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ScienceDaily (Apr. 20, 2011) — Melding
nanotechnology and medical research, Sandia
National Laboratories, the University of New
Mexico, and the UNM Cancer Research and
Treatment Center have produced an effective
strategy that uses nanoparticles to blast cancerous
cells with a mélange of killer drugs.

In the cover article of the May issue
of Nature Materials, available online
April 17 , the researchers describe
silica nanoparticles about 150
nanometers in diameter as
honeycombed with cavities that can
store large amounts and varieties of
drugs.

"The enormous capacity of the
nanoporous core, with its high
surface area, combined with the
improved targeting of an
encapsulating lipid bilayer [called a
liposome], permit a single 'protocell'
loaded with a drug cocktail to kill a
drug-resistant cancer cell," says
Sandia researcher and UNM
professor Jeff Brinker, the principal
investigator. "That's a millionfold

increase in efficiency over comparable methods employing
liposomes alone -- without nanoparticles -- as drug carriers."

The nanoparticles and the surrounding cell-like membranes
formed from liposomes together become the combination
referred to as a protocell: the membrane seals in the deadly
cargo and is modified with molecules (peptides) that bind
specifically to receptors overexpressed on the cancer cell's
surface. (Too many receptors is one signal the cell is
cancererous.) The nanoparticles provide stability to the
supported membrane and contain and release the therapeutic
cargo within the cell.

A current Food and Drug Administration-approved
nanoparticle delivery strategy is to use liposomes themselves
to contain and deliver the cargo. In a head-to-head
comparison of targeted liposomes and protocells with identical
membrane and peptide compositions, Brinker and colleagues
report that the greater cargo capacity, stability and targeting
efficacy of protocells leads to many times greater cytotoxicity
[destruction] directed specifically toward human liver cancer
cells.

Another advantage to protocells over lipsomes alone, says
lead author Carlee Ashley, a Harry S. Truman post-doctoral
fellow at Sandia's California site in Livermore, is that
liposomes used as carriers need specialized loading
strategies that make the process more difficult. "We've
demonstrated we can just soak nanoparticles to load them
with unique drug combinations needed for personalized
medicine. They effectively encapsulate toxins as well as
siRNA [ribonucleic acid] that silence expressions of proteins."

RNA, the biological messenger that tells cells which proteins
to manufacture, in this case is used to silence the cellular
factory, a way of causing apoptosis or cell death. "Si" is short
for "silence."

The lipids also serve as a shield that restricts toxic

The figure on the left (Hep3B) shows a greenly
fluoresced cancerous liver cell penetrated by
protocells. The small red dots are lipid bilayer
wrappings. Their cargo — drug-filled nanoparticles,
their pores here filled with white fluorescent dyes
for imaging purposes — penetrate the cancerous
cell. (Penetration is more clearly seen in the
second image.) The normal cell on the right
(hepatocyte) shows no penetration. (Credit: Image
courtesy of DOE/Sandia National Laboratories)
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chemotherapy drugs from leaking from the nanoparticle until
the protocell binds to and takes hold within the cancer cell.
This means that few poisons leak into the system of the
human host, if the protocells find no cancer cells. This
cloaking mitigates toxic side effects expected from
conventional chemotherapy.

Instead, the particles -- crafted small enough to float under
the radar of the liver and other cleansing organs -- can
circulate harmlessly for days or weeks, depending on their
engineered size, seeking their prey.

A library of phages -- viruses that attack bacteria -- was
created at UNM's nationally accredited cancer center by
collaborator David Peabody. This permitted researchers to
expose the phages to a group of cancerous cells and normal
cells, allowing identification of peptides that bind specifically to
cancer cells but not normal cells.

"Proteins modified with a targeting peptide that binds to a
particular carcinoma exhibit a 10,000-fold greater affinity for
that cancer than for other unrelated cells," Ashley said.

Boosting medicine with nanotechnology strengthens drug
cocktail many times over

Brinker adds, "A key feature of our protocell is that its fluid
bilayer allows high-affinity binding with just a few of these
peptides overall. This reduces nonspecific binding and
immune response."

The method is being tested on human cancer cells in vivo,
and will shortly be tested on mouse tumors at UNM's cancer
center.

The researchers continue to optimize the size of the porous
silica particle, which is formed by aerosolizing a precursor
solution. The porous nanoparticle fabrication process -- called
evaporation-induced self-assembly, and pioneered in the
Brinker lab -- produces particles from 50 nanometers to
several microns in diameter. Particle sizes between 50 and
150 nanometers in diameter are ideal for maximizing
circulation and uptake into cancer cells, so the particles are
preselected by size before their formation into protocells.

"Their overall dimensions determine how widely they'll be
distributed in the bloodstream," Brinker said. "We're altering
our synthesis to favor the smaller sizes."

Also of importance to the circulation time of the particle are its
electrical charge and hydrophobicity [avoidance of water],
which can improve or detract from its ability to remain free of
unwanted molecular or energetic entanglements.

The method may be commercially available in five years,
researchers estimate.

Brinker is a Sandia Fellow and UNM Regent's and
Distinguished Professor of Chemical and Nuclear Engineering
and member of UNM's cancer center.

Other institutions involved in the research include the
University of California Davis, and the University of Waterloo
in Canada.

Funding was provided by the National Cancer Institute (NCI),
the National Science Foundation, the Department of Energy's
Basic Energy Sciences program, the Air Force Office of
Scientific Research, and Sandia's Laboratory Directed
Research and Development office.

The work is the first to show targeted delivery of nanoparticles
to cancers that is supported in part by a grant from NCI's
Alliance for Nanotechnology in Cancer.
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New Nanomaterials
To Deliver
Anticancer Drugs To
Cells Developed

(June 8, 2007) — Researchers report a novel
approach using silica-based nanoparticles for the
delivery of camptothecin and other water-insoluble
drugs into human cancer cells. They manipulated
nanomaterials to create ...  > read more

Behavior Modification Could
Ease Concerns About
Nanoparticles (Nov. 13, 2009) —
In an advance that could help ease

health and environmental concerns about the
emerging nanotechnology industry, scientists are
reporting development of technology for changing
the behavior of ...  > read more

Nanoparticles Hitchhike On Red
Blood Cells: A Potential New
Method For Drug Delivery (June 28,
2007) — Polymeric nanoparticles are

excellent carriers for delivering drugs. However,
they are quickly removed from the blood,
sometimes in minutes, rendering them ineffective
in delivering drugs. This study ...  > read more

Carbon-Coated Nanomagnets Could Be A
New Form Of Cancer Treatment (May 17,
2008) — Carbon-coated nanomagnets may offer a
new form of cancer treatment. New research
suggests that nanoparticles consisting of metallic
iron with a protective carbon coat could serve as a
safe and ...  > read more

Toward A Nanomedicine For Brain Cancer
(Sep. 9, 2009) — In an advance toward better
treatments for the most serious form of brain
cancer, scientists in Illinois are reporting
development of the first nanoparticles that seek
out and destroy brain cancer ...  > read more

Gold Nanoparticles Could Improve
Antisense Cancer Drugs (May 19, 2006) — In
the fight against cancer, antisense drugs, which
prevent genes from producing harmful proteins
such as those that cause cancer, have the
promise to be more effective than conventional
drugs, but ...  > read more
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