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ABSTRACT

The success of the nanotechnology has been led to the many innovative strategies for effective detection and
treatment of tumor. The Multifunctional nanoparticles system can integrate imaging, targeting and treatment
moieties on the surface and in the core, resulting in targeted delivery. One of the biggest dare associated with the
treatment of tumor is the fact that current therapies for advance disease are not curative, necessitating treatment for
many years and placing a significant health care burden on society. To reduce the burden of tumor, gold
nanoparticles are more effective and targeted drug delivery system. The efficacy of chemotherapy is substantially
limited by resistance of cancer cells to anticancer drug that fluctuates significantly in different patients. The
essential purpose is to create a variety of drug delivery system to complement and further intensify the
effectiveness of the available new medications. The perfect sustained release technology will provide a high level
of safety with continuous release over an extended period of time while maintaining almost total drug bioactivity.
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INTRODUCTION

Drug delivery by using the Nanomedicine has been
increased from several decades. The nanotechnology
creates unique structures has generated creative
enthusiasm, and Brust of funding. Now a days
nanotechnology has been increased in both patents and
publications.l**! Nanoparticle are particles of size having
one dimension less than 100 nm. Example of
nanoparticles for intravitreal drug delivery is gancidovir
and a formivirsen analog and tamoxifen loaded
nanoparticles.>*!
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A fundamental change in chemotherapeutic research has
taken place over a past decade, with the center of interest
in moving from a discovery of new cytotoxic drugs to
the development of target-specific protocols with the
help of nanotechnology for the selective treatment of
cancer.®) Multifunctional nanoparticles can also be
loaded with imaging agents that helps to give diagnostic
information during optical imaging, magnetic resonance
and photothermal detection. The gold nanoparticles
absorb the incident energy and to convert into heat that
increase the temperature and dissipate by melting the
cancerous cells by breaking the cell membrane.”)
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Figure 1: Examples of nanomaterials and nanocarrier systems (W. Cai et al.)®
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Cancer is one of the world’s most destructive disease
having more than 10 million new cases every year.[*"!
After better understanding of tumor biology and
improvement in examination device and treatment of
mortality has decreased in the past two years.*!

Nanotechnology and cancer detection

One of the major factors in successful treatment of
cancer is to spot cancerous tumour cells in an early and
perhaps curable stage. The unique physical and chemical
properties of nanoparticles can develop synthetic
scaffold that helps in imaging probes for detection and
monitoring of cancer. The surface properties of
nanoparticles are tunable, revealing injectible solutions
of nanoparticles, revealing injectable solutions of
nanoparticles can be made without using organic
solvents to attach water insoluble anticancer agents. Thus
nanotechnology-based  imaging  techniques  plays

Two types of

<
nanoparticles
(NP.)

<
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important role in cancer research with their ability of
highly sensitive probes for cancer detection.!?

The optical detection technique is used to detect presence
of cancer and image cancer tissues with the help of
functionalized nanomaterials where nanoparticle should
either fluorescence or change their optical properties by
fluorescence and UV-Vis absorption methods. When
they bind to Cancer affected tissues such as silica
nanoparticles doped with organic-based fluorescent dyes
for detection of liver cell malignancy.!*®

Nanomaterials used in synthesis of multifunctional
nanoparticles

Organic and inorganic materials have been used to
synthesize multifunctional nanoparticles having their
own tectonic and suitable functionalities (Fig. 2) and
they are estimated as impressive for drug delivery to
tumors.[*!

Lipsomes

Nanogels

Dendrimers

Lanthanide
ions

Figure:2 Inorganic and Organic nanoparticle (NP) material (NP), Multifunctional NP can be synthesized using
two basic types of nanoparticles; Organic (micelles, Liposomes, nanogels and Dendrimers) and Inorganic
Superparamagnetic iron oxide (SP10), gold, quantum dots (QD) and Lanthanide ions.

Due to versatile surface and core chemistry, high degree
of biodegrability, effective endocytosis by the target cell
and high payload loading efficiency organic
nanoparticles are used for synthesis of multifunctional
nanoparticles.*!

Nanomicelles are formed by amphiphilic blocks the core
made up of hydrophobic blocks such as propylene oxide,
L-Lysine, aspartic acid, D, L-Lactic acid and spermine
while the outermost region consists of hydrophilic
blocks, such as poly (ethylene glycol) (PEG), PoI?/(N-
vinyl-2-pyrrolidone) (PVP) and poly (vinyl alcohol).!**!

Micellar nanoparticles can enclose hydrophobic drugs
and imaging agents in their core, thus overcoming the
need for toxic organic solvents. Liposomes are made
from bilayers of enclosed spherical structures, such as
phospholipids, cholesterol and other similar lipid
molecules. Liposomes are perfect for the encapsulation
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in their hydrophilic core of nucleic acid-based
components to target tumor sites.™*”

Polymeric nanogels are manufactured by cross-linking
polymer chains to produce an inner porous space that can
aid a large volume of payload and act as a promoter for
delivery of multiple treatment mode.™®!

