
Nanophotonic sensing and label-free imaging
of extracellular vesicles

Differences between resonances in dielectric and

plasmonic metasurfaces for sensing.

GA, UNITED STATES, May 7, 2025

/EINPresswire.com/ -- This review

examines imaging-based nanophotonic

biosensing and interferometric label-

free imaging, with a particular focus on

vesicle detection. It specifically

compares dielectric and plasmonic

metasurfaces for label-free protein and

extracellular vesicle detection,

highlighting their respective

advantages and limitations. 

Proteins play a vital role in human

health and detecting them is crucial in medical research and clinical practice. Protein assays are

typically used to diagnose diseases, track disease progression, and assess treatment

effectiveness. A growing area of interest is the detection of extracellular vesicles (EVs), nanoscale

particles secreted by cells into bodily fluids. These vesicles present proteins that reflect their cell

of origin and overall physiological state, making them valuable disease indicators. Because EVs

can be collected from fluids rather than requiring invasive procedures like biopsies, they offer a

promising way to monitor conditions like cancer in a minimally invasive manner.

Traditionally, protein detection has relied on enzyme-linked immunosorbent assays (ELISA),

which use antibodies to bind to specific proteins. However, ELISA has limitations, such as

requiring precise antibody pairs, which are not always available. Additionally, labeling proteins

with chemical markers can alter their natural structure and function, potentially affecting results

and increasing costs.

To overcome these challenges, the research community is exploring label-free detection

methods. Advanced techniques such as surface plasmon resonance (SPR), photonic crystal

resonance, interferometry, and nanoparticle tracking analysis enable the study of proteins and

EVs in their natural state, reducing the risk of experimental interference. Label-free approaches

also allow for real-time analysis, offering faster and more detailed insights compared to

traditional methods.
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A particularly promising area of label-free detection is imaging-based nanophotonic sensing,

which uses specially engineered surfaces to detect molecular interactions with high sensitivity.

Within this field, dielectric and plasmonic metasurfaces are emerging as key technologies.

Plasmonic systems are highly effective at detecting small molecules because they enhance

electromagnetic fields at the nanoscale. Meanwhile, dielectric metasurfaces offer higher stability

and precision and are ideal for analyzing EVs and larger biomolecules.

Despite these advancements, challenges remain. The scientific community is working to improve

surface chemistry approaches for more specific biomarker detection, develop cost-effective

manufacturing methods, and integrate artificial intelligence to enhance data analysis. Further

innovations in high-Q resonant structures—designed to optimize light-matter

interactions—could lead to ultrasensitive, label-free biosensing and single-particle imaging. As

these technologies improve, they have the potential to transform disease detection and

monitoring, advancing both research and clinical applications.
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