
 

Nanoparticles treat muscular dystrophy in
mice
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Researchers at Washington University School of Medicine in St. Louis have
demonstrated a new approach to treating muscular dystrophy. Mice with a form
of this muscle-weakening disease showed improved strength and heart function
when treated with nanoparticles loaded with rapamycin, an immunosuppressive
drug recently found to improve recycling of cellular waste. Shown is a
diaphragm muscle of a mouse with muscular dystrophy (top). Pictured below are
fluorescent nanoparticles (red) lodged in the diaphragm. Credit: FASEB Journal
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with a form of this muscle-weakening disease showed improved strength
and heart function when treated with nanoparticles loaded with
rapamycin, an immunosuppressive drug recently found to improve
recycling of cellular waste.

The study appears online in The FASEB Journal.

The investigators, including first author Kristin P. Bibee, MD, PhD,
looked at a mouse model of Duchenne muscular dystrophy, the most
severe inherited form of the disease. Duchenne exclusively affects boys
who have to rely on wheelchairs by age 12 and die from heart or
respiratory failure in their 20s.

The faulty gene that causes the disease prevents the body from
producing dystrophin, a protein crucial for maintaining muscle cell
integrity and function. The new study demonstrated that mice with
muscular dystrophy, in addition to missing dystrophin, also can't recycle
cellular waste, a process known as autophagy, or self-eating.

"Autophagy plays a major role in disposing of cellular debris," said
senior author Samuel A. Wickline, MD, the James R. Hornsby Family
Professor of Medicine. "If it doesn't happen, you might say the cell
chokes on its own refuse. In muscular dystrophy, defective autophagy is
not necessarily a primary source of muscle weakness, but it clearly
becomes a problem over time. If you solve that, you can help the
situation by maintaining more normal cellular function."

Though it's not clear how the missing dystrophin protein might be
responsible for the muscle cells' poor housekeeping, the study showed
that boosting autophagy improved skeletal muscle strength and heart
function in these mice.

"Some investigators are looking for ways to replace dystrophin," said co-
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author Conrad C. Weihl, MD, PhD, associate professor of neurology.
"But here we are focusing on the defect in autophagy. What is exciting
about our approach is that there are existing drugs that activate
autophagy. And by repackaging the drug on nanoparticles, we can target
it specifically to muscles and correct the defect in the cells' ability to
recycle waste."

When treated with rapamycin nanoparticles, the mice showed a 30
percent increase in grip strength and a significant improvement in
cardiac function, based on an increase in the volume of blood the heart
pumped.

"An important aspect of our study is that we are treating both skeletal
muscle and heart muscle with the same drug," Wickline said. "The heart
is a difficult organ to treat in muscular dystrophy. But even in older
animals, this regimen works well to recover heart function, and it is
effective over a short period of time and after only a few doses."
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Researchers at Washington University School of Medicine in St. Louis have
demonstrated a new approach to treating muscular dystrophy. Mice with a form
of this muscle-weakening disease showed improved strength and heart function
when treated with nanoparticles loaded with rapamycin, an immunosuppressive
drug recently found to improve recycling of cellular waste. The study's first
author, Kristin P. Bibee, M.D., Ph.D., holds vials of nanoparticle formulations.
Credit: Robert Boston

"Death from Duchenne in many people is due to heart dysfunction," said
Weihl, who also treats patients with neuromuscular disorders at Barnes-
Jewish Hospital. "So even improving cardiac function by 10 percent in
late-stage disease could be very important."
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The nanoparticle used in the study consists of an inert core made of
perfluorocarbon, originally designed as a blood substitute. The particles
are about 200 nanometers in diameter—500 times smaller than the
thickness of a human hair. The surface of the nanoparticle is coated with
rapamycin, which suppresses the immune system. The drug typically is
used to help prevent organ rejection in transplant patients. It is known
for its anti-inflammatory properties and, more recently, for its role in
activating autophagy.

When injected into the bloodstream, according to Wickline, the
nanoparticles accumulate in areas of inflammation, where damaged
tissues have leaky blood vessels and are undergoing cell death and repair.

"The nanoparticles tend to penetrate and be retained in areas of
inflammation," Wickline said. "Then they release the rapamycin over a
period of time, so the drug itself can permeate the muscle tissue."

Compared with oral delivery, the nanoparticle approach also allowed the
researchers to give the mice smaller doses of the drug.

"We showed that oral doses of rapamycin, even at 10 times the dose we
used in the nanoparticles, were ineffective," Weihl said. "This is
important because rapamycin suppresses the immune system, and
directly targeting it to muscle in smaller doses would reduce unwanted
side effects."

Current treatment for Duchenne involves corticosteroids such as
prednisone, which has been shown to extend the time patients are able to
walk. But steroids also cause weight gain, brittle bones, high blood
pressure and other long-term side effects.

Although it's not clear why steroid treatment helps maintain skeletal
muscle strength, Weihl said the study suggests prednisone also may
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promote autophagy, raising the possibility of combination therapy, in
which both steroid treatment and rapamycin nanoparticles could be
given simultaneously, each at lower doses.

  More information: Bibee KP, Cheng YJ, Ching JK, Marsh JN, Li AJ,
Keeling RM, Connolly AM, Golumbek PT, Myerson JW, Hu G, Chen J,
Shannon WD, Lanza GM, Weihl CC, Wickline SA. Rapamycin
nanoparticles target defective autophagy in muscular dystrophy to
enhance both strength and cardiac function. The FASEB Journal. Online
Feb. 5, 2013.
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