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Abstract

Background: Cellular senescence, a stable growth arrest of cells, is increasingly recognized 
as a driver of the aging process. Several studies report higher numbers of senescent cells in a 
variety of tissues of older humans when compared to the young. 
Objective: To systemically describe the literature on the association between markers of 
cellular senescence and chronological age in different types of tissues. 
Methods: We searched Pubmed, Web of Science and Embase for articles that reported on 
senescence markers dependent on age in any human tissue. Out of 3833 unique articles 43 
articles reporting on this topic were identified, including 44 cohorts. Data was extracted on 
the origin of tissue, the type of markers being used, and the age and gender distribution of the 
donors. A total of 78 associations between senescence markers and age were reported.
Outcomes: Cohort sizes ranged from 3 to 176 donors, and varied widely in their age distribution. 
Out of the 78 associations, 34 were positive and statistically significant associations (p<0.05) 
between senescence markers and chronological age, six showed positive trends (0.05<p<0.10), 
27 associations were inconclusive (p>0.10) and one association showed a negative statistically 
significant association (p<0.05). A large proportion of the positive associations were based on 
studies conducted in blood, whereas it was less often the case in kidney and skin. 
Conclusion: Almost half of the associations between markers of cellular senescence and age 
show a positive significant association. This can be interpreted as proof of an evident biological 
phenomenon but it is unclear to what extent publication bias explains for these outcomes.
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Introduction

Cellular senescence, a stable growth arrest of the cell, has been widely studied in vitro. This 
growth arrest of senescent cells functions as an effective anti-tumor mechanism at the cost of a 
diminished capacity to regeneration of tissues 1. Furthermore, senescent cells have been shown 
to secrete proteins that disrupt functional integrity of tissues and have pro-inflammatory 
and tumorigenic properties that act on surrounding cells, termed the senescence-associated 
secretory phenotype (SASP) 2-7. Senescent cells have been found to be more prevalent in 
several tissues of aged mammals in vivo 8-12 and the SASP has been implicated in the aging 
process 13. Seminal experiments using progeroid and normally aged mice show that health 
span was markedly improved when senescent cells were cleared from tissues by inducing 
apoptosis 14-16. These data indicate a causal link between the presence of senescent cells and 
the rate of aging.

Several attempts have been made to clarify the role of senescent cells in the aging process 
of humans. In vitro, cells derived from older humans more often show higher expression 
of markers indicative of senescence compared to cells derived from young humans 17-20. 
Senescent cells have also been shown to be more frequently present in tissue sections from 
older compared to younger humans. Studies in various animal models show that these positive 
associations between senescence and chronological age markedly differ across various tissues 
9;11;21 and may reflect different rates of tissue renewal and or different sensitivity to triggers of 
senescence.

Here we have conducted a systematic review of the literature reporting on the prevalence of 
senescent cells dependent on chronological age in various human tissues.

Methods

Selection of studies
A systematic search of the literature was performed on 13-05-2014 in PubMed, EMBASE and 
Web of Science using the terms “senescence”, “tissue”/”biopsy”/”histology”, different organ/
tissue types and different markers for cellular senescence (see Supplementary methods for 
complete search strategies) with no limitations on publication dates. The search yielded 6709 
articles, of which 2876 were duplicates. A total of 3833 articles were screened on title and 
abstract by one author (MW); exclusion criteria were (1) animal studies; (2) in vitro studies; 
(3) reviews; (4) conference abstracts; (5) method and theory papers; (6) editorials; and (7) 
articles in another language than English. Then 458 articles were further evaluated based on 
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full text by two authors (MW and MS). The same set of exclusion criteria was applied but now 
included the following additional criteria: (8) the method how senescent cells were detected 
was not reported; (9) the sole use of telomere length as a marker of senescence; (10) the 
detection of senescent cells was not related to human tissue; (11) the presence of senescent 
cells was not linked to neither age or nor disease; (12) the presence of senescent cells was 
linked to malignant tumors.

