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Abstract

Recent advances in the application of nanotechnology in medicine, often referred to as nanomedicine, may
revolutionize our approach to healthcare. Cancer nanotechnology is a relatively novel interdisciplinary area of
comprehensive research that combines the basic sciences, like biology and chemistry, with engineering and
medicine. Nanotechnology involves creating and utilizing the constructs of variable chemistry and architecture with
dimensions at the nanoscale level comparable to those of biomolecules or biological vesicles in the human body.
Operating with submolecular interactions, it offers the potential for unique and novel approaches with a broad
spectrum of applications in cancer treatment including areas such as diagnostics, therapeutics, and prognostics.
Nanotechnology also opens pathways to developing new and efficient therapeutic approaches to cancer treatment
that can overcome numerous barriers posed by the human body compared to conventional approaches.
Improvement in chemotherapeutic delivery through enhanced solubility and prolonged retention time has been the
focus of research in nanomedicine. The submicroscopic size and flexibility of nanoparticles offer the promise of
selective tumor access. Formulated from a variety of substances, nanoparticles are configured to transport myriad
substances in a controlled and targeted fashion to malignant cells while minimizing the damage to normal cells.
They are designed and developed to take advantage of the morphology and characteristics of a malignant tumor,
such as leaky tumor vasculature, specific cell surface antigen expression, and rapid proliferation. Nanotechnology
offers a revolutionary role in both diagnostics (imaging, immune-detection) and treatment (radiation therapy,
chemotherapy, immunotherapy, thermotherapy, photodynamic therapy, and anti-angiogenesis). Moreover,
nanoparticles may be designed to offer a multifunctional approach operating simultaneously as an effective and
efficient anticancer drug as well as an imaging material to evaluate the efficacy of the drug for treatment follow-up. In
recent years, nanomedicine has exhibited strong promise and progress in radically changing the approach to cancer
detection and treatment.
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Introduction

Carcinogenesis is associated with progressive modifications/
alterations in the cellular, genetic, and epigenetic characteristics that
results in uncontrolled cell division, ultimately leading to the
formation of a malignant mass. Cancer is identified by unregulated,
uncontrolled tissue growth. Resulting malignant tumors (cancer) may
invade other adjacent organs, and spread to other locations
(metastasis) farther from the location of its initiation, making the
disease life-threatening. Conventional cancer diagnoses and
treatments are based on clinical and pathologic staging. Diagnostics
tools used to determine the stage include radiology and histopathology
examinations. A limitation of conventional cancer screening
technologies includes insufficient sensitivity and specificity in
detecting precancerous conditions or early-stage cancer with a low rate
of false positives, inability to determine tumor stage, and high cost [1].

Despite decades of advances, commonly used cancer treatments like
chemotherapy, radiation therapy, and hormone therapy remain
suboptimal. Radiation therapy may cure various cancers if they are
restricted to a specific part of the body, but it is associated with acute
early and delayed morbidities as well as the possibility of second
malignancy. The limitations of the current cancer therapeutics

includes nonspecific dispersin of anticancer drugs, insufficient delivery
of drug concentrations to the target site, unacceptable toxicity, limited
ability to track and control the site-specific therapeutic responses and
adverse effects, and the development of drug resistance [2-4].
Conventional diagnostic classifications and prognostic estimations are
inadequate to predict the success of the treatment [5]. Recent advances
in cancer research have expanded our understanding of cancer as a
disease at the genetic, molecular, and cellular levels, opening venues
for research for the development of newer approaches and
technologies.

Nanotechnology involves a convergence of multiple areas of
science, and includes not only medicine but also physics, chemistry,
biochemistry, and molecular biology. It explores previously
unexplored physical characteristics and attributes (optical, magnetic
electronic, catalytic) [6,7]. Nanotechnology offers significant potential
benefits over conventional drug construction and distribution that
may alter pharmacokinetics and distribution, improving efficacy and
reducing side effects [8]. The size and surface properties associated
with nanoparticle surfaces enhances drug portability, mobility and
detainment [9,10], increases selective confinement in tumor tissue,
and makes them potentially effective tumor delivery vectors [11].
Nanotechnology, with progression in building multiplex-nanoparticles
comprising of two or more components, expands functional
capabilities for concurrent imaging and drug delivery [12].
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Nanoparticles are specified as solid colloidal particles varying in
dimensions from 10 nm to 400 nm. They consist of macromolecular
substances in which the reactionary agent (biologically active material
or a pharmacologically active drug) is encapsulated or dissolved, or
entrapped, or to which the active agent is attached or adsorbed [13].

