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ABSTRACT

This review explores the various applications of nanomedicine in cancer characterization, diagnosis,
treatment and targeted therapy. Both active and passive strategies are used by nanoparticles to target cancer
cells. Nanoparticles can be engineered to carry imaging agents that permit for the visualization of tumors at
the molecular and mobile tiers. Techniques inclusive of magnetic resonance imaging (MRI), computed
tomography (CT), and positron emission tomography (PET) can be greater the use of nanoparticle
evaluation sellers, providing unique records about the tumor’s length, form, and location. Moreover,
nanoparticles can facilitate the controlled release of drugs and increase drug release efficiency with fewer
side effects. Nanomaterials such as microbubbles are used as molecular imaging agents for ultrasound
imaging. A greater surface area, a higher volume proportion, and improved targeting skills are just a
few of the remarkable characteristics of nanoparticles. Furthermore, because they don’t harm healthy
cells as much, they can functionally enter tissues and epithelium, increasing their bioavailability and
half-life. Many medications are now offered or coated with nanoparticles to directly target tumors or
damaged organs without endangering healthy tissues or cells. Numerous nanoparticle kinds, including
dendrimers, graphene, fullerene, metallic, magnetic, polymeric, metal oxide, quantum dots, liposomes,
carbon nanotubes, and graphene, may find use in the detection and therapy of cancer. Because of their
antioxidant properties, nanoparticles have been shown in numerous studies to exhibit intrinsic anticancer
activity and to suppress the growth of malignancies. Nanomedicine has emerged as a transformative
approach in cancer treatment and diagnosis. This review covers the latest diagnostic procedures, therapeutic
treatment and potential applications of nanomedices.
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Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
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1. Introduction

rates. The field of nanotechnology is one of the approaches
now being used widely in cancer research. Nanotechnology

One of the biggest causes of death worldwide and a major
health burden is cancer. By 2018, it was estimated that there
will be 9.6 million cancer-related deaths and 18.1 million
new cancer diagnoses.! Uncontrolled cell growth that
spreads from an original focal point to various areas of the
body and ultimately results in death is what defines cancer.
These factors make early cancer diagnosis and treatment
essential for limiting the disease’s spread and lowering death
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has shown promising advances in cancer detection and
therapy, including medication delivery.? Nanoparticles are a
suitable material for biological applications because of their
large surface area and variety of sizes from 10 nm to 100 nm.
The targeted tissues may be effectively penetrated by the
nanoparticles, which can then move throughout the body’s
organs. In diagnostic applications, therapeutic substances
can be delivered to diseased tissues, such as cancer cells,
using nanoparticles. Nanoparticles are around the same
size as DNA and smaller than blood cells.> The quick
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growth of nanotechnology has resulted in the creation of
nanomedicine agents, which might greatly enhance cancer
treatment protocols. A growing field called "nanomedicine"
uses nanotechnology to identify, treat, and prevent cancer.*

Products in the nanomedicine field provide the
opportunity to create multifunctionality and enhanced
targeting. According to the International Union of Pure
and Applied Chemistry (IUPAC), nanoparticles (NPs)
are tiny particles with sizes ranging from one to one
hundred nanometers. These particles are a great option
for materials and biology study because of their special
physical properties, which include conductivity, stability,
and optical attributes.> Because of their low toxicity,
bioavailability, and capacity to target specific areas
of the body, nanomedicines are gaining popularity.
Nanoparticles employ both active and passive methods
to target cancer cells. Numerous nanotherapeutics have
been created since the FDA approved Doxil®, some of
which have been approved for use as cancer therapies. In
addition to liposomes, polymeric nanoparticles, solid lipid
nanoparticles, and nanoemulsions, extracellular vehicles
(EVs) and thermal nanoparticles are being investigated &
applied in novel ways.

1.1. Origin and History of Cancer Nanomedicine

Cancer nanomedicine has emerged as a potential area of
study and development during the last decade.* It solves
some of the disadvantages of conventional cancer therapy,
including fewer side effects and more precise medicine
administration procedures. Nanotechnology-based therapies
have demonstrated considerable promise for enhancing
cancer therapy safety and effectiveness.’ Furthermore, the
introduction of nano vectors, such as nanoparticles, has
enabled the precise delivery of medications and imaging
agents to tumors.* These nanoparticles may be precisely
targeted to cancer cells and loaded with drugs or imaging
chemicals to increase therapeutic efficacy while minimizing
injury to healthy cells (Figure 1).

