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Chapter

Anti-Senescence Therapy
Raghad Alshadidi

Abstract

The development of therapeutic strategies aimed at the aging process of
cells has attracted increasing attention in recent decades due to the involvement
of this process in the development of many chronic and age-related diseases.
Interestingly, preclinical studies have shown the success of a number of anti-aging
approaches in the treatment of a range of chronic diseases. These approaches are
directed against aging processes such as oxidative stress, telomerase shortening,
inflammation, and deficient autophagy. Many strategies has been shown to be
effective in delaying aging, including antiaging strategies based on establishing
healthy lifestyle habits and pharmacological interventions aimed at disrupting
senescent cells and senescent-associated secretory phenotype. Caloric restriction
and intermittent fasting were reported to activate autophagy and reduce inflam-
mation. In turn, immune-based strategies, senolytic agents, and senomorphics
mediate their effects either by eliminating senescent cells through inducing
apoptosis or by disrupting pathways by which senescent cells mediate their detri-
mental effects. In addition, given the association of the decline in the regenerative
potential of stem cells with aging, many experimental and clinical studies indicate
the effectiveness of stem cell transplantation in preventing or slowing the progress
of age-related diseases by enhancing the repairing mechanisms and the secretion
of many growth factors and cytokines.

Keywords: age-related disease, senescent-associated secretory phenotype, caloric
restriction, senolytic agents, senomorphics, immune-based anti-senescence therapies

1. Introduction

Evidence of the involvement of cellular aging in the development of many age-
related diseases, combined with the longevity benefits obtained from preventing
the accumulation of senescent cells, raises the possibility that therapeutic targeting
of senescent cells extends life span, improves overall health, and delays or pre-
vents the development of age-related diseases. The investigation of the molecular
mechanisms accounting for the development of senescent-associated secretory
phenotype (SASP) and the ones providing senescent cells maintenance supplied
insights for the development of mechanisms to target senescent cells. So far, many
approaches have been proposed to target cell senescence, either by inducing the
death of senescent cells or by blocking the SASP (Figure 1). This chapter provides
an overview of senescent cells as an opportunity to intervene in the aging process
and presents the various therapeutic anti-senescence paradigms in terms of their
molecular mechanisms of action, efficacy, and safety.
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Figure 1.

Strategies targeting cellular senescence. (A) A number of dietary regimens, including caloric restriction,
intermittent fasting, and reduced intake of certain nutrients, exert antiaging effects. (B) Pharmacological
interventions have been developed to target senescent cells and limit their deleterious effects; certain natural
or pharmacological compounds have been reported to exert the beneficial effects of CR, senolytic agents
selectively induce apoptosis in senescent cells and block the prosurvival pathway, senomorphic agents interact
with the components of the SASE, affecting their upstream pathway or their effectors, immune-based strategies
aim to enhance the body’s natural defense mechanisms or develop strategies to divect immune cells specifically
toward senescent cells and/or overcome the mechanisms that senescent cells use to escape the immune system,
and strategies tavgeting the DDR pathway aim to reduce the induction of cellular senescence. (C) Stem cell
transplantation is thought to compensate for the decline in stem cell function, which is partly due to the
senescence of stem cells. DDR, DNA damage vesponse. (DDR is the abbreviation of DNA damage response).
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2. Eating restriction patterns

A number of dietary regimens have been reported to prolong health span and
longevity, in part by reducing their effects on senescence. These regimens include
caloric restriction, intermittent fasting, and reduced intake of certain nutrients.

2.1 Caloric restriction (CR)

The underlying premise of caloric restriction (CR) is to reduce calorie
availability by ~20-50%, while not consuming fewer vitamins, minerals, and
other components of a healthy diet. It is well established that CR is a powerful
intervention to extend the average and/or maximum life span of various species
including yeast, flies, worms, fish, rodents, and rhesus monkeys [1], improve
general health, and decrease aging-associated diseases [1]. Furthermore, data
from natural and controlled investigations suggested the beneficial effects of CR
on human longevity.

