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Abstract
The applications of nanotechnology significantly benefit clinical practices in cancer diagnosis,
management and treatment. This article reveals the application of nanotechnology in cancer
treatment by using the different strategies for example use of nanoparticles like liposomes,
dendrimers, nanoshells, carbon nanotubes, superpara-magnetic, silver/gold nanoparticles and
nucleic acid based nanoparticles as well as the nanotechnology for a combination of therapeutic
strategies. The advantages and challenges of these particles are also discussed. The use of
different green synthesized based gold and silver nanoparticles are important for the apoptosis of
different types of cancerous cells. Both size and shapes of these particles are important from the
biological point of view and from the material characteristics. In present review we have also
highlighted the role of some advanced nano-technologies and bio-therapeutics for diagnose and
treatment of this lethal disease.
Keywords: Liposomes; Gold nanoparticles; Silver nanoparticles; Super paramagnetic; Antitumor; Bio-therapeutics
surface charge and the ability to recognize
Introduction
the cancerous cells [1]. Research based on
Cancer issues and various applications of
multi-functional nanoparticles has quickly
nanotechnology for cancer therapy
The anti-cancerous drugs which we used are
been developed against different sort of
highly targeted and minimum effect on
tumors, its imaging and therapy as well.
healthy tissues. Nanoparticles which are
This system is quick and efficient to control
used in anti-cancer drugs are based on size,
lethal cancer disease. Biodegradable and
Published by Bolan Society for Pure and Applied Biology
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biocompatible polymers are used to prepare
nanoparticles for tumor-targeted delivery
[2]. About 1/8th death occurs in this globe is
due to cancer disease. The findings of an
international agency research showed that
about 13.1 million deaths associated with
different types of cancer by 2030. The main
reason behind this fact is due to lack of
proper naturally or artificially anti-cancer
drug producing and delivery systems.
Therefore, it is important to develop a new,
quick and efficient target delivery system,
which can target specific tumor with
maximum accuracy without any side effect
[3]. Nanoparticles attract great attention due
to their small size. Nanoparticles have the
ability to move in the tumor tissue through
the pores of some health tissue. In other
hand the tumor tissue has weak lymphatic
circulation system that leads tissue
homeostasis and thus increases the retention
of these particles. In this case this process is
called enhanced permeation and retention
effect. In this process, the particular size of
drug and its delivery system is very
important [4]. Lot of smart polymers which
are stimuli-responsive polymers can be
activated by pH, temperature, light, electric
field or some need dual stimuli like ph and
ionic strength. Gold nanoparticles used for
cancer treatment. Different subtypes of gold
nanoparticles, such as rod shapes, nano
cages and nano shell [5]. The advancement
of gold nanoparticles for example control of
size or refined coating was introduced in 20
century with the immerging of new
techniques such as transmission electron
microscope.
GNPs
also
have
the
multifunctional properties to use in cancer
treatment and diagnosis such as micellar
hybrid nanoparticles containing metal
properties for MRI detection. GNPs show
good result for cancer treatment. Efficiency
has been observed in mouse which
implanted human breast cancerous cells.
Non-specific receptor mediated endocytosis

(RME) mode used for the entry of GNPs.
Enhanced permeability and retention effects
observed,
nanoparticles
passively
accumulates at tumor site. PEGlytion is
done to achieve the combined effect of RME
with longer concentration time, 10-100 fold
penetration concentration of drugs will be
increased as compared to free drug. Toxicity
effects of GNPs have been conflicted, in
some studies no toxicity effect were
observed at inter or intracellular level. While
at cellular level some toxicity were
observed. Zinc oxide nanoparticles are very
effective to kill the three types of cancerous
cells, 1- HepG2 2-A459 and 3-BEAS B2.
These were shown some toxic effects but
due to antibacterial property these particles
were widely used to kill cancerous cells.
Toxic
effects
were
observed
in
neuroblastoma and T-cells [4, 6]. Several
different types of secondary metabolites
were used to cure many lethal diseases [7,
8]. However the following new nanoparticles have higher potential to diagnose
and treat many lethal diseases including
cancer in quick and efficient ways.
Nanoparticle brands
Liposomes
Liposomes are spherical vesicles have a
lipid bilayer which encapsulates an aqueous
phase to store drug. Due to its hydrophobic
interaction liposomes perform excellent
delivery of hydrophobic and hydrophilic
drugs. Many lipids have different fatty acid
chain lengths, different head groups and
different melting temperatures. The main
advantage of the liposome is fatty layer
because it limits and gives fully protection
to inserted drugs until it reached to
particular adhered tissue. The other
advantage of this system is it provided less
toxicity to healthy cells as compared to
target cancerous cell, where its effect
increased many folds. In this manner by
using liposomes drug toxicity to healthy
cells is decreased and its efficiency for
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cancerous cell may be increased it is a good
technology for delivery of chemotherapy
drugs. Liposomes encapsulating different
therapeutic agents are used as potential
nanocarrier for cancer therapy [9].
Dendrimers
The dendrimers are the highly branched
synthesized macro-particles, in which treelike structures are mono-dispersed and
three-dimensional. They have well defined
molecular weights and have the ability to
provide maximum benefit to host. Branches
are considered as a useful character of
dendrimers which provide a large amount of
surface area for drugs and targeting
molecules [1, 10]. Due to their cylindrical
structure these nano-objects have gained
much popularity because these structures
provides elite and unique properties which
could be utilized in the new advanced field
of nanotechnology for the treatment of
different types of lethal cancer diseases [10,
11]. For example DNA polyamidoamine
dendrimer complex is used due to its high
transfection efficiency and very low toxicity
for DNA delivery to cell nucleus. Synthesis
and functional evaluation of DNA
assembled polyamidoamine dendrimer
clusters for cancer cell-specific targeting. By
conjugation of folate and fluorescein
moieties on the surface of a dendrimer is
shown to yield molecules which have the
ability of targeting to tumor cells through
folate
receptors.
Poly
amidoaminedendrimers use as the backbone of multitasking therapeutics are a favorite candidate
due to its better solubility in water, lack of
auto-immunity response and low poly
dispersity [11, 12].
Carbon nanotubes
A distinct molecular form of carbon atoms
which bond with each other and present
hexagonal arrangements were made [13].
Carbon nanotubes may be single or multiple
walled. In the nanotechnology platforms,
carbon nanotubes provide a novel tool for

