

arresting the cell in an irreversible manner (Campisi, 2005). Overexpression of p16 is persistent 

during deep cell senescence, and is widely used as a biomarker by the scientific community. 

However, p16 is also overexpressed in cancer cells -therefore, not specific for senescence- and 

current antibodies are poor at targeting p16 with immunohistochemistry (Sharpless & Sherr, 

2015). 

 

 

DNA markers 

As already noted, DNA damage by stressing agents such as radiation or ROS can trigger activation 

of the p53 pathway and induce cell cycle arrest; thus, it can be used as a senescence marker. In 

this respect, a number of markers of DNA damage have been described (Matjusaitis et al., 2016), 

with the advantage that they are in general easy to detect with current techniques like 

immunohistochemistry. Nevertheless, these are usually indirect markers of senescence (e.g. 

λH2AX is a marker for DNA double-strand breaks) and hence are not exclusive to these cells. 

 

Another commonly used biomarker is telomere attrition, which correlates with replicative 

senescence. However, telomere length can´t be targeted in vivo, and its measurement requires 

destruction of the cells (PCR) or tissue biopsies (flow cytometry, FISH) (Matjusaitis et al., 2016; 

Sharpless & Sherr, 2015). On the other hand, telomeres can be also damaged by other stressors 

aside from continuous cell division, ending with a cumulative DNA damage known as telomere 

dysfunction-induced foci (TIF), which can be marked with immunostaining of similar markers as 

any DNA damage such as λH2AX (Matjusaitis et al., 2016). 

 

Finally, chromatin reorganization in senescence results in a characteristic epigenetic profile 

known as SAHF that can be measured by DAPI staining, immunocytochemistry, or new methods 

like chromatin in vivo assay (CiA) (Matjusaitis et al., 2016). 

 

 

β -galactosidase (β-gal) 

This marker reflects an increased liposomal activity in senescent cells and is currently one of the 

most commonly used biomarkers of senescence by researchers (Matjusaitis et al., 2016), perhaps 

because of its easy detection with current techniques. Interestingly, a recent study has provided for the 

first time a new way to target β-gal overexpressing cells using silica nanoparticles (Agostini et al., 

2012). Porous silica nanoparticles were uploaded with the red dye Rhodamine B and coated with 

a galacto-oligosaccharide (GOS). These nanoparticles are internalised in the cells by endocytosis, 



and in the presence of β-gal, the GOS coating gets hydrolysed and the cargo is released inside 

the cell, dying the cells with red in this particular case. 

However, β-gal is also detected in other highly active cells like macrophages or proliferating 

gastrointestinal epithelium (Kuilman et al., 2010; Sharpless & Sherr, 2015), so it should be used 

in combination with other markers. 

 

 

Membrane proteins 

A great number of different membrane proteins have been described for senescent cells, 

although most of them are cell-type dependent or not specific (Althubiti et al., 2014; Matjusaitis 

et al., 2016). Despite this, one study has recently characterized a number of novel membrane 

markers that greatly increases specificity to identify senescence (Althubiti et al., 2014). 

Moreover, these markers, named as DEP1, NTAL, ARMCX3, LANCL1, B2MG and PLD3, correlated 

positively with an increased survival rate in tumours, meaning that they could be used for 

predicting survival in patients with cancer. The ethical issues of such a diagnostics were not 

discussed in the study and should be addressed in future similar applications. 

Another exciting study that targets specific membrane biomarkers using nanoparticles was 

found in the reviewed literature (Rebo et al., 2010). Senescent T-cells were targeted in mice 

using antibodies for the membrane receptor KLRG1, linked with magnetic nanoparticles. A 

magnetic machine that filters the blood was also fabricated by this group of researches, being 

able to remove the senescent T-cells targeted with the magnetic nanoparticles from the mice 

blood in vivo.  

 

 

Discussion  

Although several potential biomarkers of senescence have been described in the past decades, 

none of them seems to be sufficiently reliable. However, current markers could be used in 

combination with each other in order to achieve higher specificity in detecting these cells.  

Interesting advances have been made recently in this field, and we can expect that 

nanotechnology will have a great impact in finding new suitable and reliable markers, as well as 

creative methods for targeting and killing senescent cells in vivo. 
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