2.1.1 Mechanisms underlying CR antiaging effect

CR induces adaptations in the immune, neuroendocrine, and metabolic system
by affecting a number of intracellular pathways; although human and animal obser-
vations and studies suggest that CR expands the life span, the mechanism underly-
ing CR responses has not yet been established, and the followings explain some of
the mechanisms, which mediate CR antiaging effects.
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CR was reported to decrease cell senescence [2]. Given the fact that cell dam-
age is the main inducer of senescence [3], the cytoprotective properties of CR may
explain its senescence rate modulation effects. These effects include decrease in
cellular stress [4], decrease in inflammation [5], and increased clearance of dam-
aged proteins and organelles through the activation of autophagy [3]. In addition,
CR decreases the mammalian target of rapamycin (mTOR) activity, which, in turn,
plays a major role in the activation of cellular senescence [6]. Modulation of nutri-
ent uptake pathways, including insulin-like growth factor (IGF), insulin, mTOR,
and AMP-activated protein kinase (AMPK), mainly explains CR-mediated effects
[6]. It was reported that CR decreases IGF signaling by inducing hypoglycemia and
decreasing the level of insulin [6]. CR-mediated decrease in oxidative damage may
be attributed to several mechanisms, including the increase in nitric oxide (NO)
concentration [7], the increase in superoxide dismutase (SOD) activity [7], the
decrease in reactive oxygen species (ROS) production [3], the decrease in protein
glycation [3], the decrease in inflammatory proteins [3], and the increase in the
expression of chaperone proteins [3]. Moreover, CR upregulates the expression of
sirtuin-2 (sirt-2) [8], and NAD + -dependent protein deacetylases with antioxidant
activity [9], the existence of extra copies of which was shown to extend the life span
by up to 30%. CR exerts anti-inflammatory effect; a large number of investigations
have shown that it reversed the effects of SASP and modulate age-related chronic
inflammatory conditions [5]. This anti-inflammatory response can be attributed
to the regulation of the activity of pro-inflammatory upstream signaling pathway
molecules such as MAPKs (ERK, JNK, and p38), and NIK/IKKs and the suppression
of key pro-inflammatory mediators such as NF-B, IL-1, IL-6, TNF, cyclooxygenase
2 (COX-2), and inducible nitric oxide synthase (iNOS) [5]. Intriguingly, CR was
reported to induce a slight increase in circulating cortisol, which also account
for the reduction in systemic inflammation [3]. Additionally, CR was reported
to enhance DNA repair mechanism. This effect is mediated by the decrease of
age-dependent decline in non-homologous end joining (NHE]), the decrease of
the age-dependent decline of polymerase alpha and beta and the increase of their
fidelity, the induction of the base excision repair pathway (BER), and the enhance-
ment of nucleotide excision repair (NER) [3]. Moreover, CR was shown to alter the
phenotypes of stem cells, improve their function, and promote their self-renewal in
mice [10]. Although most studies proposed the beneficial effects of CR, it is note-
worthy to report the results of one study that suggest the negative impact CR has
on brain integrity of mouse lemurs without affecting cognitive performances [11].
More investigations are required to evaluate the long-term effects of CR and create
a comprehensive full image of the molecular and cellular mechanisms underlying
its antiaging effect.

2.2 Other type of dietary restriction with antiaging effects

In addition to CR, other approaches have been proposed to reduce the effects of
aging, including intermittent fasting and the reduced intake of certain nutrients.
Intermittent fasting (IF) is an eating pattern that switches between fasting and
eating on a regular schedule. It has been shown that IF has a protective effect against
many age-related diseases such as obesity, hyperinsulinemia, hepatic steatosis,
and inflammation [12]. Many types of IF have been proposed, including a fasting-
mimicking diet, which has been reported to prolong the life span, reduce visceral
fat, reduce cancer and skin damage, rejuvenate the immune system, and slow bone
mineral loss in mice [13]. Other studies have shown that reduced intake of specific
nutrients exerts antiaging effects. For example, reducing protein intake has been
reported to reduce the risk of cancer death and overall mortality [12]. Interestingly,
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it was suggested that the life span benefits of dietary restriction can be obtained
from the reduced intake of certain amino acids such as tryptophan and methionine
[14]. In addition, ketogenic diet, which primarily consists of high fats, moderate
proteins, and very low carbohydrates, was widely reported to extend longevity and
health span in mice [15].

