Multi-Modal Single-Cell Phenotyping Resolves bona fide Senescent Cells in Human
cellanome Preadipocytes
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Introduction h

Cellular senescence drives age-related tissue dysfunction, but reliably identifying bona fide senescent cells remains a fundamental challenge: no single biomarker is sensitive and specific, and existing single-cell technologies measure complementary features in separate samples, leaving per-
cell co-occurrence unobserved. We developed the Cellanome platform, which integrates live-cell culture in CellCage™ enclosures (CCEs), tens of thousands of semi-permeable hydrogel compartments each encircling a single cell or ensemble, with programmable reagent delivery, longitudinal
time-lapse imaging, and multimodal phenotyping linking fluorescence-based measures to end-point RNA. In etoposide-treated primary human preadipocytes, a model of age-related metabolic disease, we reproducibly induced senescence and measured, per-cell, the whole transcriptome and
five readouts: SA-Bgal activity, cell morphology, image-based proliferation history, p21/CDKN1A mRNA, and the SenMayo transcript signature. Per-cell integration of imaging and transcriptomic hallmarks reveals a multimodally senescent population (p21+, large, non-dividing, SA-Bgal+,
SenMayo+; ~8% of etoposide-treated cells), providing a foundation for high-content senolytic and senomorphic screening.
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/ \ workflow to induce Fig 3. A morphological and transcriptomic definition of etoposide-induced senescence. Primary human preadipocytes in CellCage™
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Cellanome senescence induction on C4 cluster. 8.1% of etoposide-treated CCEs meet all four criteria, against 1.1% and 0.05% in the DMSO vehicles.
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Hoechst (nuclei, purple), We demonstrate that Cellanome's technology can decipher cellular senescence by generating multi-modal datasets within the same
SA-B-gal (blue) shown individual cells, converging multiple senescence measurements, validating SENMAYO score gene sets, and integrating morphological
individually and as features with gene expression in a single experiment. This system enabled senolytic drug screening, where we observed a significant
merged images. reduction in the senescent cell fraction upon dasatinib and quercetin combination treatment. We believe Cellanome’s technology will
increase confidence in senescence studies by identifying bona fide senescent cells, accelerate tissue-specific senescence atlas
initiatives, and clarify senolytic drug specificity, opening the door to future work on tracking senescence kinetics or diffusion of
/ senescence phenotype through cell-cell interactions in co-culture systems. y
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Fig 4. Senolytics deplete senescent preadipocytes. (A) Senolytic treatment reduces cell size back toward the proliferating baseline. The
senescent (Large & p217) fraction falls from 19% (Senescent DMSO) to 10% (Quercetin) and 8% (Dasatinib), down to 5% under the combination
of the two (Combo). Relative to Senescent DMSO, Quercetin and Combo deplete known senescence signatures, TGF-, EMT, and IFNy
!esponse, but leave p53/SASP intact. /
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