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Osteoarthritis (OA) is associated with loss of the phenotypic stability of affected joints. Due to its avascular
nature, biomechanical properties of the cartilage tissue in a synovial joint are particularly compromised as
the disease progresses. Current therapies for OA merely buy time until arthrodesis or arthroplasty, the ‘end

game’, is ultimately reached. Over the last two decades, promising experimental data has started to emerge

Keywords: on mesenchymal stem cells (MSCs) as candidate cell types for cell and/ or tissue-based cartilage tissue

Mesenchymal stem cells
osteoarthritis

repair. The principal attraction of MSCs lies in their consistent chondrogenic differentiation and
proliferative propensities. Practically, they offer ease of isolation and culture-expansion. Targeted gene

cartilage therapy can further enhance their delivery into osteoarthritic joints. Henceforth, understanding the biological

cell-based therapy
immuno-modulation

activities and mechanisms of action of MSCs is crucial for a rational approach to their clinical application
in osteoarthritic joints.
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Basic Science of Articular Cartilage

The articular cartilage is a whitish, glassy substance that lines synovial
joints. It is composed of specialised cells called chondrocytes, embedded
in an extracellular matrix of collagen fibers, proteoglycan, and elastin
fibers [1]. The interaction between the negatively charged cartilage
proteoglycans notably, aggrecan and type Il collagen provides the
compressive and tensile strength of the joint tissue. Mechanical injury to
the articular cartilage secondary to osteoarthritis (OA) causes significant
musculoskeletal morbidity.

Avrticular Cartilage and Osteoarthritis

The basic pathophysiological feature of OA is the loss of compliance and
strength of articular cartilage to allow for its function. Although they

make up only 2% of the weight of articular cartilage, chondrocytes are
the key elements in the development of the osteoarthritic process, due to
their relatively inert nature and little regenerative capacity [2, 3]. As
such, recent studies into mechanisms underpinning articular cartilage
damage in OA have primarily focused on chondrocyte apoptosis [4, 5].

A study by Sharif et al. concluded that the degree of chondrocyte
apoptosis was in fact significantly correlated with articular cartilage
fibrillation and cellularity [5]. Gupta et al. postulated that as OA
progresses, intraarticular chondrocytes synthesize and secrete
proteolytic matrix metalloproteinases (MMPs) and aggrecanases [6].
These further recruit and activate the main pro-inflammatory cytokines,
tumor necrosis factor (TNF)-a and interleukin (IL)-1. These two
cytokines exhibit synergism; working together to amplify the process of
articular cartilage degradation and apoptotic chondrocyte death.
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Current Therapies for Cartilage Restoration in Osteoarthritis

Current procedures for OA cartilage restoration include autologous
chondrocyte implantation, micro-fracture (Figure 1) and osteochondral
transplantation (using allografts and autografts) [7-9]. In general, their
goal is to stimulate ‘new’ articular cartilage growth. However, long,
open, and deep incisions are often required, exposing patients to surgical
or procedure- site infections.
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Figure 1: Shows the steps of the micro-fracture technique (schematic
diagram). A) Damaged cartilage is removed, B) An awl is used to make

holes in the subchondral bone, C) Healing response brings regenerative
and healthy cartilage cells [10].
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Secondly and more importantly, these techniques are limited to repair of
focal cartilage lesions and as such, patients with extensive articular
injury as seen in moderate and severe OA, are often excluded from such
current treatment regimes, as they tend not to benefit much. Essentially,
the inadequacies with current cartilage-repair therapies means that,
perhaps, investing in MSCs-based research may be the most effective
approach of arresting OA’s pathogenesis both in the early and advanced
stages of the disease process.

Biology of Mesenchymal Stem Cells

The International Society for Cellular Therapy (ISCT) proposes three
criteria to define mesenchymal stem cells (MSCs) and their
characteristics:

i Adherence to plastic.
ii. Specific surface antigen (Ag) expression.
iii. Multipotent differentiation potential [11].

Originally isolated from bone marrow by Frendeistein et al. MSCs can
be easily isolated from the umbilical cord, cartilage, muscle, and tendon
[12]. They are then engineered and ‘expanded’ in a culture media and
used to produce a diverse range of cartilaginous skeletal tissues.

Immuno-Modulatory Properties of MSCs

A key feature of MSCs is their hypo/ non-immunogenic nature. Greene
et al. explained that, as OA progresses, the pro-inflammatory cytokines
recruit more pro-inflammatory mediators as well as MSCs (‘anti-
inflammatory cytokines’) to areas of the inflammation within the
cartilage defect [13].

Activated MSCs, once within the cartilage, start to express minute levels
human leukocyte antigen (HLA) Class 1 and 11 antigens. In this way,

the application of MSCs for allogeneic therapy, such as in osteoarthritic
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cartilage repair, may not require ‘much’ HLA matching or subsequent
use of toxic traditional immunosuppressive medications. Subsequently,
MSCs elicit a reduced response to co-stimulatory molecules that are
required for T-cell stimulation and further joint damage.

