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Moving from an “anti-aging” paradigm toward the 
concept of “disease-free aging”: the role of senolytics in 
modern medicine
Passando do paradigma “antienvelhecimento” para o conceito de “envelhecimento 
antidoença”: o papel dos senolíticos na medicina moderna
Ivan Aprahamiana , Andréia Paina , Virgílio Garcia Moreirab

Abstract
Senescent cells increase with aging and are related to the promotion of inflammation and 
neoplasia through the senescence-associated secretory phenotype (SASP). These cells are closely 
related to the biological aging process and, most importantly, to age-associated diseases, such 
as osteoporosis and osteoarthritis. Senolytics are a new drug class that kills senescent cells by 
targeting senescent cell anti-apoptotic pathways (SCAPs), which are biological systems that 
avoid cellular destruction and host innate defenses. Senolytic therapy requires strong evidence 
in human trials, and dasatinib and quercetin have shown good results in phase II trials with 
idiopathic pulmonary fibrosis and diabetic renal disease. However, these trials are small and 
merely represent a proof-of-concept for these drugs. Nevertheless, this evidence calls for an 
overview of senescent cells and senolytics. We briefly discuss these related topics, summarizing 
the best evidence for clinical practitioners. 
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Aging is as certain as death. Likewise, aging is a major mor-
tality risk factor due to the consequences of atherosclero-
sis, dementia, blindness, deafness, osteoporosis, diabetes and 
arthritis, among other conditions that are typically associated 
with an adverse pattern of senescence.1 Beyond being a risk 
factor for disease and death, aging as a biological process is 
quite complex and incompletely understood. Although nat-
ural cellular senescence is a key player in aging, many other 
biological processes occur simultaneously and are of utmost 
importance — such as genomic instability, telomere attrition, 
epigenetic alterations, loss of proteostasis, deregulated nutrient 
sensing, mitochondrial dysfunction, cellular senescence, stem 
cell exhaustion, and altered intercellular communication, which 
have been described as the hallmarks of aging.2 All of these 
pathways can promote cellular senescence (geroconversion). 
For example, interaction with a virus, such as a coronavirus, 
can induce cellular senescence in several ways, e.g., extracellular 
viral DNA, inflammation, or the production of reactive oxygen 
species.3 Cellular senescence is characterized by the cessation 
of replication potential, resistance to apoptosis, altered cellu-
lar metabolism, and protein synthesis and secretion.3 As we 
age, these cells accumulate in different tissues and develop a 
SASP, yielding systemic production of active proteins, lipids, 
nucleotides, and other factors that culminate in inflammation, 
dysfunctional cells, degenerative tissues, and cancer prolifera-
tion.1,4 Yet, these cells have mechanisms to prevent their own 
death due to SASP, and these ‘senescent’ cells increase in num-
ber as we age, especially after 60 years of age.1,4 

Although no specific marker of senescent cells can be 
described, they have several shared characteristics. They are 
usually large cells with high concentrations of p16INK4a and 
p21CIP1 (proteins produced by homonymous genes), show 
evidence of DNA damage (particularly in telomeres) and 
senescence-associated distention of pericentromeric satel-
lite DNA, and finally, increased beta-galactosidase activity.5 
A fundamental and practical question is the interplay between 
senescent cells and SASP. Ultimately, SASP stimulates uni-
versal hyperfunction,6 a good illustration of which is meta-
bolic syndrome. Senescent beta cells overproduce insulin,7 
which activates the mammalian-target of rapamycin pathway, 
especially in hepatocytes and adipocytes. Their hyperfunction 
results in hyperinsulinemia with hyperglycemia, hyperlipid-
emia with obesity, and finally hypertension. Thus, eliminat-
ing these hyperfunctional senescent cells may prevent certain 
age-related conditions.7 However, because not all hyper-
functional cells are bad, it is fundamental to target specific 
senescent cells. Such therapy does not represent an effort to 
increase the lifespan but to live better with less multimor-
bidity, i.e., better quality of life. 

In the last couple of years, more than 20 biotech com-
panies have been researching and developing compounds 
against senescent cells, a group of drugs most known as 
senolytics. Senolytics kill senescent cells by targeting differ-
ent SCAPs, which consist of biological systems that prevent 
cellular destruction or are simply conceptualized as a cellular 
defense (Figure 1).1,4 There is a research trend to use seno-
lytic fusion proteins against molecules involved in senescent 
activity or SCAPs.7 However, one treatment challenge for 
senolytic therapy is that each senescent cell originates from a 
different cell type and uses different SCAPs for its defense.1 
Nevertheless, the drugs’ selectivity for senescent cells is mod-
est and they can only be restricted to certain cell types, which 
not only limits their action but causes collateral damage to 
nonsenescent, healthy cells. Currently, research into several 
pathways for clearing senescent cells is underway.4 Most com-
monly, research groups are using a combination of at least 
two senolytics. For example, dasatinib (a leukemia drug that 
targets multiple kinases) and quercetin (a flavonoid from fruit 
skins) have been used successfully in rodent and human cell 
cultures (as well as human tissue models) and murine mod-
els of accelerated aging.1,8,9 These agents act through a dif-
ferent pathway, basically against multiple weak spots in sig-
naling that promote the survival of senescent cells found by 
RNA-interference screening. Dasatinib acts on dependence 
receptor/Src kinase/tyrosine kinase, while quercetin acts on 
other anti-apoptotic pathways of senescent cells, such as the 
Bcl-2 family, p53/p21/serpin, and PI3K/AKT. More recently, 
it has been found that these two agents reduce physical dys-
function in patients with idiopathic pulmonary fibrosis and 
reduce several biomarkers related to senescent cell path-
ways in patients with diabetic kidney disease.8,9 As senescent 
cells show a turnover of approximately 30 days, these agents 
can be used on monthly basis, which is referred by research 
groups as “hit-and-run” therapy.1 These short delivery pro-
tocols reduce the adverse reactions associated with a number 
of these drugs and compounds. 

