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Abstract

Recent advances in nanotechnology may offer new hope for significant improvement in the success of cancer

treatment, especially in preventing tumor growth and progression. Having grown exponentially, the focus of

nanotechnology has been on engineering diversified novel applications that even go beyond therapeutic activity;

nanotechnology also offers the ability to detect diseases, such as cancer, much earlier than ever imaginable.

Nanoparticles with enhanced surface properties are able to diffuse with greater ease inside the tumor cells

delivering a high amount of drug selectively to tumor cells with significant reduced toxicity. The association of

chemotherapeutic agents with nanoparticles offers improvement in the solubility and stability of antitumor

agents, avoidance of drug degradation, and reductions in therapeutic dose and toxicity, increasing drug levels in

tumor tissue and decreasing them in healthy tissue. In this review, we discuss the current state of research on

applications of nanoparticles (NPs) for cancer therapy, diagnosis and also advance of nanoparticles.
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Introduction

Nanotechnologywasfirstproposedbythe Nobel Prize
winner Richard Feynmanin 1959 [1]. The biomedical
application of nanoparticle is a rapidly developing
area of nanotechnology that raises new possibilities
in the diagnosis and treatment of human cancers.
On the metric scale, a nanometer is one-billionth
of a meter. Nanoparticles are structures ranging
in size from 1 to 100 nm (Figure 1). Nanoparticles
show unique size-dependant physical and chemical
properties, which can be optical, magnetic, catalytic,
thermodynamic, and electrochemical [2]. These
particles have great potential for clinical use, and the
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National Institute of Health (Bethesda, MD, USA) has
referred to this area as nanomedicine.

and reducing systemic side effect in order to gain
therapeutic efficiency.
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Figure 1: particle size comparison

Most cancer therapeutics are small drug molecules
that after being ingested or injected into the
bloodstream can easily diffuse through vascular
pores and the extracellular matrix to reach tumors.
Complex therapeutics that involve drug delivery
mechanisms or imaging moieties have tended to
be much larger. While the exact size of molecules
that can easily transverse vascular pores from the
bloodstream and reach tumor tissue is unclear, it is
probably limited to the size of proteins (<20 nm).
Nanoparticles have many potential benefits for
diagnosing and treating metastatic cancer, including
the ability to transport complex molecular cargoes
to the major sites of metastasis, such as the lungs,
liver and lymph nodes, as well as targeting to specific
cell populations within these organs [3]. The rapid
developments in nanostructured materials and
nanotechnology will have profound impact in many
areas of biomedical applications including delivery
of drugs and biomolecules, tissue engineering,
detection of biomarkers, cancer diagnosis and
cancer therapy.

Different nanotechnology-based
nano-carrier systems

Based on nanotechnology, nanocarriers synthesized
from organic and inorganic materials have been
developed, such as liposome, micelles, quantum
dots, gold nanoparticles, magnetic nanoparticles,
carbon nanotubes and dendrimers [4, 5] (Figure
2). They have shown great potential in cancer
therapy by enhancing the performance of medicines

Carbon nanotube

Figure 2: Examples of nanomaterials and nanocarrier
systems (W. Cai et al. [4, 5])

Liposome

A liposome is a tiny bubble (vesicle), made out of
the same material as a cell membrane. Liposomes
can be filled with drugs, and used to deliver drugs
for cancer and other diseases. Thermosensitive
magnetoliposomes (TMs) encapsulated with
methotrexate (MTX) prepared by reverse-phase
evaporation can achieve a good magnetic targeting
effect and rapid drug release in response to
hyperthermia, which implies their great potential
in cancer therapy [6]. Healthy fibroblast cells and
breast cancer (MCF-7) cells were treated with
either free phthalocyanine or phthalocyanine bound
to either gold nanoparticles or encapsulated in
liposomes [7]. Ahuman breast cancer bearing animal
model utilizing the liposomes encapsulating taxol
injected intravenously showed a better therapeutic
effectiveness and a lower hemotoxicity than did
free taxol [8]. Liposomes are, up till now, the most
used nanocarriers for targeted drug delivery in the
clinical setting.

