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Abstract:
Personalized medicine as a revolutionary in medicine provides medical services
tailored to a person’s molecular characteristics. In personalized medicine, the
physician with the knowledge of information in the person’s molecular profile
(omics) can prescribe an effective drug with minimal side effects and appropriate
dose for changing lifestyle and diet to prevent and treat diseases.
Theoretically, the molecular profile of each individual could give some information
about risk of diseases, the person responses to medications and the relationship
between person molecular profile and certain traits, such as lactose intolerance and
diet-specific adaptation.
In the past, it was impossible to confirm the presence or absence of mutations in an
individual’s genome, as the use of molecular techniques such as PCR was very time
consuming and was associated with many limitations. On the other hand, many traits
and diseases are multigenic and the consequence of interaction with environment.
Furthermore mathematical models for measuring genetic risk were not developed.
In recent years, creation of individual genetic profile with determination of a person’s
genotype and all known mutations in a short time and at low cost became possible,
due to advances in microarray technology, computer science and statistics.
In parallel with genomics, advances in other multidisciplinary sciences such as
nanotechnology and systematic biology have facilitated the disease interactions at the
cellular and molecular scale. Nanomedicine has provided the control of drug release
profiles using design and fabrication of nanostructured devices, so it is hoped that by
combining these information and examining their interactions, better contribution
to human health will be achieved. In this review, we focused on nanotechnology
applications and solutions that impact on personalized medicine and accelerate its
progress and development.

scientific unit refers to one billionth (0.000000001)
of a base unit, so one nanometer is one billionth of

Nanotechnology and Nanomedicine

Over the past decades, the development of
nanotechnology and application of nanoparticles as
carriers of small and large molecules has significantly
attracted the attention of researchers. Before addressing
nanotechnology and nanomedicine, the meaning
of terms such as nanotechnology, nanoscience and
nanoscale should be clarified (1).

The prefix «Nano» is derived from the Greek
word «Nannos» meaning dwarf or an abnormal short
human. According to the root of this prefix, the nano
is a measurement scale in a metric system and as a

a meter (Im = 10° nm) or 1 nm = 10° m). So, when
talking about nanotechnology, a scale of size or a scale
of length is considered.

The National Nanotechnology Initiative describes
nanotechnology as follows: “Nanotechnology is the
understanding and control of matter at dimensions
between approximately 1 and 100 nm, where unique
phenomena enable novel applications”. Thus, materials
that at least one of their dimensions (length, width,
height) are less than 100 nanometers describe to be on
a nanoscale. In order to have a more comprehensive
definition of nanotechnology, it is better to add these
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two statements to the previous definition: First,
nanotechnology is the fabrication and employment
of materials, structures, tools and systems that have
unique properties due to their small size. Second,
Nanotechnology also includes technologies that make
it possible to control materials at the nanoscale (2).

The term of “nanotechnology” has been used more for
decades in scientific fields such as electronics, physics
and engineering. However, much research has been
done in the fields of biological sciences, pharmacology
and medicine, in recent years. Nanotechnology is a
multidisciplinary field with the convergence of basic
and applied sciences such as biophysics, molecular
biology and bioengineering. The decrease in size and
the consequent special changes that occur in matter
have created unique applications in various sciences.
The main advantages of reducing the size at the
nanoscale are the following: increase in surface to
volume ratio followed by increase of surface energy
and reactivity and increase solubility and functionality
rate (3).

Nanomedicine is the use of nanomaterials and
nanodevices for medicine applications. The purpose
of this field of nanotechnology is prevention, diagnosis
and treatment of diseases in order to improve the human
life quality. Nanomedicine includes a wide ranges of
applications for examples nano vaccines for prevention
of infectious diseases such as covid-19 (Pfizer an
Moderna vaccines) (4), nanobiosensors for early and
point of care detection of diseases (5), drug delivery
nano carriers for cancer therapy (6), nanomaterials for
imaging (7), core-shell nanoparticles for hyperthermia
and photodynamic therapy (8), nanorobotics for
imaging and treatment of atherosclerotic lesions (9),
theranostic nanostructures for simultancous diagnosis
and therapy of diseases (10), nanowires for treatment
of neurodegenerative diseases (11) and nano scaffolds
for tissue engineering and regenerative medicine (12).