The following senescence markers were included: markers of cell-cycle arrest (p16, p21, p53), 
lack of proliferation markers (Ki67, bmi1), senescence-associated β galactosidase (SAβ-gal), 
senescence-associated heterochromatic foci (SAHF), DNA damage markers, SASP factors 
(including cytokines, growth factors, proteases). The lack of or decline of the markers Ki67, 
bmi1, CD45RA+, CD27+ and CD28+ are considered ‘negative’ markers of senescence’, as 
the absence of one of these markers is indicative of cellular senescence. Telomere length 
was excluded as a marker of senescence as determining telomere length in tissue samples 
is cumbersome 22, sensitivity and specificity of telomere length as a marker of cellular 
senescence is low 23, and the contribution of telomere attrition to cellular senescence in vivo is 
not established (reviewed in 24;25). 

In 12.2% of the evaluated full text articles evaluators had a different judgment regarding 
inclusion or exclusion and in 22.1% of the evaluated full text articles one evaluator was 
undecided regarding inclusion or exclusion. Discrepancies in the judgment between evaluators 
were solved by including a third author (AM). This resulted in a total of 134 included articles 
on the association between markers of senescence and chronological age or disease. For this 
systematic review we further excluded 91 articles because the relation of senescence with 
chronological age was not reported (only relation with disease reported). The flow diagram of 
the articles under study is illustrated in Figure 1.

Extraction of data
From each of the 43 included articles the following data were extracted: type and origin of 
tissue; the number age and gender of the subjects; the marker(s) of senescence and techniques 
used; the association between the senescence markers and age (primary result), variation of 
association senescence markers and age, statistical test. If no information on the trend and/or 
a statistical test was given, raw data points for individual subjects were extracted from figures 
if possible, in order to calculate the association between senescence markers and age. IBM 
Statistics SPSS 20 was used for analyses. The direction of association was defined as followed: 
a positive association is defined as higher senescence across higher age groups (i.e. a higher 
expression of a positive senescence marker, or a lower expression of a negative marker). A 
negative association is defined as lower senescence across higher age groups. Associations 
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were further classifi ed by statistical signifi cance. Associations were classifi ed as a statistically 
signifi cant association at p<0.05 and as a trend at 0.05<p<0.10. All other outcomes were 
classifi ed as inconclusive (p>0.10 or reported as ‘ns – not signifi cant’ by the source article). 

Results

Table 1 depicts the characteristics of the included cohorts (44 cohorts, from 43 articles) 
arranged by the tissue type that was sampled. Cohorts predominantly used blood (n=10), 
kidney (n=9) or skin (n=9) samples. Most tissues were acquired perioperatively or post-
mortem, resulting in diff erent medical conditions of subjects being studied. Th e size and the 
age distribution of the cohorts ranged widely, and only 22 out of 44 study cohorts provided 
information on gender. Several senescence markers were studied, and in some cohorts 
multiple markers were used. Among the most frequently used markers were p16 (n=20), SAβ-
gal (n=7), p21 (n=5) and p53 (n=5). Most cohorts used either immunohistochemistry (IHC, 
n=21) or polymerase-chain reaction (PCR, n=10) techniques to detect senescence. 

Tables and figures 

Figure 1. Flow chart of the in- and exclusion of articles. 

 
 Figure 1. Flow chart of the in- and exclusion of articles.
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Table 2 shows the multiple associations (N=78) between senescence and chronological age 
that were tested in the cohorts. Thirty-four out of the 78 (44%) reported associations showed 
a positive statistically significant association of cellular senescence and age, and six out of 
78 (8%) associations showed a positive trend. Twenty-seven out of 78 (35%) inconclusive 
associations were reported. One negative statistically significant association of senescence 
with age was found. Ten out of 78 (13%) associations reported an association with age but 
provided too little quantification or did not report on a statistical test to solidify their findings.