anticancer drug delivery [14]. Besides those
carbon nanotubes has the ability to
immobilize molecules such as antibodies,
DNA and drugs [15]. In nanotechnology we
explore our interesting mechanical, optical,
electrical and structural properties of singlewalled carbon nanotubes for biological
applications including new therapies,
biosensors and molecular transporter for
drug delivery Cancer nanotechnology:
opportunities and challenges. Single walled
nanotubes has high optical absorbance near
infrared-regime causes heating when there is
laser radiation that is useful for destroying
cancerous cells. For bio-imaging purpose
surface-functionalized carbon nanotubes
have also been used [16]. Recently the
biological impacts for example cytotoxicity,
inflammation, DNA damage induced by
multi and single-walled carbon nanotubes
have been studied. Carbon nanotubes are
nano-devices use for biomarker detection
[17]. Kamet al. [18] have found that singlewalled containing carbon nanotubes of 7001100nm are carriers and molecular
transporter with very high optical
absorbance, which is near-infrared [NIR]
light where biological systems are
transparent. In this special continuous NIR
radiation, because of excessive local heating
can cause cell death. In this way, the
carrying capability of carbon nanotubes and
their intrinsic optical properties can help for
the synthesizing new class of important
nano-materials against cancer disease
Different gold nanoparticles
Gold nanoparticles are one of the best
options used for cancerous cell detection
because they have valuable attributes of
light emission and absorption. It has been
expected that these attributes of gold
nanoparticles can be employed for cancer
diagnosis Recently a new technique has
been developing in which nanoparticles are
coated by the material which has properties
of attraction to specific cells or molecules
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e.g. specialized antibodies are attached to
nanoparticles of gold which are then
attracted to cancerous cells when mixed with
containing cancer cells. Then using
microscopy applications the mixed sample is
examined under a white light. Each type of
cancerous cells contains unique protein
depending upon which nanoparticles
attached to them. The images will show
specific patterns light from which location
and type of cancer can be determined [19].
Cancer diagnosis and treatment through
different types of nanoparticles
Different methods used for the treatment and
diagnosis such as chemotherapy and
radiation therapy. But these methods show
the toxic effects, kill both cancerous and
healthy cells. Some other methods such as
quantum dots use for diagnosis of cancerous
cells but this method also limited. Due to
exposure of extended light, they will burn
out. On the other hand gold nanoparticles
not burnt. Two methods were investigated
using gold nanoparticles which kill only
cancerous cells, not healthy cells. In first
method gold nanoparticles are mostly
triangular shaped stick to cancerous by
exposure of light near to infrared. In the
second method, gold nanoparticles are
synthesized by chemotherapy used. Rod
shapes gold nanoparticles with a small dose
of chemotherapy subjected to cancer cells.
Fabricated gold sphere nanoparticles show
more cell penetration [20]. Cancer treatment
can only be done after its detection.
Nanoparticles have tremendous applications
for detection or diagnosis of cancerous cells.
Quantum dots
Quantum dots is one of the important
method for diagnose of cancer with the help
of illumination. But this method is not
efficient as it burnt with continuous
exposure to light as compare to gold
nanoparticles that show resistant to light.
Gold nanoparticle light therapy is highly
sensitive technique, which enables doctors