Dendrimers have multiple functionalities at their
terminal groups. Dendritic molecules such as
polyamidoamines, Poly (propylene imine) polyamide,
polyglycerol and triazine and synthesized by monomeric
subunits.™™!

Goldnanoparticles have optical and electrical properties
that can be exploited in tumor imaging.*!

Goldnanoparticles and quantum dots have been prepared

with organic polymers to form hybrid systems that can
intact packaging of the drug and diagnostic strength for
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real-time
[21 -

efficacious drug delivery together with
monitoring of treatment response and tumor activity.
22]

Lanthanide-doped  nanoparticles  are  fluorescent
nanoparticles that allow for the conversion of low energy
light to high energy visible light eg. near infrared to UV
emission. This upconversion is taken place by
multiphoton absorbtions or long lasting Lumilescence of
the lanthanides has been wused in various cancer
diagnostic trials.?* 24

Nanoscale diagnosis; molecular and cellular selection
The cancer progresses to an uncontrollable stage after
onset as it is a heterogeneous disease.”?% The chance of
survival and quality of life of patients depends on the
stage at which the disease has been detected. Thus the
most important factor is to detect cancer cells as soon as
possible. The conventional detection system consists of
vacuum-assisted Mammotome Breast Biopsy system for
breast cancer, Papanicolau test for detection of pre-
cancerous and cancerous processes for cervical cancer,
Hemoccult test for colorectal cancer, sputum cytology
for lung cancer, digital rectal examination and prostate-
specific antigenlevel for prostate cancer along with
imaging i.e endoscopy, X-ray, CT, MRI and ultrasound.
But, none of these are very sensitive for an early stage
detection of cancerous cells.?> -2’1

Molecular biomarkers which is expressed during cancer
onset can be detected by excitedly researched area of
nanotechnology. Nanobiochips are the best examples that
have been evolved as integrated biosensors using
quantum dots that can be effectively used as multiplexed
tools for quantitation of cancer markers such as
carcinoembryonic antigen, cancer antigen 125 and Her-
2/Neu (C-Erb B-2). They maintain very high speciality in
serum and saliva and may also be integrated with nano
fluidic arrays to facilitate detection of subcellular
constituents. 252!

Early stage Invivo selection: For the early-stage detection
of cancer onset, the transmuting events would be probed
by non-invasive means. An example of this type of
approach was reported by Harisinghani et al.=”

The authors exploited ferumox Tran-10 (Combidex;
Advanced magnetic Inc, Cambridge, MA, USA), an ultra
small, superparamagnetic, biodegradable iron oxide
particle which is covered with a low-molecular-weight
dextran as lymphotropic paramagnetic nanoparticles
which facilitate spotting of clinically occult lymph-node
metastases by enhancing MRI contrast in patients with
prostrate cancer. As metastases are undetectable by any
other non-invasive approach. Further information on the
onset and the status of the earlier stage disease can be
obtained by probin(r; the surrounding microenvironment
by nanotechnology.®!
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The formation of new blood vessels is one of the
important signs of disease onset. The imaging of such
type of sustained angiogenesis with very low amounts of
epitope targeted by nanoparticles could be an important
step for early stage detection of cancer.”

Platform selection

There is no suitable platform to detect the measurable
indicator of cancer at ultralow concentration, but hopeful
results are emerging from nanotechnology-based
approaches for the amplification and detection of such
type of ultra-low signatures. Eg. nanoscale surface
patterning. In nanoscale surface patterning carbon
nanotube patterning has been used for the detection of
carcinoembryonic  antigen  (CEA), a  Glycosyl
Phosphatidyl Inositol (GPI) cell surface—anchored
glycoprotein involved during foetal development. The
production of carcinoembryonic antigen stops before
birth and its reappearance serves as an important cancer
biomarker.™!

lonization Time-of-Flight Mass spectrophotometry
(SELDI-TOF-MS) /Surface-Enhanced Laser Desorption
is MS Platform for the detection of trace amounts
peptides and small molecules at the specific tumor
microenvironment which is under study in combination

with nanomaterials for early stage detection of cancer.**
35]

Nanocarriers in cancer cell selection

A new mode of chemotherapeutic drug delivery is
offered by nanocarriers. To develop such system the
unique physiochemical properties of nanomaterials are
used. Examples (i) tunable surface charge (+ve) to
stimulate electrostatic interaction with comparatively
negatively charged cancer cell surface. (Compared to
normal cells) in order to stimulate endocytosis (ii)
tunable hydrophilic surfaces having stealth properties to
prevent clearance by reticuloendothelial system that
prolong circulation times, thus preventing opsonisation,
the process by which foreign particles are altered by
opsonins to get efficiently engulfed by phagocytes (iii)
modifications on the surface of nanoparticles to target
specifically cancer cell membranes. By such type of
approaches nanocarriers can deliver high concentrations
of drug to a selected site with less systemic cytotoxicity.
By incorporating on average a single antibody Herceptin,
the antitumor efficacy of nanoparticles carrying the
anticancer drug camptothecin.®