In order to develop a novel, revolutionary approach to cancer
research, the National Cancer Institute initiated an alliance for
nanotechnology in cancer [14].

Nanoparticles in Drug Delivery and Imaging

Nanoparticles offer efficient and versatile tools for cancer detection
(imaging) and treatment (drug delivery).

Lipid-based Nanoparticles and Polymers

These nanoparticles based on either lipids or polymers are often
flaccid. Their size varies from 30 nm to over 100 nm. Due to their
flaccidity and biochemical interactions with components of cellular
membrane they can travel through the cell membrane into cytoplasm
[15].

Liposomes

Liposomes are globular, closed-colloidal vesicles consisting of a
lipid bilayer that often contains phosphatidylcholine-enriched
phospholipids and may also include mixed lipid chains possessing
surfactant properties such as egg phosphotidylethanolamine and other
lipid components like cholesterol that surround a central aqueous
space [5]. The major types of liposomes are the multilamellar vesicle,
the small unilamellar and large unilamellar vesicles, and the cochleate
vesicle. Owing to the diversity of their structures and compositions,
liposomes have become versatile tools in clinical applications in cancer
treatment (imaging and therapy) [5,16-19]. While antigen sequences
of variable length, immunomodulatory components, and hydrophilic
agents can be enclosed in the aqueous interior, hydrophobic agents
can be associated with the bilayer making liposomes an efficient
receptacle for conveyance [20,21]. Modifications in drug encapsulation
have indicated improvement to work under different environments
[22]. Incorporation of hydrophilic polymer polyethylene glycol (PEG)
attached to the exterior of the membrane allows these liposomes
(referred to as sterically stabilized or Stealth) to avert apprehension by
the immune system, especially the reticuloendothelial system. Being
inert to interactions with plasma proteins and mononuclear
phagocytes, the PEG coating greatly prolongs the duration of
circulation while the drug is distributed [5,23-25]. Examples of
presently available liposomal delivery systems include doxorubicin
and daunorubicin. Improved accumulation in tumor, increased
antitumor activity, and diminution in cardio toxicity of doxorubicin
was observed after its encapsulation with anionic liposomes [26,27]. In
ovarian and breast cancer treatment, liposomal doxorubicin was
observed to be clinically secure and potent [5,28,29].

Flexibility of liposome construction allows incorporation of
imaging agents into either the bilayer or interior, making them
effective carriers for intensification of contrast in magnetic resonance
imaging (MR) and computed tomography (CT) [30,31].

Though free synthetic peptides are known to cause a poor
immunogenic response, the use of peptides with oligomanose-coated
liposomes may cause a strong cellular reaction [2,22,26]. Furthermore,
diminished encapsulation potency, fast drainage of water soluble

pharmaceutical in the presence of blood ingredients, and diminished
stableness when stored have restricted the advancement of liposomes.

Solid lipid nanoparticles (SLNs) and nanostructured lipid
carriers (NLC)

The inadequacy of secure polymers approved by regulatory agencies
and their cost have restricted the extent of their utilization in clinical
applications [32]. Lipids are offered as substitute transporters for
lipophilic agents to compensate for these limitations of polymeric
nanoparticles. The need for an alternate approach based on lipid
components other than phospholipids that may let enhanced control
over drug transport and dissemination of therapeutic agents that don’t
potently incorporate in to liposomes has led to the development of
solid lipid nanoparticles (SLNs) and nanostructured lipid carriers
(NLC). The in vitro and in vivo stabilization of SLNs and NLCs are
commonly achieved through PEGylation or polymer coating (e.g.,
PEG2000, polyvinyl alcohol, poloxamers) [3], which have already been
used for doxorubicin-formulated liposome stabilization (i.e., Doxil).

