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Stem cell therapy for osteoarthritis: Functional
cartilage regeneration using 3d bioprinting technology
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Osteoarthritis presents a significant societal and economic
burden. Stina Simonsson from the University of Gothenburg
explains how EU-funded projects are using 3D bioprinting to
create functional cartilage for OA treatment

Osteoarthritis (OA) is a widespread condition that affects millions of people globally. As
the population ages and the obesity epidemic continues, the incidence of OA is expected
to increase. 3D bioprinting and stem cell therapies are heralded as the future of medical
treatments for such conditions.

The global prevalence of OA

OA affects a significant portion of the Swedish population. Estimates suggest that about
7-8% of the population is diagnosed with OA, which translates to roughly 700,000 to
800,000 individuals. The condition is more common among older adults, with a higher
prevalence observed in those over the age of 65.

OA is one of the most common forms of arthritis globally. According to World Health
Organization (WHO) and other global health sources, approximately 10-15% of the global
population over the age of 60 has some degree of OA. This means that about 100 million
people over 60 worldwide are suffering from the condition, and 300 million people in total.
These figures highlight the significant impact of OA on both national and global levels,
emphasizing the importance of ongoing research, prevention, and treatment efforts.

RESTORE and autoCRAT

Two EU-funded projects, RESTORE and autoCRAT, aim to treat OA, for instance, by
generating functional cartilage using 3D bioprinting technology, which is the focus of this
article.

A Swedish research team within these EU projects has recently achieved a significant
milestone towards novel OA treatment by successfully generating functional cartilage
tissue through 3D bioprinting chondrocytes directly into OA lesions. This groundbreaking
work was published in the journal CARTILAGE.  An earlier study by the same team,
which demonstrated the formation of functional cartilage from 3D bioprinted induced
pluripotent stem cells (iPSCs), was published in Scientific Reports.  These stem cells
were derived by reprogramming the patient’s cells.  Utilizing iPSCs as a cell source for
3D bioprinting provides a foundation for developing personalized rejuvenated tissues or
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off-the-shelf products for clinical use. By achieving the required cell numbers, this
approach could significantly reduce costs compared to traditional autologous cell
treatments.

To rejuvenate a patient’s cells into pluripotent stem cells, or even into a new individual by
cloning, was awarded the Nobel Prize in 2012. The cells require the expression of the
transcription factor Oct4.  These cells can then theoretically multiply indefinitely and
differentiate into any specialized cell type. Specialized cells are unable to multiply but are
needed in their destined function.

Cartilage consists of specialized cells known as chondrocytes, which produce a collagen-
rich extracellular matrix (ECM) containing proteoglycans and elastin fibers. There are
three types of cartilage: elastic, fibrocartilage, and hyaline. These types differ in their
collagen and proteoglycan content. Articular cartilage, a type of hyaline cartilage found in
knee joints, is composed solely of chondrocyte cells, which play a crucial role in
maintaining and repairing the ECM. Unlike mesenchymal stem cells (MSCs),
chondrocytes are highly specialized and preferentially differentiate into cartilage rather
than bone. Chondrocytes in tissue culture have been shown to dedifferentiate.

Autologous chondrocyte implantation (ACI), a procedure used for over 30 years to treat
traumatic cartilage lesions, involves transplanting a patient’s own chondrocytes.  To
generate mature articular cartilage via 3D bioprinting, the researchers used primary
chondrocytes left over from ACI knee surgeries. Their experiments were designed with
the understanding that a substantial number of cells are required to form tissue using 3D
bioprinting. 

3D bioprinting technology allows for the combination of cells with biomaterials, enabling
the creation of structures that match the shape of cartilage lesions or OA defects. Initially,
an OA defect was scanned using MRI, CT, micro-CT, and a 3D scanner. The 3D scanner
was the only device that accurately detected the lesion area. This 3D model served as a
template for bioprinting primary chondrocytes to fit the exact shape of the lesion. The
bioprinted chondrocytes formed cartilage tissue and produced collagen IIA isoform type
B, which is specific to articular cartilage, as confirmed by two methods: RT-PCR and
antibody staining. The levels of this collagen were higher in 3D bioprinted chondrocyte
tissue compared to those cultured in 3D micromass, indicating that 3D bioprinting better
supports cartilage formation.

Additionally, the bioprinted chondrocytes produced aggrecan (ACAN), a gene
characteristic of articular cartilage. In contrast, chondrocytes cultured in a monolayer did
not produce detectable levels of collagen II splice variant type B. This finding
demonstrates that the bioink used in 3D bioprinting supports the production of mature
articular cartilage, which could inform the design of next-generation scaffolds for treating
articular cartilage injuries or OA. Within the RESTORE project, bioinks were developed,
which could be combined with drugs to combat OA under the EU’s Horizon 2020 research
and innovation program (grant agreement No 814558).
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For more information  about the RESTORE or autoCRAT projects and its partners,
visit: https://restoreproject.eu or https://autocratproject.eu
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