NANOTECHNOLOGY FOR CANCER THERAPY pdf
1: Nanotechnology in Cancer Treatment - Assignment Point
Research on nanotechnology cancer therapy extends beyond drug delivery into the creation of new therapeutics
available only through use of nanomaterial properties. Although small compared to cells, nanoparticles are large enough
to encapsulate many small molecule compounds, which can be of multiple types.

Nanotechnology cancer treatments would use gold particles to carry anticancer drugs straight to the cancer.
Learn about nanotechnology cancer treatments. Unfortunately, these treatments can carry serious side effects.
Chemotherapy can cause a variety of ailments, including hair loss, digestive problems, nausea, lack of energy
and mouth ulcers. But nanotechnologists think they have an answer for treatment as well, and it comes in the
form of targeted drug therapies. If scientists can load their cancer-detecting gold nanoparticles with anticancer
drugs, they could attack the cancer exactly where it lives. Such a treatment means fewer side effects and less
medication used. Nanoparticles also carry the potential for targeted and time-release drugs. These treatments
aim to take advantage of the power of nanotechnology and the voracious tendencies of cancer cells, which
feast on everything in sight, including drug-laden nanoparticles. One experiment of this type used modified
bacteria cells that were 20 percent the size of normal cells. These cells were equipped with antibodies that
latched onto cancer cells before releasing the anticancer drugs they contained. Another used nanoparticles as a
companion to other treatments. These particles were sucked up by cancer cells and the cells were then heated
with a magnetic field to weaken them. The weakened cancer cells were then much more susceptible to
chemotherapy. It may sound odd, but the dye in your blue jeans or your ballpoint pen has also been paired
with gold nanoparticles to fight cancer. This dye, known as phthalocyanine, reacts with light. The
nanoparticles take the dye directly to cancer cells while normal cells reject the dye. Once the particles are
inside, scientists "activate" them with light to destroy the cancer. Similar therapies have existed to treat skin
cancers with light-activated dye, but scientists are now working to use nanoparticles and dye to treat tumors
deep in the body. From manufacturing to medicine to many types of scientific research, nanoparticles are now
rather common, but some scientists have voiced concerns about their negative health effects. There are also
questions about how to dispose of nanoparticles used in manufacturing or other processes. Gold nanoparticles
are a popular choice for medical research, diagnostic testing and cancer treatment, but there are numerous
types of nanoparticles in use and in development. Bill Hammack, a professor of chemical engineering at the
University of Illinois, warned that nanoparticles are "technologically sweet" [Source: The Food and Drug
Administration has a task force on nanotechnology, but as of yet, the government has exerted little oversight
or regulation. For more information on nanoparticles, medical research and other related topics, please check
out the links below.
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2: Fighting Cancer with Nanomedicine | The Scientist MagazineÂ®
Nanotechnology in Cancer Treatment The use of nanotechnology in cancer treatment offers some exciting possibilities,
including the possibility of destroying cancer tumors with minimal damage to healthy tissue and organs, as well as the
detection and elimination of cancer cells before they form tumors.

That stops cancer from growing and spreading. Ideally, you want to do that without harming healthy cells.
Aurora kinase inhibitors are effective cancer killers. They also have a downside. In some cases, potentially
effective cancer drugs have turned out to be too toxic to develop. If drugs could be delivered directly to tumor
sites, it would prevent damage to healthy cells. Patients would have access to potent cancer drugs with fewer
risks. Research is increasingly turning to nanotechnology to achieve that goal. In a paper published in the
journal Science Transitional Medicine , a team of researchers at AstraZeneca and Bind Therapeutics detail
how they created a nanoparticle formulation of a cancer drug. Basically, they found a way to eradicate cancer
cells without harming healthy tissue. The rodents had colorectal tumors with diffuse large B cell lymphoma.
Accurins are polymeric particles that encapsulate charged drugs through ion pairing. The research team used
Accurins to deliver and control release of the Aurora B kinase. The nanoparticles accumulated in the tumors,
right where they were needed. The Accurins allowed the continued release of the drug over several days. The
result was a better therapeutic index. Tumors stopped growing and started shrinking. When compared with the
parent drug, blood toxicity levels were lower. It was more effective, yet there were fewer side effects. It
worked in rodents, but will it work in humans? A lot more research is needed to find out. The researchers still
need to figure out how to deliver the intravenous drug to patients safely and effectively. It will take some time
to explore dosing and scheduling of the drug. Clinical trials are in progress. According to the NCI Alliance for
Nanotechnology in Cancer , the first nanotechnology-based cancer drugs are already on the market. Two of
these are Doxil and Abraxane. Others are in clinical trials. When it comes to cancer, early treatment is best.
Nanotechnology may help with that, too. They have developed a technique to detect disease biomarkers in the
form of nucleic acids. That may make it possible to detect cancer with a simple finger prick blood test.
Nanotechnology research is rapidly advancing. Written by Ann Pietrangelo on February 16, related stories.
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3: Nanotechnology and Cancer - Nanotechnology Cancer Treatments | HowStuffWorks
A new cancer treatment that uses nanotechnology has shown "astounding" results in mice.