SLNs are colloidal transporters developed as a substitute to other
traditional carriers (emulsions, liposomes, polymeric nanoparticles)
and manufactured from synthetic/natural polymers satisfactory to
optimize drug transport and diminish toxicity. SLNs have emerged as
a variable substitute to liposomes as drug carriers. SLNs are
submicron-dimensional lipid emulsions where the liquid lipid is
replaced with solid lipid. These lipid-based nanoparticles are
progressing as an efficient nontoxic alternative to lipophilic colloidal
drug carriers. Encapsulation of a drug solution into an SLN can be
performed using numerous methods, including high-pressure
homogenization, microemulsion formation, emulsification-solvent
evaporation  (precipitation), solvent injection (or  solvent
displacement), phase inversion, the multiple emulsion technique,
ultrasonication, and the membrane contractor technique [3]; they are
produced by  high-pressure  homogenization  [33,34]  or
microemulsion-based techniques [35]. SLNs can be manufactured to
transport lipophilic or hydrophilic or lipophilic pharmaceuticals, thus
offering an optimal particulate carrier system. The versatility is
emphasized by their colloidal size and their regulated release that
enable drug safety through delivery by parental and non-parental
tracks [15,36,37].

NLCs are created using a combination of solid and liquid phase
lipids, similar to SLNs. Appropriate lipid selection is critical for
creating a stable drug-associated NLC. The type of solid lipid
incorporated into the NLC determines the chemical strength and
security of the pharmaceutical. In addition, the incorporation of drug
into lattice defects of the NLC may alter particle stability [3]. The
percentage of liquid-phase lipids included can affect the dimension
and surface morphology of particles and the acid concentration
controls the initial rate of drug release [38]. Depending on the
structure of their lipid matrix: the imperfect type, multiple types, and
amorphous or structure-less type, NLCs may be subdivided into three
classes. The imperfect type of NLC has the least amount of liquid-
phase lipid (oil) and is composed of saturated and unsaturated lipids
with varying fatty acid chain lengths, which lead to defects in the lipid
matrix and compartments for drug storage [39]. The imperfect NLC is
prone to an expulsion of drugs during the crystallization process of
production. The multiple type of NLC avoids this drug expulsion by
incorporating a higher concentration of liquid-phase lipids in the lipid
matrix. The amorphous type of NLC forms a solid lipid that lacks any
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crystalline structure. This is achieved through the use of lipids such as
hydroxyoctacosanylhydroxystearate and isopropyl-myristate [40].

The advantages of therapeutic drug delivery by SLN and NLC
include (i) controlled and extended drug release, (ii) encapsulation of
various drugs, and (iii) extension of blood dissemination time and
utilization of the increased permeability and retention effect for
enhancing treatment [3,9]. Hydrophobic drugs with brief circulation
half-lives are a suitable contender for delivery via SLN and NLC.
Usefulness of SLNs as drug transporters to treat cancer is reported [9].
To protract dissemination of the pharmaceutical after intravenous
delivery for breast cancer and to enhance the permeability and
retention effect, tamoxifen has been incorporated into SLNs [41].
SLNs consigned with methotrexate [42] and camptothecin [43] have
been used to achieve tumor targeting. To lower morbidity and
enhance the security and bioavailability of mitoxantrone-loaded SLN,
local injections have been used [44]. Incorporation in an SLN has been
observed to enhance the efficacy of doxorubicin [45]. The anticancer
therapeutics paclitaxel and doxorubicin loaded into NLCs have been
found to overcome cell-multi-drug resistance [46]. Compounds with
the deaza skeleton of the antitumor drug temozolomide have also
shown promising anticancer results when loaded in NLCs [47].

