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Abstract

In cases in which cellular senescence does not function properly, the use of drugs called senolytics in the prevention of chronic aging-related disorders, such as cancer, diabetes, and cardiovascular diseases, has become a very interesting topic. Studies have shown that senolytic drugs can be used to prevent cancer and its recurrence in individuals diagnosed with cancer, and to delay multimorbidity situations that may develop as long-term side effects of anti-cancer treatments. This article aims to provide general information about senolytic drugs and cellular senescence, as many controversial studies will certainly be conducted in the field of oncology in the future.
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Introduction

Many hypotheses have been proposed to illuminate the aging process [1]. The most widely accepted of these are the oxidative stress hypothesis, the mitochondrial dysfunction hypothesis, and genetic and epigenetic alteration mechanisms, such as somatic mutations, apolipoprotein E allele polymorphisms, and telomere–telomerase activity defects [1].

Cellular senescence has an important role in these mechanisms. It is an interesting topic that remains intensely researched because of the differences in molecular and biochemical changes that occur during a healthy aging process [2].

Cancer is still the most important health problem today due to the aging world population [3]. Despite rapid advances in cancer treatments, it still ranks second among all causes of death after cardiovascular diseases [3]. The mechanisms of action of anti-cancer treatments are based on different properties, and each treatment targets the elimination of cancer cells [4]. Many anti-cancer drugs act by inducing aging in cancerous cells through different mechanisms [5]. Chemotherapeutics, such as doxorubicin, etoposide, irinotecan, cisplatin, paclitaxel, bleomycin, and temozolamide, induce cellular aging by increasing SA-β-galactosidase enzyme activity or by causing upregulation of tumor suppressor genes, such as p16 and p21 [4,6–8]. Similar effects have been reported with cyclin-dependent kinase 4/6 inhibitors, epigenetic modulators, and molecular targeting monoclonal antibodies, such as rituximab [4,9,10]. The cancer cell-destroying properties of these drugs may also have negative effects on cancer survivors by affecting the senescence process in normal tissues [4].

Research on senolytic drugs in the destruction of senescent cells, especially those that have escaped the healthy aging process, in the field of oncology is promising in preventing the development of cancer in healthy or high-risk individuals and in increasing the risk of inducing carcinogenesis through the emergence of new senescent cells during follow-up after adjuvant treatments in patients with early-stage cancer [4,11]. Achieving healthy longevity is the main goal of senolytic drugs by eliminating not only carcinogenesis but also the long-term side effects associated with cancer treatments, including radiotherapy, and by preventing chronic aging-related problems that cause multiple morbidities in cancer survivors [4,11].

This article aims to provide general information about senolytic drugs and cellular senescence, as many controversial studies will certainly be conducted in the field of oncology in the future.

Cellular Senescence

With aging, the risk of developing multiple chronic diseases, geriatric syndromes, impaired physical and cognitive functions, and associated mortality increases. Many hypotheses have been established regarding the basic senescence process. In these hypotheses, some molecular, physiological, and biochemical changes in the basic aging process come to the fore, but there is no clear consensus mechanism yet [12].

In the senescence process, chronic low-grade inflammation is often accompanied by fibrosis. This goes with functional disorders at the macromolecular level, such as DNA damage, disruption in telomere activity, changes in the repair mechanism and protein translation, lipotoxicity, and decreased autophagy. In addition, organelle dysfunction develops in cells, especially at the mitochondrial level. Dysfunction in the immune system and cellular aging are known to accompany all of these [13].

Cellular aging was first reported in 1961 by Hayflick and Moorehead [14]. It involves a cellular mechanism that includes irreversible replicative arrest, sustained viability by resistance to apoptosis, and often increased metabolic activity. Intracellular and extracellular signals that contribute to the cellular aging process are actually effective in tissue or cellular damage or cancer development [12,13]. 

During the cellular senescence process, a number of proinflammatory cytokines, chemokines, proteases, and other factors called the aging-related secretory phenotype (SASP) may be secreted by aging cells. This condition contributes to aging and local and systemic dysfunction in a number of diseases [12,13].

Some cells that are aging and show the SASP phenotype are called deleterious (D-) senescent cells and can make up 30%–70% of the aging cell population. SASP components produced by D-senescent cells may differ depending on the aging cell type and the cause of aging. The factors released from these senescent cells that phenotypically show SASP are as follows: 1) cytokines such as tumor necrosis factor-α, interleukin- (IL-) 6, IL-8, and others known to cause inflammatory, pro-apoptotic, and insulin resistance; 2) chemokines that play a role in cellular immunity; 3) matrix metalloproteinases (MMP) such as MMP‐3, MMP-9, and MMP-12, which cause tissue damage; 4) factors such as transforming growth factor-β family members, which contribute to stem cell, progenitor dysfunction, and fibrosis development; 5) activins and inhibins that induce stem cell and progenitor dysfunction and differentiation; 6) serpins that can cause blood clotting and fibrosis, such as plasminogen activator inhibitor (PAI)-1 and PAI-2; 7) growth factors that induce tumor spread; 8) bioactive lipids such as bradykinins, ceramides, or prostaglandins, which contribute to inflammation and tissue dysfunction; 9) micro-RNAs that play a role in inflammation and insulin resistance by contributing to stem cell and progenitor cell dysfunction; and 10) exosomes capable of transporting locally and systemically toxic and aging-causing cytotoxic metabolites [5,12,14]. 