Christian Northeast A growing field called nanotechnology is allowing researchers to manipulate molecules
and structures much smaller than a single cell to enhance our ability to see, monitor and destroy cancer cells in
the body. Shrunk to the size of a large bacterium, the submarine contains a team of scientists and physicians
racing to destroy a blood clot in the brain of a Soviet defector. The group journeys through the body, evading
giant white blood cells and tiny antibodies while traveling through the heart, the inner ear and the brain to
reach and destroy the blockage. A growing field called nanotechnology is allowing researchers to manipulate
molecules and structures much smaller than a single cell to enhance our ability to see, monitor and destroy
cancer cells in the body. Tens of thousands of patients have already received chemotherapy drugs delivered by
nanoparticles called liposomes, and dozens of other approaches are currently in clinical trials. And a national
alliance created by the NCI in to bring together researchers from biology to computer science to chemistry to
engineering is now bearing fruitâ€”in the form of dozens of clinical trialsâ€”at campuses and companies
across the country, including Stanford. The field has advanced tremendously in the past 10 to 15 years. A
nanometer is one-billionth of a meter. A human hair is about , nanometers in diameter. An average cell, about
10, The Proteus, in The Fantastic Voyage, was about 1, nanometers long, and the antibodies that attacked its
passengers were about 10 nanometers in size. Nanoparticles for medical use are defined as molecules or
structures no larger than about nanometersâ€”comparable in size to the tens of thousands of molecules in the
body that slip in and out of intact cells and wiggle harmlessly through blood vessel walls and into tissues. Like
the Proteus and its crew, they can seek out and interact with individual cells and their contents. Molecules on
the nanometer scale operate in a dusky netherworld where the laws of physics wobble at the edge of a
quantum galaxy. Electrons behave strangely on such a tiny stage. Nanoscale particles also sport tremendous
amounts of surface area as compared with larger particles. A cube of gold with sides 1 centimeter long has a
total surface area of 6 square centimeters. But the same volume filled with gold nanospheres with diameters of
1 nanometer has a surface area greater than half a football field. By changing the size of the particles, the
scientists can "tune" the nanoparticles to behave in specific waysâ€”fluorescing varying colors for imaging
purposes, for example, or grabbing onto and then releasing cancer cells for study. Some can be engineered to
absorb light energy to power tiny acoustic vibrations that signal the presence of a tumor or to release heat to
kill the cells from inside. Gambhir believes nanotechnology will be particularly helpful in early diagnosis and
treatment. He compares the approach to that of piloting a jet airplane. In , noted physicist Richard Feynman,
PhD, discussed the possibility of "swallowing the doctor" in a talk at the California Institute of Technology,
and British researchers first realized the potential of liposomes for drug delivery in These spheres can be
engineered to contain water-soluble drugs in their interior, while also squirreling away hydrophobic, or
insoluble, drugs in their fatty membrane. Careful engineering can result in liposome-based structures that
deliver multiple drugs in precise ratios and at high levels without the toxicities that can occur when delivering
the medicines without these structures. They accumulate naturally in tumor tissue, or can be targeted to
specific cell types by the addition of antibodies or other molecules to their surface. The technique was first
approved by the U. There are now more than a dozen liposomally packaged drugs on the marketplace, and
researchers have begun to explore ways to use other types of nanoparticles to deliver not just drugs, but also
small RNA molecules to block the expression of specific genes, or a payload of radioactivity to kill the cell.
This is the now," said Heather Wakelee, MD, an associate professor of medicine at Stanford who focuses on
the treatment of lung cancer patients. A key component of the technique is the ability to swiftly release the
bound, living cells for further study. Like other nanotechnology, it is exquisitely sensitive. Wakelee is also
working with colleagues to develop ways to capture and sequence tumor DNA that circulates freely in the
blood of cancer patients. The particles, which would be swallowed as pills, coat pockets of tumor cells that
would normally be invisible during a colonoscopy, and can be visualized with a special endoscope designed
by the team. The technique is under review by the FDA. Nanomedicine for future patients will likely be less
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fraught with urgency, but the outcome will be more important. After all, the patient could be you.
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4: How nanotechnology could detect and treat cancer
One of the potential risks of using nanomaterials for cancer therapy as well as for human health, in general, is the
potential for toxicity [68, 75, ]. Nanomaterials are diverse in chemical composition, charge, and even to some degree
size, and thus, general statements concerning toxicity are likely not possible.

A Long, single-stranded DNA scaffold M13mp18 phage genomic DNA, blue hybridizes with rationally
designed helper strands to fold into triangular, square, and tube origami shapes. The biodistribution of
unstructured M13 DNA and different nanostructures of DNA origami was investigated in subcutaneous breast
tumor model. After in vivo biodistribution, the triangle-shaped DNA origami demonstrated optimal tumor
accumulation; it was then used for doxorubicin intercalation. Reproduced with permission from reference [ 74
]. Click on the image to enlarge. DNA origami, which provides enhanced size, dense packaging of strands and
controllable shape, can be used to construct multivalent and multifunctional drug carriers. DNA origami was
found to be stable in cell lysates and can be slowly degraded in living cells after 72 hours of treatment,
demonstrating its great potential for controlled drug release [ 69 ]. The authors were able to control the
kinetics of the release of doxo from DNA origami tubes N7 by regulating the global twist of the structure,
showing that the twisted form releases doxo more slowly than the normal structure [ 70 ]. The Liedl group
constructed a helix DNA origami nanotubes N8 that were functionalized with CpGs oligonucleotides up to 62
molecules and tested for their immunostimulatory efficacy in isolated mouse spleen cells. Splenocytes include
a subset of immune cells such as dendritic cells and macrophages that initiate and control the immune
response. DNA barrels N9 have been constructed in a structure capable of selectively interfacing with cells to
deliver signaling molecules to cell surfaces [ 72 ]. The opening lid is based on a DNA aptamer-based lock
mechanism, which opens in response to the binding of antigen keys. Different DNA nanostructures, namely,
triangle, square and tube, were synthesized and tested for drug delivery in in vitro and in vivo experiments
Figure 7 [ 73 , 74 ]. In vivo experiments demonstrated that these structures were able to deliver doxo
