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Abstract 

Both from a healthcare and a socioeconomic perspective, research on senescence is 

increasingly essential. Indeed, in industrialized countries, the increased human longevity 

confronts medicine with many old patients with age-related pathologies. The paper reviews 

the biological theories on aging, the impact of reactive oxygen species, telomers, epigenetics, 

and genetics (e.g., gerontogenes) on-age-related pathologies. Also, the paper reviews 

available and under research therapeutic approaches (e.g., senolytics) aimed to prolong life 

span and reduce the morbidity related to old age. 
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1. Introduction 

In many countries, life expectancy started to increase around 1840 at a pace of almost 2.5 years 

per decade, which has continued until the present [1]. Contrary to classical evolutionary theories of 
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aging and contrary to the predictions of many experts, the frontier of survival is advancing to higher 

ages [1]. If the progress in life expectancy continues, most children born this millennium will 

celebrate their 100th birthday [1]. Furthermore, individual life spans are becoming more equal, 

reducing inequalities, with octogenarians and nonagenarians accounting for most deaths in 

countries with the highest life expectancy [1]. However, aging is the leading risk factor for multiple 

chronic severe diseases and disabilities and is a significant driver of morbidity, mortality, and health 

costs [2]. 

2. Biodemography 

Recent biodemographic studies of aging and longevity call into question conventional aging 

theories and open up novel research directions. A top scientific theme is the question of how much 

human life span can be extended with a good quality of life [3]. It has been found that the 

exponential increase of the mortality risk with age (the Gompertz law) continues even at extremely 

old ages in mice, rats, and humans, thus challenging traditional views about old-age mortality 

deceleration, mortality leveling-off and late-life mortality plateaus [3]. Another significant recent 

development is the discovery of long-term memory for early-life experiences in longevity 

determination. Siblings born to young mothers have significantly higher chances to live up to 100 

years, and even the place and season of birth matter for human longevity [3]. Beneficial longevity 

effects of young maternal age are observed only when children of the same parents are compared. 

In contrast, the maternal age effect often could not be detected in across-families' studies, 

presumably being masked by between-family variation [3]. It was also found that the male gender 

of centenarians has a significant positive on the survival of adult male biological relatives (brothers 

and fathers) but not of female relatives [3]. Finally, large gender differences are found in longevity 

determinants for males and females, suggesting a higher importance of occupation history for male 

centenarians and a higher importance of home environment history for female centenarians [3]. 

These findings call for an explanation. 

3. Longevity Medicine 

Longevity medicine is a fast-emerging field, which encompasses the likewise rapidly evolving 

areas of biogerontology, geroscience, and precision, preventive, and functional medicine [4]. 

Longevity medicine uses modern advances in artificial intelligence and machine learning, biomarker 

research, and drug development with many tools for early diagnostics and prevention of 

communicable and non-communicable diseases [4]. 

At present longevity, medicine remains largely unknown to the global medical community, 

mainly due to a complete absence of structured, pedagogically conceived educational resources 

tailored to specific audiences, primarily consisting of physicians, biotechnologists, and public health 

professionals [4]. 

4. Cellular Senescence 

Senescent cells were discovered in 1961 and appear at pathogenic sites of many major diseases 

[2]. Cellular senescence contributes to age-related dysfunction and multiple disorders throughout 

the lifespan. Senescent cells frequently are metabolically shifted from fatty acid utilization toward 
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glycolysis, resulting in reactive oxygen species (ROS) generation, lipid accumulation, lipotoxicity, and 

dedifferentiation into fat cell-like but insulin-resistant mesenchymal adipocyte-like default cells. 

Senescent cells are resistant to death [2]. 

Senescence is a cell fate, like differentiation, proliferation, apoptosis, and necrosis. External and 

internal signals can contribute to driving a cell into senescence.[2]. 

Accumulation of senescent cells can cause local and systemic inflammation, tissue destruction, 

immune system inhibition, and stem and progenitor cell dysfunction due to their senescence-

associated secretory phenotype (SASP). Generally, 30-70% of senescent cells develop a SASP 

comprising proinflammatory cytokines, chemokines, proteases, procoagulant factors, 

stem/progenitor cell poisons, growth factors, bioactive lipids (prostanoids, saturated ceramides, 

bradykinins), miRNA’s, non-coding but biologically active nucleotides, and microvescicles including 

exosomes. The SASP depends on the type of cell that became senescent, how senescence was 

induced, and its milieu. Due to their SASP, only a few senescent cells can cause considerable 

dysfunction. Senescent cells are usually cleared by the immune system [2]. However, above a 

threshold burden, senescent cells interfere with the immune system and its ability to remove them. 