3. Pharmacological interventions

The involvement of cell senescence in aging and the development of many age-
related diseases has stimulated efforts to develop a number of strategies aimed at
eliminating senescent cells and/or limiting their deleterious effects. These strategies
include CR mimetics, senolytic agents, senomorphic agents, immune-based strate-
gies, and strategies targeting the DNA damage response (DDR) pathway.

3.1 CR mimetics

CR mimetics are agents that have the beneficial effects of CR without the need
to struggle with diet limitation; the followings are some of the most well-known CR
mimetics.

3.1.1 Resveratrol

Resveratrol (3,5,4-trihydroxystilbene) is a natural plant-derived polyphenolic,
phytoalexin compound found in grapes, cranberries, and peanuts. Resveratrol has
been long used in traditional medicine, and now, it has wide range of applications
in modern medicine thanks to their antioxidant, anti-inflammatory, anti-obesity,
antidiabetic, antibacterial, anticarcinogenic, cardioprotective, and immuno-
modulating properties [16]. It is suggested that resveratrol exerts its antiaging
effects through the activation of sirtuin-1 (sirt-1) [12]. One clinical study on
healthy, obese men reported that 30 days of resveratrol supplementation elevated
intramyocellular lipid levels, and decreased intrahepatic lipid content, circulating
glucose, triglycerides, alanine-aminotransferase, inflammation markers, and sys-
tolic blood pressure with an improvement in HOMA index [17]. Another clinical
study on overweight older individuals provides evidence that supplementation of
resveratrol improves memory performance in association with improved glucose
metabolism and increased hippocampal functional connectivity in older adults [3].

3.1.2 Metformin

Metformin is an FDA-approved antidiabetic agent used as a first-line drug for
treating type 2 diabetes mellitus. The antiaging effects of metformin are well estab-
lished in Caenorhabditis elegans, Drosophila melanogaster, and mice [5]. Metformin
was reported to exert its antiaging effects through the activation of AMPK, which,
in turns, leads to the inhibition of mTOR [18]. The wide application, well-known
pharmacokinetics and acceptable toxicity encourage the use of metformin as an anti-
aging drug [18]. However, further investigations are required since the metformin’s
antiaging effect has not been identified in humans yet [5].

3.1.3 Rapamycin

Rapamycin is an FDA-approved immunosuppressant, which is extensively used
following kidney and liver transplants and to treat certain types of cancers and
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complications of tuberous sclerosis [19]. The antiaging effect of rapamycin is well
established for several years in model organisms including mice [19] and is medi-
ated through the direct inhibition of the kinase activity of mTOR [5]. Despite its
widely reported antiaging effect, certain side effects pose a barrier to the use of
rapamycin as antiaging agent; this includes hyperlipidemia, hypercholesterolemia,
and hypertriglyceridemia, glucose intolerance, insulin resistance and new-onset
diabetes, anemia and thrombocytopenia, dermatological events, gastrointestinal
disorders, sinusitis, respiratory and urinary infections, and testicular dysfunction
[19]. To minimize these side effects, a number of alternative treatment regimens
have been developed, including intermittent rapamycin [19]. In addition, fewer side
effects have been reported after the administration of rapamycin analogs with a
reduced effect on glucose metabolism, such as everolimus and temsirolimus [19].