efficiently to normal and resistant cancer cells [ 74 ]. Interestingly, it appears that the triangular structure
resided in the tumor for a significantly longer time than the square and tube structures N10 and N This might
be attributed to the different shape of DNA structures and was probably due to the enhanced retention time
inside the tumor Figure 7. In most studies, drug loading on DNA nanostructures relies on the intercalation
property of doxo molecules with base pairs of DNA duplex [ 70 , 73 , 74 ]. High loading efficiencies of doxo
with different DNA origami structures have been achieved. Due to the programmed and well-defined
properties of DNA nanostructures, it is possible to precisely control the spatial distribution of cargo molecules
over DNA structure. In fact, there is virtually no limit for tethering DNA with various functional molecules
through covalent modifications. DNA oligomers with a large variety of functional end groups are
commercially available. Amino-functionalized DNA has been employed to bind carboxylic groups, and
thiol-modified DNA to maleimide groups [ 75 ]. QD-tagged DNA can transfect cells with high efficiency and
intracellular trafficking can be followed through time. The avidin-biotin system has also been used as a
non-covalent receptor-ligand system for the binding of DNA to nanoparticles like gold nanoparticles AuNPs
or quantum dots QDs [ 76 , 77 ]. Other than covalent modifications, DNA is negatively charged and is
essentially a polyelectrolyte molecule which could bind through the positive charge of the surface such as gold
nanoparticles with quaternary ammonium [ 78 ]. Additionally, it has been demonstrated that DNA incubated at
high stoichiometric excess over gold nanoparticles shows nonspecific adsorption [ 79 ]. The nanostructures are
separated by size shorter move faster than longer structures and analyzed under UV-light after staining with
ethidium bromide. The nanostructures can be extracted from the gel and dissolved in a suitable buffer. The
yields of assembled DNA nanostructures can be estimated by running an agarose or polyacrylamide gel and
comparing the intensity of the bands to a standard reference [ 64 , 65 ]. When the structures are loaded with
drugs, the DNA exhibits a decrease in folding quality compared to the sharp band before drug loading, as
observed with a lower gel mobility, indicating that the drug was intercalated into the DNA [ 70 , 73 ].
Transmission electron microscopy TEM and atomic force microscopy AFM were used to demonstrate the
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assembly of DNA, the size, the shape and the monodispersity of the nanostructures. These techniques provide
direct evidence of the morphology of nanostructures before and after drug loading [ 64 , 70 , 73 ]. The
dynamic light scattering DLS technique was used to determine the hydrodynamic diameter of the
nanostructures. It measures the fluctuations in scattered light intensity due to diffusing particles. When the
system is monodisperse, the effective mean diameter of the particles can be determined. This measurement
depends on the size of the particle core, the size of surface structures, particle concentration, and the type of
ions in the medium. In general, the DLS measurement of the DNA nanostructures has shown a narrow size
distribution, representing a uniform and monodisperse hydrodynamic size [ 63 - 65 , 74 ]. These techniques
were equally integrated with AFM or TEM analyses to demonstrate the size and shape of nanostructures. In
this regard, there is uniformity and concordance among the papers helping with the interpretation of the
results. Drug loading Table 1 , column 5 More than half of the studies have utilized doxo as proof-of-concept
chemotherapeutic drug. Doxorubicin has the advantage of being widely utilized in cancer therapy, intercalates
into DNA and has intrinsic properties such as fluorescence and absorbance that are of help during analysis.
Other anthracycline chemotherapeutic drugs e. The platinum drugs, such as cisplatin, carboplatin, and
oxaliplatin, bind to the nitrogen N position of the two adjacent guanine G bases of DNA, which is responsible
for the cytotoxic effect of platinum drugs [ 81 ]. A hydrophobic drugs, such as Paclitaxel PTX , can be
incorporated into the core during the self-assembly and the cationic shell of the PTX-loaded nanoparticles bind
to the DNA by electrostatic interaction between the negative charge of DNA and the positive charge of the
nanoparticle [ 82 ]. In addition to the non-covalent interaction, the chemotherapeutic drugs can covalently
functionalize the DNA. Each DNA origami staple strand is synthetically made and can be modified in
predefined positions and incorporating different functions e. For example, the methotrexate MTX , a
chemotherapeutic drug, can be functionalized covalently to the surface of DNA by a chemical reaction
between the amino group of DNA and the carboxylic group of the MTX in the presence of EDC 1-Ethyl
3-dimethylaminopropyl carbodiimide used as carboxyl activating agent for the coupling of primary amines to
form amide bond. Since the field of DNA nanotechnology is in its infancy, no comparison with other drug
delivery systems has been done. Although doxo offers many advantages as cargo, others drugs should be
tested to understand whether DNA origami could be applied to different chemotherapeutic treatments.
Targeted therapy is now at the forefront of cancer therapy and is based on the application of monoclonal
antibodies e. Herceptin, an anti-HER2 or small molecules e. Gifitinib, an anti-EGFR directed against specific
targets. In contrast to doxorubicin, these molecules do not have intercalation properties, thus they should be
incorporated on the surface of DNA origami through covalent and non-covalent linkers or be loaded inside a
DNA origami cage structure. In the last case, logic gate cages of different shapes and dimension should be
designed to entrap the molecules [ 72 ]. In this regard, a DNA nanorobot was demonstrated to deliver
antibodies against human CD33 and CDw to induce growth arrest of natural killer cells as well as antibodies
targeting human CD3e and flagellin to induce T cell activation [ 72 ]. Other cargos such as siRNAs [ 65 ] or
specific DNA sequences [ 66 , 71 ] could be loaded to obtain gene-specific downregulation or elicit an
immune response, respectively. Stability Table 1 , column 6 A stability test of the DNA nanostructure used as
a drug carrier has been carried out in most the studies. Stability was found to be strictly dependent on the type
of solution, that has been utilized and the temperature. Although in most cases the experiments were done at
37 oC corresponding to the physiological temperature of the human body, in a few papers the experiment was
carried out at room temperature or the temperature was not reported. With regard to the media, there is less
concordance. Cell culture media or fetal bovine serum has been utilized at different concentration or
physiological solution such as phosphate buffer PBS. In this regard, Kocabey et al. In the light of these
observations, a careful analysis should be conducted and actually, it is difficult to draw firm conclusions. In
general, DNA-origami-based structures depict higher stability more than 24 hours in physiological buffer as
well as in serum. In contrast, non-origami DNA nanostructures exhibit lower stability. The higher density of
double helices in DNA-origami nanostructures is likely the main factor contributing to their stability [ 74 ].