Several data support the hypothesis that there is a threshold above which senescent cell burden 

due to the spread of senescence becomes self-amplifying, which presages increased risk for 

senescence and age-related phenotypes and diseases, perhaps contributing to age-related 

multimorbidity [2]. 

5. Biological Theories of Aging 

There are two main categories: a) programmed and b) damage (or error) theories. They interact 

with each other in a complex way, and none of the theories nor their combination is entirely 

satisfactory for explaining senescence and longevity [5]. 

The three programmed theories hold that aging follows a biological timetable, perhaps a 

continuation of the one that regulates childhood growth and development. This regulation would 

depend on changes in gene expression that affect the systems responsible for maintenance, repair, 

and defense responses [5]. 

a) The longevity theory holds that aging would result from a sequential switching on and off of 

specific genes, with senescence being defined as the time when age-associated deficits are 

manifested [5]. 

b) The endocrine theory holds that biological clocks act through hormones to control the pace of 

aging. Recent studies confirm that aging is hormonally regulated and that the evolutionarily 

conserved insulin/IGF-1 signaling pathway plays a key role in the hormonal regulation of aging [5]. 

c) The immunological theory holds that the immune system is programmed to decline over time, 

which leads to an increased vulnerability to infectious disease and, thus, aging and death. As one 

ages, antibodies lose their effectiveness, and the body cannot combat new diseases effectively [5]. 

The consequences are cellular stress and, eventually, death. Dysregulated immune response has 

been linked to cardiovascular pathologies, inflammation, Alzheimer’s disease, and cancer. 

Indeed, new data show that in mice, immunosenescence (aging of the immune system) 

contributes to morbidity and mortality and has a causal role in driving systemic aging [6]. 

Furthermore, some studies in patients [7-12] have reported that aging induces detrimental 

epigenetic changes and reduces new immune memory: in older adults, immune cells show global 
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DNA hypermethylation and a more closed chromatin pattern at the T-lymphocyte factor 1. This 

reduces the memory for the formation of immunity and alters the function of the IL-7 receptor that 

is required for the survival of memory cells. These changes might explain why the elderly have 

increased susceptibility to infections, decreased response to immunization, and increased risk of 

cancer and autoimmune diseases. 

There are may damage (or error) theories. They hold that the cause of aging is neither an 

adaptation nor a genetically programmed process. Environmental assaults would cause aging to live 

organisms that induce cumulative damage at various levels [5]. 

a) The wear and tear theory was first introduced in 1882 by the German biologist Weisman and 

holds that cells and tissues have vital parts that wear out, resulting in aging and death [5]. 

b) The rate of living theory holds that the greater an organism's rate of oxygen basal metabolism, 

the shorter its lifespan. A modified version emphasizes the hard-wired antagonism of growth and 

stress resistance [5]. 

c) The cross-linking theory was proposed in 1942 by Bjorksten and holds that aging results from 

an accumulation of cross-linked proteins that damages cells and tissues, which slows down bodily 

processes [5]. Several variations of this theory suggest that aging would start with the earlier 

reproductive phase of life and that the energetic resources invested in reproduction or longevity 

would determine the lifespan of living organisms [6]. 

d) The free radical theory was first introduced in 1954 by Gerschman, but it was developed in 

1956 by Harman [7, 8]. This theory holds that age-related processes arise from the accumulation of 

toxic molecules [9, 10]. 

The energy released by nutrients is converted by oxidative phosphorylation into adenosine 

triphosphate, the principal source of power of cells. Oxygen is the final electron acceptor of this 

process, but up to 3% of the oxygen is reduced insufficiently, with consequent production of ROS [9, 

11]. ROS are produced primarily in the cellular mitochondria, but they are also generated from other 

cellular processes in which oxidation takes place and also from exogenous sources, e.g., ultraviolet 

radiation [6]. Cytochrome p450, NADPH oxidase (Nox), and uncoupled endothelial nitric oxide (NO) 

synthase (eNOS) are identified as enzymatic sources of ROS [9, 11]. In youthful age the level of 

intracellular ROS is downregulated by enzymatic and non-enzymatic antioxidants. In aging the 

mitochondrial and extra-mitochondrial production of ROS increases with consequential damage of 

the mitochondrial DNA. ROS accumulate in the cells, and Nox generates superoxide anions, which 

further promote eNOS uncoupling, blunted NO bioavailability, and increased levels of ROS. 