1.1.1. Early Beginnings (1959s)

Since Richard Feynman’s 1959 Caltech presentation, which
created the concept of nanotechnology, nanomedicine as it
exists now has been considered as a possibility, "There is
plenty of room at the bottom". He said that the atoms may
be arranged any way that would be wanted. Nanotechnology
used to medical and pharmaceutical particles with sizes
ranging from 1 to 100 nm is known as nanomedicine.®

1.1.2. Later (1970s-1990s)

The notion of employing nanoparticles for drug delivery
dates back to the 1970s and 1980s, when liposomes were
initially proposed as possible drug carriers.® Drugs can be
encased in liposomes, which are lipid-based nanoparticles,
and administered to particular areas of the body. In
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Figure 1: Origin and history of cancer nanomedicine

the 1990s, the discovery of polymer-based nanoparticles
increased the potential for targeted drug delivery. !

1.1.3. Advances in targeted drug delivery (2000s)

The creation and production of targeted nanoparticles for
cancer treatment advanced significantly in the 2000s.'!
Scientists began focusing on developing nanoparticles
which could accurately targeted cancerous cells without
causing the least amount of damage to healthy tissues. This
resulted in the creation of nanoparticles functionalized with
targeted ligands such as antibodies, peptides, and aptamers,
which improved their selectivity and effectiveness. 1>

1.1.4. Personalized nanomedicine and theranostics
(2010s-Present)

Personalized medicine and theranostics have received
increased attention in cancer nanomedicine in recent
years.'3 The word "theranostics" refers to the integration
of therapeutic and diagnostic characteristics on a
single platform, allowing for actual time therapeutic
efficacy monitoring and personalized therapy changes.
Nanotechnology advancements have allowed the production
of multifunctional nanoparticles that can carry medications,
diagnostic agents, and gene therapies all at the same time. '#

1.1.5. Clinical translation and commercialization

As the science of cancer nanomedicine advances, there is
a rising emphasis on moving these innovations from the
laboratory to clinical practice. !> Several nanoparticle-based
cancer medicines have begun clinical trials, and several have
achieved regulatory clearance for clinical use, highlighting
nanomedicine’s potential to transform cancer therapy. '¢
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2. Cancer Diagnosis with Nanotechnology

Nanoparticles and nanomedicines have demonstrated
promising results in the early identification of cancer using
different imaging and diagnostic approaches. Nanoparticles
and nanomedicines provide novel methods for early cancer
diagnosis, including improved imaging tools, sensitive
biosensors, and tailored therapies (Figure 2). Ongoing
research in this field has significant potential for improving
early detection rates, enabling prompt treatment, and,
eventually, improved the results for patients in cancer care.

DIAGNOSIS OF CANCER USING NANOTECHNOLOGY

BIOSENSORS AND
NANODEVICES FOR
CANCER BIOMARKER

MOLECULAR IMAGING
WITH NANOPARTICLES

Magnetic Resonance
Imaging (MRI) Tumor Cells (CTCs) and

* Computed Tomography (CT) (ctDNA)

Figure 2: Diagnosis of cancer using Nanotechnology

2.1. Molecular Imaging with Nanoparticles

1. Magnetic Resonance Imaging (MRI): The sensitivity
and specificity of MRI for tumor detection can be
increased by nanoparticles.!” MRI is an extremely
flexible and robust imaging technique that uses radio
frequency (RF) pulses and a magnetic field to produce
high-resolution three-dimensional pictures. Proton
relaxation times, which are present in lipids, proteins,
and water, are measured by MRI, which generates
high spatial resolutions and strong endogenous
contrast without the need of radioisotopes or ionizing
radiation. ' MRI has become a vital and noninvasive
technique for cancer detection and treatment because
it generates remarkably accurate and comprehensive
anatomical and functional images of soft tissues. 1°

. Computed Tomography (CT): When evaluating X-
ray absorption with high-atomic-number (HA) content
material, CT is the gold standard for diagnosing
cancer because it increases the sensitivity of the
CT picture to specific contrast agents. This modality
offers a number of benefits, including as precise
signal quantification, very high spatial resolution,
quick scan times, and low cost.20 Contrast agents
based on nanoparticles can improve the visibility of
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metastatic lesions and malignancies in CT scans.?!

