
 

Team creates 'engineered organ' model for
breast cancer research

January 23 2011, by Elizabeth K. Gardner

  
 

  

Purdue researchers' new model for breast cancer research, called "breast on-a-
chip," mimics the branching mammary duct system. (Purdue University/Leary
laboratory - Reproduced by permission of The Royal Society of Chemistry)

(PhysOrg.com) -- Purdue University researchers have reproduced
portions of the female breast in a tiny slide-sized model dubbed "breast
on-a-chip" that will be used to test nanomedical approaches for the
detection and treatment of breast cancer.

The model mimics the branching mammary duct system, where most
breast cancers begin, and will serve as an "engineered organ" to study the
use of nanoparticles to detect and target tumor cells within the ducts.

Sophie Lelièvre, associate professor of basic medical sciences in the
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School of Veterinary Medicine, and James Leary, SVM Professor of
Nanomedicine and professor of basic medical sciences in the School of
Veterinary Medicine and professor of biomedical engineering in the
Weldon School of Biomedical Engineering, led the team.

"Breast cancer is the most common cancer in women in most countries,
and in the U.S. alone nearly 40,000 women lost their lives to it this past
year," said Lelièvre, who is associate director of discovery groups in the
Purdue Center for Cancer Research and a leader of the international 
breast cancer and nutrition project in the Oncological Sciences Center.
"We've known that the best way to detect this cancer early and treat it
effectively would be to get inside the mammary ducts to evaluate and
treat the cells directly, and this is the first step in that direction."

Lelièvre and Leary hope eventually to be able to introduce magnetic
nanoparticles through openings in the nipple, use a magnetic field to
guide them through the ducts where they would attach to cancer cells
and then reverse the magnetic field to retract any excess nanoparticles.

The nanoparticles could carry contrast agents to improve mammography,
fluorescent markers to guide surgeons or anticancer agents to treat the
cancer, Leary said.

"Nanoparticles can be designed to latch on to cancer cells and illuminate
them, decreasing the size of a tumor that can be detected through
mammography from 5 millimeters to 2 millimeters, which translates into
finding the cancer 10 times earlier in its evolution," Leary said. "There
also is great potential for nanoparticles to deliver anticancer agents
directly to the cancer cells, eliminating the need for standard
chemotherapy that circulates through the entire body causing harmful
side effects."

Physicians have tried to access the mammary ducts through the nipple in
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the past, injecting fluid solutions to try to wash out cells that could be
examined and used for a diagnosis of cancer. However, this approach
could only reach the first third of the breast due to fluid pressure from
the ducts, which branch and become smaller and smaller as they
approach the glands that produce milk, Leary said.

"The idea is that nanoparticles with a magnetic core can float through the
naturally occurring fluid in the ducts and be pulled by a magnet as
opposed to being pushed with pressure," he said. "We think they could
reach all the way to the back of the ducts, where it is believed most
breast cancers originate. Of course, we are only at the earliest stages and
many tests need to be done."

Such tests could not be done using standard models that grow cells across
a flat surface in a plastic dish, so the team created the artificial organlike
model in which living cells line a three-dimensional replica of the
smallest portions of the mammary ducts.

Leary is internationally known for his nanofabrication work using
photolithography to build tiny, precise structures on thin pieces of silicon
to create high-speed cell sorting and analysis tools. He used the same
techniques to build a mold of branching channels out of a rubberlike
material called polydimethylsiloxane. The channels are about 5
millimeters long of various diameters from 20 microns to 100 microns,
roughly the diameter of a human hair, that match what is found near the
end of the mammary duct system.

Lelièvre, whose group is one of the few in the world able to successfully
grow the complicated cells that line the mammary ducts, coaxed the cells
to grow within the mold and behave as they would within a real human
breast.

"The cells within the breast ductal system have a very specific
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organization that has proven difficult to obtain in a laboratory," Lelièvre
said. "The cells have different sides, and one side must face the wall of
the duct and the other must face the inner channel. Reproducing this
behavior is very challenging, and it had never been achieved on an
artificial structure before."

  
 

  

This image shows a 3-D rendering of one of the channels lined with cells from a
new model that will be used to test nanomedical approaches for the detection and
treatment of breast cancer. (Purdue University/Leličvre laboratory - reproduced
by permission of The Royal Society of Chemistry)

The team coated the mold in a protein-based substance called laminin
111 as a foundation for the cells that allows them to attach to the mold
and behave as they would inside the body, Lelièvre said.

Because injecting the delicate cells into the finished channels of the
mold caused too much damage, the team created a removable top for the
channels.

"The design of the U-shaped channels and top was necessary for us to be
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able to successfully apply the cells, but it also allows us to make changes
quickly and easily for different tests," Lelièvre said. "We can easily
introduce changes among the cells or insert a few tumor cells to test the
abilities of the nanoparticles to recognize them. The design also makes it
very easy to evaluate the results as the entire model fits under a
microscope."

A paper detailing the team's work, which was funded by the U.S.
Department of Defense, is published in the current issue of Integrative
Biology. In addition to Lelièvre and Leary, co-authors include graduate
student Meggie Grafton, research associate Lei Wang and postdoctoral
researcher Pierre-Alexandre Vidi.

The team has demonstrated that nanoparticles can be moved within the
bare channels of the mold filled with fluid, but has not yet moved
nanoparticles through the finished model lined with living cells, Lelièvre
said.

The team next plans to create and test nanoparticles with a slippery
surface that will prevent them from sticking to the cells as they travel
through the channels and coatings that contain antibodies to target and
attach to specific types of cancerous and precancerous cells, she said.

"Although we are at the very beginning stages of this work, we are
hopeful that this nanomedical approach will one day save lives and
provide patients with an easier road to recovery," Lelièvre said. "The
successful creation of this model is an important milestone in this work
and it is a testament to what can be accomplished through
multidisciplinary research."

  More information: Breast On-a-Chip: Mimicry of the Channeling
System of the Breast for Development of Theranostics, by Meggie M.G.
Grafton et al. Integrative Biology.
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