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Abstract

The spatial location of abnormal cells and damaged tissue may matter more than their average abundance. This paper
introduces the mosaic tissue hypothesis, proposing that clusters near critical vessels, conduction pathways or
stem-cell niches can disproportionately affect organ performance. It identifies spatial profiling methods and
circumstances in which the hypothesis may fail.

The average can conceal the dangerous location

Most biological measurements reduce a tissue to a mean: average expression, percentage of senescent cells, average
stiffness or mean inflammatory activity. But tissues are organized in space. A small fibrotic lesion near a conduction
pathway, a critical microvascular bottleneck or an injured stem-cell niche may have disproportionate consequences
compared with an equal burden distributed elsewhere. We call this the mosaic tissue hypothesis: in some organs, the
spatial pattern of aging-associated dysfunction may predict performance better than the total burden alone.

Why topology matters

Cells communicate through direct contact, diffusion, mechanical force, vascular supply and neural connectivity. A
cluster of senescent stromal cells might alter a whole local niche through secreted mediators; the same cells spread
diffusely could behave differently. A scar crossing a neuronal tract disrupts network function unlike an equivalent
lesion in a less critical location. This is not an argument that all aging involves clustered lesions. It identifies
geometry and network placement as variables overlooked by whole-tissue averages.

A practical research design

Spatial transcriptomics, histology, imaging and biomechanical maps could be related to functional outcomes.
Investigators could ask whether clusters of inflammatory or senescent cells near critical vessels, niches or electrical
conduction structures outperform average marker abundance in predicting loss of reserve. Controls must consider
tissue sampling bias and three-dimensional organization. A small biopsy cannot reliably reconstruct the entire organ's
spatial burden.

The limit of the claim

Some processes, including systemic endocrine or hematologic changes, may be influenced more by total burden than
location. Nor is every spatial association causal: damaged regions may accumulate abnormal cells because the tissue
already failed. The hypothesis is useful only if it makes better predictions or guides more precise intervention. Its
appeal is its refusal to equate 'how much pathology' with 'where the pathology matters.'
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A clinical thought experiment

A small lesion in the brainstem can be clinically devastating while a larger lesion in a less critical region is less
disabling. Similarly, a cluster of fibrotic tissue around a critical conduction pathway can matter disproportionately.
These examples show how topology changes the relationship between pathological burden and function, though not
every aspect of spatial aging behaves like a focal lesion.

What would discriminate among explanations

Spatial profiling requires sampling strategies that do not preferentially select the most damaged or accessible region.
A model should test whether location predicts outcomes beyond lesion size and general severity. If mean burden is
equally predictive, elaborate spatial maps may offer little added value for that tissue. An innovation deserves support
because it clarifies outcomes, not because its images are impressive.
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