Biodegradable polymeric nanoparticles

Biodegradable polymeric (BDP) nanoparticles are submicron-sized
particles with drug molecules diffused, entangled, adsorbed, linked, or
encapsulated into the NPs or a gene of interest encapsulated inside a
polymeric matrix. Continued pharmaceutical dispensation at the
destination lasting over periods of up to weeks is allowed by using
biodegradable materials for NP preparation [48]. There are two
conventional mechanisms for preparation of nanoparticles (i) by
distributing polymers that are preformed and (ii) polymerizing
monomers [49]. Because of the variation in their purity and the need
to crosslink that may lead to denaturation of associated
pharmaceuticals, naturally occurring polymers (i.e., proteins and
polysaccharides) are not commonly utilized for this operation. Noted
for their biocompatibility and resorbability by natural processes, poly
(lactic acid) (PLA) or poly (glycolic acid) (PLGA) are commonly used
as a substitutes, [50]. In spite of being the most widely used polymer,
PGLA is not the best transporter for operations pertaining to all drug
applications. Drugs are successfully dispensed in the brain by Poly-
butylcyanoacrylate nanoparticles. Because of their muco-adhesive
characteristics and capability to contain various bio-active molecules,
other cyanoacrylate-based nanoparticles like polyalkylcyanoacrylate
(PACA) and ethylcyanoacrylate (PECA) are regarded as up-and-
coming drug-dispensing systems [50-52]. The dispensing of anticancer
pharmaceuticals using nanospheres comprised of biodegradable
hydrophobicpoly(-caprolactone)(PCL)  and  hydrophilicmethoxy
poly(ethylene glycol) (MePEG) was tested [53].

In view of their properties, such as easy to synthesize, relatively
inexpensive, biocompatible, non-immunogenic, non-toxic, water
soluble, BDP nanoparticles are of great interest as an effective method
for dispensing pharmaceuticals to particular tissues/organs, as a means
of DNA gene therapy, and in their capability to dispense proteins,
peptides, and genes by oral administration [54,55].

These polymers can be effectively used for the controlled dispersion
of a number of agents like insulin, human growth hormone, vaccines,
anti-tumor agents, and contraceptives. Cancer-related drugs such as
paclitaxel, doxorubicin, 5-fluorouracil, 9-nitrocamptothecin, cisplatin,
triptorelin, dexamethasone, and xanthone,among others, have been

successfully associated with PLGA [56]. Nanospheres comprised of
naturally degradable hydrophobicpoly(-caprolactone) (PCL) and
hydrophilicmethoxy poly(ethylene glycol) (MePEG) have been tested
for delivery of taxol [53].

Polymeric Micelles

A micelle is an aggregation of surfactant molecules with both
hydrophilic and hydrophobic components that undergo self-assembly
in an aqueous surrounding to form compositions with a hydrophobic
center with a stable hydrophilic encapsulation. Incorporating a
generation of monomer (G) in the main core, they are assembled by
divergent (outward from core) [57] or convergent (inward towards the
core) [58] methods [58].

Micelles have offered great promise in therapeutics as colloidal
carriers for hydrophobic pharmaceuticals for cancer treatment [59,60].
Characteristics that make polymer micelles attractive include their
smaller size, making them suitable for percutaneous lymphatic
transport or extravasation from blood vessels into target tissue by
enhanced permeation and retention effect, capability of dissemination
of significant quantities of relevant material (e.g., small molecules,
proteins, DNA/RNA therapeutics), enhanced in vivo steric stability in
comparison to alternative transporters like liposomes, and proper
selection leads to avoidance of fast absorption by the
reticuloendothelial system. This increases the circulation time in the
body [61,62].

A number of preclinical studies showed that targeting polymer
micelles associated with low water solubility anticancer
pharmaceuticals enhance the disseminated concentration of
pharmaceuticals to target tissue and lower the morbidities and
toxicities in animal models [63,64]. Their applications extend to both
diagnosis and treatment of cancer. Their use has been explored in
photodynamic therapy [65], boron neutron capture therapy [66], and
hyperthermia utilizing gold nanoparticles [66]. Use of various
inactively focused micelles compounds has been examined in clinical
trials. One of these (Genexol-PM) has obtained FDA-approval for
utilization in breast cancer patients [59]. At present, the focus in
micelle-based cancer therapeutics is placed on versatile micelles
offering at least two out of three functions as targeting ligands,
imaging agents, or triggered release. The mixing of imaging aspects
and triggered release allows the possibility to follow the path of micelle
inside the body and trigger its dissemination after reaching the
targeted tissue, which enhances the efficiency of drug dissemination
[59]. Combining imaging and focused targeting follow the path of the
micelles along its course in the body, and to determine its delivery and
dissemination at a specific targeted location.. The mixing of active
targeting and triggered release results in enhanced cytotoxicity and
antitumor activity in comparison with use of micelles that are not as
versatile.. Triggered release may also be included in combination with
active targeting. The combination of all three features is yet to be
investigated.