However, in vivo stability information about DNA nanostructures is still inadequate. Recently, Lee et al.
These observations showed that the stability of DNA nanostructures is still the critical factor undermining

Page 6

NANOTECHNOLOGY FOR CANCER THERAPY pdf
their potential clinical applications. Conjugation of siRNAs with polymers could overcome this problem [ 89
]. Nonetheless, the easy custom synthesis of DNA with any arbitrary sequence allows the insertion of modified
bases and non-natural chemical modifications at specific positions of the synthetic DNA strands, which could
be utilized to tune their in vivo stability along with imparting additional functionalities. The high chemical
versatility that allows the easy addition of targeting ligands represents a significant advantage of DNA
nanostructures compared to other DDS. Loading efficiency Table 1 , column 8 Concerning chemotherapeutic
drugs, the loading efficiency is influenced mainly by the DNA origami and drug concentration, the incubation
time and the reaction temperature. In a few papers, all these parameters have been reported. We have
estimated that the number of doxo molecules per DNA nanostructure was between 26 and more than ,
molecules. Although the dimension of the structure and the number of DNA strands are different, the
theoretical maximal numbers of doxo molecules that could be intercalated inside the structure does not always
correspond to that observed and an overloading of the DNA nanostructure could often be foreseen.
Over-saturation of nanostructures is not an ideal condition for in vivo experiments and, may lead to
deformation of the nanostructure itself [ 90 ], unspecific effects, and altered uptake kinetics and artifacts. Doxo
is known to undergo self-association in aqueous solution, which may alter the binding and release properties
of doxo from the nanocarrier [ 91 , 92 ]. The loading efficiency was one of the major problems of liposomes.
An active remote loading was developed that works perfectly with doxo and could be utilized for weak basic
or acid amphipathic molecules [ 93 ]. Inside the liposome, the high concentration of ammonium sulfate allows
the precipitation of doxorubicin. This process produces a stable gradient of doxorubicin between outside and
inside the liposome, which allows an efficient drug loading [ 94 ]. A hybrid system formed from the
encapsulation of DNA nanostructures by a lipid membrane has been suggested to improve the stability of the
nanostructures in biological environments, and avoid the activation of inflammatory immune response for the
in vivo application. The development of this hybrid system has focused on increasing the bioavailability and
targeting of anticancer agents [ 95 ]. Release Table 1 , column 9 Besides physiological stability, another
important factor is the control and tuning of the release of the drug cargo from DNA nanostructures. Most of
the studies have performed the release tests in PBS at different pH or in cell lysate solutions. It has been
observed that there are big differences in the drug release depending on the DNA structures. The DNA
tetrahedral, icosahedral and tube release most of the doxorubicin in 10 hours. In this case, parameters such as
different experimental conditions the release of doxo increased when the pH decreased from 7. They designed
DNA origami tubes with different global twists through which they were able to tune the encapsulation
efficiency and the doxo release rate [ 70 ]. They synthesize two types of DNA origami. The first one was a
straight nanotube S-Nano with The second one was a twisted nanotube T-Nano with 12 bases per helical turn.
The release rate of doxo from the structures was studied by measuring the doxo fluorescence. In vitro activity
Table 1 , columns 11 and 12 All the studies reported the activity of DNA nanostructures on cell culture. Since
doxo is the most utilized drug, breast cancer cell lines were chosen. The efficacy of DNA-doxo complex was
evaluated in cell viability and cytotoxicity experiments. DNA origami increased the efficacy of doxo and
when evaluated for cell internalization, the endocytotic pathway was the principal entry route into the cell. An
in-depth analysis will be necessary to clarify the fate of different DNA nanostructures.
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5: Fighting Cancer with Nanotechnology | The Kavli Foundation
In support of this potential, the U.S. National Cancer Institute (NCI) established the Alliance for Nanotechnology in
Cancer in and pledged $ million in funding over the next five years.

There present variety of reasons behind it due to which the readers quit reading the eBooks at their first most
attempt to utilize them. However, there exist some techniques that could help the readers to really have a good
and effectual reading experience. A person should adjust the correct brightness of display before reading the
eBook. It is a most common issue that almost all of the individuals usually tolerate while using an eBook. As a
result of this they have problems with eye sores and head aches. The very best alternative to overcome this
severe issue is to decrease the brightness of the displays of eBook by making specific changes in the settings.
A great eBook reader ought to be set up. You can also use complimentary software that may provide the
readers with many functions to the reader than simply an easy platform to read the desired eBooks. You can
even save all your eBooks in the library that is also supplied to the user by the software program and have a
superb display of all your eBooks as well as get them by identifying them from their unique cover. Aside from
offering a place to save all your precious eBooks, the eBook reader software even provide you with a lot of
features as a way to enhance your eBook reading experience compared to the conventional paper books. You
can also improve your eBook reading encounter with help of choices furnished by the software program for
example the font size, full screen mode, the particular variety of pages that need to be shown at once and also
alter the color of the backdrop. You should take appropriate rests after specific intervals while reading.