Coencapsulated two commercially available FDA-
approved agents, indocyanine green (ICG) and iohexol,
to develop CF800, a novel lipid-based nanoliposomal
imaging agent for Near Infrared (NIR) fluorescence
and CT imaging.?? To show efficient accumulation
and imaging in these solid tumors, CF800 was used
to animal cancer models in mice (breast, ovarian
malignancies) and rabbits (lung, head, and neck
malignancies). >

. Positron Emission Tomography (PET): Due to
its ability to offer quantitative imaging, PET is a
widely used technique for the diagnosis of cellular
and molecular abnormalities.?*  High-specificity
radiopharmaceutical activity is used to provide
pictures that are useful for diagnosis. As PET imaging
agents, radiolabeled nanoparticles can be used to
detect cancer and monitor its progression.?> While
PET has excellent sensitivity and specificity for
tracking biological processes, its expensive cost limits
its clinical use. When it comes to cancer therapy and
follow-up monitoring, nanoparticles might prove to be
a very useful tool in the soon-to-be era of increasingly
customized cancer therapies. 2

2.2. Biosensors and Nanodevices for Cancer Biomarker
Detection

Circulating tumor DNA (ctDNA) and Circulating Tumor
Cells (CTCs) detection: A biosensor is a tool used to
identify biological analytes that come from within the
human body or from the environment. An electrical signal
that may be amplified, displayed, and assessed is created
from information such as the presence and concentration of
the analyte. Analytes consist of nucleic acids, proteins (such
as enzymes, antibodies, and antigens), and other biological
or metabolic elements (such as glucose). Biosensors can
be used in medicine to identify viruses, monitor blood
glucose levels in diabetics, and diagnose and treat cancer.?’
Nanoparticle-based biosensors can extract and analyze
CTCs and ctDNA from blood samples, allowing for early
cancer identification and surveillance.?®

2.3. Targeted nanoparticles for early intervention

Metal nanoparticles targeted at cancer cells are a useful tool
for cancer detection and treatment. Recent research on the
topic consists of the following: >

1. Copper nanoparticles: Recently, copper nanoparticles
have attracted attention as possible anticancer
therapeutics due to their capacity to create oxidative
stress in cancer cells. Reactive oxygen species (ROS),
are produced by copper nanoparticles and lead
to cell death. It has been demonstrated that they
selectively target cancer cells, leaving healthy cells
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unharmed.?® Additionally, it has been shown that
copper nanoparticles increase the responsiveness of
cancer cells to radiation therapy, hence promoting
tumor remission. 3!

. Silver nanoparticles: These particles are being
researched as a potential cancer therapy. Researchers
have demonstrated that by attaching to proteins on the
surface of cancer cells and releasing ROS that kill
cells, silver nanoparticles may be able to selectively
target cancer cells. 3> Because of their excellent optical
qualities, silver nanoparticles have been investigated as
imaging agents for cancer diagnostics. 3

. Zinc oxide nanoparticles: Because they may cause
cancer cells to undergo apoptosis, these particles are
being studied as a potential anticancer treatment. It
has been demonstrated that by activating caspases
and obstructing anti-apoptotic proteins, zinc oxide
nanoparticles may specifically target cancer cells and
cause cell death.3*

Furthermore, it has been shown that zinc oxide
nanoparticles can help cancer cells overcome drug
resistance, which increases the efficacy of chemotherapy
treatments. The sensitivity and precision of early
detection techniques can be increased by functionalizing
Nanoparticles with targeted ligands that bind specifically to
cancer cells or biomarkers. 3

