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Engineered cartilage could turn the tide for
patients with osteoarthritis

February 2 2024, by Joanne Barker

Cartilage tissue generated from pluripotent stem cells. Credit: Michael Goderre,
Children's Hospital Boston

About 1 in 7 adults live with degenerative joint disease, also known as
osteoarthritis (OA). In recent years, as anterior cruciate ligament (ACL)
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injury and other joint injuries have become more common among
adolescent athletes, a growing number of 20- and 30-somethings have
joined the ranks of aging baby boomers living with chronic OA pain.

Treatments for degenerative joint disease are limited, largely because the
cartilage that protects the joints doesn't regenerate after birth. Without a
way to stimulate regrowth of damaged cartilage, most treatments focus
on managing symptoms. And with few curative treatment options, OA
remains one of the leading causes of pain and disability in the United
States.

Boston Children's researcher April Craft, Ph.D., and her team want to
change that. Their approach: To "grow" cartilage in the lab that could be
used to replace damaged articular tissues in patients' joints.

Lessons in cartilage and degenerative disease

The team first set out to understand how cartilage and joint tissues
develop naturally and how stem cells differentiate into cartilage cells, or
chondrocytes. The next step was to replicate that process in the lab,
putting cells through the same stages of development.

In their study published in Annals of the Rheumatic Diseases, members
of the Craft Lab described their approach for generating cartilage from
induced pluripotent stem cells (iIPSC). Derived from patients' own cells,
1PSCs can give rise to virtually any type of cell in the body, including
chondrocytes.

The team generated cartilage-like tissues from two patients with
progressive pseudorheumatoid arthropathy of childhood (PPAC), a
genetic condition that causes severe premature joint degeneration.

"We chose to study PPAC because joint degeneration in this condition
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progresses rapidly toward a state that is indistinguishable from end-stage
OA," says Craft. "Our iPSC model of PPAC cartilage will help us learn
about this devastating disease." Their findings may possibly apply more
broadly to OA from acute injuries or chronic overuse, as well as provide
the basis for future therapeutics development.

Generating treatment options for degenerative joint
disease

Using cartilage engineered in the Craft Lab, the team has successfully
repaired damaged joint tissues in rats and is preparing to test the
procedure in large animals.

Because joint-lining cartilage is avascular and the implanted
chondrocytes will be encased by the cartilage tissue itself, there is a
reduced likelihood of implant rejection. Because of this, Craft believes
that someday "off-the-shelf" cartilage for human patients could be
created using one cell line. If so, live cartilage tissues could be produced,
stored, and delivered to surgical teams as needed to replace damaged
cartilage.

In some ways, the procedure resembles the most advanced cell therapy
for cartilage: autologous chondrocyte implantation. In this two-
procedure process, chondrocytes are harvested from one area of the
body, expanded in number, and then implanted into the damaged area.

Off-the-shelf cartilage implants would allow patients to undergo just one
surgical procedure rather than two. Replacing damaged cartilage with a
piece of new cartilage that was generated ahead of time would omit the
delay in manufacturing associated with autologous cartilage harvesting,
reduce the rehabilitation time, and allow patients to return to their
normal activities sooner after surgery.
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The first humans to receive this novel implant would likely be patients
who have pain and joint damage but haven't yet progressed to severe
degeneration. And eventually, it could be tried in others, such as athletes
with joint damage.

"This could have a profound impact on people as they age as well as
athletes experiencing joint pain," says Craft.

More information: Chaochang Li et al, Directed differentiation of
human pluripotent stem cells into articular cartilage reveals effects
caused by absence of WISP3, the gene responsible for progressive
pseudorheumatoid arthropathy of childhood, Annals of the Rheumatic
Diseases (2023). DOI: 10.1136/ard-2023-224304
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