Nevertheless, this does not mean that you should step away from the computer screen every now and then.
Constant reading your eBook on the computer screen for a long time without taking any rest can cause you
headache, cause your neck pain and suffer from eye sores and also cause night blindness. So, it is necessary to
give your eyes rest for a while by taking rests after specific time intervals. This can help you to prevent the
problems that otherwise you may face while reading an eBook always. While reading the eBooks, you need to
favor to read large text. Generally, you will note the text of the eBook tends to be in moderate size. It is
suggested to read the eBook with large text. So, boost the size of the text of the eBook while reading it on the
screen. Despite the fact that this may mean that you will have less text on every page and greater amount of
page turning, you will have the ability to read your desirable eBook with great convenience and have a good
reading experience with better eBook screen. It is suggested not to go for reading the eBook in full screen
mode. While it might seem easy to read with full-screen without turning the page of the eBook fairly often, it
set ton of stress in your eyes while reading in this mode. Consistently prefer to read the eBook in the same
span that will be similar to the printed book. This really is so, because your eyes are used to the length of the
printed book and it would be comfy for you to read in exactly the same manner. By using different techniques
of page turn you could also boost your eBook experience. Check out whether you can turn the page with some
arrow keys or click a certain portion of the display, aside from utilizing the mouse to handle everything. Prefer
to make us of arrow keys if you are leaning forward. Try to use the mouse if you are comfortable sitting back.
Lesser the movement you must make while reading the eBook better is going to be your reading experience.
Specialized dilemmas One difficulty on eBook readers with LCD screens is that it will not take long before
you try your eyes from reading. This will help make reading easier. By using all these effective techniques,
you can surely enhance your eBook reading experience to a terrific extent. This advice will help you not only
to prevent specific hazards which you may face while reading eBook frequently but also ease you to relish the
reading experience with great relaxation. The download link provided above is randomly linked to our ebook
promotions or third-party advertisements and not to download the ebook that we reviewed. We recommend to
buy the ebook to support the author. Thank you for reading.

Page 8

NANOTECHNOLOGY FOR CANCER THERAPY pdf
6: Nanotechnology for Cancer Therapy - CRC Press Book
NCI Alliance for Nanotechnology in Cancer. Launched in , the NCI Alliance for Nanotechnology in Cancer program is a
comprehensive, structured effort, encompassing the public and private sectors, to converge multidisciplinary research in
cancer nanotechnology.

Nanotechnology-based therapeutics will revolutionize cancer treatment. COM Short drug circulation times
and difficulty localizing therapy to tumor sites are but two of the challenges associated with existing cancer
treatments. More troubling are the issues of drug toxicity and tumor resistance. The tissue damage inflicted by
some therapies can even be fatal. And evolution of drug resistance by tumors accounts for the vast majority of
cases in which treatment fails. Given these and other issues associated with treatment safety and efficacy,
scientists are applying tremendous effort toward the utilization of nanomedicine in the fight against cancer.
Nanotechnology-based therapeutics have exhibited clear benefits when compared with unmodified drugs,
including improved half-lives, retention, and targeting efficiency, and fewer patient side effects. Researchers
have already made progress with chemotherapeutic nanomedicines in the clinic. Several compounds that are in
various stages of trials or already approved by the U. BIND Biosciences has shown that nanoparticles
combining a chemotherapeutic drug with prostate-specific membrane antigen PSMA can reduce lung and
tonsillar lesions with greater efficacy compared with the drug alone, and at substantially lower doses Sci
Transl Med, doi: Cancer nanomedicine possesses the versatility required to uniquely overcome some of the
most challenging impediments to treatment success. On the preclinical front, several nanomaterial
formulations have shown promise. Single-agent nanoparticle delivery, both actively and passively targeted,
has been demonstrated with a host of platforms using silica, polymer, metal, and carbon-based materials.
Delivering a double whammy Researchers recently reported multidrug delivery using nanoparticles to mediate
resistance in relapsing cancers and to improve triple-negative breast cancer treatment efficacy. Other recent
approaches have included layer-by-layer siRNA and doxorubicin delivery for breast cancer therapy,
simultaneous loading of small interfering RNA siRNA and tumor-penetrating peptides against ovarian cancer,
as well as sequential administration of multiple types of nanoparticles for pancreatic cancer treatment Adv
Funct Mater, doi: These exciting approaches have served as a foundation for the next phase of cancer
nanomedicine in the clinicâ€”the rational design of nanomaterial-drug combinations. Until more nanoparticles
are validated in the clinic, however, the impact that nanomedicine may have on cancer treatment has yet to be
fully realized. In order for chemotherapies modified using nanotechnology to profoundly change
hematological and oncological practice, the application of engineered nanomedicines must be paired with
emerging strategies to rationally design nanotherapeutic combinations. This is critical because combinatorial
therapy is an efficient way to simultaneously address the barriers to treatment success, and it is widely used in
treating cancer and infectious diseases. Current clinical methodologies for combinatorial drug design include
additive treatments that combine two or more drugs at their highest tolerable but still efficacious dose,
although the synergistic effects among drugs cannot be taken into account using this additive approach. As the
field gradually embraces the use of nanoparticles to deliver multiple compounds with different targets, a move
away from additive dosing is necessary. This raises several important questions. For example, silencing genes
to combat resistance, mediating apoptosis, and allowing vascular access are each pathways worth targeting,
but what if multiple pathways are targeted at the same time to comprehensively attack the tumor? How will
dosing be determined? How will the dosages of each drug be adjusted if efficacy is improved but toxicity is
worsened? The next phase of cancer nanomedicine in the clinic is the rational design of nanomaterial-drug
combinations. An attempt to optimize any one of these conditions will inevitably affect the others.