3. Nanotechnology Advances in Targeted Cancer
Treatment

Nanotechnology has altered the field of targeted cancer
therapy by enabling the precise delivery of therapeutic drugs
directly to cancer cells. Drugs can be encapsulated and given
directly to tumors using nanoparticles, reducing harm to
healthy tissues.3® These nanoparticles may be tailored to
target specific receptors or markers on cancer cells, allowing
for greater effectiveness and fewer adverse effects than

standard chemotherapy (Figure 3).37
Furthermore,  nanotechnology allows for the
simultaneous administration of various medications

or therapeutic agents, resulting in synergistic effects
that can enhance treatment outcomes.’® The capacity
to create nanoparticles with distinct traits such as
regulated release mechanisms or stimuli-responsive
behavior expands their potential in targeted cancer therapy.
Overall, nanotechnology has created new opportunities for
individualized and effective therapies in oncology. >’

3.1. Both Active and Passive Targeting

Stimuli-Responsive Nano medicine: - Over the past 10
years, polymeric micelles have been thoroughly investigated
as nanocarriers for the delivery of common anticancer
medications. Due to their higher permeability and retention,
these nanoparticles have several important advantages
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Figure 3: Nanotechnology advances in targeted cancer treatment

for drugs, such as enhanced solubility, extended in
vivo circulation, and preferential accumulation at tumor
locations.*® To improve medicine administration, stimuli-
responsive cross-linked micelles (SCMs) were developed.*!
SCMs can latch onto medications better and are more
stable in blood circulation. SCMs can be made responsive
to one or more external stimuli and the milieu of the
tumor site or inside tumor cells by using environmentally
sensitive crosslinkers or assembly units.*> Breakdown of
intra-micellar crosslinking or dissolution of the stimuli-
responsive micelles release drugs only at the target spot. +*

3.2. Active targeting

Active targeting is a supplementary method to passive
targeting that aims to improve accumulation selectivity
and prolong intratumoral drug retention.** Active targeting
targets cancer cells precisely by engaging with ligands
and receptors directly. The ligands on the surface of NPs
are chosen to target molecules that are overexpressed
on the surfaces of cancer cells in order to discriminate
between targeted and healthy cells.* Internalized NPs
can effectively release therapeutic drugs through a process
known as receptor-mediated endocytosis, which is started
when ligands on NPs bind with receptors on the surfaces
of cancer cells.#® This is why macromolecular drugs like
proteins and siRNAs are particularly well-suited for active
targeting.

1. Cancer-Specific Molecular Targets: Selecting the
appropriate target is critical for accurately targeting
a tumor. A target molecule must be either absent
in normal tissues or overexpressed on the surface of
malignant cells compared to normal cells. It is also
important to consider the possible use of tumor stroma-
associated targets. **
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2. Folate Receptor: Many neoplastic cells excessively

express folate receptors, making them a target for
a variety of anticancer therapies. Researchers are
attempting to build folic acid onto the surface of
nanoparticles. In four mouse tumor models, the
effectiveness of folic acid as a targeting agent
for pHPMA conjugated daunomycin delivery was
examined by Russell-Jones et al. Folic acid-targeted
daunomycin HPMA conjugates have been shown
to prolong life periods and enhance the proportion
of survivors in tumor-bearing mice. The findings
demonstrate that folic acid can significantly boost
the potency of several polymer-bound cytotoxins.*’
Another study examined folate-linked methotrexate
dendrimers in female immunodeficient athymic nude
mice (Kukowska-Latalloto et al.). Twice a week, the
mice received an injection of the nanoconjugates
through a lateral tail vein.*® The results showed that
conjugated methotrexate in dendrimers dramatically
decreased toxicity and boosted efficacy by a factor of
ten at a same cumulative dosage. The mice’s survival
was lengthened as a result. Treatment for cancer using
doxorubicin aggregates tailored to the folate receptor
at the nanoscale was tried.*’

. Receptor for Transferrin: - Transferrin is one kind of
serum glycoprotein that aids in the uptake of iron by
cells. In most solid tumor cells, transferrin receptor
expression is overexpressed, whereas it is modest
in normal cells. Consequently, transferrin-conjugated
NPs are employed as an active targeting technique
to deliver medications for cancer therapy. Comparing
transferrin-modified NPs to unmodified NPs, it has
been shown that the former had better intracellular
drug delivery and higher cellular absorption efficiency.
Furthermore, data suggest that transferrin-conjugated
polymeric nanoparticles are important in beating back
chemotherapy that is resistant to drugs.>® It was also
demonstrated that, although it does not have the same
effect on normal cells, this formulation may effectively
kill T47D cancer cells and induce over 80% apoptotic
cell death in around 10 minutes. Therefore, in the
paradigm of athymic mice, the intravenous delivery
of Tf-lytic peptide greatly prevented the growth of
tumors.

