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Good Things Come in Nanotech Packages
Author: Connie Goldsmith, RN, MPA

The purpose of this module is to help nurses understand the basics of nanotechnology and to recognize its potential uses in
medicine. After studying the information presented here, you will be able to —

e Describe the composition of five nanodevices.
e Identify two uses for nanotechnology in imaging.
e Discuss two uses for nanotechnology in the treatment of oncology patients.

The swarm of self-replicating, seemingly sentient nanobots descends like a cloud of killer bees on the scientists trapped in
their secret desert laboratory. The molecule-sized machines circle the lab, seeking a way inside so they can destroy their
creators. Can the hero save the scientists? Anyone who has read Michael Crichton’s ominous thriller Prey has good reason to
be wary of nanotechnology. While the reality of nanotechnology is not so dramatically lethal as in Crichton’s book, it is every
bit as astonishing.

Nanotechnology is “the understanding and control of matter at dimensions of 1 to 100 nanometers, where unique phenomena
enable novel applications.”! In simpler terms, nanotechnology is the creation of new materials from the basic building blocks
of matter: atoms and molecules. These novel nanomaterials have properties such as the ability to conduct electricity, to emit
heat, and to carry products to living cells.

Nanomedicine, the use of nanotechnology in medicine, is positioning itself to revolutionize health care, much like gene
therapy and stem cell research promise to do. Public and private sectors are forming coalitions to develop dozens of new
uses for nanomedicine in the diagnosis and treatment of medical conditions. In his 2006 State of the Union address,
President Bush pledged money to foster this important research, as did former President Clinton. The National Science

Foundation estimates that by 2015, nanotechnology will be a trillion-dollar industry and will employ 2 million people.2 What
does this mean to health care?

When we talk nano, we’re talking really small. A nanometer is one-billionth of a meter. If a nanometer were the size of a grain
of rice, a meter would be the distance from Detroit to Tokyo. For comparison, a red blood cell is 5,000 nanometers in
diameter. A hemoglobin molecule is 5 nm, and a strand of DNA is 2 nm. Working with nanotechnology is like building sand
castles one grain of sand at a time. Scientists have had to invent new devices to create and manipulate nanomaterials. The
transmission electron microscope uses electrons to analyze the composition, shape, and structure of nanomaterials.

Nanodevices — medical devices made from nanomaterials — can be engineered to have four properties that make them
useful in medical applications:3

1. Biocompatibility. Nanodevices can be made from substances, such as gold, that are biocompatible. The immune
system does not recognize them as foreign and so does not mount an offensive against them.

2. Size. The minuscule size of nanodevices means they can slip between cells of blood vessel walls or even travel in
and out of individual cells.

3. Molecular transport. Nanodevices can transport a variety of molecules at the same time, enabling the devices to serve
multiple functions.

4. Targeted delivery. Nanodevices can be tagged with antibodies, allowing for the targeted delivery of drugs or genetic
material to specified living cells.

The carbon atom is a big player in nanotechnology. No other element in the periodic table bonds as strongly to itself or forms
as many structures. For example, when carbon atoms bond in flat sheets, they form graphite. When bonded in 3-D lattices,
the result is diamonds. Carbon atoms can bond to many other types of atoms, making them useful in the creation of
customized molecules.

Nanotechnology exploits the often unique properties of carbon and other elements at the atomic level. However, a

background in chemistry or physics isn’t necessary to visualize how nanodevices work. Researchers are investigating

medical uses for these nanodevices:345



e Quantum dots, light-emitting crystals about 5 nm in size. They can be composed of different materials and can be
used for both diagnostic and therapeutic purposes.

o Nanocantilevers, which resemble tiny combs with flexible teeth. Different antibodies can be attached to the individual
nanocantilevers.

e Nanopores, openings in a membrane so small only a single strand of DNA can pass through.

e Nanotubes, open-ended cylinders formed of carbon atoms. They are 100 times stronger and much lighter than steel
of equivalent mass.

e Nanoparticles, which may be formed as hollow devices that can carry medications directly to cells.

e Fullerenes (also called buckyballs), 1-nm sized spheres composed of 60 carbon atoms.

e Nanoshells, which can be up to 100 nm in diameter and can be composed of many different types of materials, such
as a silica core coated in gold.

e Dendrimers, many-branched molecules measuring about 3 nm that somewhat resemble tumbleweeds. The branches
greatly increase the surface area available for medical use.

These amazing man-made nanodevices offer the potential for the detection, diagnosis, and treatment of cancer and other
diseases on a molecular level that could never have been imagined just a few years ago.

