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Abstract

Cellular senescence is believed to possess a clear hallmark of normal chronological aging. The
current research focus has been to better our understanding of the fundamental causes of aging
and identification of its potential therapeutic targets as well as modulators of senescence cells.
This is considered of paramount importance in maintaining a lasting health and longevity.
Senolytics correspond to the drug-mediated process that seek to develop modulating agents for
senescence cells to delay, prevent, alleviate, or reverse age-related diseases. Here, we present
some of the recent notable breakthroughs in regulating cellular senescence for a number of
significant anti-aging and pro-health therapeutic applications of senolytics.
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Introduction: Regulating Senescent Cells

Senescent cells are believed to accumulate
with age in multiple tissues that may cause
age-associated disease and functional
decline. Genetic or drug-mediated specific
ablation of senescent cells has been
considered to ameliorate a wide range of age-
associated disabilities and diseases in mice
[1-3]. The drug-mediated process is often
referred to as senolytics, which seek to
develop agents to delay, prevent, alleviate, or
reverse age-related diseases. To this end,
early research in the field demonstrated the
possibility of clearing senescent cells by
activating a drug-inducible ‘suicide’ gene that
was shown to enhance health span and delay
multiple age-related phenotypes in
genetically modified progeroid mice [3]. It is
believed that senolytics based therapeutic
interventions could reduce the burden of
senescent cells. This could potentially
ameliorate age-related disabilities and
chronic diseases as a group [4].

Thus, in view of the huge medical
benefits that are associated with senolytics,
current industrial research and developments

indicate that a large number of
pharmaceutical companies are now actively
engaged in the discovery of senolytic drugs
that can target senescent cells [5]. However,
it is also believed that many drugs including
antibiotics that are approved by the US
Federal Drug and Administration (FDA) may
also possess senolytic activity and by
employing these drugs would dramatically
accelerate the clinical use of the senolytic
drugs in any anti-aging drug trials [5]. A
number of research groups have studied
several candidate senolytic drugs in-vitro [4].
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Among most of the senolytic agents that have
been tested, Dasatinib (D) and Quercetin (Q)
have been shown to be particularly promising
in clearing senescent cells. Further, the
combination of D+Q has been considered
very effective that can selectively target a
broader range of senescent cell types. It was
reported that in both senescent and
nonsenescent cultured preadipocytes, D and
Q reduced expression of the anti-apoptotic
regulator PAI-2 [4].

Targeting Senescent Cells with Clinically-
Approved Drugs

In a recent research, a simple but innovative
senolytic screening approach was shown that
allowed systematically identification of
clinically-approved drugs (Figure 1) to target
the senescence phenotype of human
fibroblasts [5]. To achieve the goals, MCR-5
and BJ cells were treated with BrdU (a DNA-
damaging agent). By employing this
screening approach, two clinically-approved
macrolide antibodies (namely, Azithromycin
and Roxithromycin) were demonstrated to
preferentially exhibit senolytic activity [5].

In this study, the methodology used a
simplified screening assay that enabled
identification and repurposing of clinically-
approved therapeutics with senolytic activity
for the treatment of aging and aging-
associated disorders (Figure 1) [5].
Subsequently, two independent normal and
non-immortalized human fibroblast cell lines,
MCR-5 (for screening) and BJ (for validation)
derived from human lung and skin tissues
were employed. The responses of normal
fibroblasts and senescent fibroblasts were
then directly compared, and drugs that
preferentially killed senescent fibroblasts
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were considered the senolytic drugs. This
approach enabled identification of two
erythromycin-family members, Azithromycin
and Roxithromycin that preferentially
targeted senescent fibroblasts (Table 1). It
was observed that Azithromycin preferentially

targeted and removed almost 97% senescent
cells with great efficiency (Table 1) [5]. This
represented a near 25-fold reduction in
senescent cells. However, Erythromycin was
found ineffective in any senolytic actions [5].
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Figure 1: A schematic presentation of targeting senescent cells with clinically-approved drugs
including antibiotics with the goal of increasing health span and lifespan (Left Upper Panel). The
Senolytic drug screening strategy is shown to induce controlled DNA-damage and elimination of
senescence (Right Upper Panel). A hypothesis is also presented on the potential role of
autophagy in conferring senolytic activity of Azithromycin (AZ) (Bottom panel) [Source: AGING,

2018].
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The hypothesis behind this study (Figure 1)
was based on the previous experimental
observations of activation of autophagy by
inhibition of mTORC that was shown to
efficiently suppress senescence phenotypes
[6]. It is known that autophagic cells have
greater likelihood of becoming senescent.
This process is known as autophagy-
senescence transition (AST) [5]. It has been
shown that cells accumulate auto-phagic
organelles (lysosomes and auto-
phagosomes) during autophagy. These
structures are believed to involve

sequestering of dangerous proteases,
including the cathepsins (B, S and L) [5].
Further, once the cathepsins are in the
cytosol, they can proteolytically cleave the
sirtuins, such as SIRT1 that can drive the
senescence pheno-type [7]. In this study,
Azithromycin (AZ), which is a weak
autophagy inducer is found to preferentially
target senescent cells [5]. Thus, the authors
hypothesized that the induction of autophagy
in senescent cells can drive cell death (Figure

1) [5).

