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ABSTRACT

Nanotechnology is widely the area of science and
technology. It gives the study of phenomena of the
dimensions in the nanometre scale utilized to design,
production, characterization, structures, devices, and
application of materials. However, cancer is 2"¥ most
common disease, causing death and poor quality of
life globally. Early diagnosis holds a key to the im-
provement of the technology revolution in cancer de-
tection and its treatment. Nanotechnology has been
expanded to help the treatment of cancer therapy at
a very tiny level. The cell particulate of small sizes of
nanoparticles helps them locate and kill the cancer
cells precisely. In addition, nanoparticle systems have
been shown to play a role in cancer drug resistance.
For cancer diagnosis, nanomaterials are applied such
as quantum dots, and gold nanoparticles as well as
biomarker screening which is used at the molecular
level. Numerous studies have been carried out to ex-
plore the tumor targeting of the design of nanopar-
ticle-based drug delivery systems in cancer therapy.

INTRODUCTION

Cancer is an extremely complicated illness that has no cure, in-
volving apoptosis resistance, uncontrolled cell proliferation, chan-
ges in cellular signalling, tissue invasion, metastasis, and angio-
genesis. Cancer can start anywhere in the body and is composed
of three trillion cells, which can split into one another in a process
known as cell division. To make new cells, human cells generally
grow and multiply. When cells are injured, they die and are re-
placed by new ones. According to 2018 data on worldwide cancer
incidence, mortality, and prevalence, the number of new malig-
nancies is predicted to grow by 18.1 million, with 9.6 cancer-relat-
ed deaths. According to the WHO, there would be more than 19.3
million new cancer diagnoses and 10 million deaths from cancer
in 2020. After 2030, it is expected that 30 million people would die
from cancer each year.

Cancer-causing factors include smoking, pollution, an improper
diet, microorganism infection, radiation, and hormones, which
are becoming more widespread in developing nations. Any of
these characteristics can cause damaged genetics, or DNA, to lead
to cancer. Individual cells that have developed and can replicate at
tremendous rates outnumber all healthy functional cells, culmin-
ating in death.

Nanotechnology involves the development and use of a chemical,
physical system at sizes ranging from individual molecules (1-100
nm) or atoms to submicron dimensions, as well as the incorpora-
tion of the generated nanomaterials into larger systems. It under-
stands the biosystem using nanoscale principles and methodol-
ogies, and it is emerging with current biology and medicine to
develop more nanoscale materials that can be utilized in biologic-
al systems (Nikolova M, et al., 2020).

Chemotherapies can be targeted directly and selectively to ma-
lignant cells using nanotechnology. Nanotechnology-based diag-
nostic technologies are being developed as prospective real-time,
cost-effective, and convenient methods for cancer diagnosis
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Given that, several studies have examined different
forms of nanomaterials such as polymers, antibodies,
and liposomes with the conclusion that a combina-
tion of these nanomaterials in cancer drug design can
achieve a balance between reducing toxicity and in-
creasing the efficacy of drugs. Despite that, different
medicines have been found to treat cancer therapy
which is targeting cancer cells with different forms
of nanomaterials. Furthermore, nanotechnology has
enhanced chemotherapy and reduced the adverse ef-
fects of drugs targeting cancer cells. In this review,
the roles of nanoparticles for drug delivery in radio-
therapy, and immunotherapy and describe the target-
ing as well as the function in reversing drug mecha-
nisms.
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(Jaishree V and Gupta PD, 2012). For effective cancer diagnosis,
nanoparticles are being utilized to capture cancer biomarkers
such as exosomes, circulating tumors, circulating DNA, and
cancer-associated proteins. Because of these properties, nano-
particle surfaces can be densely coated with antibodies, peptides,
aptamers, small molecules, and moieties to detect specific cancer
cells or toxins.

Chemotherapy, radiation, surgery, and a combination of treat-
ments are currently the most prevalent cancer diagnoses. How-
ever, these techniques have major downsides, including severe
side effects and toxicity. To avoid any unfavourable reactions, the
drug’s local concentration at a spot must be high but the tissue
concentration must be low. Modern medicine aims to maximize
drug pharmacological efficacy while minimizing the risk of side
effects. The use of nanotechnology in cancer diagnosis has the po-
tential to overcome the limitations of traditional approaches (Jena
S, et al., 2022). The amount of drug required for a therapeutic ef-
fect can be deemed low when using nanotechnology (Jin C, et al.,
2020).

Furthermore, Quantum Dots (QDs) and gold nanoparticles are
used to diagnose cancer at the molecular level (Fang M, et al.,
2012). Biomarker discovery and other molecular diagnostic tools
based on these nanoparticles can precisely and efficiently diag-
nose cancers. Nanotechnology therapies, such as nanoscale drug
delivery, will ensure that cancerous tissues are targeted specifically
while reducing problems. The various uses of nanotechnology
have been recapitulated in Table 1.