Furthermore, in aging, the production of antioxidants (catalase, dismutase, glutathione, and 

superoxide dismutase) decreases, and the cellular repairing mechanisms against oxidants become 

dysfunctional. The age-related increased ROS-production triggers the activation of the nuclear 

factor k-light-chain enhancer of activated B cells (NF-κB), essential in the inflammatory processes 

that characterize many clinical arteriosclerotic pathologies. In turn, NF-κB upregulates the 

expression of adhesion molecules, cytokines, and proinflammatory genes [12]. The high levels of 

cellular ROS generate toxic molecules (e.g., peroxynitrite), which disrupt mitochondrial activity and 

derange lipoprotein oxidation.  

In summary, the free radical theory implies that high levels of ROS are the crucial force of aging 

and determine longevity. Classically, inflammation is triggered by pathogen recognition and by 

tissue damage. However, it is now accepted that aging and other pathologies also induce a sterile, 

low-grade, and long-lasting inflammation, called inflammaging, that is characterized by high levels 
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of the pentameric short pentraxin C-reactive protein (CRP) (also called PTX1), interleukin-6 (IL-6), 

NF-κB and the vascular cell adhesion molecule-1 [13-20]. In humans, CRP is a prototypic liver-

derived acute protein [21]. Senescent cells show an abnormal secretory phenotype that is 

characterized by the release of chemokines, cytokines, growth factors, and proteases [22-23]. 

Several studies in patients have shown that, in a paracrine manner, the released inflammatory 

molecules contribute to immunosenescence and inflammaging with related neurologic and 

cardiovascular pathologies. Genetic polymorphisms are associated with increased CRP levels, and 

increased circulating CRP levels are linked to an increased risk for coronary artery disease [6]. 

However, the widely observed associations between CRP and cardiovascular pathologies are more 

likely to be explained by confounding in observational studies and by treatments in clinical trials, 

and CRP should not be used to assess lifespan longevity because it is unlikely to be a cause of 

cardiovascular pathologies [21-23]. Indeed, mendelian randomization studies demonstrated that 

there is no causality between CRP concentration and cardiovascular pathologies [24, 25]. 

Nonetheless, increased levels of CRP, IL-6, and other inflammatory biomarkers are common 

hallmarks of atherosclerosis in geriatric patients and correlate with cardiovascular pathologies [18-

21]. In a study in patients with previous myocardial infarction who presented increased systemic 

inflammation the therapy with canakinumab (an anti-IL-1β antibody) they significantly reduced the 

occurrence of adverse cardiovascular events, supporting the hypothesis that inflammation plays a 

role in lowering longevity [18-20]. 

e) The telomere deterioration theory holds that telomeres shortening should cause age-related 

senescence and reduced lifespan. 

Telomeres are dynamic chromosome-end structures that serve as guardians of genome stability, 

being biological clocks that stabilize cell replication by repairing and protecting the genome from 

nucleolytic degradation and interchromosomal fusion. In human cells with an active telomerase 

complex, telomeres consist of TTAGGG repeats, added to the ends of the chromosomes by the 

catalytic subunit tert and the RNA template subunit terc [6]. While the enzyme telomerase 

preserves the length of telomere by synthesizing new telomeric DNAs to compensate for telomeric 

loss during each cell division, studies in cultured human cells have proven that telomeres shorten 

with every cell cycle until reaching a critical length at which point the cell enters senescence, cannot 

undergo dividing, and dies [6, 26-30]. 

The telomere deterioration theory is based on the consistent findings of a negative correlation 

between telomere length and replicative potential of cultured cells, as well as a decreasing telomere 

length in several different tissues in humans with age. Telomere shortening to a critical length can 

trigger aging, and shorter life spans in mice and humans by a mechanism that involves the induction 

of a persistent DNA damage response at chromosome ends and loss of cellular viability. 

