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A mesoporous gold-based single CTC analysis platform to investigate immune checkpoint protein
heterogeneity in lung cancer

Immune checkpoint proteins (ICPs) play a major role in patient’s immune response against cancer. Tumour cells usually express the
checkpoint proteins to communicate with immune cells as a process of escaping the immune response. Identification of the major
role-playing ICPs expressed on circulating tumour cells (CTC) could therefore be critical in cancer diagnosis and therapy monitoring.
However, low abundance and heterogeneity in CTCs make it extremely challenging to map CTC proteins, e.g. ICPs. In this study, we
develop a single circulating tumour cell analysis platform to investigate the immune checkpoint protein heterogeneity in the lung
cancer model. The platform combines a nanostructured mesoporous gold surface to capture the CTCs and a Surface-enhanced
Raman scattering (SERS) readout to identify and monitor the expression of key ICP proteins (PD-L1, B7H4, CD276, CD80) in lung

cancer CTCs during therapy. The mesoporous 3D gold nanostructures enable increased antibody loading on-chip and enhanced

SERS signal which is key to our single CTC capture, and accurate analysis of ICPs in CTCs with high sensitivity. Our lung cancer cell

ine model (HCC827) and clinical sample data showed that our method can detect a single CTC and aanalyzethe expression of four

ung cancer-associated ICPs on individual cell surfaces during treatment. We found that the expression of ICPs in CTCs is highly

neterogeneous in both pre-treated and treated samples isolated from lung cancer patient blood. We believe these findings will help

clinicians in selecting the accurate therapy for patients.
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