. Targeting mediated by antibodies: Because tumor
antigens are seen as own cells, they cause weakened
immune responses Monoclonal antibodies (mAbs)
with high specificity are utilized to boost the immune
system’s anticancer activity and immunological
response. These antibodies specifically target proteins
required for the development of neoplastic cells but
overexpressed in them. To deliver drugs in a tailored
way, antibodies against certain tumor antigens are
coupled with nanoparticles. The majority of mAbs are
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made from a single cloned hybridoma cell. A myeloma
that makes antibodies and a normal plasma cell that
has been induced to attach selectively to antigens
on tumor cells combine to form the hybridoma
cell. mAbs can destroy cancer cells in a number of
ways after attaching to tumor antigens, such as by
directly triggering apoptosis, obstructing growth factor
receptors, and generating anti-idiotypes.

They can obliterate cancer cells indirectly by starting
complement-mediated cellular cytotoxicity and
antibody-dependent cell-mediated cytotoxicity.*’

5. Cell-Mediated  Orientation: =~ Longer half-life,
controlled and progressive release, decreased
immunogenicity and cytotoxicity, and active delivery
of the loaded drug to the desired site are just a few of
the special advantages that come with this technique.
Some cell types can enter a tumor even when there
is a tumor stroma present and the interstitial pressure
is high. Gradients of growth factors like VEGF, the
growth factor TGF, and fibroblast growth factor FGF-2,
as well as pro-inflammatory cytokines like macrophage
colony-stimulating factor (CSF1) and chemokines
recognized by the CXCR4/CXCL12 receptor system
and the MCP-1 monocyte chemotactic protein, can
be used as cell attractants. Numerous cell types have
been studied as potential drug transporters thus far.
Thus, malignancies at this site were successfully
attacked by naive T-cells that were tropic to lymph
nodes. For tumors with different localizations, primed
T-cells specific to a single tumor cell surface antigen
may be used. Antitumor drugs have been effectively
delivered by monocytes and neutrophils, macrophages,
neural stem cells, and mesenchymal stem cells derived
from bone marrow and cord blood, among other cell
types.**

6. Targeting to Endothelium: Rather of going straight
after cancer cells, certain NPs have an impact
on angiogenesis, which is an alternative mode of
cancer treatment. The process of vascularization is
largely dependent on the interaction between VEGF
and VEGF receptors (VEGFRs).”! Moreover, it has
been shown that liposomes that target VEGFR-2
and VEGFR-3, the two primary VEGF receptors,
simultaneously increase therapeutic efficacy. Tumor
cell migration and invasion are significantly influenced
by extracellular matrix protein receptors on the cell
surface called integrins. >’

3.3. Targeting passively

Using the differences between healthy and cancerous tissue
is the goal of passive targeting. Medication can have
therapeutic effects if it is delivered to the target spot with
efficiency. We call this kind of targeting passive. High
cancer cell proliferation causes neovascularization, and
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big vascular wall pores exacerbate the tumor vasculature’
perm selectivity in comparison to normal.” Via passive
targeting, nanoparticles can also target cancer. When
malignant cells cease to undergo apoptosis, they continue to
improperly absorb nutrients through blood vessels, causing
angiogenesis to cause the blood vessels around the cells to
enlarge and leak. Abnormalities in the basement membrane
and a reduction in the number of pericytes lining rapidly
growing endothelial cells lead to the formation of leaky
blood vessels. As a result, there is an increase in the
permeability of molecules to enter the interstitial space
around tumor cells via the vessel wall. Leaky endothelial
cells have holes that range in size from 100 to 780 nm.
Nanoparticles smaller than that can therefore readily flow
through the holes.*’

