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Abstract
Nanotechnology is the science that refers to thieractions of cellular and molecular components and
engineered materials typically clusters of atomselegules, and molecular fragments at the most eléahq
level of biology. Nanoscale devices have the p@kid radically change cancer therapy for thedyedind to
dramatically increase the number of highly effegttherapeutic agents. Cancer is leading causeathdn
world. Nanoparticulate technology can prove to keywseful in cancer therapy allowing for effectiard
targeted drug delivery by overcoming the, many dgaial, biophysical and biomedical barriers. Diffier
types of Cancer cells have unique properties thathe exploited by nanoparticles to target the €aaells.
Nanoparticles can be used to monitor (by utilizimgdding optic, magnetic, and fluorescent propsytand to
treat Cancer (by Heat ablation, chemotherapy, dbaeapy). Nanotechnology is a multidisciplinareldi
convergence of basic sciences and applied disemlit's definitely a medical boon for diagnosigatment
and prevention for cancer diseases. Gold nanofet{@uNP’s) have also been exploited for theirepditl
application in treatment of cancer cells. No hurtréals have been performed yet and human trialssalfeat
least a few years away.
Key Words: Nanotechnology, cancer, nano devices, biomedaaidss.

Introduction
What is Nanotechnology
A nanometer is a billionth of a meter. It's diffictio imagine anything so small, but think of somegy only
1/80,000 the width of a human hair. Ten hydrogesmat could be laid side-by-side in a single nanomete
Nanotechnology is the creation of useful materidésjices, and systems through the manipulationasfenon this
miniscule scale. The emerging field of nanotechgplimvolves scientists from many different disaigs, including
physicists, chemists, engineers, and biologisterdlare many interesting nanodevices being develthz have a
potential to improve cancer detection, diagnosis, taeatment.

What Is Nanotechnology?

Nanotechnology Plays by Different Rules
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To help meet the goal of eliminating death and esirify from cancer by 2015, the National Canceritlnst is

engaged in efforts to harness the power of nanot#ogy to radically change the way we diagnose,genand
treat cancer. Already, NCI programs have suppaiedarch. Nanotechnology will change the very fatiods of
cancer diagnosis, treatment, and preventannovel nanodevices capable of one or more cligiégmportant

functions, including detecting cancer at its eatlistages, pinpointing its location within the bpdielivering

anticancer drugs specifically to malignant cells] @etermining if these drugs are killing malignaells. As these
nanodevices are evaluated in clinical trials, redeas envision that nanotechnology will serve astifanctional

tools that will not only be used with any numberdifgnostic and therapeutic agents, but will chatingevery
foundations of cancer diagnosis, treatment, andgprt@n.

Nanotechnology in Cancer Treatment

The use of nanotechnology in cancer treatment offErme exciting possibilities, including the posiib of
destroying cancer tumors with minimal damage tdthgaissue and organs, as well as the detectidnetimination
of cancer cells before they form tumors. Most éffdo improve cancer treatment through nanoteclyycéoe at the
research or development stage.

Cancer Treatments under Development

» One treatment involves targeted chemotherapy thlteds a tumor-killing agent called tumor necrosis
factor alpha (TNFe) to cancer tumors. TNF is attached to a gold partele along with Thiol-derivatized
polyethylene glycol (PEG-THIOL), which hides the FNbearing nanoparticle from the immune system.
This allows the nanoparticle to flow through thedad stream without being attacked. The company
developing this targeted chemotherapy method tivetelMNF and other chemotherapy drugs to cancer
tumors are called Cytimmune.

» One heat therapy to destroy cancer tumors usingpaaticles is called Auroshell. The Auroshell
nanoparticles circulate through a patient’s blowdasn, exiting where the blood vessels are leakinthe
site of cancer tumors. Once the nanoparticlesraatate at the tumor the Auroshell nanoparticlesuses
to concentrate the heat from infrared light to dmstcancer cells with minimal damage to surrounding
healthy cells.