Most data support the notion that critical telomere shortening and the consequent onset of 

telomeric DNA damage and cellular senescence are some of the significant determinants of aging 

and longevity in higher mammals [26-28]. A study [30] found that a subset of human adults may 

reach the telomeric brink within the current life expectancy and more so for a 100-year life 

expectancy. Another study [31] in a wide variety of species (birds and mammals) with very different 

life spans and body sizes found that the telomere shortening rate, but not the initial telomere length 

alone, is a powerful predictor of species life span.  

Of note, there are sex differences in telomeres (in humans, men have shorter lifespans and 

greater telomere shortening), which might influence different lifespans [32].  
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However, although it is well established that telomere shortening has an essential role in the in 

vitro aging of somatic cells, there is so far no conclusive evidence of an in vivo involvement of 

telomere erosion in aging, and two large meta-analyses and genetic analyses found that alleles 

associated with short telomeres are associated with cardiovascular pathologies but have primarily 

excluded the possibility that telomeres shortening is cause for cardiovascular pathologies [27, 28]. 

Also, it is unknown whether telomere length is a universal determinant of species longevity [31, 33]. 

In summary, while much remains to be resolved, telomere dynamics nevertheless provide a 

promising mechanistic basis for studying aging and lifespan hypotheses across disciplines. 

f) The DNA instability theory holds on the fact that ROS and external sources (such as ionizing 

radiation) favor the occurrence of DNA damage [5]. At young age, several DNA repair mechanisms 

generally ensure the removal of the different types of DNA damage before they are converted to 

mutations but in aging irreparable double DNA breaks occur in telomeres and cause cellular 

senescence and death, even if telomeres are not critically short [34-36]. The Rothmund-Thomson 

and Werner syndromes are characterized by premature aging caused by mutations in DNA repair 

protein-encoding genes and are cited to support the relevance of the DNA instability theory [6]. 

The damage theories also recognize that several genes play a significant role in inducing age-

related changes [6]. While none of the proposed ideas, nor their combination is entirely satisfactory 

for explaining senescence and longevity [5], the free radical (ROS), telomere shortening, and DNA 

instability theories play a crucial role in replicative senescence, which in turn is responsible for 

organismal aging. 

6. Gene Expression and Gerontogenes 

A large amount of data [2, 6, 37] has shown that in senescent cells, gene expression is impaired, 

the division rate slows down, and the sensitivity to intra- and extracellular stimuli is reduced. These 

age-related changes are the basis for many pathologies that are the most important cause of 

diseases and death in older adults [2, 6, 37]. Evolutionary theories of aging predict the existence of 

specific genes that provide selective advantage early in life with adverse effects on lifespan later in 

life (antagonistic pleiotropy theory) or longevity insurance genes (disposable soma theory). Indeed, 

the study of animal and human genetics is gradually identifying new genes (gerontogenes) that 

increase lifespan when overexpressed or mutated: gerontogenes. Furthermore, genetic and 

epigenetic mechanisms are being identified that positively affect longevity [6, 38-42]. 

Gerontogenes are classified as lifespan regulators, mediators, effectors, housekeeping genes, 

genes involved in mitochondrial function, and genes regulating cellular senescence and apoptosis. 

Notably, genes specific to a given population are believed to play a more important role than those 

shared between different people. This occurs because gene-environment interactions are typical 

for a given population due to the variability of environmental and cultural contexts such as, among 

others, food habits and lifestyle [43]. 

Despite efforts and new technologies, only two genes, APOE and FOXO3A, have been shown to 

be associated with longevity in nearly all studies [43]. APOE was identified almost 30 years ago as 

one of the most vital and most reproducible genetic risk factors for late-onset Alzheimer's disease 

[44]. Longevity-associated alleles of FOXO3 reduce age-related mortality are (involved in the 

protection of cardiovascular diseases) and the mechanism is currently of great clinical interest [45]. 
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Recent intriguing empirical observations also suggest that inherited epigenetic effects could 

influence lifespan/longevity in various organisms and epigenetics has come to the fore as a discipline 

central to biogerontology [4, 5]. Aging-associated epigenetic changes include DNA methylation, 

histone modification, chromatin remodeling, non-coding RNA (ncRNA) regulation, and RNA 

modification, all of which participate in the law of the aging process, and hence contribute to aging-

related diseases; these changes are routinely linked with pathologies, including cardiovascular 

disease, cancer, and Alzheimer's disease [46-51]. Moreover, epigenetic clocks can correlate 

biological age with chronological age in many species, including humans [46-51]. Indeed, studies of 

chromatin changes found that in aging, epigenetics plays a vital role in longevity with two recurring 

themes: a) global upregulation of activating marks and downregulation of repressive marks, and b) 

gene-specific changes in chromatin states regulating expression of crucial longevity genes. These 

general themes are heavily influenced by environmental stimuli, nutrient signaling, and metabolic 

state [46-51]. 