3.2 Enhancement of the immune clearance of senescent cells

The immune system has its own internal targeting mechanism for senescent
cells. Multiple components of the immune system target senescent cells, including
NK cells, T cells, and macrophages [20]. The immunogenicity of senescent cells,
combined with the age-related decline in immune function, raises the potential
for strategies such as boosting the immune system or targeting the inhibitory
mechanisms by which senescent cells escape the immune system to be exploited
to enhance the clearance of senescent cells [20]. In this context, many strategies
have been proposed, including blocking the inhibitory decoy receptor 2 (DR2) and
stimulating the innate immune response using the viral infection stimulator poly
(I:C) [21]. In addition, the implementation of the advances in genetic engineering
by designing chimeric antigen receptor T (CAR T) cells specific for senescent cells is
a promising approach. However, the lack of overlap between the extracellular mark-
ers identified by different studies is an obstacle for designing CAR T cells specific
for senescent cells [20].

3.3 Senolytic agents

Senolytic agents target specifically senescent cells, and they are considered
promising agents for delaying aging processes as they target the fundamental
mechanisms that are contributors for many diseases. Dasatinib, quercetin, and
fisetin are the most well-studied senolytic agents [22]. Dasatinib is a second-
generation tyrosine kinase inhibitor that is used for the treatment of CML and
AML [23]. Quercetin is a polyphenolic flavonoid compound with antioxidant
properties, which exerts preventive effects for various diseases, such as osteopo-
rosis, some forms of cancer, tumors, and lung and cardiovascular diseases [24].
Fisetin is a flavonol that shows potential as an anti-inflammatory, chemopreven-
tive, and chemotherapeutic agent [25]. Senolytic agents were discovered by
scanning using bioinformatic approach to find drugs that disrupt the senescent
cell anti-apoptotic pathways (SCAPs) network nodes, which differ from the
one-target one-drug approach. Thereby, an important characteristic of these
agents is their targeting to multiple SCAP network nodes rather than acting upon
single or limited targets, which, in turn, reduces the off-target apoptotic effects
on nonsenescent cell types [22]. In vivo studies showed that these agents reduce
senescent cells by apoptosis; specifically, the underlying molecular mechanisms
by which senolytic agents mediate their effects are lowering of pl6Ink4a, target-
ing Bcl-2 family, hypoxia-inducible factor 1-alpha (HIF-1a), and other SCAPs
network components [22]. Since dasatinib and quercetin are senolytics for
different cell lines, it is suggested that the effects of senolytic drugs depend on
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the type of senescent cells [22]. Interestingly, the combination of dasatinib +
quercetin was reported to be senolytic for cell lines in which neither dasatinib
nor quercetin are senolytics on their own [22]. Senolytic drugs were reported to
improve cardiac function in mice, enhance insulin sensitivity, reduce the adipose
tissue inflammation, and alleviate many age-related diseases in which the accu-
mulation of senescent cells plays role in its pathogenesis including Alzheimer’s
disease, chronic lung diseases, osteoporosis, and intervertebral disk disease [22].
As senolytic drugs are new agents, special cautions are considered while test-

ing them in clinical trials; therefore, they entered only clinical trials for serious
diseases that lack effective treatment strategies [22]. The results of a clinical trial
where dasatinib + quercetin were administered orally by patients with diabetes
complicated by renal dysfunction showed decrease in senescent cells and adipose
tissue inflammation [22]. Many clinical trials are now ongoing or planned includ-
ing trials of dasatinib + quercetin for the treatment of many senescence and
age-related diseases [22]. So far, senolytic agents are not used out of clinical trials
as their effects are under investigation [22]. However, depending on the results
of clinical trials, senolytic agents can have further applications in the future to
delay and prevent the developing of senescence- and age-related diseases in those
subjects, in whom the presence of senescent cells can be detected in body fluids
or by imaging [22].

3.4 Senomorphic agents

Senomorphic agents are an alternative approach to senolytics, the concept
behind this approach is to disrupt pathways by which senescent cells mediate its
detrimental effects without eliminating the cells. For this purpose, neutralizing
antibodies targeting SASP components or their receptors have been developed [26].
Approaches based on the transcriptional modulation of the expression of SASP
factors were developed to reduce SASP production [27].