Viability of senescent MRC-5 cells
(% vs. control)

100 M 50 uM

Erythromycin 100 100

Azithromycin 56.01 100

Roxithromycin 30.99 100

Table 1: The effects of antibiotics on BrdU-treated senescent MRC-5 fibroblasts. The biological
effects of three antibiotics, namely Erythromycin, Azithromycin and Roxithromycin, on cell
viability are summarized. Erythromycin was found to be completely ineffective. Roxithromycin
and Azithromycin had no effect at a lower dose (50 uM), but selectively eliminated large numbers
of senescent cells at 100 uM. Azithromycin was particularly found to be the most selective
compound, as it eliminated senescent cells without affecting control cells [Source: AGING,
2018].
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Human Clinical Trial of Senolytics in
Chronic Health Dysfunctions

In @ more recent research on senolytics in
chronic health dysfunctions, researchers
reported a first-in-human clinical trial of
Dasatinib (D) plus Quercetin (Q) in individuals
with diabetic kidney disease [8, 9]. The
combination of D+Q was shown to be quite

a
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effective in selectively eliminating senescent
cells. The combined senolytics power of D+Q
results in transiently disabling pro-survival
networks that defend these cells against their
own apoptotic environment [8]. This
apparently first clinical trial of D+Q senolytics
exhibited improved physical function in
patients with pulmonary fibrosis (IPF), which
is a fatal senescence induced disease [8].
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Figure 2: Clinical administration of D + Q that decreases human adipose tissue senescent cells.
(a) D+ Q significantly reduced (p =0-001) abdominal subcutaneous adipose tissue p16/NK4A+
cells (raw values reduced by 35% in sections of adipose tissue biopsied at Day 14).
Representative images can be seen. (b) D + Q significantly reduced (p = 0-009) adipose tissue
p21CP1+ cells (raw values decreased 17% by 11days after completing D+ Q treatment).
Representative images are shown. (c) D + Q significantly reduced (p = 0-005) adipose tissue SA-
Bgal-expressing cells (raw values decreased by 62%). Representative images are shown.

[Source: EBioMedicine, 2019].
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This clinical trial suggests that D + Q therapy-
induced alleviation of tissue dysfunction and
disease progression could potentially benefit
complex medical condition such as diabetes
and chronic kidney disease (CKD) in humans
[8. Administration of D+Q demonstrated
significantly reduced (p=0-001) adipose
tissue p16'NK4A* cells, where raw values were
reduced by 35% (Figure 2a). Further,
senolytics caused a significant reduction
(p=0-009) in adipose tissue p21°P1* cells as
well, with raw values being decreased by
17% (Figure 2b) [8]. In addition, D+ Q also
reduced (p=0-005) SABgal* cells in which
raw values were observed to be reduced by
62% (Figure 2c) [8]. This human clinical trial
shows the senolytics promise of D+Q in
decreasing senescent cells that gives the first
direct evidence that senolytics are effective in
humans [8]. All these preliminary examples of
the power of senolytics in anti-ageing therapy
show enormous promise to regulate
senescence cells and increase healthy
lifespans in humans. The first clinical trial of
senolytics in human in combating chronic
health dysfunctions and age-related diseases
gives significant boost to the concept of
senolytics based future biomedicine [9].

Conclusion and Outlook

In general, cellular senescence has
been recognized as a hallmark of aging. The
consensus is that the deficient clearance of
senescent cells by the immune system in
aged tissues results in accumulation of
senescent cells that subsequently exert
deleterious effects and eventually jeopardize

tissue  homeostasis. The therapeutic
perspectives offer a whole host of new
opportunities to  develop  anti-ageing
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therapies along with therapeutics to battle
age-related complex diseases.

The field of senolytics is a relative
novel and unexplored research area.
Senolytic agents are being investigated for
their clinical relevance. We anticipate a rapid
growth in the field of senolytics in the near
future including clinical trials. It is possible to
identify  pre-existing clinically-approved
antibiotics with senolytic activity, for drug
repurposing as anti-aging drugs that can be
used to target senescent fibroblasts and other
age-related medical conditions. In addition to
senolytics, novel methodologies for the
detection of cellular senescence and new
technologies applied to the analysis of
mitochondrial biochemistry are expected to
be developed.
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