» Targeted heat therapy is being developed to destregst cancer tumors. In this method antibodias t
are strongly attracted to proteins produced in type of breast cancer cell are attached to nanstube
causing the nanotubes to accumulate at the tumndrared light from a laser is absorbed by the rabes
and produces heat that incinerates the tumor.

» X-ray therapy may be able to destroy cancer tunusiag a nanoparticle called nbtxr3. The nbtxr3
nanoparticles, when activated by X-rays, generkgetrens that cause the destruction of cancer tsirtoor
which they have attached themselves. Nanobiotxrékeased preclinical results for this technique.

» An intriguing targeted chemotherapy method usesr@amparticle to deliver the chemotherapy drug and
separate nanoparticle to guide the drug carrighéotumor. First gold nanorods circulating throubh
bloodstream exit where the blood vessels are lgakinthe site of cancer tumors. Once the nanorods
accumulate at the tumor they are used to concentingt heat from infrared light, heating up the tamo
This heat increases the level of a stress relatetbip on the surface of the tumor. The drug dagy
nanoparticle (a liposome) is attached to aminosatiéht bind to this protein, so the increased l®fel
protein at the tumor speeds up the accumulatisgheo€hemotherapy drug carrying liposome at the tumo

» Animproved way to shield nanoparticles deliveraimmotherapy drugs from the immune system has been
developed by forming the nanoparticles from the imemes of red blood cells.

» Delivery of short interfering RNAs (siRNA) is intesting because siRNA simply stops the cancer tumor
from growing and there is the potential to tailgnthetic SIRNA to the version pf cancer in a indival
patient.

» A method to increase the number of cancer fightimgnune cells in cancer tumors is interesting.
Nanoparticles containing drug molecule called ietgtins are attached to immune cells (T-cells).e Th
idea is that when the T-cells reach a tumor theparticles release the drug molecules, which cthesé -
cells to reproduce. If enough T-cells are repreduin the cancer tumor the cancer can be destroVhis
method has been tested on laboratory mice with geogd results.

» Magnetic nanoparticles that attach to cancer éellthe blood stream may allow the cancer cellsdo b
removed before they establish new tumors.

» Another method that targets individual cancer delierts gold nanoparticles into the cells, anah thigines
a laser on the nanoparticles. The heat explodesahcer cells.

» Using gold nanoparticles to deliver platinum to @antumors may reduce the side effects of platinum
cancer therapy. The key is that the toxicity lewEplatinum depends upon the molecule it is bontbed
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(for the tech types the toxicity depends upon thidation state of the platinum). So the reseaclcbose

a platinum containing molecule that has low toyicib attach to the gold nanoparticles. When the
platinum bearing nanoparticle reaches a cancer rtutvencounter an acidic solution which changes the
platinum to it's toxic state, in which it can kdancer cells.

» Using polymer nanoparticles to deliver a molecusdled JSI-124 to cancer tumors. This molecule
degrades the ability of the cancer cells to sugptee immune system, possibly slowing the growth of
cancer tumors.

» Iron oxide nanoparticles can be used to improve Milges of cancer tumors. The nanoparticle isecbat
with a peptide that binds to a cancer tumor. Cheenaoparticles are attached to the tumor, thenatag
property of the iron oxide enhances the images ftmrMagnetic Resonance Imaging Scan.

» Sensors based upon nanoparticles or nanowiresetant@roteins related to specific types of caneds
in blood samples. This could allow early detectafncancer. T2 Biosystems uses superparamagnetic
nanoparticles that bind to the cancer indicatingtgin and cluster together. These clusters prowide
magnetic resonance signal indicatitiee presence of the cancer related protein. FRothar approach
researchers at John Hopkins University use quamntoi® and molecules that emit a fluorescent glow to
detect DNA strands that are early indicators ottean

Cancer Treatments using Nanotechnology: Company bBectory

Company Product

Cytimmune Gold nanopatrticles for targeted delivefrgdrugs to tumors.

Nano BioMagnetics Magnetically responsive nanaglag for targeted drug delivery and other
applications.