The important challenge of nanomedicine is
nanomaterial toxicity and their interactions with
the body; therefore the researchers in this field use
biocompatible and biodegradable material to prevent
the body’s immune responses.

Nanotechnology and personalized medicine

In the past, the same treatment was used for all
patients with the same disease, but today unique
personal therapy should be applied according to the
unique genome and different living environment of
each person. Personalized medicine is a conceptual
approach of modern medicine in which prevention,
diagnosis, treatment and care of the patient are based
on the unique characteristics of the person. In this field,
clinical, paramedical, genomic information, patient’s
lifestyle, the individual>s environmental conditions
and the type of disease all lead to the provision of
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a useful therapeutic solution and provide medical
services (health, prevention, diagnosis, treatment and
care) appropriate for patient. So, this field of medicine
using various sciences of genetics, bioinformatics,
biotechnology and statistics has opened a new window
for the physician to prescribe an effective drug with
minimal side effects and in appropriate doses to
change lifestyle and diet to prevent and treat diseases
and change traits. The pervasiveness of this medical
field leads to the effective, accurate, safe prescription
of medicine and the reduction of treatment costs.
Although personalized medicine, as an expanding
branch of medicine, is several thousand years old,
but in recent years, the person-centered approach has
gradually spread to all branches of medicine. This
branch of science is gaining more and more applications
in everyday medicine and seems to be one of the major
fields of medicine in the near future.

Advances in other multidisciplinary sciences such as
nanotechnology and nanomedicine have facilitated the
disease interactions at the cellular and molecular scale.
Nanomedicine has provided the control of drug release
profiles using design and fabrication of nanostructured
devices, so it is hoped that by combining these
information and examining their interactions, better
contribution to human health will be achieved.
Nanotechnology offers material with unique properties
and novel approaches for fighting human diseases
(13). Here, we describe the nanomedicine approaches
in drug delivery, imaging and tissue engineering that
impact on personalized medicine.

Targeted drug delivery and personalized medicine

An important issue in cancer therapy and treatment
of many other diseases is that the drug does not reach
the patient>s tissue in a targeted manner.

From the point of drug injection until finding the
target tissue, there are various biological, physical and
chemical barriers and obstacles that prevent sufficient
drug delivery to affected tissue. Studies show only 1 out
0f 100,000 molecules of a drug successfully reaches the
pathological site. For example, scientists demonstrated
that in Kaposi’s sarcoma models only ~0.001% of
doxorubicin reaches tumor sites. So, a large part of
the drug is lost in this way and to overcome these
obstacles, the higher concentration of the drug should
be administrated. This overdose will be responsible for
the side effects of the drug (14).

The important point about these barriers is that they
are largely variable from one type to another, from
person to person and from a tissue to another tissue,
and also change over the time of disease progress,
therefore personalized medical treatment strategies
should consider these variables.

Nanomedicine offers novel nanoscale platform for
targeted drug delivery such as PEGylated liposomal
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formulation and lipid nanoparticles (15), iron oxide
and gold nanoparticles (16), carbon nanotubes
and fullerenes (17), silicones (18), mesoporous
nanoparticles (19) and polymeric micelles (20) to
fight these barriers and efficient delivery of anticancer
drugs to pathological sites. For this purpose, the nano
carrier’s properties such as size, shape, the surface
charge, porosity and materials should be optimized.

These multifunctional nano carriers functionalized
with moieties such as antibodies (21), aptamers (22)
and other ligands for specific targeting of affected cell
receptors, coated with biocompatible shielding layer
such as polyethylene glycol (PEG) to escape from
body’s immune system, loaded with drugs and in some
cases dyes and fluorescent nanoparticles and molecules
for monitoring of drug delivery process and imaging of
pathological tissue.