In addition, based on the fact that mTOR activation promotes SASP production
through translation of subsets of mRNA that stabilizes many cytokine-encoding
transcripts, certain mTOR inhibitors can be considered senomorphic agents [20].
For example, rapamycin, which exhibits CR-mimicking effects, was reported to
decrease SASP production by inhibiting mTOR [20]. Besides, apigenin and kaemp-
terol were shown to attenuate SASP production through their modulating effects on
NF-«B signaling [20].

Senolytic agents have advantages over senomorphics, which include the possibil-
ity to take them intermittently and the reduction of the likelihood of senescence
bypassing mutations that can promote tumorigenesis, since these agents eliminate
senescent cells rather than targeting SASP production [20]. However, the still
undetermined safety of prolonged or repeated administration of senolytic agents
combined with an emerging study report on the likelihood of senolysis damage to
cells with structural functions [28] makes senomorphics a considerable alternative
to senolytic agents.

3.5 Targeting senescent cells by inhibiting the DNA damage response (DDR)
pathway

DNA damage response (DDR) pathway is a signaling cascade that is activated in
response to DNA damage. Given the evidence that activation of the DDR pathway
triggers cell senescence, antisense oligonucleotides have been developed to inhibit
telomeric DDR. Results from iz vitro and in vivo studies in mice have provided
evidence for the effectiveness of this approach [20].
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4. Stem cell transplantation

Cell senescence has been implicated in the decline of stem cells’ function and
proliferation potential [20], which, in turn, contributes to aging and the develop-
ment of age-related disease [29]. Therefore, stem cell transplantation has been
proposed as a strategy to treat many age related disease including Alzheimer’s
disease [30], macular degeneration [31], osteoarthritis [32], and frailty [33]. The
beneficial effects of this strategy are exerted through the compensation of aging-
related decline in stem cell function, the regulation of inflammation and immune
responses, as well as the secretion of therapeutic cytokines and factors [29]. The
promising results of the preclinical experiments on mice models [33] lead to its
translation to clinical trials. Phases I and II clinical trials were conducted to investi-
gate the efficiency of mesenchymal stem cells (MSCs) infusion in alleviating frailty
and the results showed safety profile and promising therapeutic efficacy [33]. A
number of clinical trials provided evidence of the efficiency of MSCs therapies for
the treatment of osteoarthritis [32]. Furthermore, a phase I clinical study supports
the efficiency and safety of the transplantation of embryonic stem cell-derived reti-
nal pigment epithelium patches as a regenerative strategy for age-related macular
degeneration [31]. Although the results of preclinical and clinical studies provide
initial evidence of the efficiency of stem cell transplantation for the treatment of
age-related diseases, the concerns of stem cells tumorigenicity impose the need for
further research and clinical trials with the consideration of the framework regula-
tory agencies to ensure the safety of participants [29].

5. Conclusion

Despite initial evidence for the safety and efficacy of a number of antiaging
therapeutic approaches to combat the aging process, the novelty of this area of study
stresses the need to conduct further preclinical and clinical study to understand the
efficacy, safety, and long-term effects of anti-senescence therapeutic strategies in
addition to the optimization of the most effective strategy with minimal off-targets
and side effects. Further research in terms of the molecular mechanism of senes-
cence and anti-senescence therapeutic strategies could reshape our view of health
management during aging, offering many therapeutic options in the context of
increasing longevity and preventing or alleviating many age-related diseases.

Acronyms and abbreviations

AMPK AMP-activated protein kinase
CAR-T cell chimeric antigen receptor (CAR) T cell
COX-2 cyclooxygenase 2

CR caloric restriction

DDR DNA damage response

DR2 decoy receptor 2

HOMA index homeostatic model assessment index
IF intermittent fasting

IGF1 insulin-like growth factor 1

IKK inhibitor of NF-kappaB kinase

iNOS inducible nitric oxide synthase
MAPK mitogen-activated protein kinase
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mTOR the mammalian target of rapamycin

NIK NF-kB-inducing kinase

NO nitric oxide

SASP senescent-associated secretory phenotype
SCAP senescent cell anti-apoptotic pathways
sirt-2 sirtuin

SOD super oxide dismutase
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