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Abstract

1DQRIHFKQRIRI\ LV D FXIMQJ HGJH ¢ HIG IKDIl KDV UHYRIXILRQL]HG VFLHQFH HQJLQHHULQJ DQG IHFKQRIRI\ DFURVV YDULRXV
LQGXVIUHV $il LIV FRUH QDQRIHFKQRIRI\ LQYRIYHV PDQLSXIDILQJ DQG HQJILQHHULQJ PDIIfHU Dif iIKH QDQRVFDIH ZKLFK LV RQ WKH
RUGHU RI RQH ELNLRQIK RI D PHIHU 7KLV ¢HIG KDV RSHQHG XS D ZRUIG RI SRVVLELIIHV HQDENQJ VFHQILVIV DQG HQJILQHHUV IR
ZRUN ZUIK PDIHUDIV DQG VIUXFIXUHV DIl IKH DIRPLF DQG PRIHFXIDU (HYH! 1DQRIHFKQRIRI\ UHSUHVHQIV D FRQYHUJHQFH RI
GLVFLSIIQHV EIHQGLQJI SUQFLSIHV ILRP SK\VLFV FKHPLVIU\ ELRIRIN DQG HQJILQHHULQJ IR FUHDIH QHZ PDIHUDIV GHYLFHV DQG
VAVIHPV ZIIK XQSUHFHGHQIHG SURSHUILHV DQG IXQFILRQDILILHV
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nanoscale, the surface area-to-volume ratio of materials becomes much
larger than at the macroscale. s increased surface area can lead to
unique properties and reactivity, making nanomaterials highly valuable
for applications like catalysis and sensing. Quantum dots are nanoscale
semiconductor particles with quantum con nemente ects. ese dots
have discrete energy levels, and their size can be precisely controlled
to emit light of speci ¢ wavelengths. is property is exploited in
applications such as quantum dot-based displays and medical imaging.

e theory of nanoparticle toxicity is essential in nanotechnology.
Understanding how nanoparticles interact with biological systems
and their potential health and environmental impacts is crucial for
responsible development and usage of nanomaterials. e theory of
nanoelectronics explores the behavior of electrons at the nanoscale,
leading to the development of nanoscale electronic devices. Quantum
computing, a theoretical framework in nanotechnology, explores the
use of quantum bits (qubits) to perform computations exponentially
faster than classical computers. Various theories underpin
nanofabrication techniques, including photolithography, electron
beam lithography, and chemical vapor deposition.  ese methods are
used to create nanoscale structures for electronic devices, sensors, and
more. Nanotechnology o en leverages emergent properties, which are
unique characteristics that arise in nanoscale materials due to their size
and arrangement. Examples include the superparamagnetic behavior
of nanoparticles and the enhanced catalytic activity of nanoscale
catalysts.  eoretical concepts in nanomedicine involve the design of
nanoparticles for drug delivery, imaging, and therapeutic purposes.

ese concepts include targeted drug delivery to speci ¢ cells or tissues
and the use of nanoparticles for early disease detection [5-7].

eories related to the characterization of nanomaterials involve
techniques such as scanning tunneling microscopy (STM) and
atomic force microscopy (AFM), which are used to visualize and
study nanoscale structures. In summary, nanotechnology is a eld
deeply rooted in various theoretical principles and concepts, ranging
from quantum mechanics to self-assembly and emergent properties.
ese theories form the foundation for the design, development, and
application of nanoscale materials and devices across a wide range
of scienti ¢ and technological domains. Extracellular vesicles (EVs)
have gained tremendous interest in the search for next-generation
therapeutics for the treatment of a range of pathologies, including
cancer, especially due to their small size, biomolecular cargo, and
ability to mediate intercellular communication, high physicochemical
stability, low immunogenicity and biocompatibility. e theranostic
potential of EVs has been enhanced by adopting several strategies
such as genetic or metabolic engineering, parental cell modi cation
or direct functionalization to incorporate therapeutic compounds
into these Nano platforms. e smart nano-sized EVs indeed o er
huge opportunities in the eld of cancer, and current research is set at
overcoming the existing pitfalls. Smart EVs are already being applied
in the clinics despite the challenges faced. We provide, herein, an
update on the technologies employed for EV functionalization in order
to achieve optimal tumor cell targeting and EV tracking in vivo with
bio-imaging modalities, as well as the preclinical and clinical studies
making use of these modi ed EVs, in the context of gastrointestinal
tumors. is study demonstrates the development of a humanized
luciferase imaging reporter based on a recently discovered mushroom
luciferase (Luz) from Neonothopanus nambi. In vitro and in vivo
assessments showed that human-codon-optimized Luz (hLuz) has
signi cantly higher activity than native Luz in various cancer cell types.
e potential of hLuz in non-invasive bioluminescence imaging was
demonstrated by human tumor xenogra s subcutaneously and by
the orthotopic lungs xenogra in immunocompromised mice. Luz

enzyme or its unique 30OH-hispidin substrate was found to be non-
cross-reacting with commonly used luciferase reporters such as Fire y
(FLuc2), Renilla (RLuc), or nano-luciferase (NLuc). Based on this
feature, a non-overlapping, multiplex luciferase assay using hLuz was
envisioned to surpass the limitation of dual reporter assay. Multiplex
reporter functionality was demonstrated by designing a new sensor
construct to measure the NF-kB transcriptional activity using hLuz and
utilized in conjunction with two available constructs, p53-NLuc and
PIK3CA promoter-FLuc2. By expressing these constructs in the A2780
cell line, we unveiled a complex macromolecular regulation of high
relevance in ovarian cancer. e assays performed elucidated the direct
regulatory action of p53 or NF-kB on the PIK3CA promoter. However,
only the multiplexed assessment revealed further complexities as
stabilized p53 expression attenuates NF-kB transcriptional activity and
thereby indirectly in uences its regulation on the PIK3CA gene.  us,
this study suggests the importance of live cell multiplexed measurement
of gene regulatory function using more than two luciferases to address
more realistic situations in disease biology [8-10].

Conclusion

In conclusion, nano biotechnology is a ground-breaking eld
with transformative potential across various sectors. It bridges the gap
between the nanoscale world of molecules and cells and the macroscopic
world, o ering solutions to some of the most pressing challenges in
healthcare, environmental sustainability, and beyond. As research
and development in this eld continue to advance, we can anticipate
remarkable breakthroughs that will improve human health, enhance
our understanding of biology, and contribute to a more sustainable and
technologically advanced future. However, it is essential to approach
the ethical, safety, and regulatory aspects of nano biotechnology with
the same diligence as scienti ¢ innovation to ensure responsible and
bene cial outcomes.
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