Incorporation of polymeric micelles in nuclear imaging, MRI, and
X-ray CT, significantly contributes to the diagnosis of cancer and
evaluation of treatment response [59]. Utilization of micelles
conjugated with gamma emitters (99mTc and 111In) have been
thoroughly examined for analyses of non-invasive biodistribution
[59,67,68]. The inclusion of iron oxide particles in micelles or the
utilization of chelators for combination of paramagnetic metals to the
hydrophilic block of micelle-forming block copolymers are the two
methods utilized for developing micelle-based MRI contrast agents
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[59,69-72]. Multifunctional polymeric micelles with imaging contrast
agent and clusters of magnetic nanoparticles for efficient MRI and
chemotherapeutic agents targeting ligands have been developed
[73,74].

Dendrimers

Dendrimers are highly branched synthetic polymers that are
symmetric at the center and form spherical 3-dimesional
micromolecules [75]. They are presented with two kinds of structural
variants: One has a central core with spherical organization that leads
to a branching polymer. The three parts of these dendrinmer include: a
core, an inner shell, and an outer shell. The center is comprised of
ethylene diamine (EDA), diaminobutyl (DAB), polyamidoamine
(PAMAM), and polypropylimine (PPI) with various exterior residues
like amine, carboxyl, and alcoholic groups. The dimension of the
dendrimer also referred to as the “generation” of the dendrimer
increases with the increase in the amount of primary amine groups
linked to the center [76]. The other does not have a central core and
comprises only of a number of polymers that exhibit significant
branching. Though the functional group on the molecular surface
determines the properties in most cases, there are dendrimers with
internal functionality [77-79]. In most ideal cases, a dendrimer can be
manufactured with supplementary components suitable for a specific
purpose to exhibit various functions in different parts and to
manipulate characteristics like solubility and thermal stability. The
dimension and amount of branching on the dendrimer may be
accurately defined by the process of synthesis. By functionalizing their
outer shell with charged species or other hydrophilic groups,
dendrimers can be made water soluble, unlike most polymers.
Divergent and convergent synthesis are two known processes for
dendrimer synthesis. The steps needed to protect the active sites make
the manufacturing difficult and expensive.

With alterable size and shape, the branched construction generates
increasingly functional exterior surface suitable to conjugate ligand
and to serve as an attractive modality for drug delivery and imaging
[58,80,81] while the branching creates a core highly suitable to entrap
pharmaceuticals and imaging agents [82,83]. The confined
dimensions, efficiency of construction, ability to chemically modify the
surface to enhance functional capabilities by conjugation with a variety
of ligands extends versatility to carry multiple functions including
delivery of imaging agents and cytotoxic pharmaceuticals to targeted
locations. The general skeletal structure of dendrimer-drug
conjugation is comprised of a covalent bonding between an anticancer
agent and a group exterior to dendrimer. This approach extends
distinct benefits over encapsulation of anticancer agent. With this
method, a number of anticancer agents, cytotoxic pharmaceuticals,
and targeting entities like folic acid, monoclonal antibodies, and
peptides can be conjugated with an individual dendrimer therapeutic
molecule. The dispersion of the agent is partly controlled by the type
of conjugation and process enhanced specificity of dispersion.
Malignant cells exhibiting enhanced expression of folic acid receptors
are selectively targeted by dendrimers conjugated with folic acid
[84-86]. Poly(glycol) dendrimer complexes exhibit increased aqueous
solubility [87]. Melanin-conjugated dendrimers were utilized to
enhance solvability of aniticancer drugs such as methotrexate and 6-
mercaptopurine and to lower the toxicity of the agents [88]. The use of
dendrimer in dispensing agents for photodynamic therapy were
examined for understanding its inter-cellular differentiation and
selectiveness, retention characteristics, and pharmacokinetics..
Utilization of a Poly (amidoamine), or PAMAM, dendrimer system for