Table 1: Uses of nanotechnology

Diagnostic use Therapeutic use

Dendrimers
Nanoshells
Gold nanoparticles

Liposomes

Carbon nanotubes

Polymeric micelles, Quantum Dots

(QDs)
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Nanotechnology in cancer therapy

The advancement of nanotechnology is predicated on the use of tiny
molecular structures and particles as medication delivery methods.
Nano-carriers like liposomes, micelles, dendritic macromolecules, quan-
tum dots, and carbon nanotubes have all been mainly used to treat cancer
(Torchilin VP, 2005).

Liposomes: Liposomes, the first enclosed micro phospholipid bilayer
nanosystem, were authorized in 1965. Liposomes are spherical vesicles
comprised mostly of uni-lamellar or multi-lamellar phospholipids, with
sizes ranging from 20 nm to more than 1 um. Liposomes are composed of
a hydrophilic core and a hydrophobic phospholipid bilayer. This structure
allows for the trapping of both hydrophilic and hydrophobic medicines,
depending on the drug’s pharmacokinetic characteristics. The charac-
teristic shape of liposomes encapsulates hydrophilic medications inside
their aqueous core and hydrophobic drugs within the lipid bilayer. Drug
enclosed within the core chamber of a liposome is shielded from environ-
mental degradation throughout human bloodstream circulation (Bozzuto
G and Molinari A, 2015) (Figure 1).

Drug loading and controlled release of liposomes are additional significant
considerations that must be resolved in the design of liposome nanocarri-
ers (Jani P, et al., 2020). Bioavailability impacts drug effectiveness in cancer
treatment. Doxorubicin (DOX) liposome has poorer bioavailability than
free DOX, indicating that enhancing bioavailability should be considered
while designing liposomes. Liposomes’ main applications are co-delivery
and controlled release (Samad A, et al., 2007; Allen TM and Cullis PR,
2013). To achieve active targeting, liposome-bound antibodies target
tumor-specific antigens and then carry medicines to the tumor. Chemical
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Figure 1: Structure of liposomes
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drugs, metals, gene agents, and other chemotherapeutic agents have been
combined. One of the patterns of cancer occurrence is the overactivation
of signalling pathways, and drugs targeting these signalling pathways are
used. To increase efficacy, scientists loaded a novel PEGylated liposomal
with ncl-240 and cobimetinib, both of which are small-molecule inhib-
itors of the Phosphoinositide 3-Kinase/mammalian Target of Rapamycin
(PI3K/mTOR) pathway and the Mitogen-Activated Protein Kinase/Extra-
cellular signal-Regulated protein Kinase (MAPK/ERK) pathway. The re-
sults demonstrated that synergistic effects increased the cytotoxic impact.
In advanced solid tumors, a new liposome-encapsulated nanocarrier load-
ed with irinotecan and floxuridine demonstrated improved effectiveness
(Saxena SK, et al.,, 2020). The delicate structure of a new liposome with
several layers allowed it to successfully load up to 3500 siRNA molecules
in a single bilayer and codelivery of DOX, resulting in improved DOX ef-
fectiveness and tumor mass shrinkage in breast cancer therapy. Liposomal
formulations of Adriamycin, for example, have demonstrated significant
therapeutic improvement in the treatment of metastatic ovarian cancer
(Saraf S, et al., 2020). Liposomes help to overcome multidrug resistance.
Drugs such as cytarabine, doxorubicin, daunorubicin, irinotecan, mitox-
antrone, and paclitaxel are used with liposome delivery for cancer diag-
nosis.

Polymeric micelles: Micelles are self-structured spherical particles with a
hydrophilic covering shell and a hydrophobic core floating in an aqueous
medium with a diameter of 10-100 nm. Hydrophobic medications can be
contained in the core of the micelle (Figure 2). In active tumor cell target-
ing, a range of compounds that may bind to receptors, such as aptamers,
peptides, antibodies, polysaccharides, and folic acid, are employed to coat
the surface of the micelle.
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Figure 2: Illustration of polymeric micelles, (A): Typical micelle in a polar solvent and (B): Reverse micelle in a nonpolar solvent. Note: (=): Hy-
drophobic group; (®@): Hydrophilic group; ( # ) Hydrophobic drug; (®): Hydrophilic drug; (£ ): Targeting ligand