Variations in genotypes are abundant, usually with little if any relevance on lifespan, but small-

size variations (copy number variations, tandem repeats, insertions/deletions of single nucleotides, 

and single nucleotide polymorphism are considered active in determining longevity [4, 6, 43]. A 

study in engineered mice [52] found that genetic modifications of the β-adrenergic system affect 

their lifespan, and a clinical study [53] found that two common genetic variants of ADRB2 

[rs1042718 (C/A) and rs1042719 (G/C)] suppress its translation and, in men, are predominantly 

associated with longevity. 

7. Gerontones wit Effects on the Cardiovascular and Nervous System 

The gene JunD is one of the three DNA-binding proteins of the activating protein-1, which in 

humans JunD is located in chromosome 9 [54]. Mice experiments [55] have proven that JunD 

regulates cellular growth and survival by modulating oxidative stress levels. Reduced JunD level 

throws off the balance between oxidants (e.g., NADPH oxidase) and scavengers’ enzymes and favor 

ROS accumulation, with consequent mitochondrial and endothelial dysfunction. In JunD deleted 

mice, ROS levels are increased, and, despite normal appearance at birth, the mice develop 

premature signs of senescence, while JunD overexpression preserves endothelial function. In a mice 

experiment [56], the middle cerebral artery was transiently ligated: JunD knock-out mice suffered 

larger cerebral infarctions and had worse neurologic outcomes than normal mice; the addition of 

the IL-1β antibody canakinumab upon reperfusion rescued the harmful effect of JunD silencing, 

suggesting that the worse results in JunD-knock-out mice should be a consequence of increased 

inflammation, due to high IL-1β levels in cerebral tissues. Thus, experimental data show that aging 

reduces JunD expression. Experimental data were partially confirmed in patients [57] because it was 

found that monocytes of elderly persons show significantly less JunD expression than those of young 

subjects. 

In humans, the gene Klotho is located in chromosome 13q13.1 [58]. Mice experiments [59-61] 

have shown that the Klotho gene reduces cardiovascular pathology by blunting the oxidative stress; 

Klotho deficient mice show lower vascular and systemic NO production, increased urinary 

expression of NO metabolites, and develop early aortic calcification, and restoring Klotho expression 

in Klotho depleted mice upregulates mitochondrial antioxidant enzyme activity, reduces cardiac 

remodeling and reverses vascular aging. Some experimental data have been confirmed in clinical 

https://www.sciencedirect.com/topics/medicine-and-dentistry/epigenomics
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/biogerontology
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observational trials [62-64]: in patients with acute cardiac ischemia, the administration of the Klotho 

protein reduced the ischemia/reperfusion injury; also the Klotho expression was downregulated in 

the myocardium of patients with high cardiovascular risks, and the reduced expression paralleled 

systemic fibrosis, inflammation, and oxidative stress; lastly, the level of Klotho protein was increased 

in patients with cardiomyopathy and those with coronary artery disease. 

The mammal target of rapamycin gene, uc001asd.3, position: hg19 chr1: 11, 166, 588-11, 322, 

608 (mTOR) belongs to the phosphoinositide kinase-related family; in mammals exist two subunits 

of mTOR: mTOR1, that is involved in cellular growth and prolongs lifespan, and mTOR2, that plays a 

key role in cellular architecture [65-68]. Rapamycin (also called sirolimus) derives its name from 

