Spatial Control as a Third Axis of Immune Reqgulation: Signal Placement Acts
Independently of Receptor Identity and Signal Strength
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Immune cells respond not only to what signals they receive and how
much they receive, but also to how those signals are spatially organized.

Signal Placement Impacts Cell Response

Background Controlling Presentation, Distance/Position, Stoichiometry, Density
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* Signal spatial organization is intrinsic to every synthetic
iImmune interface and shapes cell activation, yet remains
uncontrolled in current platforms.

Figure 1: Assembly and characterization of programmable cellular interfaces (sbPCl). (A) Schematic of the sbPCIl architecture, consisting of a B)
biocompatible cell surface, lipid anchor, and modular bioactive ligands that enable controlled presentation of molecules to direct immune synapse signaling. B)
Technology enables the quantitative control and spatial organization for controlled cell-to-cell communication.
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IL-2 2A, 3A-B PBMCs shows consistent and efficient presentation across cell types. (B) cytometry analysis demonstrated titration of sbPCI-presented IL-2 (left)
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Co-localization: Anti-CD3 and anti-CD28 on separate
interfaces or co-localized on one; anti-CD28:anti-CD137
ratio then varied.

Density titration: 1 x 10° RBC with anti-CD3 (1.18 pmol) and
anti-CD28 (0.25, 0.75,1.5 pmol).

Flow Readouts: pSTAT3 over time; NKG2D, NKp46, CD56,
CD8, CD4, CD25, CD69, CD3 and Granzyme B.

Cell sources: RBCs, T and NK cells from Gulf Coast Blood.
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Figure 4: Stoichiometry, Distance and Position. A) Dual fluorescent labeling demonstrates precise stoichiometric control of sbPCl components.

B) Forward and side scatter plot of T cells cocultured with sbPCI-RBC on Day 2, showing the initial gating used to separate T cell and sbPCI populations. C-F)
CD28 density and CD3/CD28 positioning modulated early T cell activation. Effects were most pronounced at lower CD28 densities and altered positioning
differentially modulated CD8" and CD4" activation responses.
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* Signhal geometry represents a programmable and previously

underexplored determinant of immune cell outcome.

* |In addition to receptor identity and signal strength, spatial organization
when designing synthetic immune interfaces.

Future Directions:

* |dentify quantitative design rules linking signal geometry to immune
cell outcome. Apply spatial programming to define engineered

Immune interfaces for research and therapeutic applications. [&] 5% [a]
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