In addition to cancer, diabetes is another important
metabolic disease in which nanomedicine has been
used. Nowadays, diabetes treatment is an invasive
approach, while polymer nanoparticles offer a non-
invasive theranostic system called Smart Insulin L-490,
which detects the patient’s blood glucose concentration
and releases insulin in proportion to the glucose level (23).

Disease diagnosis and personalized medicine

According to personalized medicine concept, the
response of each patient to medical treatment may be
different, so the person’s response to particular drug
should be tracked during the course of treatment.
On the other hand, early detection of many diseases,
especially cancers, can have a great impact on the onset
and effectiveness of treatment (24).

The main challenges of currently used imaging
techniques such as MRI, PET, SPECT and CT scan are
the inability to monitor the effect of the drug regularly
as well as early diagnosis of the disease (13).

Nanomedicine proposes contrast agent nanoparticles
to improve the quality of molecular imaging
techniques. High contrast, biocompatibility, tunable
physical properties and longevity are the main features
of nanoparticles including superparamagnetic iron
oxides, liposomes and metal nanoparticles that use in
this field (25, 26).

Simple fabrication of multifunctional nanoparticles
that can target a specific biomarker and track and treat
a disease simultancously is one of the great aspects of
nanomedicine. These platforms are called theranostic
agents and play an important role in early diagnosis and
real time monitoring of drugs. Noninvasive detection
of biomarkers by these nanoparticles provides the
regular monitoring of biomarker expression during the
treatment of diseases without need to biopsy determines
the response of patient to therapy and defines disease
progression model (27).

Fluorescent nanoparticles including different types
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of quantum dots and gold nanoparticles are some
nanostructures that have been used for the purpose of
diagnosis. Microfluidic devices deploy the interaction
of system biology and nanotechnology and physical
and chemical properties of liquids and gases in
microscale for early detection of disease like cancer
(28). Microarray technology also is a lab on a chip
system that enables multi detection of analytes. In
this technology, biological receptors including lipids,
nucleic acids and proteins or chemical molecules
immobilize at the surface of a substrate and detection
occurs with the use of fluorescent and plasmonic
nanoparticles (29).

Tissue engineering and personalized medicine

The role of personalized medicine is important in the
field of tissue engineering for regeneration of a tissue
or organ transplantation. Transplantation rejection is
due to the surface biomarkers and immune response
that is related to biological properties of a patient (30).
In this field, nanomedicine can introduce nanofiber
scaffolds and mesoporous hydrogel for simulation of
extracellular matrixes to support the growth of stem
cells (31). Carbon nanotubes (32), silicon, hydroxyl
apatite nanocrystals (33) and other nanoparticles
were incorporated to these scaffolds to improve their
properties such as mechanical reinforcement. Magnetic
nanoparticles loaded scaffold uses these nanoparticles
to direct drug and growth factor to the site of tissue
following the induction of a magnetic field (34).

Challenges of nanomedicine toward personalized
medicine

As mentioned in section 1, nanomedicine can be used
for the progress of personalized medicine and there are
many examples of nanomedicine for development of
personalized medicine. But there are some challenges
in this field:

First, nanoparticles properties including size,
shape, material, molecular type, surface charge and
hydrophobicity, functional group and surface moieties
should be defined.

Nanoparticles toxicity as a second challenge in this
field is related to material type. There are many FDA
approved materials that can be used in nanomedicine
but other materials toxicity should be investigated.

The third issue is the heterogeneity of biological
properties of patients. Considering this variability
is important to design nanoparticles and surface
functionalization of nanoparticles.

The route of administration for better acceptance of
patientsis anotherimportant challenge ofnanomedicine.
Intravenous administrated nanoproducts aren’t patient
friendly and should be improved.

Nanomedicine scale up to bring a nano product
from lab to market is another important challenge of
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this field. Cost effectiveness, sterilization and storage
issues are followed by nanomedicine scale up.

Despite the difficulties in the development of
nanomedicine, the future of this field is very optimistic.
Although fewer nanotechnology products have entered
the market, research in this area is ongoing and a good
future will be ahead. In the future, nanomedicine will
make a major contribution to the development of
personalized medicine.
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