CXCL13 Drives MMP9-Mediated Metastasis in Oral Squamous Cell Carcinoma
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Introduction. Oral squamous cell carcinoma (OSCC), prevalent in Taiwan, is an aggressive malignancy with frequent lymph node metastasis and poor prognosis. Despite advances in surgery and chemoradiotherapy, effective molecular markers for metastasis prediction or targeted therapies are lacking. Bioinformatic analysis of GEO and TCGA datasets identified upregulated CXCL13 in advanced OSCC, correlating with lymphatic metastasis. Preliminary data show CXCL13 promotes OSCC cell migration, wound healing, and MMP9 expression via the CXCR5–JNK–NF-κB axis, but its role in metastasis remains unclear.

Aims. This study aims to investigate the role of CXCL13 in promoting metastasis in OSCC and its molecular mechanisms, focusing on the CXCL13–CXCR5–JNK–NF-κB–MMP9 axis. 
Methods. Gene expression profiles from GEO and TCGA datasets were analyzed to confirm CXCL13 and MMP9 upregulation in metastatic OSCC tissues. In vitro, OSCC cell lines (SCC-4, SCC-25) were used to assess CXCL13 effects on MMP9 expression, migration, and invasion via qPCR, Western blot, wound healing, and Transwell assays. CXCR5’s role was studied using siRNA knockdown and pharmacological inhibitors. JNK and NF-κB pathway activation was evaluated with phospho-specific antibodies and pathway inhibitors. In vivo, orthotopic OSCC mouse models with CXCL13 overexpression or CXCR5 inhibition were used to assess tumor growth, metastasis, and MMP9/CD31 expression by immunohistochemistry.
Results. Bioinformatic analysis of GEO and TCGA datasets confirmed significant upregulation of CXCL13 and MMP9 in metastatic OSCC tissues, with high expression levels correlating with poor patient survival (p < 0.05). In vitro, CXCL13 treatment significantly increased MMP9 mRNA and protein expression in SCC-4 and SCC-25 cells, enhanced cell migration by 1.8-fold, and invasion by 2.1-fold in Transwell assays. These effects were abolished by CXCR5 siRNA knockdown or pharmacological inhibition, reducing MMP9 expression and migration/invasion to baseline levels. Mechanistically, CXCL13 treatment activated JNK and NF-κB pathways, as evidenced by increased phosphorylation of JNK and NF-κB p65, which was blocked by specific inhibitors, leading to reduced MMP9 expression and metastatic activity. 
Discussion. This study will elucidate the role of the CXCL13–CXCR5–JNK–NF-κB–MMP9 axis in OSCC metastasis, establishing CXCL13 as a potential prognostic biomarker and therapeutic target. By integrating transcriptomic, functional, and in vivo approaches, our findings aim to provide a foundation for precision medicine strategies in OSCC, addressing the critical need for effective molecular markers and targeted therapies in this aggressive malignancy.