Rapa nui, the word (in the language of inhabitants of the Easter Island) of a protein that was 

extracted from soil samples containing Streptomyces bacteria. Rapamycin has many effects and is 

a potent immunosuppressant that interacts with T lymphocytes and dendritic cells. Rapamycin is 

used to inhibit the mTOR gene. Mice experiments [66-68] have shown that mTOR plays a crucial role 

on the cardiovascular system. mTOR1 deleted mice show a high rate of embryonic lethality due to 

cardiovascular pathologies, evidencing that mTOR is essential in the cardiovascular system's 

embryonal development and postnatal function. Also, in adult mice specific cardiac deletion of 

mTOR1 with rapamycin enhances vasodilation. Lastly, long-term supplementation with rapamycin 

in old mice reduces age-related cardiac inflammation and arterial collagen degeneration, 

consequently reducing arterial resistance, hypertension, and systolic dysfunction. Some clinical 

trials have confirmed the validity of some experimental data [69, 70]. In renal transplanted patients, 

the inhibition of mTOR with rapamycin increased ROS signaling and thus decreased arterial 

resistance, blood pressure, and endothelial dysfunction. Unfortunately, long-term therapy with 

rapamycin is hampered by its adverse effects, such as hyperlipidemia, insulin resistance, and the 

occurrence of diabetes mellitus. 

The SHC1 gene encodes the phosphorylated isomer of the adaptor protein p66shc GATAD2A. 

When activated, p66shc translocates from the cytosol to the mitochondria, mediates the release of 

cytochrome C into the cytoplasm, increases ROS production, and induces cell death by apoptosis 

[71-73]. Several mice experiments [74-76] have outlined that the p66shc gene plays a crucial role in 

age-related changes in the cardiovascular and nervous systems. Indeed, mice lacking p66shc show 

preserved endothelial NO bioavailability with reduced ROS production and are protected against 

endothelial dysfunction. Also, deletion of p66shc increases the resistance to oxidative stress-induced 

apoptosis and decreases the production of intracellular oxidants, with a consequent 30% 

prolongation of their life span. Moreover, in diabetic mice hyperglycemia promotes phosphorylation 

of p66shc with consequent reduction of NO bioavailability and increased ROS formation, and 

silencing the p66 gene decreases ROS production, restores endothelial relaxation, and delays 

apoptosis. Other experiments found that in p66shc knock-out mice there is decreased accumulation 

of intimal foam cells in the arteries and oxidized low-density cholesterol, resulting in reduced 

oxidative stress is reduced consequently, these mice have a lower rate of atherogenesis. Moreover, 

in other mice experiment, the basilar arteries were transiently ligated: p66shc knock-out mice had 

smaller ROS production and smaller cerebral strokes than normal mice. 

In summary, many experimental studies indicate that the p66shc gene should be crucial in 

atherosclerosis. Some clinical trials have confirmed experimental data [77-80]. In patients with 

acute cerebral stroke, p66shc gene expression was highly increased, and the level correlated with 

short-term neurological outcomes. Also, the p66 mRNA concentration is significantly higher in 
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patients with acute cardiac ischemic events than in patients with stable coronary artery disease and 

healthy subjects. Lastly, in patients with chronic coronary artery disease, the p66 mRNA 

concentration is increased in circulating mononuclear cells. However, the results from a mice 

experiment [81] outline that the cardiovascular effect of the p66shc gene is not entirely elucidated 

because the transient ligation of the left anterior coronary artery induced larger myocardial 

infarctions in p66shc knock-out mice than in normal mice (the authors explain this effect by a blunted 

activation of protective pathways). 

The silent information regulator 2 protein sirtuin (SIRT) gene with genomic sequence chr10: 69, 

644, 427-69, 678, 147 belongs to the class III histone deacetylase family [82]. In mammals, there are 

7 different SIRT genes with different concentrations in various organs. Many mice experiments [6, 

83, 84] indicate that SIRT genes are crucial players in the nervous and cardiovascular systems. Some 

effects of SIRT1 (improved cardiac contraction, reduced blood pressure and cardiac remodeling, and 

decreased occurrence of stroke and myocardial infarction) are cardioprotective. In an experiment 

with ApoE-mice fed with high fat diet, the SIRT1 overexpression decreased ROS formation and 

blunted NF-κB activity in endothelial cells [85].  