Table 3 summarizes the associations of senescence with age per tissue. Kidney, blood and 
skin were used most. Out of 27 associations based on kidney tissue, nine (33%) were positive 
significant associations, three (11%) were positive trends, and 14 associations (52%) were 
inconclusive. One (4%) negative significant association of senescence with age was seen with 
matrix metalloproteinase (MMP-1). The outcomes of the 16 associations in blood samples 
were differently distributed: nine (56%) were positive significant associations, two (13%) 
were positive trends, four (25%) associations were inconclusive, and for one association (6%) 
insufficient information was supplied. In the skin 13 associations were studied, and results 
were diverse: four (31%) were positive significant associations, four (31%) associations were 
inconclusive, and insufficient information was supplied for five associations (38%).

Table 4 summarizes the reported associations for the various markers used. The most 
frequently used marker was p16 with 29 reported associations, though in some cases multiple 
samples of the same biopsy were stained for p16. With p16 as a marker, 14 (48%) positive 
significant associations were found, another four (14%) were positive trends, and nine (31%) 
associations were inconclusive. Two (7%) associations with p16 were reported without 
sufficient information. SAβ-gal was reported in eight associations, of which four (50%) were 
inconclusive and for the other four (50%) reported associations insufficient information was 
supplied. For the marker p21, seven associations were reported: one (14%) was a positive 
significant association and the other six (86%) associations were inconclusive. 

Discussion

We have presented an extensive overview of the associations between senescence markers 
and chronological age in the literature. Overall, mostly significant positive associations of 
senescence with chronological age were found in different tissues. 

The distribution of reported associations between senescence and chronological age favors 
positive associations, with only one reported significant negative association. This may be 
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Legend - table 2. continued
Rel. exp.: relative expression. FC: fold change. Δ: difference. r: correlation coefficient. R2: coefficient of 
determination. nr: data not shown/no statistical testing. MFI: mean fluorescence intensity. Y: young 
age group. M: middle age group. O: old age group.
Direction of association: a positive association is defined as higher senescence (measured with a higher 
expression of a positive marker, or a lower expression of a negative marker for senescence) at higher 
ages. A negative association is defined as lower senescence at higher ages.
+*: positive significant association (p<0.05). +: positive trend (0.05<p<0.10), ±: inconclusive (p>0.10 
or termed ‘ns’ in source report). −: negative trend (0.05<p<0.10). −*: negative significant association 
(p<0.05).
Comments: a: Negative marker of senescence: absence or low expression expected in senescence. b: 
Data not shown. c: Measured in several areas of kidney. d: p-value from multivariate model. e: cohort 
that used several, but less well-defined tissue-markers combinations, therefore unable to count within 
total number of associations tested. 

Table 3. Statistical significance of associations between senescence and chronological age – ordered by 
type of tissue.

Tissue No.

Significance of associations with age (no., %)
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All tissues 78 34 (44) 6 (8) 27 (35) 0 (0) 1 (1) 10 (13)
Kidney 27 9 (33) 3 (11) 14 (52) 0 (0) 1 (4) 0 (0)
Blood 16 9 (56) 2 (13) 4 (25) 0 (0) 0 (0) 1 (6)
Skin 13 4 (31) 0 (0) 4 (31) 0 (0) 0 (0) 5 (38)
Artery 6 3 (50) 1 (17) 2 (33) 0 (0) 0 (0) 0 (0)
Eye 6 4 (67) 0 (0) 2 (33) 0 (0) 0 (0) 0 (0)
Lung 2 2 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Prostate 2 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 1 (50)
Thymus 2 1 (50) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50)
Brain 1 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Gastro-intestinal 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100)
Heart 1 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Testis 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100)
No.: number of reported associations. Tissues are sorted on number of reported associations per tissue 
type. Direction of association: a positive association is defined as higher senescence (measured with 
a higher expression of a positive marker, or a lower expression of a negative marker for senescence) 
at higher ages. A negative association is defined as lower senescence at higher ages. Statistically 
significant: p<0.05; a trend: 0.05<p<0.10; inconclusive: p>0.10 or reported as ‘ns – not significant’ by 
the source report.
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the result of a real, strong association of senescent cells with chronological age or it may 
be partly explained by publication bias. Studies with large, significant and expected effects 
tend to get published more often (positive result bias) and cited more often (citation bias). 
Studies with small sample sizes are more prone to these types of biases than larger studies 
as the latter tend to be published and cited irrespective of the outcome 26-28. Publication bias 
occurs in all scientific fields, and biogerontological research is no exemption. For example, 
when replicative capacity of fibroblasts in vitro was related dependent on the chronological 
age of the donor, the earliest but smaller studies predominantly found negative significant 
associations whereas more recent and larger studies did not confirm this association 29. In the 
same area, a meta-analysis on the relation between DNA damage and age in animal tissue also 
provided arguments that publication and citation bias is at play 30. 