Micelles

Micelles are colloidal dispersions constructed from
amphiphilic molecules which tend to be ~20-80
nm in diameter. Their smaller size when compared
to larger nanocarriers such as liposomes can limit
their ability to carry a substantial dose of the
chemotherapeutic agent to the tumor. The use
of polymeric micelles for cancer treatment was
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first reported in the early 1980s by Ringsdorf and
coworkers [9]. Micelles containing a folate moiety
have been shown to be significantly more cytotoxic to
ovarian carcinoma cells than non-targeted micelles
[10]. In fact, folate has also been successfully used
recently as a targeting ligand in micelles to deliver
poorly water-soluble chemotherapeutics (either
tamoxifen or paclitaxol) to colon carcinoma cells
[11]. In addition, hyaluronic acid (HA)-paclitaxel
conjugate micelles have recently been shown tobe far
more cytotoxic toward HA receptor over expressing
cancer cells than for HA receptor deficient cells [12].
The clinical success based on passively delivering
chemotherapeutics encapsulated within micelles
in cancer treatment have made these nanocarriers
particularly attractive candidates for future work
involving a more active form of delivery.

Quantum dot

Quantum dots (QDs) are nanometer-size
luminescent semiconductor nanocrystals. Their
unique optical properties, such as high brightness,
long-term stability, simultaneous detection of
multiple signals and tunable emission spectra,
make them appealing as potential diagnostic
and therapeutic systems in the field of oncology.
Yezhelyev et al. [13] reported the use of multicolor
QDs for quantitative and simultaneous profiling of
multiple biomarkers using intact breast cancer cells
and clinical specimens and the comparison between
the new QDs-based molecular profiling technology
with standard western blotting and fluorescence in
situ hybridization (FISH). In another study, Gao et
al. [14] demonstrated the potential of QDs as a new
diagnosis technology for metastasis prostate cancer.

Gold nanoparticles

Gold nanospheres (AuNPs) (also known as gold
colloids) of 2 nm to over 100 nm in diameter can be
synthesized by controlled reduction of an aqueous
HAuCl4 solution using different reducing agents
under varying conditions. The properties of AuNPs
such as their size, charge and surface chemistry
have been shown to affect the uptake of AuNPs into
cells as well as their subsequent intracellular fate. In
addition, effective drug delivery strategies must take
into account the nature of drug-AuNP interaction
(covalent/non-covalent binding) as well as the
means of drug release following introduction of the
drug-AuNP complexes to cells [15].

The utility of AuNPs as novel biosensors for the
detection of tumor cells can be demonstrated

Vol.1 | Issue2 | June 2013

through the use of a screen-printed carbon electrode
(SPCE) coupled with a NP-based electrocatalytic
method [16]. Huang et al. [17] have described two
methods for tumor targeting: the first involved
conjugation of AuNPs to polyethylene glycol (PEG),
and the second involved conjugation of AuNPs with
specific antibodies which bind unique biomarkers
expressed on tumor cells. PEG prevented AuNPs
aggregation and lengthened their retention time in
blood. This facilitated the preferential accumulation
of AuNPs in tumor cells over healthy cells because
of the elevated permeability of poorly differentiated
blood vessels around tumors following angiogenesis
(Figure 3), as well as the decreased clearance rate
caused by the deficit of functional lymphatic vessels
in tumors [18].
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Figure 3: Schematic diagram showing accumulation of ligand-
targeted gold nanoparticles conjugated with anticancer
drugs in cancer cells mediated via extravasation of the gold
nanocarriers through gaps in the endothelial cells (“leaky
tumor vasculature”) [19]