Furthermore, these conditions vary from patient to patient, so phenotypic personalized medicine will be
required. In addition, these issues create a parameter space that is too large to be individually tested and can
result in an arbitrary dosing scenario. For example, a combination of six candidate therapeutics with 10
possible concentrations represents a minimum of 1 million possible combinations. Identifying a solution that
rapidly converges on a defined set of phenotypic outcomes is a challenge that faces both unmodified drug
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administration and drug delivery by nanoparticles. To move beyond short-term cancer managementâ€”or
single outcomes, like delaying tumor growth using a nanoparticle drug formulationâ€”and to enable long-term
or potentially permanent disease management, the field of nanomedicine will inevitably need to be paired with
advanced strategies to rapidly determine dosing conditions that can simultaneously optimize for efficacy and
safety. One promising route is the field of feedback system control FSC , which relies on phenotypic
responses instead of trying to interrogate cellular pathways, their individual protein components, or a spectrum
of genotypic responses. One example is the use of a search algorithm in a feedback loop that can guide the
formulation of rational drug combinations, both unmodified and nanotherapeutic. Remarkably, this approach
can be used for in vitro studies with cell lines and primary cells, and for preclinical and even clinical
validation. And because FSC utilizes outcomes to iteratively suggest new possible combinations before rapid
convergenceâ€”in tens of trials versus a million or moreâ€”toward an optimal combinatorial dose,
pharmacokinetics and pharmacodynamics are inherently accounted for with this approach. Furthermore,
because combinations will vary from patient to patient, FSC will help personalized nanomedicine dosing on a
case-by-case basis. In sum, cancer nanomedicine possesses the versatility required to uniquely overcome some
of the most challenging impediments to treatment success. Rationally designing nanotherapeutic combinations
using rapid convergence solutions such as FSC represents a promising pathway from cancer management
towards cancer elimination. In December , Ho coauthored a review of the translation of cancer nanomedicine
to the clinic E. Ho, Sci Transl Med, doi:
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7: Nanotechnology for Medical Diagnostics and Treatment
Nanotechnology for Cancer Therapy - Kindle edition by Mansoor M. Amiji. Download it once and read it on your Kindle
device, PC, phones or tablets. Use features like bookmarks, note taking and highlighting while reading Nanotechnology
for Cancer Therapy.

Article Nanotechnology in Cancer Treatment The use of nanotechnology in cancer treatment offers several
exciting promises, including the possibility of destroying cancer tumors with least damage to healthy tissue
and organs, as well as the finding and removal of cancer cells before they form tumors. Most efforts to
progress cancer treatment through nanotechnology are at the research or advance stage. However the effort to
make these treatments a actuality is highly focused. National Cancer Institute, is fostering innovation and
collaboration among researchers to resolve some of the major challenges in the application of nanotechnology
to cancer. In addition, there are many universities and companies worldwide working in this area. It is possible
that these efforts will result in cancer becoming being nearly eliminated in a decade or so, in the same way that
vaccines nearly eliminated smallpox in the last century. Scientists believe the technique could offer a
treatment for metastatic cancer of the lungs and liver, two of the main causes of death for patients with a wide
range of incurable cancers that have spread around the body. Tests on mice with incurable breast cancer that
has spread to the lungs shows that half of them were effectively cured of the disease after eight months of
follow-up â€” equivalent to 24 years of long-term survival in humans. The latest treatment is based on
injecting the patient with a porous silicon material that has been absorbed with an anti-cancer drug. After
injection into the blood stream, the material is carried to the site of a tumour where the silicon breaks down to
produce cancer-killing nanoparticles. Impacts on Cancer Nanotechnology can provide rapid and sensitive
detection of cancer-related targets, enabling scientists to detect molecular changes even when they occur only
in a small percentage of cells. Nanotechnology also has the potential to generate unique and highly effective
theraputic agents. Nanotechnology in Cancer Treatment Cancer therapies are currently limited to surgery,
radiation, and chemotherapy. All three methods risk damage to normal tissues or incomplete eradication of the
cancer. Nanotechnology offers the means to aim therapies directly and selectively at cancerous cells.
Conventional chemotherapy employs drugs that are known to kill cancer cells effectively. But these cytotoxic
drugs kill healthy cells in addition to tumor cells, leading to adverse side effects such as nausea, neuropathy,
hair-loss, fatigue, and compromised immune function. Nanoparticles can be used as drug carriers for
chemotherapeutics to deliver medication directly to the tumor while sparing healthy tissue. Nanocarriers have
several advantages over conventional chemotherapy. In the near future, a subdivision of technology which is
nanotechnology will have an important role. Bio-products, tools, devices, materials are influenced from
consequences of research and developments on nanotechnology. With nanotechnology; more useful devices,
better drugs for diseases, more appropriate materials for construction will be developed. Nanotechnology will
also affect medicine and other life sciences. The numbers of research in cancer treatment with
nanotechnologically modified drugs are increasing day to day and have had some good results on this issue.
Nanotechnological improvements can be used for cancer patients; because nanotechnology can be used for
better cancer diagnosis, more efficient drug delivery to tumor cells, and molecular targeted cancer therapy.
First of all, nanotechnology can be used for better cancer diagnosis. One of the main usage fields of optical
nanoparticles is to allow better cancer detection. To start with, classical methods that are used in diagnosis
have limitations. Classified methods such as X-rays, tomography or mammography require using mutagenic
agents on cells that cause cancer, too. To eliminate these concerns, optical nanoparticles in diagnosis is
possible technique that can be used. This technique works with special dyes to interact with tumor cells and
optical nanoparticles can be detected. According to Sadoqi et al. Such interaction shows that, the detection of
cancer with optical nanoparticles is new and developing subject, but it has considerable benefits for diagnosis.
