Targeting Cathepsin S reduces oral cancer metastasis via upregulation of LAMP1 N-glycosylation 
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Introduction. Cathepsin S (CTSS) is a lysosomal cysteine protease uniquely active at neutral pH, allowing it to regulate diverse cellular processes. CTSS is overexpressed in tumor tissue and correlates with cancer progression, metastasis, angiogenesis, and immune regulation, making it a potential therapeutic target for cancer treatment. We developed a specific CTSS activity inhibitor, RJW-58, which suppresses tumor metastasis in head and neck cancer (HNC) and triple-negative breast cancer. However, the molecular mechanisms underlying CTSS-driven metastasis remain unclear.
Aims. We aim to explore the tumor microenvironment modulation effect of CTSS in HNC.
Methods. HNC patient samples and publicly available RNA-seq datasets were analyzed to assess the association between CTSS expression and metastasis. Transwell migration and invasion assays were performed to determine the role of CTSS in HNC cell metastasis. Additional cell-based experiments were conducted to investigate the molecular mechanisms of CTSS-driven metastasis in HNC cell lines.
Results. Higher CTSS protein expression was observed in our in-house HNC patient samples. Elevated CTSS mRNA levels were confirmed in public HNC RNA-seq datasets, particularly in metastatic cases. Functional assays demonstrated that CTSS promoted migration and invasion of HNC cells, which were suppressed by CTSS siRNA or RJW-58, indicating its role in tumor metastasis. Mechanistically, the lysotracker staining and Western blot analyses revealed that CTSS enhanced lysosome formation by upregulating LAMP1 N-glycosylation. Furthermore, we identified that CTSS promoted STIM1–ORAI1 interaction, leading to elevated cytosolic Ca²⁺ and subsequent upregulation of LAMP1 N-glycosylation.

Conclusion and Discussion. Our findings indicate that CTSS promotes HNC metastasis by enhancing lysosome formation through upregulation of LAMP1 N-glycosylation. These findings highlight CTSS as a critical regulator of the tumor microenvironment and a promising therapeutic target to reduce HNC metastatic progression. (This work was supported by grants from the National Science and Technology Council, Taiwan (NSTC 114-2314-B-038-166) and The Higher Education Sprout Project by the Ministry of Education, Taipei, Taiwan). 