Table 4. Statistical significance of associations between senescence and chronological age – ordered by 
senescence marker.

Marker No.

Significance of associations with age (no., %)
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All markers 78 34 (44) 6 (8) 27 (35) 0 (0) 1 (1) 10 (13)
p16 29 14 (48) 4 (14) 9 (31) 0 (0) 0 (0) 2 (7)
SAβ-gal 8 0 (0) 0 (0) 4 (50) 0 (0) 0 (0) 4 (50)
Markers naïve T-cells* 8 4 (50) 1 (13) 3 (38) 0 (0) 0 (0) 0 (0)
p21 7 1 (14) 0 (0) 6 (86) 0 (0) 0 (0) 0 (0)
SASP factors* 6 3 (50) 1 (17) 1 (17) 0 (0) 1 (17) 0 (0)
p53 5 2 (40) 0 (0) 3 (60) 0 (0) 0 (0) 0 (0)
Markers differentiated/ 
senescent T-cells* 4 4 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Ki-67 4 2 (50) 0 (0) 0 (0) 0 (0) 0 (0) 2 (50)
Cyclin D 2 1 (50) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0)
DNA damage markers* 2 1 (50) 0 (0) 0 (0) 0 (0) 0 (0) 1 (50)
Bmi-1 1 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
LMNB1 1 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100)
SAHF 1 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

N.: number of reported associations. Tissues are sorted on number of reported associations per marker. 
* Contains a set of markers. Direction of association: a positive association is defined as higher senes-
cence (measured with a higher expression of a positive marker, or a lower expression of a negative 
marker for senescence) at higher ages. A negative association is defined as lower senescence at higher 
ages. Statistically significant: p<0.05; a trend: p<0.10; inconclusive: p>0.10 or reported as ‘ns – not sig-
nificant’ by the source report.
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The presence of senescent cells at older age has been postulated to be a result of an ongoing 
induction of this cellular phenotype via the exposure of various triggers (e.g. increased DNA 
damage or oncogenic signaling, reviewed in 31;32), or indirectly via induction of senescence 
in neighboring cells of senescent cells 33. An alternative interpretation of the presence is a 
reduced clearance of senescent cells. Some mouse studies have implicated the role of immune 
cells in the removal of senescent cells in premalignant lesions 34;35. The precise mechanisms 
how senescent cell are cleared in non-malignant tissue have yet to be established, but an 
impaired balance between generation and clearance of senescent cells provides an another 
plausible hypothesis for the positive associations of senescence and chronological age. Only 
one negative significant association in this systematic review was found, namely a significant 
decrease of MMP-1 with age in the kidney. Although SASP is diverse, most SASP factors 
including MMP-1 are upregulated in senescent fibroblasts 36.

The different patterns of the associations in the various tissues might be the result of biological 
differences, such as tissue renewal rate or sensitivity to senescence triggers. The cell turnover 
rate of tissue varies widely37;38. Moreover homeostasis of the various tissues might be 
differently affected during aging 39. Tissue-specificity of (unknown) environmental exposures 
are another explanation for the findings. Mice exposed to cigarette smoke show locally 
increased senescence in the nasal epithelium, whereas UV exposure induces senescence in 
the skin 40, indicating that environmental triggers can affect specific tissues more extensively 
than others. To the best of our knowledge information is lacking in humans on whether 
associations between senescence and age vary throughout the body, or whether they are 
linked intra-individually. Future studies on cellular senescence in several tissue types of the 
same individual should help to shed light on this question. 

