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1. Introduction 
Epidemiological studies have shown that age is the dominant risk factor for 
lifestyle-related diseases. The incidence and the prevalence of atherosclerosis, heart 
failure, and diabetes increase with advancing age. However, the molecular mechanisms 
underlying the increased risk of such diseases that is conferred by aging remain unclear.  

Cellular senescence occurs due to the limited ability of normal cells to divide in 
vitro and is accompanied by a specific set of phenotypic changes in morphology and gene 
expression including up-regulation of negative cell cycle regulators such as p53. Primary 
cultured cells from patients with premature aging syndromes are known to have a 
shorter lifespan than cells from age-matched healthy persons. Moreover, many of the 
changes in senescent cell behavior are consistent with the changes seen in age-related 
diseases. I therefore hypothesized that cellular senescence might contribute to the 
pathogenesis of age-associated diseases and have studied its role over a decade. Here I 
will show our recent data on the role of cellular senescence (in particular, the role of the 
p53-dependent pathways) in cardiovascular and metabolic diseases. 
 
2. Molecular mechanisms of cellular senescence 
One widely discussed hypothesis of senescence is the telomere hypothesis. Telomeres are 
non-nucleosomal DNA-protein complexes located at the ends of chromosomes that serve 
as protective caps and act as the substrate for specialized replication mechanisms. As a 
consequence of semi-conservative DNA replication, the extreme terminals of the 
chromosomes are not duplicated completely, resulting in successive shortening of the 
telomeres with each cell division. Critically short telomeres resemble damaged DNA and 
thus trigger cellular senescence via a p53-dependent pathway. Thus, telomere shortening 
has been proposed to act as a mitotic clock that prevents unlimited proliferation of human 
somatic cells. 
 In response to various stress signals, cells develop a phenotype indistinguishable 
from that of senescent cells at the end of their replicative lifespan. For example, oxidative 
stress induces a senescent phenotype by promoting DNA damage. Cellular senescence 
triggered by oxidative stress is independent of replicative age, and these signals act 
before the replicative limits of cells. Hence, it is apparently telomere-independent and 
thus termed as stress-induced premature senescence. 
 
3. Cellular senescence and cardiovascular aging 
Vascular cells also have a finite lifespan in vitro and eventually enter an irreversible 
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growth arrest (cellular senescence). Primary cultured cells undergoing cellular 
senescence in vitro express the increased activity of β-galactosidase. This activity, 
senescence-associated β-galactosidase (SA β-gal) activity, has been shown to correlate 
with cellular aging and thus is regarded as a biomarker for cellular senescence. We 
demonstrated SA β-gal positive vascular cells in human atherosclerotic plaque of the 
coronary arteries. SA β-gal positive cells exhibited increased expression of p53, an 
alternative marker for cellular senescence, in human atheroma. These cells showed 
impaired function such as the decreased expression of anti-atherogenic molecules and the 
increased expression of pro-inflammatory molecules. Age-associated atherogenic stimuli 
promoted vascular injury, and cell replication for vascular repair was increased at sites of 
atherosclerosis, thereby promoting telomere shortening. Such stimuli also activated 
stress signals including DNA damage that induced premature senescence independently 
of telomere shortening. Senescent vascular cells were also observed in a murine model of 
atherosclerosis. Disruption of the p53-dependent pathway attenuated vascular 
inflammation and therefore reduced the development of atherosclerotic plaque in this 
model. Thus, cellular senescence in vivo contributes to the pathogenesis of vascular aging 
and atherosclerosis. 
 
4. A critical role for adipose tissue p53 in the regulation of insulin resistance 
Aging is known to increase the prevalence of metabolic disorders like diabetes. Therefore, 
we hypothesized that cellular aging might influence insulin resistance and accelerate the 
development of diabetes. We found that excessive calorie intake led to the accumulation 
of oxidative stress in the adipose tissue of type 2 diabetic mice and promoted 
senescence-like changes, such as increased activity of SA β-gal, increased expression of 
p53, and increased production of pro-inflammatory cytokines. Inhibition of p53 activity 
significantly ameliorated these senescence-like changes of adipose tissue, decreased the 
expression of pro-inflammatory cytokines, and improved insulin resistance in type 2 
diabetic mice. Conversely, up-regulation of p53 in adipose tissue caused an inflammatory 
response that led to insulin resistance. Adipose tissue from diabetic patients also showed 
senescence-like features. Our results demonstrate a previously unappreciated role of 
adipose tissue p53 in the regulation of insulin resistance and suggest that cellular aging 
signals in adipose tissue could be a novel target for the treatment of diabetes. 
 
Conclusion 
Our results suggest a crucial role of cellular senescence in age-associated disease. 
Organismal aging accelerates accumulation of senescent cells via telomere-dependent or 
-independent mechanisms and therefore increases the prevalence of cardiovascular and 
metabolic diseases. 
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