Magnetic nanoparticles: Magnetic nanoparticles can
be produced by a number of physical and chemical
routes that differ in the final properties of the
products. The common feature of all nanoparticle-
based cancer therapies is the need of specific
NPs for achieving the desired therapeutic effect.
However, each diagnostic/therapeutic technique
requires a different chemical or physical property
of the particles involved, which depends on the
specific function played by the NPs in that therapy
(e.g, vector, porous receptacle, heating agent,
magnetic moment carrier, etc.). Sometimes the
particle function is activated using an external agent
(magnetic fields, light, radiation, etc.) that interacts
with the NPs. Therefore the requirements for NPs
as biomedical agents span a broad range of novel
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materials, synthesis strategies, and research fields
(Table 1). The appeal for using nanoparticles in
selective tumor targeting is the potential to deliver
a concentrate dose of drug in the vicinity of (or even
inside) the target tissue, reducing drug exposure
of healthy cells. This could be done by means of
physical interactions, or passive/active targeting
[20]. The other way to deliver drugs to any desired
target involves the functionalization of the surface of
nanoparticles with monoclonal antibodies or ligands
to tumor-related receptors, taking advantage of the
specific binding ability between an antibody and
antigen, or between the ligand and its receptor [21,
22].

Carbon nanotubes

A Carbon nanotube (CNT) is a tube-shaped material,
made of carbon, having a diameter measuring on
the nanometer scale. As a group, Carbon nanotubes
typically have diameters ranging from <1 nm up to
50 nm. Their lengths are typically several microns,
but recent advancements have made the nanotubes
much longer, and measured in centimeters. The
shape of the CNT would allow these materials to
enter the cell via different methods, such as passive
diffusion across the lipid bilayer, or endocytosis,
whereby the CNT attaches to the surface of the cell
and is subsequently engulfed by the cell membrane.
The hollow monolithic structure of CNTs and their
ability to bind desired functional groups make CNTs
promising drug carriers. They can be functionalized
to be more water-soluble and serum-stable, with
low toxicity at the cellular level [23, 24].

It has been suggested that CNTs could be used as
nanocarriers for delivering drugs into the body via
injectable routes [24]. It is beyond the scope of this
article to describe all of them in detail, but they have
been succinctly summarized in a series of recent
reports (Table 2). Drugs can either attach to the
outer surface of the CNT via functional groups or be
loaded inside the CNT. Attachment of the anticancer
drug to the outer surface of the CNT can be through
either covalent or noncovalent bonding, including
hydrophobic, m-m stacking, and electrostatic
interactions [25, 26, 27].

Dendrimers

Dendrimers are nano-sized, radially symmetric
molecules with well-defined, homogeneous and
monodisperse structure consisting of tree-like

arms or branches. The properties of dendrimers, in
particular the synthetic ability to provide them with
many different biological properties, along with
their capacity to carry conjugated surface molecules
or encapsulated guest molecules, make them
immediately attractive as potential vehicles for drug
delivery. Once a dendrimer carrying an encapsulated
drug reaches the intended site of action, the guest
molecule generally must be released to gain
bioactivity. The observation that guest molecules
could be liberated at different rates demonstrated
that viable opportunities exist to tailor the release
for either slow or rapid delivery (Figure 4).
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Figure 4: Requirements for dendrimer-based cancer-
targeted drug delivery. (a) Dendrimers with multiple surface
functional groups can be directed to cancer cells by tumor-
targeting entities that include folate or antibodies specific for
tumor-associated antigens. (b) The next step is intake into the
cell, which in the case of folate targeting occurs by membrane
receptor-mediated endocytosis. (c) Once inside the cell, the
drug generally must be released from the dendrimer, which,
for the self-immolative method, results in the simultaneous
disintegration of the dendritic scaffold (d) (Srinivasa-Gopalan
etal.[28])