Abraxis BioScience Nanoparticles composed of agimatalled albumin.

Epeius Biotechnologies Nanopatrticles for targeteld/dry of drugs to tumors.

Calando Pharmaceuticals Nanopatrticles for the tadggelivery of sSiRNA to cancer tumors.

Nanobiotix Nanopatrticles that target tumor cellbew irradiated by xrays the nanoparticles
generate electrons which cause localized destruofithe tumor cells.

Nanospectra Auroshell particles (nanoshells) ferrtfal destruction of the cancer tissue.

Nanosphere Diagnostic testing using gold nanopestio detect low levels of proteins
indicating particular diseases.

Oxonica Diagnostic testing using gold nanoparti¢bésmarkers)

T2 Biosystems Diagnostic testing using magnetioparticles

MagArray Diagnostic testing using magnetic nanapiag

MagForce Ironoxide nanoparticles used in heatrimeat of solid tumors

Nanodevices:
Nanoscale devices and nanoscale components of ldeg&ces are of the same size as biological estifThey
are smaller than human cells (10,000 to 20,000 meters in diameter) and organelles and similaize ® large
biological macromolecules such as enzymes and t@sep hemoglobin, for example, is approximatelyrd im
diameter, while the lipid bilayer surrounding celison the order of 6 nm thick. Nanoscale devigaaler than
50 nanometers can easily enter most cells, whilsefsmaller than 20 nanometers can transit oubotlbvessels.
As a result, nanoscale devices can readily intexéttt biomolecules on both the cell surface andinithe cell,
often in ways that do not alter the behavior amchémical properties of those molecules. From ansific
viewpoint, the actual construction and charactébnaof nanoscale devices may contribute to undadihg
carcinogenesis.
Manufacturing Nanodevices

Nanodevices Are
Small Enough to Enter Cells
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Nanodevices Can
Preserve Patients’ Samples

Traditional Tests Celis altered
Cells from patient Active state lost

Nanotechnology Tests Colls pre—erved
Cells from patient  Active state preserved
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Nanotechnologies in Patient Care
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Developing a Cancer Nanotechnology Plan

NCI's Cancer Nanotechnology Plan will provide @dti support for the field though extramural progedntramural
programs, and a new Nanotechnology Standardizdtavoratory. This latter facility will develop imp@mnt

standards for nanotechnological constructs andcdevthat will enable researchers to develop crasstibnal

platforms that will serve multiple purposes. Thiedeatory will be a centralized characterizationoliatory capable
of generating technical data that will assist redeers in choosing which of the many promising rsaate devices
they might want to use for a particular clinicalresearch application. In addition, this new labamawill facilitate

the development of data to support regulatory sesnfor the translation of nanotechnology into icih

applications.

The six major challenge areas of emphasis include:
Prevention and Control of Cancer
1. Developing nanoscale devices that can deliver ¢gmmevention agents
2. Designing multicomponent anticancer vaccines usargpscale delivery vehicles
Early Detection and Proteomics
1. Creating implantable, biofouling-indifferent moléausensors that can detect cancer-associated tkiersa
that can be collected fax vivo analysis or analyzeioh situ, with the results being transmitted via wireless
technology to the physician
2. Developing “smart” collection platforms for simulious mass spectroscopic analysis of multiple cance
associated markers
Imaging Diagnostics
1. Designing “smart” injectable, targeted contrastragehat improve the resolution of cancer to thgls
cell level
2. Engineering nanoscale devices capable of addreshmgiological and evolutionary diversity of the
multiple cancer cells that make up a tumor withiriradividual
Multifunctional Therapeutics
1. Developing nanoscale devices that integrate didgnasd therapeutic functions
2. Creating “smart” therapeutic devices that can artre spatial and temporal release of therapegents
while monitoring the effectiveness of these agents
Quality of Life Enhancement in Cancer Care

International Journal of Research in Pharmacy and life Sciences 106



Padmini K et al

1. Designing nanoscale devices that can optimallywdelmedications for treating conditions that maiger
over time with chronic anticancer therapy, inclylipain, nausea, loss of appetite, depression, and
difficulty breathing

Interdisciplinary Training

Coordinating efforts to provide cross-training imlecular and systems biology to nhanotechnologyrexegs and in
nanotechnology to cancer researchers. Creatingim@endisciplinary coursework/degree programs tanti@ new
generation of researchers skilled in both canagogy and nanotechnology.

