
 

Biomedical engineers demonstrate potential
for the first clinically successful
osteoarthritis drug
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Blocking MMP-13 reduces structural changes to mechanically injured joints.
Top: Histological images of trichrome-stained sections showing that blocking
MMP-13 protects cartilage structure and composition. Bottom: Micro-computed
tomography imaging of mineralized tissues indicate that MMP-13 inhibition
reduces unnatural mineralization and bone spurs in the mechanically injured
joints. Red arrows and # symbols indicate bone spurs and unnatural soft tissue
mineralization in joint. PTOA = post-traumatic osteoarthritis induction,
siMMP13 = silencing RNA against MMP-13, No Tx = no treatment. Credit:
Sean Bedingfield
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Post-traumatic osteoarthritis—caused by degraded cartilage that
cushions the ends of bones in joints—occurs after a joint injury. With
the knowledge that PTOA will lead to earlier onset and faster
progression of osteoarthritis following an injury, researchers including
Craig Duvall, Cornelius Vanderbilt Professor of Engineering, set out to
develop a drug for the prevention of PTOA initiation and progression.

The protein coding gene MMP13 is responsible for degrading cartilage,
but researchers have yet to develop a therapy to inhibit it that doesn't
have adverse side effects. Duvall and his team of researchers, including
former graduate student Sean Bedingfield and current graduate student
Juan Colazo, were able to overcome this challenge by developing short
interfering RNA-based drugs known as siRNAs.

"By using a siRNA-based approach, we are targeting the mRNA, the
intermediate between genomic DNA and the functional protein that gets
made," said Duvall, also professor of biomedical engineering. "Because
each gene sequence is unique, it is easier to selectively target and block
translation of a specific protein using this class of drugs. And we chose
to utilize this therapeutic strategy against MMP13 using a local injection
directly into the injured joint."

The team developed a nanoparticle loaded with the MMP13 siRNA that
binds only to damaged cartilage affected by joint injuries. This targeted
nanoparticle, when locally injected, stays in the joint longer to better
combat early cartilage damage, Duvall said. This targeting approach also
helps to further reduce potential undesirable effects elsewhere in the
body.

Expanding on this work in a follow up article, the group used "packages"
of nanoparticles to sustainably deliver the siRNA to the cells in the joint
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over time after treatment. With this technique, a single injection lasted
for at least a month and reduced cartilage loss and bone spurs—known to
be primary drivers of severe joint pain that ultimately causes patients to
seek complete joint replacement.

PTOA-causing injuries are most common among young athletes and
military personnel, and osteoarthritis affects over 25 percent of those
over 45 in the U.S. Current treatments like corticosteroid joint injections
manage short term pain, but they may worsen cartilage loss when used as
an ongoing therapy, Duvall said.

"Direct comparisons to treatment with the current clinical
standard—steroids—showed that MMP13 silencing with the targeted
nanoparticles had significant effects on reducing joint degeneration over
steroid injections," Duvall said. "This indicates that this approach has the
potential to be developed as the first clinically available disease
modifying osteoarthritis drug."

Beyond loss of quality of life, this new therapy also has the opportunity
to diminish health care associated costs with treatment among those
affected by the disease.

"We'd like to continue to explore bioadhesive nanoparticles that are
simpler and more scalable to produce and that are longer lasting," Duvall
said. "We'd also like to show safety and efficacy in larger models as a
stepping stone toward longer term application of MMP13 siRNA
therapies in patients."

The article, "Amelioration of post-traumatic osteoarthritis via
nanoparticle depots delivering small interfering RNA to damaged
cartilage" was published in the journal Nature Biomedical Engineering.

  More information: Sean K. Bedingfield et al, Amelioration of post-
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traumatic osteoarthritis via nanoparticle depots delivering small
interfering RNA to damaged cartilage, Nature Biomedical Engineering
(2021). DOI: 10.1038/s41551-021-00780-3
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