Imaging with contrast materials is a mainstay of diagnostic medicine. Although minimally invasive, these procedures are not

without risk. Up to 12% of patients receiving contrast materials experience adverse reactions, including acute renal failure.®
Methods to reduce reactions to contrast materials have significant value. Enter the quantum dot. Antibodies to a specific
cancer type can be attached to quantum dots; once injected, quantum dots accumulate at the cancer site. When exposed to
ultraviolet light, quantum dots emit light of their own that is readily detected by imaging equipment. Because of the antibodies,

the dots seek out even minuscule amounts of cancer, assisting in the search for metastasis without the need for biopsy.*

In a study at Deaconess Medical Center in Boston, researchers used quantum dots to locate sentinel lymph nodes.” Those
nodes are typically the first to show signs of metastasis, but it can be difficult for the surgeon to pinpoint their precise location.
When animals are injected with the metallic-coated quantum dots, lymphatic cells clear the dots from the bloodstream and

route them to lymph nodes.” When subjected to near-infrared light, the glowing nodes can guide surgeons to the biopsy site.”

Researchers have developed a way to use gold nanoparticles to quickly and easily detect cancerous cells in biopsy samples.
Cancerous cells usually express a protein called epidermal growth factor receptor. Researchers at the University of California,

San Francisco, and Georgia Tech bonded EGFR antibodies to gold nanoparticles.8 When the nanoparticles were sprayed
over tissue samples, cancer cells glowed while healthy ones did not, allowing surgeons to know immediately if further

dissection was needed.8

Comblike arrays of nanocantilevers can be impregnated with cancer antibodies to detect cancerous protein markers in the
bloodstream. When the antibodies on the cantilevers bind to the cancer markers, surface tension changes, and the
cantilevers bend. Scientists can monitor the bending of the cantilevers to determine the presence of even very low

concentrations of cancer markers, making cantilevers a potential tool in the early detection of cancer.34

Scientists are using nanopores and nanotubes to detect cancer and other genetic abnormalities at the DNA level. The pores
and tubes are so small that only a single strand of DNA can pass through at a time. Investigators monitor the differing
electrical properties and shape of each nucleotide base (adenine, guanine, thymine, and cytosine) as it passes through the

nanopore, allowing the rapid identification and deciphering of genetic errors, including those associated with cancer.34

Cancer treatments can be as difficult for patients to endure as the cancer itself. Toxicity and a lack of specificity limit the
benefits of chemotherapy. Some of nanomedicine’s most promising research involves cancer treatment. For example, single

molecules of a chemotherapeutic agent may be placed inside hollow nanoparticles or buckyballs.?"4 Tagged with cancer
antibodies, the nanodevices travel to the targeted cancer cells. Upon reaching the target site, the nanodevices release their

medication, thus sparing healthy tissue the adverse effects of chemo’[herapy.?"4

In one successful study, researchers at Northwestern University loaded paclitaxel (Taxol), a chemotherapeutic agent, into

hollow nanospheres.7 The devices released their payloads in the relatively low pH of tumor cells.” In animal studies, those
receiving chemotherapy by this method survived much longer than those receiving the medication by the usual method

because healthy cells had far less exposure to toxic effects of the drug.7

In another use of paclitaxel, the Food and Drug Administration approved Abraxane (paclitaxel protein-bound particles for
injectable suspension) last year to treat metastatic breast cancer in patients who failed other treatment. Abraxane contains



particles of paclitaxel suspended in molecules of albumin. The tiny size of the particles (1/100th the size of a red blood cell)
allows them to reach places that paclitaxel generally cannot reach, with better results and fewer adverse effects.?

Nanoshells coated with gold or other metals can also be tagged with tumor-specific antibodies so that they bind with targeted
cancer cells. When gold nanoshells are bombarded with near-infrared light (a wavelength that transmits well through living

tissue up to 15 cm deep), they reach temperatures of 40 C (104 F) or more and kill just the cancer cells.34710 This process,
which has been tested in animals and cell cultures, is especially promising for treatment of breast cancers that are relatively

superficial.9 The ability of infrared light to travel through fiberoptic catheters may allow for treatment for deeper tumors in the
future, as well. 10

Dendrimers can be produced with layers of branching molecules. Many kinds of molecules can be attached to the branches,
such as antibodies to find the targeted cancer cells and drugs to kill them. Injected into the bloodstream, dendrimers converge
on cancer cells and enter them. Once inside, they deliver molecules of chemotherapeutic agents. Drugs appear to be 50 to

100 times more effective when delivered by dendrimers.!" White blood cells dismantle the dead cancer cells and dendrimers,
and the body excretes the debris.’" Researchers see the potential for dendrimers to carry molecules to detect, diagnose,
monitor, and treat cancer at the earliest possible stage.3

The University of Michigan has developed nanoparticles capable of crossing the blood-brain barrier to treat previously

unreachable brain tumors.'? When coated with chemicals — such as polyethylene glycol, polymers (substances consisting of
large molecules made of small repeating units called monomers), or surfactants — nanoparticles can evade the blood-brain

barrier.'2 It seems they mimic molecules that would normally be allowed into the brain.'2 These multifunctional particles may
carry gadolinium or iron compounds to allow for accurate MRI visualization and a photocatalyst that destroys cancer cells
when stimulated by a light source. Rats with a brain cancer known as 9L-gliosarcoma lived the equivalent of two human years

after treatment for the tumor, which normally kills people within four months. 12

