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Background and purpose

Understanding immune-checkpoint ligand distribution within the tumour microenvironment is essential for robust biomarker analysis in triple-negative breast cancer (TNBC), where PD-L1 and PD-L2
expression is highly heterogeneous, and in some cases very low. Reliable detection of these heterogeneous markers underpins actionable immunohistochemistry (IHC) and/or multiplex
immunofluorescence (mIF) staining and the downstream quantitative image analysis. However, accurate detection of some of these immune-checkpoint ligands, such as PD-L2, can be technically
challenging due to variable antibody specificity and contradictory staining patters, evidenced by comparing multiple antibodies against the same target.

To overcome this challenge, we designed and conducted a structured, optimisation programme to evaluate commercial PD-L2 antibodies using singleplex IHC, orthogonal validation with RNAscope™

in situ hybridization (ISH) and in situ proximity-ligation assay (isPLA), to enable design and optimisation of a mIF panel to robustly localise PD-L1 and PD-L2 populations in TNBC. This approach
enabled the development of a mIF panel capable of delivering reliable, spatially resolved PD-L2 measurements, alongside other key tumour microenvironment markers in a cohort of TNBC samples.

Study design overview

Optimisation of IHC validation in TNBC RNA - protein concordance

singleplex IHC assay (indication of interest) (RNAscope ISH)

Results
Optimisation and comparison of PD-L2 antibodies Antibody staining concordance by isPLA
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RNA-protein concordance

RNAscope in situ hybridisation reveals stromal-predominant PD-L2 RNA expression in TNBC,
mirroring PD-L2 IHC patterns with the CST antibody and validating antibody specificity.
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Conclusion

v/ The development approach successfully identified the optimal PD-L2 antibody for Triple-Negative Breast Cancer samples
v/ Multi-modal testing confirmed high specificity, low background, and true biological signal
v/ Robust multiplex immunofluorescence development workflow and control generated a final validated, reproducible and fit-for purpose mIF panel for spatial analyses of TNBC

v/ HALO phenotype mapping provides high-resolution spatial insight, supporting clinical translation
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