Nanoscale cell selection

Passive selection: The physiology of tumor growth and
progression is utilized for passive selection by
nanoparticle system. The proliferation rate of cancer cell
is faster than that of surrounding normal cells and thus
control nutrients while generating more waste products,
hence exerting stress on healthy cells. Healthy cells are
replaced by cancer cells to form a small cluster of rapidly
proliferating cells, until the tumor reaches the diffusion

unit size of around 2 mm?®.E7
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Normal cells cannot compete for an adequate supply of
amino acids, nutrients, oxygen and glucose. Normal cells
are also unable to manage the excreted waste. By
inducing angiogenesis and overcoming the stress by
increasing the surrounding vascular, the cancer cells can
survive. Defective angiogenesis cause abnormalities in
the basement membrane of the vessels having gap size
ranges from nanometer to micrometer scale. Also the
normal diffusion of molecules prevented by abnormal
lymphatic drainage network and asymmetric interstitial
pressure.¥!

This leaky vasculature helps nanomaterials to scape and
become trapped within tumor due to dysfunctional
lymphatic drainage system and leaky vasculature
avoiding normal healthy tissue which has non-leaky
vessels. Hence, nanotechnology based approaches utilize
the opportunities to target tumor cells.!

Due to the presence of sialic acids and overexpressed
phospholipids negative charges are located on the surface
of tumour endothelial cells which can be selected by
positively charged nanoparticles due to electrostatic
interactions.”!

Tissue specific cell selection

Breast cancer selection: Commercially Herceptin is used
for the successful treatment of metastatic breast cancer.
HER-2 is most important surface markers overexpressed
in breast cancer.!"”

Folate-receptor-mediated  nanoparticle systems are
developed in the case of prostate cancer. Luteinising
hormone-releasing hormone receptor is important
molecular marker on breast cancer cells for localized
breast cancer selection. For the detection of breast cancer
metastasis (LHRH-conjugated  magnetic  oxide
nanoparticles) a superparamagnetic  iron  oxide
nanoparticles (SPIONS) based system has been
developed.[*!

Nanomaterials: Intrinsic cell selection

Nanomaterials, which do not have any targeting
molecules on the surface produce the cell specific
response. Patra et al gave first report and showed that
citrate-capped gold nanoparticles can selectively target
human lung epithelial cells (A549) and do not interact
with BHK21 kidney cells and hepG, Liver cells.? Size,
shape, charge and surface conjugations along with
composition are the factors on which the intrinsic
selection by nanoparicles are dependent. Different
aspects of particles are reacted by different cell types.
Sohaebuddin et al. showed that the mechanism of
response of the particles, even using some nanomaterials,
vary from one cell type to the next by using a set of
Multiwall carbon nanotubes, silicon oxide and titanium
oxide nanoparticles.[*"!
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Novel functional nanomaterials for cancer therapy

The arrival of nanotechnology in cancer therapy, started
when diagnostic, chemotherapeutic, antiangiogenesis and
gene therapy agents (engineered oligonucleotides), were
incorporated into nanosized particles or encapsulation
within nanosized vesicles.[*!

Sasisekaran et al published a report in Nature where his
team developed ‘“Nanocells” targeted to malignant
tissues, is considered to be one of the most innovative
multifunctional and intelligent drug delivery methods.
The outer envelope of nanocell is absorbed by the tumor
cell and released an anti-angiogenesis agent for
shutdown of blood supply to the tumor and inner
nanoparticles release chemotherapeutic agent. This
synthetic view to cancer therapy also reduces the
limitations of receiving decreased therapeutic
concentration  of  chemotherapeutic  agent by
antiangiogenesis and the increased tumor invasiveness

and resistance to  chemotherapy caused by
overexpression of (HIF1-alpha).*’!
Most of the functional nanomaterials, which are

nonradioactive in nature are used in hyperthermia.
Composite metal nanoshells are one of the few earliest
nanoshells for infrared hyperthermia. To provide optical
resonance that can be systematically varied from near-
UV to mid infrared by altering the dimensions of the
nanoshells.! !

Upcoming multidisciplinary and
nanotechnologies for cancer therapy
Nanotechnology included with applied engineering and
interdisciplinary innovation results in the development
of small and low cost instruments for cancer treatment
and diagnostics. Dr. otto zhou and his co-workers from
the university of north Carolina capel Hill, are
optimizing their new technology of carbon nanotube
based X-ray machines are smaller in size, low in cost and
provides clearer images and works at low temperature as
compared to metallic filaments in conventional X-ray
machines.")

supportive

Gold nanoparticles

The synthesis of goldnanoparticles is much simpler and
also pose minimal toxicity to kidney and liver where it
accumulates after entering into systemic circulation
compared to othernanoparticles.[**%

Compared to normal human cells the nanogold has
shown to have 600 times more absorption in cancer cells.
El-sayed et al utilized the optical properties of nanogold
to absorb and scatter light to demonstrate the detection
and imaging og malignant cells. The cells were reported
to be “shining” in dark field microscopy after the
absorption of the nanogol-anti EGFR conjugate into the
cancer cells.”
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