Polymeric micelles have recently been widely utilized in the creation of
nanotechnology-based cancer drugs because of their high prospective
benefits for patient care (Majumder N, et al., 2020). For example, an adria-
mycin conjugated nanomaterial was employed to treat different forms of
cancer and showed promising therapeutic results. Unfortunately, it had
several negative effects, including toxicity and cardiac issues, which lim-
ited its usage. Doxil (a liposomal version of doxorubicin), which is less re-
lated to cardiotoxicity in patients and hence may give a safer nanomaterial
synthesis technique for researchers in the future, overcomes such issues
(Bharali DJ, Mousa SA, 2010; Thakor AS and Gambhir SS, 2013). Paclitax-
el is a potent microtubule growth inhibitor; however, it is poorly soluble,
resulting in rapid drug aggregation and capillary embolisms. By encapsu-
lating such medications in micelles, their solubility can be increased to
0.0015-2 mg/ml. Polymeric micelles are currently being studied for their
potential application in nano therapy (Masood F, 2016).

Dendrimers: They are unique nano architectures with distinguishing
features such as a three-dimensional spherical form, a monodispersed
uni-micellar nature, and a nanometric size range. Several molecules in-
cluding polyacrylamide, polyglycerol-succinic acid, polylysine, polyglycer-
ine, poly 2, 2 bis (hydroxymethyl) propionic acid, and melamine are com-
monly used to form dendrimers. Dendrimer biocompatibility has been
used to administer strong drugs such as doxorubicin. Its nanostructure
attaches ligands to the surfaces of cancerous cells. Dendrimers have been
thoroughly researched for their potential to target and administer cancer
therapies as well as magnetic resonance imaging contrast agents (Sharma
AK, et al., 2017) (Figure 3).

Various researches have additionally demonstrated that cancer cells with
high folate receptor expression may generate foils from dendritic mol-
ecules coupled to folate. Dendrimers also have the capacity to attach to
DNA, as demonstrated by the DNA-polyamides clustered DNA-Poly(ami-
doamine) (DNAPAMAM), making them extremely efficient at killing can-
cer cells that express the folate receptor. Thus, it also worked as an anchor
for high-affinity targeting molecules to be attached to tumour cells.

Quantum dots: Quantum Dots (QDs) are microscopic particles or nanoc-
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rystals of semiconductor materials that range in size from 2 to 10 nm. The
intermediate electron property of QDs, which lies between a mass semi-
conductor and a discrete atom, is provided by the ratio of the height of the
surface to the volume of these particles. Moreover, QD immunostaining is
more accurate than standard immunochemical approaches at low protein
expression levels and in a low context. QD immunostaining is a possible
method in cancer diagnostics for detecting numerous tumour biomarkers,
such as a cell protein or other components of a heterogeneous tumour
sample. Quantum dots may congregate in certain areas of the body and
transport medications to those areas (Peng CW and Li Y, 2010).

The potential of QDs to concentrate in a single internal organ gives them
a realistic solution to untargeted medication delivery, as well as a possible
way to prevent chemotherapy side effects. The most recent progress in sur-
face modification of QDs, which may be used to target tumours and mix
with biomolecules such as peptides and antibodies in vivo, can be utilized
to target tumours and enable their prospective uses in cancer imaging
and therapy. High-sensitivity quantum dot probes for multicolor fluores-
cence imaging of cancer cells in vivo have been described, and they may
also be utilized to identify the ovarian cancer marker-Cancer Antigen 125
(CA125) in many types of tissues such as; fixed cells, tissue sections, and
xenograft (Chinen AB, et al., 2015).

Carbon nanotubes: Carbon Nanotubes (CNTs) are hollow cylinders
made from carbon derived from burnt graphite. They have particular
physical and chemical properties that make them appealing candidates for
biomolecule carriers and drug delivery transporters (Guo D, et al., 2013).
They have a unique function in the transport of anticancer medicines with
tiny molecular sizes. Carbon nanotubes also have the ability to absorb light
in the Near-Infrared (NIR) range, enabling the nanotubes to heat up due to
the thermal effect and therefore targeting tumour cells. Mukherjee A and
Bhattacharyya S, 2020 created a medication carrier system out of Multi-
Walled Carbon Nanotubes (MWCNTs) and the anticancer drug 10-Hy-
droxycamptothecin (HCPT). They used hydrophilic diamine trimethylene
glycol as a spacer between MWCNTs and HCPT. Because of the appro-
priateness of carbon nanotubes for cancer treatment, medicines such as
paclitaxel are assembled with them and delivered both in vitro and in vivo.
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Figure 3: Dendrimers based cancer therapy

Nanotechnology in cancer diagnosis

Although nanoparticles have not yet been utilized in cancer diagnosis, they
are being used in a variety of medical screening assays. Gold nanoparticles
are a popular ingredient in home test strips. One notable advantage of em-
ploying nanoparticles for cancer detection is that they have a high surface
area to volume ratio when compared to bigger equivalents. Nanotechnol-
ogy applications in diagnostics include the identification of extracellular
biomarkers for cancer and in vivo imaging (Zhang Y, et al., 2019; Sim S and
Wong NK, 2021).

