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Background

Understanding the spatial organization and functional state of the tumor microenvironment (TME) is critical for
elucidating mechanisms of immune response, resistance, and therapeutic activity in immuno-oncology (1, 2).
High-plex spatial proteomics enables simultaneous characterization of immune populations, activation and
exhaustion states, tumor—stromal interactions, and cellular neighborhoods within intact tissue (3). Expanding
this framework to include markers of tumor metabolism and key antibody—drug conjugate (ADC) targets further
enables characterization of metabolic states, therapeutic targets, and spatial determinants of treatment
response (4). However, translating relevant findings from preclinical mouse models to human disease remains
challenging, in part because differences in marker selection and profiling approaches can limit direct biological
comparison. An expanded 10-aligned, cross-species spatial profiling framework may provide a more consistent
approach for connecting strategically selected, preclinical models with human tumor biology and clinical
development.

Results

Figure 2. High-dimensional multiplexing of 10-60 and spike-in targets on a multi-tissue TMA.
Shown are the TMA and its tissue cores stained for 79 protein targets. Single-layer images of core NSCLC-08 demonstrate
staining performance of selected 1060 spike-in targets.
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PhenoCycler-Fusion 2.0 Approach: Ultra-High Plex Spatial Proteomics

The PhenoCycler®-Fusion 2.0 (PCF) integrates high-plex barcode-based chemistry with automated imaging and
fluidic control to enable subcellular-resolution spatial proteomics across large tissue areas. Cyclic in situ
detection permits quantification of tens to hundreds of protein targets within a single intact section while
preserving tissue morphology.
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Figure 3. Tumor, immune, stromal, and clinically actionable phenotypes are reliably resolved across

diverse human tissues.

A) Heatmap showing the average protein expression across 17 cell phenotypes identified by unsupervised clustering. B)
UMAP visualization of all cells colored by phenotype, with a pie chart showing overall phenotype proportions. C) Stacked
bar chart showing the relative cellular composition of each individual TMA core/sample. D) Stacked bar chart summarizing
the relative abundance of each cellular phenotype across tissue types.

Figure 1. PhenoCycler®-Fusion 2.0 workflow
A gentle, molecular barcoding-based chemistry enables highly multiplexed detection of dozens
of protein biomarkers simultaneously.

Methods
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FFPE NSCLC, breast cancer, and multi-tissue TMA specimens were processed on the PCF targeting 79 biomarkers.
Information on the tissue samples/TMA and on the design of an ultra-high plex PCF biomarker panel are listed in
Table 1 and Table 2. Table 2 also summarizes information on cross-species reactivity of selected targets. Images
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were analyzed using Celtix™, an end-to-end, code-free analysis platform integrating image analysis,
bioinformatics, and statistical analysis. The workflow included study design, quality control, cell segmentation,
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phenotyping, and spatial analysis, with custom figures and visualizations generated directly in Celtix™.
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Table 1. Tissue Samples
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Table 2. Human 1060 PhenoCode® Discovery Panel, the Metabolism Spike-In Module, and additional

Spike-In Targets and Cross Species Compatibility
1060 Panel
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— Summary and Conclusions
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Mesothelin, with immune and checkpoint markers enables interrogation of tumor—immune—metabolic
relationships and therapeutic target expression within their spatial context.

» The inclusion of human/mouse-compatible targets provides a framework for more direct comparison of spatial
biology across preclinical models and human disease, supporting translational biomarker development.

» Together, these findings demonstrate the potential of an expanded, 10-aligned, high-plex panel to generate an
integrated view of TME composition, functional state, spatial organization, metabolism, and therapeutic targets
within a single tissue section.
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