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Graphene-based biosensors for nano-and pico-applications: A bright future for personalized
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Nanotechnology and smaller scale technologies represent golden eggs for medicine and sciences. In the recent years,
graphene (G)-based biosensors, including functional graphene oxide (GO), G hybrid nanocomposites, are increasingly
explored for real-time imaging and quantification of biomolecules or cells. The remarkable intrinsic and tunable properties of
G and derivatives (e.g. planar structure, high surface-volume ratio, high electrical conductivity, good chemical stability and
strong mechanical strength) are quite attracting to manufacture reliable, highly sensitive and ultra-fast biosensing platforms
(e.g. label-free or fluorochrome-based nano-optical/biophotonic detection systems such as FRET or CRET). A number of
emerging studies have reported a combination of functional, green, cost-effective and scalable approaches to constantly
improve the overall properties (e.g. sensitivity, specificity/selectivity, stability, rapidity, reproducibility) of the G component
for real-time and multiplexed imaging of biomolecules (e.g. biomarkers of disease, nucleic acid alterations) or cells (e.g. cancer
cells, stem cells, bacteria or viruses). G and derivatives-based biosensors, which besides can be used as nano-vehicles for
drug delivery, are revolutionizing the disease prognosis, diagnosis and therapy. The possibility to detect and characterize a
single cell or very lowly expressed biomolecules makes G-derived biosensors among the most promising tools for efficient
translational, integrative, regenerative and personalized medicine. However, although the cell viability in vitro is not affected,
the potential nanocytoxicity (i.e., nanocompatibility and consequences of uncontrolled nanobiogradability) in a clinical setting
using humans remains unknown. Eventually, the establishment and compliance of international regulatory industrial and
healthcare guidelines before commercialization and translational medicine are still requested. Owing to the possible synergic
or additive effects of fluorine and graphene-based materials for efficient personalized medicine, some of our ongoing projects
consist to: (i) fully characterize fluorinated-G by our pioneered tool and associated state-of-the-art methods called carbon-
fluorine spectroscopy (aka SpectroFluor™) platform; (ii) deeply assess fluorinated-G nanosystems for controlled tumor-site
targeted drug delivery. My keynote speech will particularly focus on recent advances of G-based biosensors and highlight their
interest for personalized medicine, which in fact aims to improve not only the diagnosis and prognosis of patients but also the
current therapeutic strategies.
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