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The design and use of materials in the nanoscale size range
for addressing medical and health-related issues continues to receive
increasing interest. Research in nanomedicine spans a multitude of areas,
including drug delivery, vaccine development, antibacterial, diagnosis and
imaging tools, wearable devices, implants, high-throughput screening
platforms, etc. using biological, nonbiological, biomimetic, or hybrid
materials. Many of these developments are starting to be translated into
viable clinical products. Here, we provide an overview of recent
developments in nanomedicine and highlight the current challenges and
upcoming opportunities for the eld and translation to the clinic.

edicine is the science, engineering, and practice of
diagnosing, treating, curing, monitoring, predicting,
and preventing diseases. Most people associate
nanomedicine with pharmaceutical formulations, where soft or
hard particles of nanometer dimensions are injected into humans
for diagnosis and treatment. However, this field covers a broader
range of research and development. Nanomedicine di ers from
other types of medicine in that it involves the development and
application of materials and technologies with nanometer length
scales to function in all the ways described below.' ™
Properties of nanoscale objects are transitional between
molecular and bulk regimes. Nanoscale properties exist for all
materials, regardless of whether they are found in nature or are
synthetic. However, only synthetic objects are typically con-
sidered part of “nanoscience and engineering”, whereas the study
of biological nanoscale structures is often thought as part of
characterization without considering biological properties.
Because of the transitional nature of “nanoscale” materials, it is
di cult to limit a material’s reach and define its borders by
strict definitions and solid numbers (e.g., larger than atoms or
small molecules, but smaller than 100 nm). More importantly,
nanoscale particles can demonstrate new properties that can be
exploited for the design of new therapeutic e ects and diagnostics.
Nanomedicine is an interdisciplinary field, where nanoscience,
nanoengineering, and nanotechnology interact with the life
sciences. Given the broad scope of nanomedicine, we expect
it eventually to involve all aspects of medicine. Moreover,
nanomedicine, like medicine, can enter the clinics and can be part
of conventional clinical practice assuming all aspects of
translation are satisfied, including safety, regulatory, and ethical
requirements. It is expected that nanomedicine will lead to the
development of better devices, drugs, and other applications for
early diagnoses or treatment of a wide range of diseases with high
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specificity, e cacy, and personalization, with the objective being
to enhance patients’ quality of life. In this Nano Focus, we do
not attempt to define nanomedicine but rather to provide an
overview of recent achievements, materials, and technologies
belonging to nanomedicine.

Nanoparticles (NPs) are key components of nanomedicine,
and currently, a large variety of nanoparticle types exist. How-
ever, no standardized nomenclature exists in the literature;
therefore, terms such as engineered nanomaterials, nonbiological
complex drugs (NBCDs), nanomedicals/nanomedicines, etc. are
used freely. Many nanomaterials can replicate some functions
of globular biological macromolecules.® Examples are lipid
micelles,” di erent polymeric nanostructures® protein con-
structs,® ribonucleic acid (RNA) NPs (RNPs),** carbon dots
(C-dots),** nanodiamonds (NDs),*? carbon nanotubes
(CNTs),™ graphene,™ as well as inorganic materials such as
mesoporous silica NPs (MSNP), super?aramagnetic iron oxide
NPs (SPIONSs),*® quantum dots (QDs),*® plasmonic NPs,"” gold
nanoclusters (GNCS),*® upconverting NPs (UCNPs),™ etc.
Many of these nanoscale materials have unique size- and shape-
dependent optical, electronic, and magnetic properties, and these
properties are dependent upon methods to synthesize, to purify,
and to characterize them.””~>* Many researchers note that small
changes in size and shape can significantly a ect the properties of
the NPs. Precision syntheses are therefore necessary to produce
samples with tightly focused distributions in order to achieve the
targeted functions specifically and to correlate observed functions
with specific NP characteristics. Detailed characterization of NP
samples that are used in a medical application is also critical
because one must know and understand what is being injected into
the body. A sample of NPs may be heterogeneous with distinct
subpopulations after synthesis.?**> Microscopic imaging is
conventionally used, but this technique may be insu cient
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