neutron capture therapy has been investigated [66,89-91]. Preparation
of dendrimer gold nanopadrticles enclosed inside a dendrimer has
been tested for its utilization in photothermal treatment of cancerous
tumors [66,92]. Recently, dendrimers conjugated with Gadolinium
(Gd) paramagnetic contrast agents for MRI have been tested to study
possible improvements in selective targeting as well as contrast and
clearance characteristics [66,84]. Use of iodinated contrast agents
based on dendrimers encapsulating a PEG center of differing lengths
for potential CT imaging of tumor microvasculature have been
reported [93].

Inorganic Nanoparticles for Therapy and Imaging

Inorganic nanoparticles are smaller in dimension (5-40 nm) and
constitute a distinctly separate group of nanoparticles. They lack the
flexibility of liposomes or polymeric nanoparticles. In its basic form,
inorganic nanoparticles are comprised of an inorganic center and bio-
adaptable encapsulation which offers steadiness under differing inter-
body environments [48]. After successful utilization for imaging and
treatment of malignancies both in vivo and vitro inorganic
nanoparticles show optimism for clinical trials for both imaging and
treatment. A number of applications of inorganic nanoparticles have
been developed in the last decade [15,94].

Quantum Dots

Quantom dots (QDs) are nanocrystals composed of semiconductor
substance. QDs are sufficiently small (ranging from 2-10 mm in
diameter) to demonstrate quantum mechanical properties. QDs range
from 2-10 nm in diameter and are composed of an inorganic
elemental core (eg. cadmium, mercury) encompassed by a metal shell.
QDs are comprised of 10-50 atoms and held electron hole pairs to
discrete quantized energy levels. QDs fluoresce by electron excitation
when excited with ultraviolet light [95,96] with intrinsic emission
fluorescent spectra wavelengths between 400 to 2000 nm [95]. The
frequency range of emitted light is determined by band gaps associated
with its composition and are inversely proportional to their size [97].

Developed about 20 years ago for electronics and optics, the use of
QDs in research and applications in biomedicine with a wide range of
applications in cancer treatment and research has significantly grown
in recent years [98,99]. QDs have exhibited superiority to organic dyes
in several ways including their ability to allow discrete narrow
frequencies, their brightness due to their high extinction coefficient
along with comparable quantum yield to fluorescent dyes [100], and
their stability (allowing significantly less photobleaching) [101]. When
manufacturing QDs that can be excited by one light source but emit
light of varying wavelength it is possible to label and identify a number
of biological objects of clinical significance [102,103].

QDs offer a multipurpose nanoscale framework for defining and
constructing versatile nanoparticles that can be utilized to carry out
both functions, in imaging and treatment [2]. The improved photo-
stability of QDs have made them fit to track the activities at molecular
and cellular levels in real time over a significant duration of time, and
such observations have been carried out in lymph nodes of mice over a
period of 4 months [104] for sensitive cellular imaging by acquiring
multiple successive focal-plane images of cellular components that can
be used to construct 3-dimensional images with higher resolution
[105]. It is possible to use antibodies [106], peptides [107], DNA [108],
nucleic acid aptamers, or small molecule ligands for targeting QDs to
particular proteins on cells. Labeling of malignant cells with QDs can
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be useful for tracking metastases to specific organs and tissues [102].
QDs have shown significant improvement in existing methods for
transporting SIRNA to achieve desirable gene silencing effecting a
gene-silencing tool [109].

Limitations are associated with visible spectral imaging like
autofluorescence (e.g., intestinal tissues) and unsatisfactory tissue
penetration by configuration of QDs fluorescing near infrared (NIR)
spectra (700-1000nm) [95,110-113]. QDs offer major advantages over
radioactive tags or fluorospheres like fluorescin or cyanine dyes in
terms of longevity due to their stability and resistance to
photobleaching [95]. The intensity of their fluorescent signals as well
as capability for multi-conjugation may enhance the level of sensitivity
and selectivity. Feasibility of use of QDs for in vivo as well as
intraoperative tumor imaging holds promise. Feasibility of use of
bioconjugated prostate membrane antigen-targeted QDs to
simultaneously image and target animal models have been reported
[97].