4. Characterization of Nanomedicines

The characterization of nanomedicine in cancer is crucial
for understanding its effectiveness and safety in the
treatment of cancer. Characterization involves the study and
analysis of various properties of nanomedicine, including
its physical and chemical attributes, stability, drug release
kinetics, targeting efficiency, biodistribution, and toxicity.
This information allows researchers and clinicians to
evaluate the performance of nanomedicine in terms of
its therapeutic efficacy, pharmacokinetics, and potential
side effects.”® This information is essential for assessing
the performance and potential drawbacks of nanomedicine
in cancer therapy. Furthermore, characterization plays a
vital role in optimizing and improving nanomedicine
formulations, helping researchers identify potential issues
and make necessary modifications to enhance their
effectiveness. By characterizing nanomedicine in cancer,
researchers can assess its performance in terms of
therapeutic efficacy, pharmacokinetics, and toxicity. >34

5. Applications of Nanomedicines in Cancer Diagnosis

Nanomedicine, the application of nanotechnology in
medicine, holds immense promise for the diagnosis and
treatment of cancer. By utilizing nanoscale materials
and devices, nanomedicine offers innovative approaches
to detect cancer at its earliest stages and deliver
targeted therapies directly to tumors. These advancements
in nanomedicine have the potential to revolutionize
cancer diagnostics and treatment by improving accuracy,
reducing side effects, and increasing patient outcomes.
Furthermore, nanomedicine allows for the development
of theragnostic methods, which combine diagnostic and
therapeutic capabilities in a single treatment approach.>> In
addition, nanoparticles can be precisely engineered to carry
therapeutic agents, such as drugs or gene therapies, directly
to cancer cells. This targeted delivery system not only
enhances the efficacy of the treatment but also minimizes
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damage to healthy cells, resulting in reduced side effects
for patients. Overall, the applications of nanomedicines in
cancer offer a promising avenue for personalized and more
effective cancer care. Nanomedicines in cancer have the
potential to revolutionize the field by improving accuracy,
reducing side effects, and increasing patient outcomes.
Furthermore, nanomedicine can also play a crucial role
in noninvasive cancer detection by identifying circulating
tumor cells. Overall, nanomedicine in cancer has the
potential to revolutionize the field by improving accuracy,
reducing side effects, increasing patient outcomes. >

5.1. Near infrared (NIR Quantum Dots (QDs)

The use of visible spectrum imaging is limited by its
inability to penetrate things. To get around this issue,
quantum dots that release fluorescence in the 700-1000
nanometer range, or the near-infrared spectrum, have been
developed. This makes them more appropriate for imaging
diseases such as lymphoma, liver, pancreatic, and colorectal
cancers. To help with cancer imaging, a second NIR
window (NIR-ii, 900-1700 nm) has also been created with
better tissue penetration depth and improved spatial and
temporal resolution. Additionally, it has been reported that
the creation of Ag,Te QDs rich in silver and including a
sulfur source enables the observation of superior spatial
resolution pictures throughout a broad infrared range.>’

5.2. Carbon nanotubes (CNTs)

Based on their diameter and structure, CNTs may be
classified into two groups: single-walled CNTs (SWNTs)
and multiwalled CNTs (MWNTs). The MWNTs are
composed of concentrated graphene, whereas the SWNTSs
are formed of monolithic cylindrical graphene. Carbon
nanotubes are a promising contender for a wide range of
biological applications because of their unique physical
and chemical characteristics, including their surface
area, mechanical strength, metal properties, electrical
conductivity, and thermal conductivity. 57 Moreover, carbon
nanotubes can target these cells because to their thermal
impact, which causes tumor cells to warm up by absorbing
light in the NIR spectrum.’® Naturally occurring carbon
nanotubes are believed to be incredibly efficient delivery
systems for many medicinal substances into living cells, as
well as promoting the noninvasive penetration of biofilms.
Because carbon nanotubes are so suitable, medications like
paclitaxel are combined with them and given to patients both
in vivo and in vitro to treat cancer.’