The various markers show different patterns of associations with age, and this is most 
prominent for the expression patterns of p16 and SAβ-gal. Associations using p16 are 
more frequently positive significant whereas reported associations with SAβ-gal were more 
often inconclusive. Moreover, for more than half of the associations sufficient information 
on statistical testing was missing. This might be explained by the fact that SAβ-gal was the 
marker of choice in the initial (more explorative) studies into senescence in human tissue 41, 
and results were more often not or semi-quantified compared to later studies. Taken together, 
the available senescence markers all have their caveats and restrictions in their use; and there 
is not yet an universal marker of senescent cells, which was addressed in a recent review 23.

Among the strengths of this study are the broad search strategy designed to capture many 
articles and extensive evaluation of articles for inclusion in the systematic review. We did 
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not exclude any tissues and thus provide an overview of senescence in human aging in 
different organs. There are some limitations of this systematic review. First, while we aimed 
to design an inclusive broad search strategy, some studies might have still been missed. For 
example, we did not specifically add markers of immunosenescence in the search strategy, 
which might have led to an underrepresentation of those studies. Second, we only included 
articles in English, possibly biasing the results. Lastly we did not exclude any age ranges, thus 
associations between senescent cells with age also include data from foetuses to young adults. 
The associations between senescent cells with age might be different in the development phase 
versus reproductive and post-reproductive phases of life.