The inclusion of heavy metals with their composition and potential
cytotoxicity may limit the utilization of QDs in human applications
[114]. The discharge of toxic metals subsequent to ultraviolet radiation
may be limited by modifications of QD like PEGylation and micelle
encapsulation [95,115,116].

Carbon Nanotubes

Carbon nanotubes (CNTs) are allotropes of carbon and have a
cylindrical framework. CNTs are formed by rolling graphine sheets
into a cylindrical form that can be open ended or capped. They have a
high aspect ratio with lengths extending to several micrometers with
small diameters of the magnitude of 1 nm. Single-walled nanotubes
(SWNT) are CNTs made from a single graphine sheet, and
multiwalled carbon nanotubes (MWNTSs) are made up with several
graphine shets [117]. CNTs are a promising novel carrier system for
both small and large therapeutic molecules including drugs, genes and
proteins. CNTs can be designed to hold specific functional molecular
complexes to their surface to modify their physical or biological
properties.

Their unique needle-like shape enables them to be functionalized so
that certain molecules could be attached to their surfaces in covalent
or noncovalent bonds. Though the mechanism of cell penetration is
not fully understood, it is suggested that their needle-like shape
enables them to penetrate cellular membranes and enter into
intracellular content without significant damage to the cell [118-123].
Significant research on CNTs is centered on their ability of dispensing
anticancer agents. Overexpression of folic acid in cancer cells is well
known and has led to the design of several nanoparticles with surface
modifications to which folic acid derivatives may attach. Further
nonspherical nanoparticles (like CNTs) are reported to retain in
lymph nodes for prolonged periods of time [40]. Use of CNTs for
targeting lymph node cancer has been investigated [124-126].

Gold Nanoparticles, Gold Nanocages, Gold Nanoshells, and
Gold Nanorods

Gold nanoparticles exhibit physicochemical properties that include
surface plasmon resonance (SPR), ability to bind amine and thiol
groups that enable desired surface engineering, and utilization in
medical applications [127]. Gold nanoparticles with their intriguing
optical properties can be explored for both imaging and therapeutic
applications [128]. Though the earliest gold nanoparticles were gold

nanospheres, other types have been developed varying in shape, size,
and physical properties, including nanorods, nanoshells, nanocages
and surface-enhanced Raman spectroscopy SERS nanoparticles (with
excellent SERS properties) to obtain optical properties suitable for
biomedical applications. Applications of Gold nanoparticles have been
studied in various areas, including in vitro assays, in vitro and in vivo
imaging, cancer therapy, and drug delivery. Studies have indicated the
use of gold nanoparticles in anticancer drug therapy and radiation
therapy [48]. GNPs have been used to enhance drug delivery of
oxaliplatin and sensitizers for radiation therapy [48]. GNPs-cetiximab-
gemcitabine nanocomplex was observed to be more effective both in
vitro and in vivo in controlling tumor growth in pancreatic cancer
than other agents when delivered by itself or in combination [129].
Using citrate-coated gold nanoparticles of specified size (2-100 nm)
conjugated with a number of trastuzumab antibodies that enable
targeting and cross linking of human epidermal growth factor receptor
(HER)-2 in human SK-BR-3 breast cancer cells has been shown so that
the gold nanoparticles may not only act as drug carriers, but also affect
drug-cell interactions and increase the therapeutic effect [130].
Targeted gold nanoparticles, gold nanorods, and gold nanoshells can
be used to kill cancer cells using irradiation with a laser of suitable
wavelength [48]. Light absorption by gold nanoparticles was suggested
to achieve a temperature of 70-80°C, indicating its use in photothermal
therapy [48].