5.3. Dendrimers

The spherical polymer core of the dendrimers, which are
nanocarriers, is branched at regular intervals. There is a
tendency for the dendritic macromolecule to lean towards
a spherical form as its diameter rises. Many studies have
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been conducted on dendrimers as potential antibacterial,
antiviral, and anticancer drugs. The primary application
of dendrimers as anticancer medicines is in photodynamic
treatment (PDT). They are built around a light-harvesting
core (a porphyrin) in one method. Poly (ethylene glycol)-
b-poly (aspartic acid) micelles are used to encapsulate
these dendrimers in order to decrease their toxicity in
non-irradiative circumstances, also known as dark toxicity.
These micelles are stable under physiological conditions.>®

5.4. Micelles made of polymers

Developments relating to a solid micelle with a particle size
range of 10-1000 nm are known as polymeric nanoparticles
(PNPs). The first polymers for drug delivery systems
that were found were PNPs. They are also referred
to as nanoparticles, polymer micelles, nanospheres, and
nanocapsules. Because the amphiphilic polymers contain
both a hydrophilic and a hydrophobic block, PNPs have the
potential to self-assemble quickly in an aqueous solution
due to hydrophobic interactions. PNPs can form a covalent
connection or interact with hydrophobic medications
through their hydrophobic core. To transfer hydrophilic
charged molecules like proteins, peptides, and nucleic acids,
these blocks are therefore swapped to allow interactions in
the core and neutralize the charge.>? Natural and manmade
polymers like PLGA and polyhydroxyalkanoates (PHAS),
have been studied for use in combination with anticancer
medications including doxorubicin, cisplatin, and paclitaxel
in targeted drug delivery applications. These studies were
tested in vivo and there are some that have been used in
preclinical trials on mice. %

5.5. Gold nanoparticles

The creation of a colloidal gold nanoparticle vector that
focuses the delivery of tumor necrosis factor (TNF) to
a solid tumor developing in mice was initially described
by Paciotti et al. in 2004.°° Aptamers are utilized in the
detection and treatment of cancer when paired with gold and
magnetic nanoparticles. Anti-cancer drugs are well-suited to
be delivered using gold nanoparticles as carrier molecules.
Gold nanoparticles have also been utilized to provide
targeted drug delivery. By combining targeting ligands with
nanoparticles, one possible way to deliver nanotherapeutics
preferentially to the locations of interest while minimizing
unwanted side effects elsewhere is to create spatially
controlled drug delivery systems. Covalent or noncovalent
interactions can be used to load therapeutic substances onto
gold nanoparticles. The anticancer medication paclitaxel has
been covalently attached to 2 nm-sized gold nanoparticles
by Gibson et al. According to research by Stern, J. M. et
al., human prostate cancer cells can be ablated in vitro by
gold nanoshells stimulated by a laser. This technique of
nanoparticles is a promising therapeutic agent for targeted
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tumor ablation. ©!

6. Conclusion

Nanomedicine holds significant promise in revolutionizing
the field of cancer diagnosis and treatment. The integration
of nanotechnology in oncology has led to the development
of advanced diagnostic tools and therapeutic approaches
that offer enhanced specificity, sensitivity, and efficacy.
In conclusion, nanomedicine represents a transformative
approach in the fight against cancer, offering unprecedented
opportunities for improving patient outcomes. Continued
research and innovation in this field are essential to
fully realize its potential and to bring these cutting-edge
technologies from the laboratory to the clinic, ultimately
enhancing the quality of life for cancer patients worldwide.

7. Abbreviations

NPs - Nanoparticles, RF - Radio frequency, MRI - Magnetic
Resonance Imaging, CT - Computed Tomography, NIR
- Near Infrared, PET - Positron Emission Tomography
(PET), ctDNA - Circulating tumor DNA, CTCs - irculating
Tumor Cells, ROS - Reactive oxygen species, SCMs
- Stimuli-responsive cross-linked micelles, mAbs -
Monoclonal antibodies, HPMA - Hydroxy propyl
methacrylamide/methacrylic acid, VEGF - Vascular
endothelial growth factor, VEGFRs - Vascular endothelial
growth factor receptors, TGF - The growth factor, MCP
- Monocyte chemotactic protein, QDs - Quantum Dots,
SWNTs - Single-walled CNTs, MWNTs - Multiwalled
CNTs, PDT - Photodynamic treatment, PNPs - Polymeric
nanoparticles, PLGA - Poly Lactic-co-Glycolic Acid, PHAs
— Polyhydroxyalkanoates, TNF - Tumor necrosis factor.
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