Advancing FTIR Spectroscopy for Molecular Profiling of Tumor-Derived

Extracellular Vesicles

Hepatocellular carcinoma (HCC) is the most common form of liver cancer, and cirrhosis represents
one of its major risk factors. Traditional blood biomarkers, such as alpha-fetoprotein (AFP), show
limited effectiveness in distinguishing HCC from cirrhosis, highlighting the need for more effective
diagnostic methodologies. In this context, extracellular vesicles (EVs) have emerged as promising
candidates; however, their practical application in diagnostics is still limited by the lack of label-free
methods capable of accurately characterizing their molecular content.

To address this gap, mid-infrared (mid-IR) spectroscopy, used either alone or in combination with
plasmonic nanostructures consisting of gold nanoantennas, represents a promising approach for the
detection and characterization of circulating EVs. The same strategy can also be extended to the real-
time, label-free monitoring of living cells, owing to the ability of mid-IR spectroscopy to directly
probe the characteristic vibrational fingerprints of intracellular biomolecules.

In this context, the application of this technology to SAS oral squamous carcinoma cells treated with
18B-glycyrrhetinic acid revealed changes in both plasmonic signals and the main spectroscopic bands,
consistent with molecular alterations associated with apoptotic processes, together with specific
changes in protein secondary structure.

Overall, these findings indicate that mid-infrared spectroscopy integrated with plasmonic
metasurfaces represents a sensitive and versatile platform for detecting molecular alterations and
monitoring cellular responses in real time, with potential applications in drug screening, spectral

biomarker identification, cell-based diagnostics, and biosensing.