The Schluter group examined the impact of
peripheral functionality on the cytotoxicity of MCF-7
breast cancer cells in vitro using low generation (GO,
G1, and G2) polyamidoamine-like polymers [29].
Paclitaxel was conjugated to PEG or G4-PAMAM
to compare the anti-cancer activity of the drug
delivered by a linear or dendritic carrier [30]. Studies
have shown that folic acid-conjugated dendrimers
preferentially target tumor cells that overexpress
folic acid receptors [31]. A recent study by Hong et
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al. explicitly quantified the binding avidity of multi-
valent targeted G5- PAMAM containing different
numbers of folic acid molecules [32]. The conjugates
were prepared and evaluated againsta cancer cellline
(HeLa) and healthy cells (non-transformed mouse
embryonic fibroblasts or MEFs) [33]. Theimportance
of the high architectural control characteristic of
dendrimers has been increasingly supported by
positive outcomes from in vitro and in vivo studies.
Studies have indeed demonstrated that a well-
designed dendrimer structure can be potentially
tuned simultaneously for desired biocompatibility,
bioavailability, pharmacokinetics, and localized
delivery of therapeutics to malignancies. Continued
research in the area will bring compositions and
architectures tailored for increasing specificity and
efficacy towards the diagnoses and treatment of
cancer in the clinic.

Nanoparticle platforms for cancer stem cell
targeted drug delivery

The intratumoral heterogeneity of cancer cells
presents a major challenge to the development of
effective cancer therapies. However, a growing body
of evidence suggests that tumors may be driven
by a small population of transformed stem-like
cells with the ability to undergo both self-renewal
and differentiation into the diverse cancer cell
population that constitutes the bulk of the tumor [34,
35, 36]. Nanoscale drug delivery technologies offer
fundamental advantages over contemporary small
molecule pharmaceuticals used in clinical practice.
These advantages include increased bioavailibity,
extended drug half-life and reduced off-target
toxicities [37].

Biomarkers of cancer

Identification of biological markers of cancer is a
major area of research. Every cell type has a unique
molecular signature, referred to as biomarkers,
which are identifiable characteristics such as levels
or activities (the abilities of genes or proteins to
perform their functions) of a myriad of genes,
proteins or other molecular features. Biomarkers
have tremendous therapeutic impact in clinical
oncology, especially if the biomarker is detected
before clinical symptoms or enable real-time
monitoring of drug response. Protein signatures in
cancer provide valuable information that may be
an aid to more effective diagnosis, prognosis, and

response to therapy. More than 11 million people
are diagnosed with cancer every year [38].

Alterations primarily in three main classes of genes
viz., (proto) oncogenes, tumour suppressor genes
and DNA repair genes collectively contribute to the
development of cancer genotype and phenotype that
resists the natural and inherent death mechanism(s)
embedded in cells (apoptosis and like processes),
coupled with dysregulation of cell proliferation
events (Figure 5). There is a critical need for
expedited development of biomarkers and their
use to improve diagnosis and treatment for cancer
[39]. Just recently, scientists have begun identifying
microRNAs (miRNAs) as cancer biomarkers [40,
41]. In fact, miR-141 levels could identify prostate
cancer patients with high sensitivity and perfect
accuracy [41]. Peng et al. reported that a tailor-made
array of cross-reactive sensors based on organically
functionalised gold nanoparticles discriminates
between breath Volatile Organic Compounds (VOCs)
of healthy controls and of patients suffering from
lung, breast, colorectal, and prostate cancers [42].

- Genetic biomarkers
—_— Diagnostic and therapeutic
Altered gene_expressions } Cancer antigen (biomolecules)

l based biomarkers
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Altered protein status and therapeutic
1 I\{Ietaboli.c biomarker§
Altered metabolites | =g Diagnostic, prognostic
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2
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death

Figure 5: The process of carcinogenesis, showing
opportunities of identifying biomarkers

Nanomaterials: future drugs for cancer
chemotherapy

During the ©past few decades, various
chemotherapeuticagents,suchascyclophosphamide,
fluorouracil, platinum-based compounds,
anthracycline, hydroxycamptothecin and paclitaxel,
have been designed and proved to be effective toward
cancer cells. However, regrettably, these drugs are
non-targeted to cancer, and thus serious side effects
to normal cells or tissues are unavoidable [43].
Therefore, new drugs with selective cytotoxicity
become an important research focus in cancer
chemotherapy. Nanotechnology-based approaches
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are anticipated to provide a new breakthrough for
targeting cancer cells and bypassing their multidrug
resistance [44].