On the other hand, the effects of SIRT2 on the cardiac and nervous system may be either 

protective or deleterious [86-88]. In mice, the left anterior coronary artery was ligated: mice lacking 

SIRT1 and/or SIRT3 had less ischemic damage, reperfusion injury, and smaller myocardial infarcts 

than normal mice (protective effect) [86]. In another experiment [88], the aorta was constricted, 

and SIRT3 knock-out mice had more cardiac hypertrophy than normal mice (negative effect). Also, 

in mice, the transient occlusion of the middle cerebral artery induced larger cerebral infarctions and 

increased mortality in mice lacking SIRT5 than in normal mice, suggesting that SIRT5 should exert 

protective effects on the integrity of the brain barrier of the cerebral circulation [89]. However, in 

another mice experiment [90], SIRT3-deficient mice did not show a reduced coronary vulnerability 

and cardiac damage, but weight gain was accelerated, and the LDL-cholesterol metabolism was 

worse. Clinical studies genes confirmed that SIRT genes play a crucial role in the vascular system and 

that effects were either positive or negative. Circulating mononuclear blood cells collected from 

patients with cerebral stroke expressed more SIRT5 than those from control subjects, and the 

increased SIRT5 expression paralleled the size of the cerebral injury; furthermore, SIRT5 gene 

silencing in vivo resulted in reduced stroke size and improved neurological outcomes [91]. On the 

other hand, in peripheral CD14+ monocytes, the expression of the SIRT3 mRNA was lower in patients 

with ST-elevation myocardial infarct than in healthy controls, and the activity of plasma tissue 

factors was upregulated, with the formation of neutrophil extracellular traps and acceleration of 

the thrombotic process (harmful effects) [92]. In summary, many experimental and some clinical 

observational studies show that SIRT genes play a crucial role in regulating the function of the 

cardiovascular and nervous systems. Still, it is as yet unclear when the effect is positive or negative. 

8. Therapy of Age-Related Pathologies 

Many experimental studies in rodents and some observational studies in patients have outlined 

that inflammation and immunosenescence are two faces of the same coin and have proven the 

crucial impact of oxidative stress on aging and lifespan [12, 13, 15]. Many trials tested antioxidants 

in age-related pathologies without finding a positive effect [6]. 

https://genome.ucsc.edu/cgi-bin/hgc?hgsid=1579807037_28edAFoYo8XwsEAAi9ijJedeUlrT&g=htcGeneInGenome&i=uc001jnd.3&c=chr10&l=69644426&r=69678147&o=knownGene&table=knownGene
https://genome.ucsc.edu/cgi-bin/hgc?hgsid=1579807037_28edAFoYo8XwsEAAi9ijJedeUlrT&g=htcGeneInGenome&i=uc001jnd.3&c=chr10&l=69644426&r=69678147&o=knownGene&table=knownGene
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In 2004 it was discovered that calorically restricted Ames dwarf mice with pituitary hormone 

deficiencies showed delayed senescent cell accumulation and had increased health- and lifespan [2]. 

Many research experiments tested the effects of reduced caloric apport in mice. Reducing caloric 

apport maintained NO bioavailability and blunted vascular oxidative stress, consequently reducing 

cardiac fibrosis and remodeling, arterial resistance, blood pressure, and endothelial dysfunction, 

consequently the health and life span was increased [2, 6, 29, 93-95]. These experimental data 

suggest that a decreased caloric apport would ameliorate concomitant pathologies and increase life 

span in old patients. However, some geriatric patients are frail and sarcopenic, and a caloric 

restriction would not be adequate. 

Moreover, in well-developed countries overweight is an increasing problem, and it is well known 

that patients show limited adherence to long-term dietary recommendations and other lifelong 

lifestyle changes. Therefore, an alternative approach would be helpful, and a pharmacological 

approach could be an alternative. Since experimental studies [96] have detected that the positive 

effect of long-term caloric restriction is due to a reduction of age-related dysfunction of AMP-

activated protein kinase, research searched for drugs that might reduce such dysfunction and would 

retard senescence with a similar effect as long-term caloric restriction [2, 6, 93]. The GLP-1 agonists 

semaglutide and tirzedapide effectively have favorable metabolic and cardiovascular effects while 

reducing the sensation of hunger and body weight. However, these drugs have been not studied for 

specific use in overweight or in the treatment of age-related disease aiming to increase life span. 