In conclusion, mainly positive associations of senescence with chronological age were found, 
which could be a real effect but can also to be due to an influence of publication bias. On 
a critical note, studies should more precisely report on the strength and variances of the 
associations using appropriate statistical testing, and to better describe the characteristics 
of patients/subjects from whom the tissues were sampled. This quantification can aid future 
systematic reviews and meta-analysis in the field and help to fairly judge the relevance of 
cellular senescence to the aging process in humans. 
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Search strategy
PubMed
(“senescent”[all fields] OR “senescence”[all fields] ) AND (“Tissues”[Mesh] OR “tissues”[all fields] 
OR “tissue”[all fields] OR “cell”[tiab] OR “cells”[tiab] OR “Biopsy”[Mesh] OR “Biopsy”[all fields] 
OR “Autopsy”[Mesh] OR “Autopsy”[all fields] OR “Histology”[Mesh] OR “Histology”[all fields] OR 
“histologic”[all fields]) AND (“Brain”[Mesh] OR “brain”[tiab] OR “Eye”[Mesh] OR “eye”[tiab] OR 
“eyes”[tiab] OR “cornea”[tiab] OR “lens”[tiab] OR “retina”[tiab] OR “retinal”[tiab] OR “Endocrine 
Glands”[Mesh] OR “thyroid”[tiab] OR “parathyroid”[tiab] OR “Cardiovascular System”[Mesh] OR 
“heart”[tiab] OR “myocard”[tiab] OR “myocardial”[tiab] OR “cardiovascular”[tiab] OR “artery”[tiab] 
OR “arteries”[tiab] OR “arterial”[tiab] OR “vein”[tiab] OR “venous”[tiab] OR “endothelial”[tiab] 
OR “Skin”[Mesh] OR “skin”[tiab] OR “dermis”[tiab] OR “dermal”[tiab] OR “epidermis”[tiab] OR 
“epidermal” OR “adipose”[tiab] OR “Lung”[Mesh] OR “lung”[tiab] OR “Lymphoid Tissue”[Mesh] 
OR “thymus”[tiab] OR “Breast”[Mesh] OR “breast”[tiab] OR “mammae”[tiab] OR “Digestive 
System”[Mesh] OR “intestinal”[tiab] OR “esophagus”[tiab] OR “esophagal”[tiab] OR “gastric”[tiab] 
OR “liver”[tiab] OR “pancreas”[tiab] OR “pancreatic”[tiab] OR “Urogenital System”[Mesh] OR 
“bladder”[tiab] OR “kidney”[tiab] OR “renal”[tiab] OR “adrenal”[tiab] OR “spleen”[tiab] OR 
“prostate”[tiab] OR “prostatic”[tiab] OR “uterus”[tiab] OR “uterine”[tiab] OR “ovaries”[tiab] OR 
“ovarian”[tiab] OR “testes”[tiab] OR “testicular”[tiab] OR “Muscles”[Mesh] OR  “muscle”[tiab] OR 
“muscular”[tiab]) AND (“p16INK4a”[all fields] OR “Cyclin-Dependent Kinase Inhibitor p16”[Mesh] 
OR “Cyclin-Dependent Kinase Inhibitor p21”[Mesh] OR “p21”[all fields] OR “p21cip1”[all fields] OR 
“p21:MIB-1”[all fields] OR “p21WAF1/Cip”[all fields] OR “Tumor Suppressor Protein p53”[Mesh] OR 
“p53”[all fields] OR “GLB1 protein, human” [Supplementary Concept] OR “beta-galactosidase”[all 
fields] OR  “SA-βgal”[all fields] OR “SA-betagal”[all fields] OR “H2AFX protein, human” [Supplemen-
tary Concept] OR “γH2AX”[all fields] OR “phospho-Histone H2A.X”[all fields] OR “γH2A.X”[all 
fields] OR “senescence-associated secretory phenotype”[all fields] OR “SASP”[all fields] OR “Ki-67 
Antigen”[Mesh] OR “proliferation arrest”[all fields] OR “Ki-67”[all fields] OR “phospho-checkpoint 2 
kinase”[all fields] OR “phospho-Chk2”[all fields] OR “Chromatin Assembly and Disassembly”[Mesh] 
OR “chromatin remodelling”[all fields] OR “ senescence associated heterochromatic foci”[all fields] 
OR “senescence associated heterochromatic foci”[all fields] OR “SAHF”[all fields] OR  “DNA damage 
response”[all fields] OR “DDR”[tiab] OR “DNA damage foci”[all fields] OR “DNA damage focus”[all 
fields] OR “Telomere”[Mesh] OR “Telomere Shortening”[Mesh] OR “Telomere Homeostasis”[Mesh] 
OR “telomere”[all fields] OR “telomeres”[all fields] )
EMBASE
(“senescent”.ti,ab. OR “senescence”.ti,ab. ) AND (exp *tissues/ OR “tissues”.ti,ab. OR “tissue”.ti,ab. OR 
“cell”.ti,ab. OR “cells”.ti,ab. OR exp *biopsy/ OR “Biopsy”.ti,ab. OR *autopsy/ OR “Autopsy”.ti,ab. OR 
