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Novel CellCage™ technology integrates image-based phenotyping and

single-cell transcriptomics to study dynamic behaviors of living cells
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CELLANOME’S R3200 PLATFORM LINKS IMAGE-BASED PHENOTYPING AND TRANSCRIPTOMICS
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BIOCOMPATIBLE CELLCAGE™ ENCLOSURES (CCEs) SUPPORT CULTURE AND PROFILING OF DIVERSE CELL TYPES
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PERMEABLE CCE WALLS ALLOW DELIVERY OF SMALL MOLECULES AND FLUORESCENT REAGENTS
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Smallmolecules and antibodies can be Reagent exchange rate across CCE walls depends on hydrogel porosity and

serially diffused through permeable walls reagent properties (e.g., molecular weight)

Mediaand Media and
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Fig 3. Reagent exchange through porous walls of CellCage™ Enclosures (CCE).
(A) Permeable CCE walls allow diffusion of nutrients, waste, and fluorescence reagents, enabling long-term cell culture. (B) Reagent exchange rate depends
on hydrogel porosity and properties of the diffusing reagent (e.., molecular weight). Brightfield and fluorescence images show 155kDa Dextran-TRITC
diffusion through high vs low porosity CCE walls over 20 minutes. Scalebars, 50um. Bar graph shows L. signal within CCEs normalized to signal outside of
GCEs at 10 minutes for fluorescent dextrans (75, 500, 2000 kDa) and CD56-PE antibody (~350 kDa). Diffusion inversely correlates with molecular weight.

FLEXIBLE CELLCAGE™ ENCLOSURE CONFIGURATIONS ENABLE DIVERSE WORKFLOWS
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Fig 4. Tunable CellCage™ Enclosures supportvaried
(A) CCEs can be tuned to accommodate single cells of different sizes or multiple cells. () Window CCEs.
feature configurable openings to permit neurite outgrowth while maintaining cell enclosure. Scalebar,
50um. Windows enable selective particle delivery; images show 20 nm FluoSpheres™ (red) entering CCEs
with Sm windows while cells remain enclosed. (C) Light-guided polymerization enables flexible
geometries for specialized assays. Dumbbell CCE illustrates spatial compartmentalization of Dextran-FITC
(eyan) and Dextran-TRITC (magenta). Maze CCE allows spatially restricted neurospheres to contact for
neurite pathfinding studies. Scalebar, 130um .

CELLCAGE™ ENCLOSURES ENABLE DIVERSE IMAGE-BASED PHENOTYPING ASSAYS
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PHAGOCYTOSIS ASSAY ON MICROGLIAL CELLS

Fig 5. Correlation of phagocytosis activity
and transcriptome on BV2 microglial cells.
(4) Time-lapse of a single BV2 microglial cell
phagocytosing pHrodo™ BioParticles
CellCage™ enclosures were formed around
single microglial cells in the presence of red
E. col pHrodo BioParticles. Images were.
acquired every hour over a 12h period.
Increase of red signal shows phagocytosis of
the particles. (2) High-throughput analysis of
activity and single-cell
transcriptome. Microglial cells with the.
highest phagocytosis activity show
overexpression of genes related to
phagocytosis and complement signaling
(Cd36, C1qb), lipid transport and oxidative
stress regulation (Serpina7, Fabpd) and
lysosomal function (Atp6v0d2).
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Fig 6. DINOV2: & self-supervised model for extracting morphological features from images
(A) DINOV2 features from six cell ines clustered by cell identity, confirming capture of meaningful morphological differences. Embedding
similarity predicted the of a Mask R-CNN Neural Network) model.
(2) Clustering of DINOV2 features from fibroblast CCE images identified four distinct morphological states — ranging from fully adhered,
ECM3-enriched cells (CCN2 L5; Blue cluster) to weakly adhered, inflammatory cells (CXCL2, MMP1; Orange cluster), with

profiles. These phenotypes were by clustering alone,

CELL-CELL INTERACTIONS: T-CELL PRIMING BY SINGLE DENDRITIC CELLS
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FIGURE 7: Establishing T-cell priming assay with single dendritic cells using Cellanome’s R3200.
(A) MutuDC1940 cells are loaded onto the flow cell and pulsed with OVA peptide. Primary mouse OT-| cells mixed with hydrogel precursor
are loaded, followed by encapsulation of single DCs with OT-| cells in CCEs. Time-lapse imaging evaluates T-cell proliferation (brightfield
cell counts) and activation via fluorescent detection of CD6S/CD71 expression. (B) Imaging of single MutuDC1940 cells with OT-I cells in

CCEs atdifferent timepoints. (C) Successful OT-| priming by individual DCs indicated by increased percentage of CGEs positive for CD69
from 010 24 hours. Each dot represents average CD69 signal by allcells in a single CCE, quantified for 37000 CCEs. (D) Distribution of

CCEs by number of enclosed OT-l cells, enabling normalization of DC priming analysis to starting OT-| cell number at d0.
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CELLCAGE™ ENCLOSURE-ENABLED WORKFLOWS IN DEVELOPMENT

SEQUENTIAL ENRICHMENT OF RARE CELLS FROM MIXED POPULATION FOR CYTOKINE PROFILING
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Fig 8. Sequential enrichment of CD8+ CAR T cells from PBMCs enables functional cytokine profiling.
() Pre-activated CDB8+ T-cells (green) were spiked into PBMCs at 5% and subjected to iterative rounds of CCE formation to enrich the target
population. Following three rounds of fluorescence-guided selective enclosure, a fourth CCE formation step with a second gel type introduced
activation and cytokine detection beads alongside the enriched CD8+ T-cells. (8) Following degradation of the first gel type, the enriched CD8+ T-
cells were monitored for IFNy secretion and proliferation.

SELECTIVE RETENTION OF TARGET CELLS FROM MIXED POPULATION FOR FUNCTIONAL PROFILING
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Fig 3. Selective ratentlon of NK cslia from m xed PBMG pnpnnmon IR
a1l CCEs. Scalebar, 100um. PBMCs were stained with fluorescent
antibodies to identify NK cells (CD56+, red) and B cells. (cho, green). NK cells were targeted for secondary CCE formation with a larger CCE
size and a different gel type. The first round of small CCEs were selectively degraded to retain only the CD56+ NK cells for further analysis. ()
Orthogonal degradation of different gel types enables flexible selective retention strategies. The relative size and placement of the 1stand 2nd
CCEs can be configured to accommodate different experimental designs. Images from a separate experiment. Scalebar, 100um.
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INTEGRATED CALCIUM IMAGING AND TRANSCRIPTOME DATA FROM SINGLE ASTROCYTES

Fig 10. Acquisition of calcium imaging and transcriptome data from single astrocytes in CCEs.
(A) IPSC-derived astrocytes were enclosed in CCEs and imaged using Fluod-AM calcium dye. Each FOV was imaged at 1.3 Hz for § minut
(8) Calcium imaging data was processed to extract activity traces for single astrocytes in each CCE. (C) After calcium activity was measure
ScRNA-seq data was collected from the same single cells, enabling linked ScRNA-seq and calcium activity data to be collected from t
same cell. (D) Differential gene expression analysis was performed comparing active vs inactive astrocytes.

CELLCAGE™ ENCLOSURES: CONFIGURABLE MICROENVIRONMENTS
ENABLING MUTLTI-MODAL MEASUREMENTS FROM LIVING CELLS OVER TIME
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