Senolytics

The first ideas about the prevention of chronic diseases and cancer, especially by eliminating D-senescent cells, during the cellular senescence process emerged in the 2000s [15]. The accumulation of SA-β‐gal in cells in animal studies has a negative effect on lifespan and stimulates the onset of age-dependent changes in many organs. Subsequent studies have reported that healthy aging can be prolonged in mice through the reduced expression of p16Ink4a with calorie restriction or a mutation that decreases growth hormone signaling. These studies have shown an inverse relationship between aging cell burden and the duration of health [15]. Especially in the period after 2005, drug research aimed to identify fusion proteins for the recognition of senescent cells and the killing of D-senescent cells. Studies related to these drugs, which are defined as senolytic drugs, have been based on the knowledge that aging cells are resistant to apoptosis [15].
Apoptosis resistance occurs despite the release of pro-apoptotic SASP factors from senescent cells. Therefore, hypothetically, anti-apoptotic mechanisms are required to overcome the resistance of aging cells to apoptotic stimuli [15,16]. Aging cells have been reported to have characteristics similar to cancer cells, including apoptosis. As a result of this observation, senescent cells that secrete pro-apoptotic SASP have been found to prevent their own extinction through protective senescent anti-apoptotic pathway (SCAP) networks. From proteomics and transcriptomic databases, SCAP pathways have been found to be expressed at a higher rate in senescent cells [16].
Senolytic drugs work through different mechanisms to make the aging process healthier, especially by eliminating D-senescent cells. However, a senolytic drug that has a clear positive effect on this process has not yet been defined. Nevertheless, promising research continues [16].
The first senolytics were discovered through the approach of identifying agents that temporarily disable SCAP networks, which allow these cells to survive in the microenvironment created by D-senescent cells and kill the senescent cells in their environment. SiRNAs, one of the small RNA types, have been found to have an effect on anti-apoptotic regulators in those related to the regulation of the anti-apoptotic process, which is effective in selectively reducing aging cell viability, and this effect is dependent on the aging cell type [5,15,16]. The basis of this hypothetical approach is research on siRNAs, which selectively reduce BCL-xL or other BCL-2 family members to induce apoptosis of aging and decaying human umbilical vein endothelial primary cells (HUVECs) [16,17]. This effect was proven to be selective, and the findings showed that they did not increase apoptosis induction against aging human primary adipocyte progenitor cells through the same siRNAs. Unfortunately, it has been reported that multiple SCAP pathways may need to be targeted to kill some senescent cells, and even anti-apoptotic senolytics may be insufficient, as senescent cell defenses against apoptosis are far behind other SASP mechanisms in some senescent cells. Among the researched drugs that provide a healthy aging process by eliminating D-senescent cells through SCAP networks, the most important are dasatinib, a tyrosine kinase inhibitor that targets JAK1/2, and quercetin, a natural flavonoid [5,15,17]. Unlike other tyrosine kinase inhibitors, such as imatinib, which has been shown to be non-senolytic, dasatinib induces apoptosis caused by addiction receptors, such as ephrins, by partially inhibiting Src kinase. Fisetin is another natural flavonoid that is considered senolytic, with similar effects like dasatinib and quercetin [17]. Senolytic flavonoids, such as quercetin and fisetin, have been reported to act by partially inhibiting the BCL-2 family members (e.g., BCL-xL), hypoxia-inducing factor-1α, and other SCAP network components [17,18]. Dasatinib was found to target senescent human-cultured primary adipocyte progenitor cells, while quercetin destroyed cultured HUVECs; interestingly, the combination of dasatinib and quercetin caused apoptosis of both senescent human primary adipocyte progenitor cells and senescent HUVECs [5,15,17]. However, senescent adipocyte progenitor cells or HUVECs did not cause apoptosis. However, due to the abundance of SCAP pathways, in some cell types, such as mouse embryonic fibroblasts, neither dasatinib nor quercetin has been reported to be senolytic, while the combination of these two chemicals is senolytic [16–18]. All of these studies show that the SASP phenotype and cell type are important in aging cells. However, as the target of true senolytics is not a single receptor, enzyme, or biochemical pathway, research may need to be advanced at the molecular and biochemical levels. Agents such as navitoclax or Nutlin3a, which is a BCL-2 family member inhibitor that is defined as panolytic and acts on single or limited targets, have significant non-target apoptotic effects on non-innate cell types (e.g., platelets) and the immune system. Nutlins can also cause aging [15,19,20].

Conclusion

The field of oncological research will expand in the future with the use of currently known senolytic drugs, such as dasatinib, quercetin, fisetin, navitoclax, and nutlins, to prevent cancer recurrence, secondary cancers, or multiple morbidity conditions, which may be caused by the long-term side effects of anti-cancer drugs. 
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