exp *histology/ OR “Histology”.ti,ab. OR “histologic”.ti,ab.) AND ( exp *Brain/ OR “brain”.ti,ab. OR exp 
*Eye/ OR “eye”.ti,ab. OR “eyes”.ti,ab. OR “cornea”.ti,ab. OR “lens”.ti,ab. OR “retina”.ti,ab. OR “retinal”.ti,ab. 
OR exp *endocrine system/ OR “thyroid”.ti,ab. OR “parathyroid”.ti,ab. OR exp *Cardiovascular Sys-
tem/ OR “heart”.ti,ab. OR “myocard”.ti,ab. OR “myocardial”.ti,ab. OR “cardiovascular”.ti,ab. OR “artery”.
ti,ab. OR “arteries”.ti,ab. OR “arterial”.ti,ab. OR “vein”.ti,ab. OR “venous”.ti,ab. OR “endothelial”.ti,ab. OR  
exp *Skin/ OR “skin”.ti,ab. OR “dermis”.ti,ab. OR “dermal”.ti,ab. OR “epidermis”.ti,ab. OR “epidermal” 
OR “adipose”.ti,ab. OR exp *Lung/ OR “lung”.ti,ab. OR exp *Lymphoid Tissue/ OR “thymus”.ti,ab. OR 
exp *Breast/ OR “breast”.ti,ab. OR “mammae”.ti,ab. OR exp *Digestive System/ OR “intestinal”.ti,ab. OR 
“esophagus”.ti,ab. OR “esophagal”.ti,ab. OR “gastric”.ti,ab. OR “liver”.ti,ab. OR “pancreas”.ti,ab. OR “pan-
creatic”.ti,ab. OR exp *Urogenital System/ OR “bladder”.ti,ab. OR “kidney”.ti,ab. OR “renal”.ti,ab. OR 
“adrenal”.ti,ab. OR “spleen”.ti,ab. OR “prostate”.ti,ab. OR “prostatic”.ti,ab. OR “uterus”.ti,ab. OR “uterine”.
ti,ab. OR “ovaries”.ti,ab. OR “ovarian”.ti,ab. OR “testes”.ti,ab. OR “testicular”.ti,ab. OR exp *Muscle/ OR  
“muscle”.ti,ab. OR “muscular”.ti,ab.) AND (“p16INK4a”.ti,ab. OR *cyclin dependent kinase inhibitor 
2A/ OR “Cyclin-Dependent Kinase Inhibitor p16”.ti,ab. OR *cyclin dependent kinase inhibitor 1A/ OR 
“p21”.ti,ab. OR “p21cip1”.ti,ab. OR “p21:MIB-1”.ti,ab. OR “p21WAF1/Cip”.ti,ab. OR Protein p53/ OR 
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“p53”.ti,ab. OR *beta galactosidase/  OR “beta-galactosidase”.ti,ab. OR  “SA-βgal”.ti,ab. OR “SA-betagal”.
ti,ab. OR “γH2AX”.ti,ab. OR “phospho-Histone H2A.X”.ti,ab. OR “γH2A.X”.ti,ab. OR “senescence-asso-
ciated secretory phenotype”.ti,ab. OR “SASP”.ti,ab. OR *Ki-67 Antigen/ OR “proliferation arrest”.ti,ab. 
OR “Ki-67”.ti,ab. OR “phospho-checkpoint 2 kinase”.ti,ab. OR “phospho-Chk2”.ti,ab. OR exp *”Chro-
matin Assembly and Disassembly”/ OR “chromatin remodelling”.ti,ab. OR “senescence associated het-
erochromatic foci”.ti,ab. OR “senescence associated heterochromatic foci”.ti,ab. OR “SAHF”.ti,ab. OR  
“DNA damage response”.ti,ab. OR “DDR”.ti,ab OR “DNA damage foci”.ti,ab. OR “DNA damage focus”.
ti,ab. OR *Telomere/ OR *Telomere Shortening/ OR *Telomere Homeostasis/ OR “telomere”.ti,ab. OR 
“telomeres”.ti,ab. )
Web of Science
TS= (senescent OR senescence) AND TS=(tissues OR tissue OR cell OR cells OR Biopsy OR  Autopsy 
OR Histology OR histologic) AND TI=(brain OR eye OR eyes OR cornea OR lens OR retina OR retinal 
OR thyroid OR parathyroid OR heart OR myocard OR myocardial OR cardiovascular OR artery OR 
arteries OR arterial OR vein OR venous OR endothelial OR skin OR dermis OR dermal OR epidermis 
OR epidermal OR adipose OR lung OR Lymphoid OR thymus OR breast OR mammae OR intestinal 
OR esophagus OR esophagal OR gastric OR liver OR pancreas OR pancreatic OR bladder OR kidney 
OR renal OR adrenal OR spleen OR prostate OR prostatic OR uterus OR uterine OR ovaries OR ovarian 
OR testes OR testicular OR  muscle OR muscular) AND TS= (p16INK4a OR cyclin dependent kinase 
inhibitor 2A OR Cyclin-Dependent Kinase Inhibitor p16 OR cyclin dependent kinase inhibitor 1A OR 
p21 OR p21cip1 OR p21:MIB-1 OR p21WAF1/Cip OR p53 OR beta-galactosidase OR SA-βgal OR SA-
betagal OR γH2AX OR phospho-Histone H2A.X OR γH2A.X OR senescence-associated secretory phe-
notype OR SASP OR proliferation arrest OR Ki-67 OR phospho-checkpoint 2 kinase OR phospho-Chk2 
OR chromatin remodelling OR senescence associated heterochromatic OR SAHF OR DNA damage 
response OR DDR OR DNA damage foci OR DNA damage focus OR telomere OR telomeres)
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