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* Abstract (original summary).* Senescent cells can protect against malignant proliferation and participate in
wound repair, while persistent populations may contribute inflammatory pathology. This essay frames senolytics
as aprecision problem involving cell type, time, location and safety. It rejects universal elimination of senescence
markers as a validated clinical rejuvenation strategy.

Senescence is neither entirely good nor entirely bad

Cellular senescence can restrain proliferation of damaged cells and participate in wound healing, while persistent
senescent populations can produce inflammatory and tissue-disrupting signals. Experimental work has shown that
senescent cells appearing during cutaneous wound healing can support closure through PDGF-AA signaling. This
challenges the casual ideathat every cell bearing a senescence marker should be eliminated. Senolytic therapy
therefore poses a selectivity problem: which cells, in which tissues, at which time should be removed or
modified?

The marker problem

Thereis no single universal marker that identifies every harmful senescent cell and excludes all beneficial ones.
Cell-cycle arrest, secretory patterns, lysosomal changes and antiapoptotic dependencies vary by cell type and
injury state. A therapy might eliminate a population contributing fibrosis while removing cells needed for local
repair. Another drug might suppress harmful secretions without killing the cell, producing a different risk profile.

Human clinical uncertainty

Early clinical studies are insufficient to establish broad anti-aging efficacy and long-term safety of senolytics.
Many candidate agents have substantial off-target actions, and some combinations include drugs with established
toxicities. Mouse improvements in frailty or inflammatory markers cannot be extrapolated as human lifespan
gains. The evaluation must include wound healing, infection risk, hematologic effects and cancer surveillance
over adequate time.

The Institute's precision standard

Any senescence-directed intervention should specify a pathogenic cell population, evidence that its removal or
modulation changes the disease process, and a meaningful outcome. Precision could mean timing a treatment
after early repair, selecting atissue or choosing a secretory program rather than indiscriminate killing. Evidence
against the approach would be improvements in senescence markers without functional benefit, or worsened
repair despite apparently successful cell clearance. The important ideais discrimination, not simply elimination.

A clinical thought experiment

Removing every pl6-positive cell from awound could impair atransient reparative population even while
eliminating along-lived inflammatory population elsewhere might help. Thisis the precision problem in one
sentence. A cell's marker does not fully identify itsrole, and its role can change as repair proceeds.
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What would discriminate among explanations

A useful senolytic study must define the targeted population, timing, evidence of actual elimination and relevant
functional outcome. If an intervention lowers senescence markers but slows wound closure, the harmis
mechanistically informative. Clinical claims must remain cautious because long-term outcomes in humans are not
established for generalized anti-aging use.

Senescence is a state family, not a single enemy

Cellular senescence involves durable changesin proliferative behavior and often in secreted signaling, but it is
heterogeneous across cell types and contexts. Senescent-like states can arise in response to telomere dysfunction,
oncogenic signaling, damage and other stresses. They may limit proliferation of potentially dangerous cells,
participate in development or wound repair, and also contribute to chronic inflammation or tissue dysfunction
when persistent. This duality makes indiscriminate elimination biologicaly questionable.

Senolytic strategies attempt to selectively remove particular senescent cell populations. The appeal is
straightforward: if certain persistent cells disrupt tissue function through inflammatory signals or niche
occupation, removing them might improve the environment. Y et the premise fails if the targeted céells are
transiently needed for healing or if the markers used are shared by healthy cells. Senescence is defined through
combinations of functional features and markers rather than one universally specific surface label.

Selection is the actual therapeutic problem

Anideal strategy would distinguish harmful persistent populations from beneficial temporary ones. It might
depend on tissue location, time since injury, secretory profile, cell lineage and molecular vulnerabilities. Thisis
more complicated than targeting all cells expressing p16 or a selected inflammatory marker, because expression
overlaps can occur. The consequences of removing cells also depend on whether the organ can replace them.

A senolytic intervention could reduce a damaging fibroblast popul ation while simultaneously weakening a
compensatory scar that maintains tissue integrity. Alternatively, it might improve progenitor-cell behavior by
removing inhibitory neighbors. The difference would only be visible through structural and functional measures,
ideally including late outcomes.

The oncology paradox

Some senescent programs act as barriers to uncontrolled proliferation. Selective removal of damaged cells could
reduce chronic signaling that fosters pathology, but altering cell-state regulation might also affect tumor
surveillance or provoke compensatory proliferation. Drug safety cannot be inferred from areductionin
senescence-associated markers. Researchers need evidence about which populations were removed, how
neighboring cells responded and whether malignancy-related risks changed.

There is also a selection problem in aging populations. Individuals with a high burden of a particular marker may
have more advanced disease for reasons unrelated to that marker. A treatment-associated decreasein
marker-positive cells does not establish that those cells caused the disease unless the clinical outcome responds
appropriately and alternative explanations are controlled.

A decisive experimental approach

A strong preclinical experiment would characterize the target population with several independent measurements,
use selective ablation or modulation, then monitor architecture, organ function and long-term safety. Comparing
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treatment at different stages of injury could determine whether removal is beneficial only after arepair phase has
ended. Human trials must test patient-important endpoints rather than a generic 'senescence reduction’ score.

The central challengeis precision. A senescent cell can be protective in one setting and harmful in another; a
strategy that ignores this context may exchange one form of dysfunction for another. The Institute's hypothesisis
that the spatial and temporal identity of the senescent population will often matter more than its sheer abundance.

A measurable target population is indispensable

Senolytic trials can fail conceptually if the target is defined too loosely. A marker associated with senescence
might also be expressed in activated immune cells or other stressed but useful populations. If treatment reduces
the marker, investigators must determine whether cells were removed, their gene expression changed, or the
tissue's composition shifted for unrelated reasons. These outcomes differ in mechanism and risk.

A more rigorous program would combine single-cell profiling with histology and functional assays before and
after treatment. The timing of intervention matters because transient senescence-like states can participate in
repair. Removal during an active wound response may have a different effect from targeting persistent
populations months afterward. Spatial |ocation matters as well: cells close to progenitor niches or vascular
interfaces may influence function differently from those elsewhere.

Senolytic precision is thus not simply a quest for greater drug potency. It is a problem of defining which cells
should disappear, at what stage, and what replaces the functions they were performing.

The replacement question after cell removal

If aharmful population is eliminated, what occupiesits former space and performs any protective function it
previously supplied? In some tissues, healthier neighbors or progenitors may replace the cells effectively. In
others, cell loss could worsen structural weakness or impair barrier function. The success of senolysis may
therefore depend on a second regenerative step that is absent from trials focused only on marker reduction.

The tissue's capacity for replacement is age- and disease-dependent. Removing senescent cells from a
well-supported organ may have different results from removing them from a highly fibrotic or poorly
vascularized one. This creates a genuine combined-therapy hypothesis, but it also multiplies the relevant risks. It
should be studied through function and durability, not through cell clearance alone.

The effect of selective cell removal may also depend on the tissue's capacity to refill the space. In arapidly
renewing compartment, surviving progenitors might replace eliminated cells quickly. In a poorly regenerative
structure, elimination could leave alasting deficit. This provides a testable prediction: senolytic benefit may
depend on both the identity of cells removed and the competence of remaining cells to rebuild. Measuring cell
clearance without replacement or organ function gives only part of the result. A precision approach should
evaluate the entire sequence from removal through restoration.
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This is an evidence-informed conceptual essay, not a systematic review, clinical trial, validated diagnostic instrument, or treatment
recommendation.
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Editorial status: substantially revised conceptual article. Evidence-informed, not peer-reviewed, not a systematic
review or clinical treatment guidance.
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