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Extracellular vesicles (EVs) are membrane-bound nanoparticles released by almost all cell 
types and play important roles in intercellular communication by transporting proteins, lipids, 
nucleic acids, and metabolites [1]. Owing to their molecular cargo, EVs have emerged as 
promising biomarkers for disease diagnosis and monitoring, as well as potential therapeutic 
agents [2]. Nonetheless, rapid, label-free analytical techniques capable of characterizing their 
biochemical composition remain a significant challenge. μ-Raman spectroscopy is a non-
destructive and label-free approach for probing the molecular fingerprint of biological samples 
with high chemical specificity [3].In this study, we employed μ-Raman spectroscopy to 
investigate EVs derived from human fibroblast (EV-BJ)and keratinocyte (EV-HaCaT) cells. 
Raman spectra were acquired under optimized experimental conditions to evaluate the 
intrinsic biochemical composition of the isolated EV populations. The spectral profiles 
revealed characteristic vibrational bands corresponding to proteins, lipids, nucleic acids, and 
other biomolecular cargo commonly associated with EVs. Comparative analysis of EV-BJ and 
EV-HaCaT displayed evident differences in their Raman fingerprints, reflecting cell-type-
dependent molecular composition of EVs. These findings indicate that Raman spectroscopy 
can effectively distinguish EVs originating from different cellular sources without the need for 
fluorescent labels or chemical staining [4].Among EV populations, the ability to identify subtle 
biochemical differences is particularly relevant for understanding their biological functions 
and developing EV-based diagnostic strategies [3,4]. Moreover, minimal sample requirements, 
label-free nature, and high molecular specificity of μ-Raman spectroscopy make it a promising 
analytical technique for EVs research. This work highlights the potential of Raman 
spectroscopy as a complementary platform for the characterization of EVs. Likewise, provides 
a foundation for future studies aimed at investigating disease-associated EVs and their 
applications in precision medicine. 