Senolytic therapy may have a major impact in the future. 
These agents have extended the lifespan and improved the 
health conditions of mice.1 In murine models correspond-
ing to humans of around 80 years of age, a combination 
of dasatinib and quercetin increased survival by 36%.10 
Other potential outcomes observed with senolytics were 
reduced onset of physical dysfunction, a lower incidence of 
chronic age-associated diseases, such as osteoporosis and 
cancer, geriatric syndromes such as frailty, and finally, mod-
ifying the course of neurodegenerative conditions such as 
Alzheimer’s disease.1 Most evidence on senolytics comes 
from experimental studies using murine models and human 
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tissue cell cultures. Moving toward therapeutic counselling 
in humans is untimely, even considering the safety of most 
agents like flavonoids (e.g., fisetin and quercetin). Clinical 
trials are needed that involve multiple age-associated con-
ditions, such as degenerative conditions in the lungs, eyes, 
brain, heart, bones, and cancer. We hope to see results in 
the next couple of years. There is an ongoing multicenter 
trial of fisetin in older nursing facility residents who were 
rtPCR-positive for SARS-CoV-2.11 A simple direct trans-
lation of research findings from mice to humans is antisci-
entific and dangerous. However, some senolytics are quite 
safe, such as flavonoids, although others are antineoplastic 
drugs such as navitoclax or dasatinib, which involve the risk 
of neutropenia and thrombocytopenia. Senolytics are not 

the fountain of youth, but a tool for future precision med-
icine, especially for individuals at higher risk of age-asso-
ciated diseases like osteoarthritis or diseases that involve 
accelerated aging. 

In summary, senolytics are real and are knocking at our 
door. Several ongoing experimental and clinical trials are 
going beyond SCAP targeting or killing senescent cells. 
Other pathways for quantitatively reducing senescent cells 
are being explored, such as immunomodulators or vaccines 
to accelerate the immune destruction of senescent cells, 
agents that deliver a toxin to senescent cells, and drugs 
that block the metabolic pathways of senescent cells or 
reduce the damage these cells cause by inhibiting the SASP. 
Previously approved drugs, such as metformin, rapamycin 

FIGURE 1. An integrated pathway to the generation of senescent cells and the main function for associated ageing and chronic 
diseases. Note: DAMPs, Damage-associated molecular patterns; GATA4, GATA Binding Protein 4; IL-6, interleukin-6; IL-
16, interleukin-16; MAPK, mitogen-activated protein kinase; mTOR, mammalian target of rapamycin; NAD+, nicotinamide 
adenine dinucleotide; NF-κB, nuclear factor kappa-light-chain enhancer of activated B cells; ROS, reactive oxygen species; 
SIRT, Sirtuin; STAT, signal transducer and activator of transcription; TGFẞ, Transforming growth factor-β.
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(sirolimus), and the JAK1/2 inhibitor ruxolitinib partially 
inhibit the SASP. Non-pharmacological interventions like 
caloric restriction or exercise can also delay the develop-
ment of senescent cells. Hence, senolytics should not be 
dismissed as modern snake oil.12 The principal reason for 
using senolytics is to improve our health span and avoid 
or reduce the burden of age-related diseases like osteopo-
rosis, Alzheimer’s, or atherosclerosis. They are not simply 
anti-aging medicine, but can be viewed as an opportunity 
of moving from the “anti-aging” therapeutics paradigm 
toward the concept of “disease-free aging”. 

However, several questions remain, of which 2 are 
highly relevant: 

1.	 how to deal with other age-associated pathways like mam-
malian-target of rapamycin, sirtuins, nicotinamide-ade-
nine dinucleotide (NAD+), or DNA methylation (Are all 
of these pathways equally important?), and 

2.	 how to deal with the wide variety of tissue-specific 
senescent cells.13-15 

We also don’t know enough about long-term safety: most 
studies are still in the preclinical stages, involving cells and 
animal models. It will be costly and complex to develop pro-
spective cohorts and randomized clinical trials that assess the 
safety of these drugs. We are looking forward to an exciting 
future in senolytic research.
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