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8: Nanotechnology for targeted cancer therapy
Edited by one of the most dynamic pioneers in the field, Nanotechnology for Cancer Therapy focuses on those
nanoscientific and nanotechnological strategies that are evolving as the most promising for the imaging and treatment of
cancer.

Nanotechnology lets you do more with less. When it comes to diagnosing cancer or figuring out tumor
response to treatment, proteins offer the most information because they are actually the machines that carry
out the biological processes of health and disease. Using extremely miniaturized versions of molecular
detection technologies, it is now possible to carry out a large number of distinct protein diagnostic
measurements for the same price of doing a single such measurement. Those analyses are also carried out
much more quickly than has been previously possible. In essence, employing these types of nanotechnologies
is like wearing a new pair of eyeglasses; they can help resolve a clearer and more complete diagnostic picture
of the patient. The clinical value of these new approaches is just now being tested, but the results we are
finding are very promising. Is being able to make such fine distinctions especially important for cancer
because researchers are increasingly finding that each type of cancer has many subtypes, each of which may
require a different treatment to be cured? That is certainly an important application. A typical diagnostic test
measures only a single protein. But the nature of cancerâ€”even a single cancer typeâ€”is that it can vary
significantly from patient to patient. The implication is that there is probably not a single protein biomarker
that can distinguish between such patient variations. Even to confidently address a single diagnostic question
may take measuring several protein biomarkers. Discovering the right biomarkers is extremely
challengingâ€”you might have candidate biomarkers from which you want to choose just six, but you will
likely have to test all on a very large patient pool to determine the best six. With some of the emerging
nanotechnologies, a large panel of candidate protein biomarkers can be rapidly measured from just a pinprick
of blood, or a tissue sample as small as a single cell. This allows one to accelerate the development of
conventional diagnostic tests, but it also opens up the possibilities for fundamentally new diagnostic
approaches. When it comes to the biology of the disease, the majority of biological processes are a distraction.
These processes generate tens of thousands of proteins, but you need to find the small set of proteins that
control the biological functions that enable cells to transition from being normal to malignant, initially and
through the various stages of cancer. You also need to find those proteins that enable patients to resist cancer
treatments. One protein is not enough. You have to start with a million measurements experimentally to
simplify this down to the smallest most informative set of proteins for their clinical use in diagnosis, staging or
drug response. Using nanotechnology to collect major amounts of information, Jim has shown you can capture
some of the cancer pathway information that we really need to know so we can better target therapy. As a
normal cell changes into a tumor cell, molecular signaling pathways within that cell will significantly change.
These pathways can be pretty complicated. To elucidate one of these signaling pathways or networks using
conventional approaches is a tall order. It might take 20 or more graduate PhD theses worth of work! Even
then, the results would be vague. But by applying nanotechnology measurement tools for the analysis of single
tumor cells, it is possible to elucidate the entire signaling pathway in a single experiment. We just finished a
study on melanoma patients in which we used such nanotechnologies to do about 2 million protein biomarker
measurements on each patient. The resulting picture it provides us with is amazing. Fighting Cancer with
Nanoparticle Medicines Why is there excitement about nanoparticle medicine nanomedicines for fighting
cancer? Click to see video. Over the last decade, more than proteins have been proposed as potential cancer
diagnostics to the FDA, and the FDA has only approved 14 since Jim and his colleagues in nanodiagnostics
are changing the whole paradigm of diagnosis in cancer because they are providing complex cancer signatures
rather than just single markers. Phelps, how is nanotechnology changing the way cancer is detected and
monitored on various scanning devices? PET molecular imaging probes can rapidly search for cancer
throughout all tissues of the body, as well as characterize each cancer lesion it detects within an individual
patient. Tumors can change their biological properties as they metastasize, so there is a need to characterize
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the initial tumor and each metastasis. For example, a patient with breast cancer can first present a tumor in the
breast tissue with estrogen receptors, but then develop metastases that may or may not have estrogen
receptors. Those metastases with estrogen receptors will likely respond to hormonal therapy, while those
without estrogen receptors will not respond. About 40 percent of metastases have a different estrogen receptor
status than the primary tumor from which they spread. Whole body PET imaging reveals the estrogen
receptors in patients, lesion by lesion, to better determine whether response to hormonal therapy will be
effective for all lesions. All cancer treatments are in need of better molecular diagnostics, be they in vitro
diagnostics from blood that Jim is developing or in vivo approaches with molecular imaging with PET, to
better characterize the biology of cancer. This provides a better selection of the right drugs for the right
patients, and also quickly determines initial response to therapy. If there is a positive initial response, then the
selected therapy should be continued. If not, then the patient should be quickly switched to another alternative.
The way we currently determine if a drug is effective is to wait until enough tumor cells grow back after
treatment to be detected on a CT scan or MRI. The value of PET is that it provides molecular imaging
diagnostics of the biology of disease. This is why PET can distinguish between malignant processes, and more
benign processes, such as scarring or swelling, and quickly detect an effective outcome--dead necrotic tumor
tissue--while CT and MRI cannot. The biological response to effective therapies, as seen with PET, typically
happens within days to weeks, unlike the anatomical changes in lesions that can be seen in a CT or MRI.