to use only few chemical markers to obtain
accurate information [21].
Magnetic separation, magnetite for drug
delivery systems and magnetic materials
as hyperthermia generator
The magnetic separation technique basically
uses super magnetic iron oxide nanoparticles
[SPIONs] for targeting and magnetic
extraction of cellular compounds for
analyzing their chemical, optical, and
physical properties. This is a very conducive
practice of cell separation from blood
samples. Magnetic cell separation is highly
productive than others like electric and
centrifugal cell separation. It has been
profitably practiced for specific cell
separation in the blood, gram-positive
pathogens [22] and protein purification [23].
Magnetite is commonly used as drug
delivery system due to its extensive
properties mainly because it can be reached
to target tissue with the help of a magnetic
field. This system was efficiently used as
loading of magnetic nanoparticles contain
anti-tumoral drugs and transformation of
these materials into target infected tissue via
circulatory system. Magnetic nanoparticles
reached into the tumor sites by generation of
maximum magnetic field. Due to targeted
delivery, the overall toxicity will be low
[24]. The optimum delivery system depends
on upon the internal and external factors like
osmotic controlled- delivery, enzymes based
delivery, optimum pH based delivery,
temperature based delivery, electromagnetic
triggered delivery, dual or poly-sensitive
delivery etc. [25]. Zhang and Misra [26]
prepared a new novel magnetic drug based
targeting carrier containing of magnetic
nanoparticles engulfed in dextran-g-poly.
The developed method is highly pH
sensitive and very useful when the pH of
cancer and blood cells remained 5-5.5 and
7.4 respectively. This is a very quick and
efficient delivery system in acidic regions.
Due to magnetize the magnetic system
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accumulated at the desired tissue and caused
local hyperthermia. In other conditions
require high temperature but designed
magnetic system has a lower critical solution
temperature of 38oC which make it an
excellent system for many humans cancer
treatment. Magnetic materials are made by
combining the useful properties of organic
or inorganic components and magnetic
nanoparticles. The commonly used polymers
are dextran, chitin, collagen and inorganic
oxides like Zno, Sio2, Tio2 and titanates
[27].
Magnetic nanoparticles play important role
in diagnosis of many different types of
cancer in-vivo. Magnetic nanoparticles work
as hyperthermia agents and can be used
efficiently as target drug delivery system to
destroy cancer cells. This system has great
potential to penetrate the particles to specific
parts an organism, and remained there until
problem is finished. The size range is 50300 nm. This property induces hyperthermia
for cancer treatment [28].
Uses of metal nanoparticles
Metal nanoparticles have strong absorption
and light scattering abilities in the Plasmon
resonance. Therefore, silver and gold metal
nanoparticles are commonly used in DNA
hybridization detection, cell imaging,
protein interaction and photo-thermal
therapy [29]. The most attractiveness in the
use of these nanoparticles in cancer disease
is due to surface chemistry, appropriate size
scale and the unique optical properties. The
improvement in tumor detection and
treatment occur by optimizing both size and
shape or by joining of these nanoparticles
with particular biomarkers [30]. For
examples silver and gold spherical
nanoparticles of different sizes are prepared
in 2009 it is noticed that anti-tumoral ability
of nanoparticles depends on concentration
and size of nanoparticle. The small sized
nanoparticles have higher efficiency than
larger ones. Higher irradiation treatment

leads to high killing ability and their higher
concentration leads to lower survival cells
[31].Several others methods are used for
proper delivery of these nanoparticles into
cancer cells for example; direct injection for
easily accessible tumors; intra-operative
application
for
deep
tumors
and
intravasation of metal nanoparticles for
inaccessible tumors.
Chemotherapeutics
PEG based silver and gold nanoparticles act
as
a
transporter
of
anticancer
chemotherapeutics. The advantages of PEG
coating are lower agglomeration tendency,
high bio-compatibility and lower autoimmune repose. When injected into the body
intravenously it retained for maximum time
in the solid tumor tissues. After retention in
the tumor, NIR irradiation applied and
nanoparticles-enhanced selective ablation
occurs [32].
Silicate-based materials as vector against
tumor cells
Silicates are promising materials for both
medical
and
industrial
fields.
Montmorillonite can be loaded with a lot of
drugs into its layered structure because it is
pH sensitive and largely used in the
biomedical field. Due to its pH
sensitiveness, its characteristics interlayer
spacing is determined. This property is used
in medicine to deliver active components to
neutral and basic media like colon and
intestines. This formulation can be used for
oral administration of different active
components that are not stable in stomach
conditions because of the protective role of
the silicates; Stomach environment will not
destroy them [33].
Gold Nano shells for thermal therapy
Hyperthermia
in
combination
with
radiotherapy and chemotherapy is being
used in clinical trials to increase the local
control of issues; by increasing the apoptotic
cell death. Hyperthermia is limited to preclinical treatment. To meet this limitation
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gold nanoshells are also used for the cancer
treatment. Metal nanoparticles are used
specifically for the treatment of tumor cell
and to heat the metal nanoparticles laser
beam is used. As a result of this exposure to
laser beam electron excitation and relaxation
occur in a controlled manner. The diameter
of nanoshell is controlled by the diameter of
silica and its size is controlled by the amount
of gold. Gold nanoshells having 100nm
silica core and 15nm gold coat are used
mostly for research purposes.
Gold
nanoshell of 100nm size maximally
accumulated in SR-BR-3 human cancer. A
mice treated control group and with gold
nanoshell. When laser tuned, 9 oC
temperature of the control group was
increased and 37oCof nanoshell with
irreversible damage to a tumor cell. Control
group does not show good performance by
an irreversible death of tumor tissues.
Results showed 93% mice receive gold
nanoshell and laser, no affected response
alone laser. By using thermo-sensitive coreshell particles as template nanoshell also
synthesized [34].
Recent advances in nanotechnology for
treatment of lethal cancer disease
diagnosis and treatment
Several advances have been made in nanotechnology from last two decades against