Using drugs to delay aging in healthy individuals is still controversial due to their potential long-term 

side effects, which may exceed the benefits [95]. It is established that senescence is essentially a 

cell fate, like differentiation, proliferation, apoptosis, and necrosis [2, 13, 23, 27, 43]. Based on this 

knowledge, in 2004/2005, a search began to find chemotherapeutics (senolytics), a new class of 

drugs that selectively kill senescent cells or suppress their disease-causing phenotypes 

(senomorphics/senostatics). It is hypothesized that senolytics may enhance health span and delay, 

prevent, or treat multiple chronic diseases, geriatric syndromes, and age-related declines in physical 

resilience [96]. Initial attempts aimed to create fusion proteins comprising a senescent cell surface-

binding domain coupled to a toxin, compound library screens for candidates that eliminate 

senescent but not non senescent cells, and other approaches [2, 96]. These approaches were 

unsuccessful. However, since 2015, several naturally occurring senolytics (dasatinib, quercetin, 
fisetin， and navitoclax) have been identified and clinically tested [96]. Early data indicate that 

these senolytics alleviate disease in numerous organs, improve physical function and resilience, 

suppress all causes of mortality, even if administered to the aged, decrease senescent cells, reduce 

inflammation, and alleviate frailty in humans [96]. Clinical trials for diabetes, idiopathic pulmonary 

fibrosis, Alzheimer's disease, COVID-19, osteoarthritis, osteoporosis, eye diseases, bone marrow 

transplant, and childhood cancer survivors are beginning [96]. Unfortunately, there has been 

premature excitement about senolytics and efforts to sell them to the public, while safety and 

efficacy measures are still being evaluated [95, 96]. Until valid data are obtained from good studies, 

it is too early for senolytics to be used outside of clinical trials, and more information about safety, 

tolerability, side effects, and effectiveness in reducing senescent cell burden in humans is needed. 

Severe unanticipated side effects could emerge and physicians are concerned about prescribing 

senolytics or self-medication [95-98]. 

It should not be forgotten that aging is a heterogeneous process guided by epigenetic, genetic 

and environmental factors [2, 40-43]. Understanding the epigenetic mechanisms in aging could 

https://www.sciencedirect.com/topics/medicine-and-dentistry/epigenomics
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/genetics
https://www.sciencedirect.com/topics/medicine-and-dentistry/environmental-factor
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provide new strategies to delay aging. Aging interventions based on manipulating epigenetic 

mechanisms have led to the alleviation of aging or the extension of the lifespan in animal models. 

various clinical trials for aging intervention are ongoing, providing more evidence of the safety and 

efficacy of these therapies [41]. 

As for gerontogenes, at present, it is impossible to interfere with genes regulating β-

adrenoceptors. On the other hand, antisense oligonucleotides, monoclonal antibodies, and 

gene/base editing aimed to interfere with this culprit's APOE gene are giving promising results, at 

least in the therapy of late-onset Alzheimer's disease [44]. Also, optimizing FoxO3 activity in humans 

to increase lifespan and reduce age-related diseases represents an exciting avenue of clinical 

investigation [45]. Many experimental and some clinical observational studies outlined that the 

gerontogenes JunD, Klotho, mTOR, p66shc, SHC1, and sirtuins play crucial roles in the occurrence of 

oxidative stress and age-related pathologies. Therefore, some therapies might be derived from 

interacting with these gerontogenes. Indeed, rapamycin interacted with the mTOR1 gene and 

protected the cardiovascular system, but its side effects preclude long-term use in patients [69, 70]. 

Resveratrol, which is naturally found in grape skin and red wine, targets many enzymes and is a 

potent SIRT1 activator. In an experiment, resveratrol protected mice against atherosclerosis, heart 

failure, and hypertension [6]. However, many unknowns hamper resveratrol's use in human 

medicine. Furthermore, it should be considered that the effects of SIRT genes on the age-related 

pathologies are insufficiently understood, because these gerontogenes may have positive and 

negative effects. Ongoing projects are assessing a possible therapy with drugs acting on the Klotho 

and p66shc genes, but at present few data are available. 

In summary, strategies to promote healthy aging would benefit the individual and reduce the 

medical, sociological, and economic associated with the progressive aging of the world population 

and their age-related pathologies [2]. 

9. Conclusions 

A rapidly increasing amount of data from longevity medicine, also considering epigenetics and 

genetics, his giving new research direction for understanding and treating age-related pathologies 

and increasing life span. Research has begun to validate and refine available data and identify more 

accurate and robust aging indicators. However, at present, There are known knowns. There are 

things we know that we know. There are known unknowns. That is to say, there are things that we 

know that we don't know. But there are also unknown unknowns. There are things we don't know 

we don't know (Donald Rumsfeld). The road is long and most likely bumpy. It should also be recalled 

that antiaging interventions should focus on extending the health span rather than simply 

prolonging life [95]. 
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