These changes can take many months to occur. Conventional or nanotechnology-based drugs can also be
labeled with probes so we can use PET to take pictures images that reveal how the drug distributes throughout
the body, including how much of it hits the drug target. The trick is to track the chemistry going on in these
cancer cells, especially when you are trying to direct therapy to a specific site in a cell. Are you saying
molecular imaging should replace the standard RECIST imaging criteria for tumor response, which is based
on the size of the lesions seen with standard imaging? Davis, can you tell us how nanotechnology is becoming
a game changer when it comes to cancer treatment? When physicians try to combine chemo drugs to attack
multiple targets, the combined toxicity of all those drugs often limits what they can do. The Benefits of Being
Small Researchers have created nanosized particles and devices that are as small as a biological molecule such
as an enzyme, or about one hundred to ten thousand times smaller than a human cell. Because of their small
size, nanotherapeutics can travel far and wide in the body, as well as slip inside cells, delivering treatment or
detecting disease in ways unimagined before now. The small size of nanodevices, such as mechanical,
chemical, or electronic sensors, coupled with sophisticated microscopic plumbing networks, are allowing
researchers to analyze a host of molecular and physical traits from individual cells. A complex network of
nanosized wires, levers, pores, and pipes can fit on an inch-sized chip. Radioactive, magnetic, or optical
molecular probes can detect the biochemical processes that distinguish cancer cells from normal cells, giving
even miniscule tumors a distinctive telltale glow. Their ability to reach their targets so selectively and
efficiently enables physicians to use smaller doses that are less toxic. And because they can enter cells,
nanoparticles are useful carriers for drugs that operate within the cell, such as those that block the faulty
genetic messages that fuel cancer growth. Since the FDA approval of the breast cancer nanotherapeutic
Abraxane, [which uses a nanoparticle formulation], the pharmaceutical industry is beginning to take more of
an interest in nanocarriers for cancer drugs because they are often much less toxic and targeted to the tumor
than the drugs delivered by more standard means. The only way you are going to get that is through these
nanotechnology devices and constructs. What will it take to get these exciting developments in
nanotechnology approved by the FDA and brought into the clinical setting? One of the things we did at the
NCI Alliance for Nanotechnology in Cancer was to set up the Nanotechnology Characterization Lab to try to
help characterize a wide range of physical and biological properties of these particles mostly to set the stage
for submission of nanodevices and nanodrugs to the FDA. More recently, we invested in developing the
preclinical data needed to get these nanoparticles into clinical testing. In some cases you have different
challenges than you would have with standard drugs. What are the additional challenges for nanotechnologies
beyond proving that they will work? These challenges are mostly related to perception and having the tools to
demonstrate that the agent does what you say it does. The FDA is responsible for the health of the American
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public, so they are very careful about putting anything new into the population. So the challenges have to do
with showing you can deliver what you said you were going to deliver to the target, and that the toxicity and
distribution of the agent in the body is what you predicted. You have to have different measures than what is
included in the classic toxicology testing packages we use for potential drugs. These PET scans of a patient
with lung cancer reveal that within just two weeks of receiving an experimental therapy, some of the
metastases have responded favorably and by 6 weeks post treatment, all the metastases responded. What have
we learned so far from animal and clinical studies on nanotechnologies and what do we have still to learn?
Initially, we learned that a lot of nanoparticles we hoped would deliver therapeutics to specific areas of tumor
cells ended up in the liver. So a lot of people around the country have been working on figuring out what to
decorate nanoparticles withâ€”a range of agents to attach to nanoparticles so they make it into tumor cells.
Mark is the poster child for this kind of work. Early nanoparticles mainly accumulated in the liver, and
through a variety of different labs, including our own, we now know that accumulation depends on their
sizeâ€”smaller is better. We also know that the electrical charge you put on these nanoparticles is very
important. But do those design rules transfer to a human? Very little of this information is currently being
collected in clinical trials. We can label the nanoparticle with an imaging probe so that a test dose can be given
to a patient and a PET scan can be used to see if the drug has reached its target and a therapeutic response has
occurred. It is critically important to increase the number of measurements that we can translate from our
preclinical sciences into patients. Are you saying that you can address this with your PET imaging? All of us
developing therapeutics want to have a transparent patientâ€”to see where the drug goes throughout all tissues
of the body, whether it hits the disease target in a sufficient dose to induce the desired therapeutic effect on the
target, and where else the drug goes in the body regarding side effects. PET can reveal all this. For this reason
almost all drug companies now use PET in their discovery and development processes. As seen in this
graphic, targeted nanotherapeutics can bind to receptors on the surface of cancer cells and then get taken
inside the cell. Once inside, they deliver their payloads, that can block the genetic signaling or other cell
functions that fuel the growth of a tumor. This area is not being pushed forward by big Pharma, but by biotech
companies, and they have limited resources. Secondly, the FDA is still learning about these innovations, they
can limit what you are allowed to do in a clinical trial. For example, when we did the first clinical trial with a
nanoparticle that had a targeting agent enabling it to latch onto a specific receptor on cancer cells and a gene
silencing payload, we realized it would be important to know if patients have this receptor and the gene target
of the payload to begin with. Prebiopsies from patients before testing the nanotherapeutic on them to see if the
tumor cells had this receptor and gene target in abundance would have been helpful. However, in this
first-in-man trial, the FDA did not allow required biopsies, and they were performed on a volunteer-basis only.
It may take an entirely new way of developing these agents, which requires a new way for the FDA to review
and approve them. Although the FDA has spent an enormous amount of time and effort on this in the last four
or five years, it has too many things on its plate â€” the FDA regulates 28 percent of all Gross Domestic
Products and drugs are a very small portion of what they oversee. All evidence suggests that when you do
careful engineering of these nanotechnologies, the benefits are great. But the problem is not just the FDA. The
whole pharmaceutical discovery and development processes are collapsing under their own financial and
bureaucratic weight.
9: DNA Nanotechnology for Cancer Therapy
A short animation outlining the fundamentals of targeted nanomedicine for cancer therapy, one of our group's primary
research focuses. For more information.
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