different type of cancer diseases (Figure 1,
Table 1). The more recent technologies are
death of cancerous cells through photonic
ablation therapy. The other technologies
such as MRI, computed tomography [CT],
conjugates between iron oxide nanoparticles with different coating probes and
positron-emission tomography [PET] have
been developed for clear identification and
treatment monitoring of many types of this
disease. The otherbio-therapeutics agents
such as DNA particles, peptides, miRNA
etc. have several advantages than
chemotherapeutics drugs as they are smaller
in size and cause efficient target tumor cell
death. Direct transfer and expression of
DNA into disease cells for the therapeutic
applications is gene therapy. Mixed
nanoparticles were confirmed to be effective
for both in vitro and in vivo gene delivery to
colon and liver cancer cells through oligo
nucleotides RNAi therapies can control the
expression of target genes to treat the
disease. The replacement therapy and gene
knock out system have been advanced by
many researchers that retard or completely
block the expression of target oncogenes.
The protein/peptide therapy leads apoptosis
and thus disturbs abnormal cell function [3537].
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Figure 1. New technologies used for diagnosis and treatment of cancer disease
Table 1. The applications of Nano based particles against cancer
Nanoparticles
Gold nanoparticles
Doxorubicin-loaded PEG-PLGA nanoparticles
Gold nanoparticle-hybridized graphene oxide
Salinomycin-loaded PLGA nanoparticles
Peptide-targeted gold nanoparticles
CREKA-conjugated dextrancoated iron oxide
nanoparticles
Liposomes
Gold nanorods
Cobalt ferrite nanoparticles

Used against
HER-2 positive breast cancer
Non-small cell lung cancer
Breast cancer
Hepatocellular carcinoma
Brain Cancer
Non-small lung cancer

PEI-coated gold NPs with chitosan-aconitic anhydride
and shRNA
PEG-PEI co-polymer/shRNA
jetPEI-based NPs with CXCR4 shRNA
Triple-functional pRNA-3WJ nanoparticles
CD44-targeted shRNA delivered by PLGA-based NPs
Hydroxyapatite nanoparticles-delivered plasmid based
SATB1 shRNA

Glioblastoma multiforme
Prostate cancer
Several types of FR-positive
tumors
decrease of ABCG2 expression
Effective inhibition of EZH2
expression
Melanoma
Triple-negative breast cancer
Retard angiogenesis and
apoptosis
Human glioma U251 cells
sub-G1 arrest and apoptosis of
cancerous cell
Reactive Oxygen Species
mediated cancerous cell damage
Antibacterial and anticancer
activities

Silver nanoparticles (AgNPs)
AgNPs
Silver –selenium nanoparticles
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Conclusion
Nanotechnology is of great interest for
medical purposes. Different nanoparticles
are discussed so far to show their
importance and role in cancer diagnosis and
treatment. Along with the diagnosis of
cancerous cells, targeted delivery of cancer
curing drug was also the main focus of this
article. Liposomes, carbon nanotube and
nanoshells are used to identify and treat the
tumor but for highly targeted drug delivery
magnetite are used which had wide range
applications like hyperthermia therapy,
MRI, tissue engineering etc in clinical
diagnosis and handlings. Silver and gold
nanoparticles are also used for detection and
cure. Their appropriate size to shape ratio is
desired for their coveted action. The various
green synthesized silver and gold
nanoparticles lead the apoptosis or cellular
damage of cancerous cells. The new
advanced technologies have achieved major
success for controlling of this lethal disease.
In short nanotechnology has huge
applications in near future to combat the war
against cancer.
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