Chondrogenic Differentiation of MSCs

Chondrogenic differentiation of MSCs is a complex interaction between
many transcription factors and signal transduction pathways. Although
the mechanism of hypertrophic chondrogenic differentiation of MSCs is
not well understood, tissue growth factor (TGF)-B and bone
morphogenic proteins (BMPs) are two of the key transcription factors
discussed in the literature [14].

Weiss and colleagues suggested that parathyroid hormone-like peptide
may play an important role [15]. Current research aims to construct
cartilaginous skeletal tissue scaffolds to enhance activities of MSCs to
allow enhancement of the right chondrocyte proliferation pathways and
phenotypic characteristics.

Targeting of MSCs to the Osteoarthritic Joint
I Delivery Modes for MSCs

As stated in (Figure 2), For MSC-based OA therapy, there are two main
delivery modes:

i Direct intra-articular injection.
ii. Matrix-guided (scaffold).

Direct intra-articular MSCs injection is by far the simplest approach. It
aims to redistribute MSCs into the joint space to allow diffusion across
the highly vascular synovium, and to interact with their receptor sites on
cartilage.

Figure 2: MSCs embedded in collagen hydrogel matrix used in treating
cartilage defect in a pig. A) MSC embedded in a collagen matrix
(obtained from a rat tail), B) A magnified view of MSC-containing
collagen type 1 hydrogel matrix after 10 days of culture, C) Isolated
chondral defect in trochlea of mini-pig, D) Macroscopic view of defect
6 months after treatment with MSCs, E) Immunohistochemical staining
of the cartilage graft shows a cartilaginous, collagen type 11-rich
extracellular matrix, which contains chondrocytes that are differentiated
from MSCs [17].
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Alternatively, MSCs are seeded into a biodegradable scaffold. This helps
to support MSCs, especially in cases where the subchondral bone is
exposed over large areas.

Il Matrix-Guided Application of MSCs: The Way Forward

Compared with direct intra-articular MSC injection, matrix guided
application of MSCs to cartilage offers better control and ease of
application. Seeding or embedding of MSCs into a scaffold offers an
accessible and easy way to manipulate self-renewable progenitor cells,
which is in a very limited supply in the osteoarthritic joint. Numerous
biomaterials have been tried as scaffolds, but none fulfills all the
requirements. Ideally, a scaffold should be biodegradable, semi-
permeable and adaptable to the mechanical environment, so as to
promote the required activities of MSCs embedment in the joint.

In recent times, however, ‘natural’ scaffolds in the form of collagen type
1, chitosan and hyaluronan (hyaluronic acid) have been employed and
they seem to present a more natural environment than synthetic scaffolds
[16]. Collagen 11 hydrogels, for instance, offers three main advantages:
firstly, they are biodegradable. Secondly, like hyaline cartilage, the
collagen hydrogel in the osteoarthritic joint, can surround MSCs in a
three-dimensional manner. In this way, the right environment is created
to maximize the activity of MSCs inside the osteoarthritic joint. Lastly,
hydrogels allow an even distribution of seeded-MSCs which helps to
promote homogenous production of cartilage extracellular matrix within
which the MSCs are embedded.

Direct intra-articular injection of MSCs has been well documented in
animal models [18, 19]. There are now emerging data on the application
of collagen hydrogel-seeded MSCs in human OA joints. In 2008,
Schneider and colleagues evaluated the therapeutic benefit of CaReS®,
a type 1 collagen hydrogel-based autologous chondrocyte implantation
technique [20]. A total of 116 people with moderate to severe degree of
knee OA treated via this technique had significant improvement in their
symptoms.

However, the cost involved in constructing a scaffold from collagen has
led to scientists looking into biomaterials with properties of collagen that
can stimulate stem cell differentiation without growth factor
supplementation. Singh et al. prepared a scaffold from cellulose and silk
in a 75:25 ratio. After growing MSCs on it. They observed that
chondrogenic marker genes SOX 9, aggrecan and type 11 collagen were
upregulated in the absence of soluble growth factors such as tissue
growth factor (TGF) B [21].

Conclusion

An insufficient response process of articular cartilage to inflammation
contributes to the loss of phenotypic stability associated with
osteoarthritic joints. Over the last two decades, numerous research
studies have offered an insight into the science underpinning MSCs. In
particular, we now know that MSCs proliferate and migrate into multiple
skeletal tissues such as cartilage. The anti-inflammatory and immune-
modulatory properties of MSCs have also been well documented,
especially in the context of allogeneic transplantation. The hope is that
MSCs will offer an alternative for OA treatment and patients will not
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need HLA matching and/or toxic medications. What is even more
promising is that autologous and allogeneic MSC-based therapies for
cartilage repair have been shown to produce acceptable clinical results
in humans. Another major advance in MSC-based therapy is the
discovery of new delivery modes for targeting MSCs into the joint.

The use of MSCs in combination with bioactive substrates; both natural
and synthetic, has significant clinical potential and is likely to be
important in future cartilage-repair technologies. In the long term,
scientists and clinicians hope that MSC-based technologies will permit
the engineering of cartilage not only for repair of focal lesions but also
as a treatment option for large OA defects. More research is however
required to realize the ultimate goal of a fully biological MSCs prosthesis
and to translate their science into medicine.
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