Iron oxide Magnetic NPs

The capability of surface-antibody conjugation and target specificity
under external magnetic control makes magnetic nanoparticles an
attractive means for increasing the efficacy for delivering drugs.
Superparamagnetic iron oxide nanoparticles (SPIONs) (with 10 nm
mean diameter and superior magnetic properties) are thought to be
the most attractive candidates [131,132]. Components of a SPION
include magnetite (Fe30,) or maghemite (Fe,O3), with suitable surface
layer to maintain aqueous stability. Methods used for synthesizing
SPION include co-precipitation, thermal decomposition, and
microemulsion [133]. A number of coating materials including
Dextran, albumin, and PEG have been studied for providing
biocompatibility to iron oxide nanoparticles [134,135]. A water-
dispersible olic acid-pluronic—coated iron oxide magnetic nanoparticle
formulation may serve as a universal drug carrier system for systemic
administration of water-insoluble drugs along with the possibility of
simultaneous imaging and magnetic targeting [136]. In addition to
their size, shape, and magnetism crystallinity the diverse qualities of
SPIONS include flexibility in fabricating multifunctional SPIONs with
fluorescence, and conjugational versatility in targeting ligands as well
as drugs. This has led to increasing research in the direction of
biomedical applications, especially molecular therapeutics [137]. Gold
nanoparticles that are utilized for CT contrast can be integrated with
SPIONs forming a hybrid referred as gold iron oxide nanoparticles
(GION), that may serve as a contrast agent for both MRI and CT
[138]. The hybridized GION offers a better alternative to conventional
iodine agents. The hybrid gold-SPION also offers greater
enhancement in CT contrast and somewhat higher T2 relaxivity in
MRI [133]. The prospects of combining SPION with SPECT probes
for MRI/PET and MRI/SPECT dual-modality imaging have raised
expectations [139-144]. Magnetic nanoparticles have been conjugated
with a number of pharmaceutical agents to treat cancer, including
paclitaxel, doxorubicin (DOX), and methotrexate (MTX) [145-147].
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Ceramic nanoparticles

Ceramic nanoparticles are porous inorganic complexes. Generating
novel applications they have attracted attention as pharmaceutical
carriers in the past decade. Ceramic nanoparticles tend to be stable.
Biocompatible ceramic nanoparticless such as silica, titania, and
alumina that exhibit biocompatibility are utilized in the treatment of
cancer. That they lack biodegradability remains the main concern
[148]. Hydroxyapatite (HA), zirconia (ZrO,), silica (SiO,), titanium
oxide (TiO,), and alumina (Al,O3) are nanoscale ceramics that were
configured from new synthetic procedures to amend their physical-
and chemical properties with the goal of reducing their cytotoxicity in
biological systems. The most sought after application of ceramic
nanoparticles in medicine is controlled release of pharmaceuticals,
despite adverse host reactions that have been observed in a number of
tissues including the immune system [149]. In a comparison of several
kinds of ceramic nanoparticles, those composed of silica were
observed to be most efficient in transporting therapeutic genes to the
spleen and triggering an effective immune response to attack
malignant target tissue [150]. Ceramic-based nanoparticless have been
used for entrapping agents for photodynamic therapy [151].

The dose and dimensions of nanoparticles are important aspects in
biomedical applications. In addition, other characteristics that
contribute to its efficiency in controlled drug delivery are high
stability, high-load capacity, easy incorporation into hydrophobic and
hydrophilic systems, and variability in the ways of administration (i.e.,
oral, inhalation). Furthermore, the possibility of functionalization of a
number of organic groups on its surface opens venues for a directed
effect [152].

Conclusion

The application of nanotechnology in cancer treatment has
exhibited significant advancements in recent decades. Nanoparticless
offer characteristics for designing and exhibiting properties that may
not be feasible with conventional pharmaceutical agents. They show
promise in both cancer diagnosis and therapy. Besides the
nanoparticles that have obtained approval for clinical use, at present,
several other nanoparticle systems are under various stages of
preclinical and clinical development and investigation. These include
various liposomes, polymeric micelles, dendrimers, QDs, gold
nanoparticles, and ceramic nanoparticles. Of the nanoparticles, the
potential value of theragnostic nanoparticles is significant. These
nanoparticles may be able to carry functions useful for diagnosis and
treatment of cancer.
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