Nanotechnology and Diagnostics

Today, cancer-related nanotechnology researchoisepding on two main fronts: laboratory-based diatjos and
in vivo diagnostics and therapeutics. Nanoscaldécdevdesigned for laboratory use rely on many efrirethods
developed to construct computer chips. For exanipi2,nanometer-wide wires built on a micron-scélean grid

can be coated with monoclonal antibodies directgdrest various tumor markers. With minimal Canaadt sample
preparation,substrate binding to even a small nurobantibodies produces a measurable change idekiEe’s
conductivity, leading to a 100-fold increase ing#wity over current diagnostic techniques.

Nanoscale cantilevers, constructed as part ofgefatiagnostic device,
can provide rapid and sensitive detection of canelated molecules.
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Magpnetic field

DNA-coated gold nanoparticles (NPs) form the basisa system that also uses larger magnetic
microparticles (MMPs) to detect attomolar (10-1&ncentrations of serum proteins. In this case, a
monoclonal antibody to prostate specific antigeBAPis attached to the MMP, creating a reagent to
capture free PSA. A second antibody to PSA, atthtbehe NPs, is then added, creating a “sandwidh”
the captured protein and two particles that islgasiparated using a magnetic field.

Approved Products

Conjugation Kits and Custom
Conjugations
Kitsfor Customers or Nanopartz
conjugation services

Accurate spherical Gold
Nanoparticles
Bare, Conjugated, and
Organic in sizes 5-100nm
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Gold Nanorodz
Bare, Conjugated, and Organic
for peak SPRsfrom 550 to
1400nmincluding
New! HAR Gold Nanorods

Gold Nanowires
Bare and Conjugated with lengths up
to 6.5 microns

Microgold
Bare and Conjugated micron
sized gold particles

Platinum, Palladium and Trimetallic
Nanoparticles
Nanoparticles for Catalysis

Gold Nanobeads
SERS Raman Labels

SERS Labels for excitation from
600 to 800 nm

Preconjugated Products
Spherical and Nanorods
Conjugated to anti-EGFR,
peptides, and more

Future Herbal Nanoparticles for Cancer:
Aswagandha, Amla, Basil, Rakta vrntaka (Tomato),efdge Turmeric etc with anticancerous properties.

Antioxidants play an important role in mitigatiniget damaging effects of oxidative stress on cellgcopene, a
carotenoid, has received considerable scientifer@st in recent years.

Applications of Nanotechnology:
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Nanotechnology — a powerful research enabler:
Nanotechnology is providing a critical bridge bedwethe physical sciences and engineering, on teeéhand, and
modern molecular biology on the other.

Conclusion

Nanotechnology will radically change the way wegtiase, treat and prevent cancer to help meet thé ao
eliminating, suffering and death from cancer. Aligh most of the technologies described are pragiand fit
well with the current methods of treatment, thesestill safety concerns associated with the intotidn of
nanoparticles in the human body. These will regjfirrther studies before some of the products eaagproved.
The most promising methods of drug delivery in eanwill be those that combine diagnostics with timeent.
These will enable personalized management of caamugprovide an integrated protocol for diagnosid follow
up that is so important in management of canceiepiat There are still many advances needed taowvep
nanoparticles for treatment of cancers. Futurerefiwill focus on identifying the mechanism anddtion of action
for the vector to treat all stages of tumors incpnécal models. Further studies are focused opaerling the
selection of drugs to deliver novel nanoparticletoes. Hopefully, this allows the development mfiovative new
strategies for cancer cures.
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