Detection of biomarkers: Nanodevices have been explored for their abil-
ity to detect blood indicators as well as toxicity to surrounding healthy
tissues. Cancer-related circulating tumour cells, associated proteins or cell
surface proteins, carbohydrates or circulating tumour nucleic acids, and
tumour-shed exosomes are examples of biomarkers (Kher C and Kumar
S, 2022). Even while it is generally recognized that these biomarkers aid in
the early detection of cancer, they also aid in the monitoring of therapy and
recurrence. They have disadvantages such as low concentrations in bodily
fluids, differences in amounts and timings between individuals, and chal-
lenging prospective investigations.

Imagining using nanotechnology: Nanotechnology utilizes nanoprobes
that preferentially aggregate in tumour cells via passive or active targeting
(XuJJ, et al., 2014). The interactions of nanoparticles with blood proteins,
their clearance by the reticuloendothelial system, and tumour targeting
are all problems. Passive targeting implies a tendency for collecting nano-
particles in solid tumours as a result of extravasation from blood arteries.
This is made possible by the tumor’s defective angiogenesis, in which the
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new blood vessels lack tight connections in their endothelial cells, allowing
nanoparticles up to 150 nm in size to leak out, resulting in a preferential
concentration of nanoparticles in the tumour tissue. This is known as im-
proved permeability and retention. The identification of nanoparticles by
tumour cell surface receptors is referred to as active targeting (Seleci M, et
al., 2017). This will improve the sensitivity of tumour detection in vivo. Ac-
tive targeting surpasses passive targeting in terms of early cancer detection
(Dessale M, et al., 2022).

Gold nanoparticles: Given their tiny size, outstanding biocompatibility,
and high atomic number, gold nanoparticles (AuNPs) are an excellent
contrast material. According to the investigation, AuNPs target cells in
both active and passive ways. The passive targeting mechanism is guided
by a collection of gold nanoparticles to improve imaging due to the per-
meability tension effect in tumour tissues (Figure 4). Active targeting, on
the other hand, is achieved by pairing AuNPs with tumor-specific targeted
medicines such as Epidermal Growth Factor Receptor (EGFR) monoclon-
al antibodies. As the energy exceeds 80 keV, the mass attenuation rate of
gold increases faster than that of other elements such as iodine, indicating
a larger potential for gold nanoparticles (Zhou W, et al., 2015; Alam E et
al, 2015).

Choi YE, et al., 2010 combined AuNPs with liver cancer cells and discov-
ered that the clusters of liver cancer cells in the gold nanocomposite group
were substantially stronger than those in the liver cancer cells alone using
X-ray imaging. These discoveries have significant implications for early de-
tection, as the technology may identify cancers as tiny as a few millimetres
in diameter in the body.
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Figure 4: Various types of AuNP accumulate in tumor tissues by the action of the osmotic tension effect on specific cancer cells in a ligand-receptor
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DISCUSSION AND CONCLUSION

Throughout the years, nanotechnology has shown a lot of promise in can-
cer therapy. Nanomaterials have helped to enhance cancer detection and
therapy by improving pharmacokinetic and pharmacodynamic qualities.
Because of their specificity, nanotechnology enables targeted medicine de-
livery in damaged tissues with minimal systemic toxicity.

Nevertheless, like with other therapeutic approaches, nanotechnology is
not without toxicity and comes with a few obstacles with its usage, such
as systemic and specific organ toxicities, creating delays in clinical appli-
cations. Nanomaterials are highly versatile, with several benefits that can
enhance cancer therapies and diagnostics. Because of their small size and
unique binding capabilities, they are particularly valuable as drug-delivery
devices.

In recent clinical practice, drugs such as doxorubicin, daunorubicin, mi-
toxantrone, paclitaxel, cytarabine, irinotecan, and amphotericin B are con-
jugated with liposomes for delivery. Doxorubicin, cytarabine, vincristine,
daunorubicin, mitoxantrone, and paclitaxel are essential components of
cancer treatment. Particles such as nanoshells, dendrimers, and gold nano-
particles are now used in cancer diagnostics for imaging and detection of
tumour markers.

In vivo imaging, innovative treatments, and better drug delivery technolo-
gies will be used by pharmaceutical firms in their new commercial applica-
tions. When employed to treat brain tumours, neuro-electronic interfaces,
and cell healing technologies may alter medicine and the biological sci-
ences in the future.
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