On the other hand, in the clinical cancer therapy
process, anticancer drugs are simply employed to kill
cancer cells. Unfortunately, nontargeted drugs may
be rapidly and widely distributed in healthy organs
and tissues. As a result, a high dose of anticancer
drugs is normally needed to obtain favorable therapy
efficacy. Moreover, the patients have to suffer from
severe side effects or even from the drug toxicity
far earlier than the tumor burden. Presently, these
clinical difficulties have largely impeded successful
cancer therapy.

Cancer detection

Conventional: Conventional detection of the cancer
is done by observing the physical growth/changes
in the organ by X-rays and/or CT Scans and is
confirmed by biopsy through cell culture. However
the limitation of this method is that it is not very
sensitive and the detection is possible only after
substantial growth of the cancerous cells. Often the
treatment is also not possible once the cancer is in
such an advanced stage.

Nanotechnology detection: As mentioned before,
nanoparticles are of a few of nm and the cells are
of the size of few microns. So NP can enter inside
the cells and can access the DNA molecules/Genes
and, there is a possibility that the defect in the genes
can be detected. DNA molecules can be detected in
their incipient stage. This could be possible in vivo
or in vitro. It will be shown latter that NPs do show
potential of cancer detection in its incipient stage.

Cancer treatment

Conventional: One of the treatment options is
surgery. That is, remove the cancerous part.
However, the limitation is that one loses the organ
and the cancer may appear again. Further, the
surgery is not possible for all types of cases of the
cancer. Second option is radiation therapy. In this
the cancerous cells are burnt by radiation of specific
frequency band and the intensity. The limitation of
this method is that even the healthy cells get burnt,
cancerous cells burning is not uniform and the burnt
part may become dead and non functional. The third
option is chemotherapy. That is, cancerous cells are

killed by drugs toxic to cells or by stopping cells
from taking nutrients needed to divide the cells or
stop the mechanism responsible for division of the
cell. Normally a combination of drugs is given so
that drugs affect all the three aspects of the cancer
treatment. The limitation of this approach is that
treatment is harmful to healthy cells, approach
is gross and rarely successful if the cancer is in
advanced stage.

Nanotechnology: Certain nanoparticles can be
designed to absorb preferentially certain wave
length of radiation and gets heated. Such a NPs if
enters in the cancerous cell will burn it if irradiated
by suitable wavelength radiation. This is kind of the
analogue of radiation therapy. As mentioned before,
nanotechnology can be used to create therapeutic
agents that target specific cells and deliver toxin to
kill them. The NP will circulate through the body,
detect cancer associated molecular changes, assist
with imaging release a therapeutic agent and then
monitor the effectiveness of the intervention.

Conclusions

Nanotechnology is definitely a medical boon for
diagnosis, treatment and prevention of cancer
disease. A number of approaches for successful
applications of nanomaterial-based cancer
drugs will be possible because of their unusual
characteristics. Areas of greatest clinical impact
likely include novel, targeted drug-delivery
vehicles, molecularly targeted contrast agents for
cancer imaging, targeted thermal tumor ablation,
and magnetic field targeting of tumors. However,
there are still challenges to the development and
application of nanotechnology platforms in cancer
therapy, such as limited knowledge of the cancer cell
physiology, small variety and poor functionalization
of medical nanomaterials, and deficiency of clinical
evaluation criteria. Nonetheless, with further
advances in functionalization base on thorough
understanding of the physiological features of cancer
cells, nanotechnology platforms hold the promise
of essentially changing the practice of oncology,
allowing easy and effective targeted therapies. The
clinical success of various nanocarrier constructs in
cancer therapy have made these and similar systems
promising drug delivery vehicles for future work
aimed to further improve their overall drug delivery
efficacy. Nanoparticles will likely serve as the norm

Journal of Medical and Scientific Research



rather than an exception in the majority of all areas
of future conventional cancer treatments.
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