Patients receive amifostine (Ethyol) to reduce the adverse effects of chemotherapy and radiation therapy, both known to
produce harmful free radicals. Yet amifostine is not without serious adverse effects of its own. Researchers at Thomas
Jefferson University, Philadelphia, have tested fullerenes in animal models to reduce free radicals produced by cancer

treatments. '3 Given before radiation treatment, the nanoparticles reduced organ damage by two-thirds, providing the level of
protection that amifostine offers without the adverse effects."3 Fullerenes quickly mop up free radicals and are then excreted

without affecting healthy tissue.'3 One day these particles may be shelved next to other antioxidants, such as vitamins C and
E, in your local pharmacy.

In another study, researchers at Harvard and MIT tagged nanoparticles so they would detect prostate-specific membrane
antigen, a marker for prostate cancer. The chemotherapeutic agent docetaxel (Taxotere) was encapsulated within the
particles and injected into human prostate cancer cells that had been embedded in the flanks of experimental mice. The

treatment cured the mice with no systemic complications. '4:1°

While nanomedicine is likely to be widely used first in the diagnosis and treatment of cancer, it offers dozens of other
possibilities now and in the future. For example, the FDA recently approved the use of silver nanoparticles in a product called
SilvaGard used to coat implanted medical devices, such as catheters and stents, to prevent infectious biofilms from

forming."6:17 Tests showed that the coating reduced bacterial growth by 99%, making it a valuable weapon against
nosocomial infections. 1617

One new study offers a novel nanoapproach to the treatment of Alzheimer’s disease. A combination of gold nanoparticles and
low-dose radiation used in vitro on the plaque and beta amyloid fibrils found in Alzheimer’s disease dissolved the brain-

destroying fibrils.'® Researchers also found that the treatment seemed to reduce the tendency for the amyloid proteins to

reaggregate.18 The same approach may help treat other neurodegenerative diseases, and testing in animal models will begin
18

soon.

Researchers at Harvard Medical School have injected peptide nanofibers loaded with the heart-protective substance known

as PDGF-BB (a form of platelet-derived growth factor) into rat myocardium after infarction.'® The treatment resulted in a
decrease in the death of cardiomyocytes (heart muscle cells) and an increase in systolic function, offering hope for preventing

severe heart damage and congestive heart failure in the 1 million Americans who suffer heart attacks each year.19

Other prospective uses of nanodevices include as scaffolding for tissue, organs, and joints in regenerative medicine and as a
method to carry healthy genetic material to cells. Currently, gene therapy uses attenuated viruses for this purpose, which can



trigger immune reactions. Additional uses include nanoparticles called respirocytes, essentially tiny oxygen canisters acting
as artificial blood cells to protect organs from hypoxic events, such as heart attacks and strokes, and implanted sensors to
detect and report on blood glucose without the need for needlesticks.

Some futurists predict people will one day drink fluids containing nanorobots programmed to reconstruct the molecular
structure of cancer and to attack microbes to render them harmless. Nanosurgeons (nanorobots programmed for surgery)
could work at a level a thousand times more precise than the best surgeon wielding the sharpest scalpel. While these uses
may be many years away, human clinical trials are under way for several of the nanodevices mentioned above that are used
in cancer diagnosis and treatment. Within two to 10 years, some of these treatments will likely become a routine part of
cancer treatment.

Research into medical applications for nanotechnology is under way in dozens of prestigious American organizations. For
example, last fall the National Cancer Institute established “centers of cancer nanotechnology excellence,” which include
Harvard, Northwestern University, the California and Massachusetts institutes of technology, Emory, and University of North
Carolina. The NCl is also funding 12 major studies in cancer treatment at leading institutions and announced this spring that
it's funding a new nanotechnology center at Stanford University School of Medicine. Around the world financial and human
resources are likewise being directed toward research into nanomedicine. Nanotechnology holds almost unimaginable
promise for improvements in medical care. The future is fast approaching — and it's very small!

Traditional Treatment

Drugs ,

. = Toxins |

i.:.. s i 4. f
 a
o

® .-
Cancer— |
cells \

|
Noncancercus cells

Nanotechnology Treatment
Hanodewvices

€a
Cancer %
cells — prontd

| =— Toxins

Noncancerous cells

Dead
cancer
cells

Dead
cancer
cells — &

& i Bl -  ®
5 " - x &
= & - 4
|
' |

Dead noncancenous cefls

Intact noncancerous cells

(SOURCE: Photo courtesy of the National Cancer Institute.)Researchers hépe that nanomedicine may offer more specific

and less toxic treatment for cancer.
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