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Role of Stem Cells Therapy in Cartilage
Tissue Repair

BY
Malek Atta Melek

ABSTRACT

Articular cartilage is a specialized, avascular, aneural connective tissue that
provides covering for the osseous components of diarthrodial joints. It serves as a
load-bearing material, absorbs impact and is capable of sustaining shearing forces.
The unique properties of this tissue are related to the composition and structure of
its extracellular matrix, which is composed mainly of a high concentration of
proteoglycans (aggrecan) entangled in a dense network of collagen fibers and a
large amount of water. This tissue allows the frictionless motion of the joint, in
which it absorbs and dissipates load. The articular cartilage is composed of a
sparse population of cells, named chondrocytes, which are responsible for the
synthesis and maintenance of the extracellular matrix.

Cartilage injury remains a major challenge in orthopedic surgery due to the
fact that articular cartilage has only a limited capacity for intrinsic healing.
Cartilage impaction is followed by a post-traumatic inflammatory response.
Chondrocytes and synoviocytes are activated to produce inflammatory mediators
and degradative enzymes which can induce a progredient cartilage self destruction
finally leading to secondary osteoarthritis (OA). However, an anti-inflammatory
compensatory response is also detectable in cartilage by up- regulation of anti-
inflammatory cytokines, probably a temporary attempt by chondrocytes to restore
cartilage homeostasis.

Current data demonstrate the efficacy of treatment of various pathologies with
the use of MSCs. Their application seems to be safe, without complications and
ethical issues. MSCs and other similar progenitor cells can be isolated from a wide
variety of tissue sources, thereby avoiding additional damage to diseased/injured
tissues.

MSCs are a multipotent cell type capable of differentiating towards a number
of lineages of the musculoskeletal system, including bone, cartilage and fat. This
multipotential capacity was first described over three decades ago, and since then,
the potential use of MSCs for regenerative therapies has generated tremendous
excitement and focus. The attractiveness of MSCs for tissue repair is self-evident:
in addition to their ability to take on multiple phenotypes, MSCs are readily
expandable in culture and retain their multipotential characteristics with expansion.



Recent advances in cell biology and material sciences have contributed to
tissue engineering becoming a promising therapeutic modality for the treatment
of osteoarticular disorders.  Cell-based strategies have not only proved the
feasibility of such approaches for cartilage repair but have also provided
acceptable clinical results. However, the available protocols are still far from
being able to generate a tissue that is comparable to native cartilage with respect
to quality and stability. Nevertheless, more-sophisticated approaches, which
will combine the delivery of chondrogenic progenitors, in particular MSCs and
bioactive growth factors, together with a chondro-conductive scaffold, will be
required to achieve a complete healing of cartilage lesions. The success of these
strategies will rely on a better understanding of the complex molecular events
that are involved in induction of chondrogenesis and in maintenance of the
chondrocyte phenotype because these events, which take place during
embryogenesis, will have to be reproduced in adult tissue repair. This will lead
to the identification  of the exact factors needed for hyaline cartilage repair,
including their bioactive levels and kinetics of application. Moreover, because
most of these factors have short half-lives as recombinant proteins,  gene
transfer techniques could be adopted to achieve the desired results.
Finally, cartilage repair will also require a complete integration  of the
neocartilage  and reconstitution  of an appropriate zonal organization  for
successful cartilage patterning.
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Introduction and aim of the works

Introduction

Articular cartilage is a highly specialized tissue that reduces joint friction at the
extremities of long bones. It consists of chondrocytes, some progenitor cells and
an extracellular matrix (ECM) that is composed of a network of collagens, in
particular type Il collagen, which gives the tissue its shape and strength, and
proteoglycans, which give resistance to mechanical stress'. When damaged, the
articular cartilage has a limited capacity for repair due to the absence of
vasculature, which would allow progenitor cells from the blood or the bone

marrow to enter the tissue.

Repair of full thickness articular cartilage defects remains a major challenge
in the field of orthopedic surgery because of the unsatisfactory outcomes of current
surgical strategies, mainly chondrectomy, subchondral drilling, periosteal or
perichondrial resurfacing and transplantation of autochondrocytes ®. Each of these
treatments has its own limitations and in most cases the repaired tissues are
fibrocartilage rather than hyaline cartilage, which usually results in degenerative
changes with pain after a long-term follow-up. As an alternative to those current
therapies, tissue engineering has been demonstrated to own promising therapeutic
advantages in restoring both the structure and function of the damaged articular

cartilage.?

Mesenchymal stem cells (MSCs) are non-hematopoetic, pluripotent, stromal
cells that exhibit multi-lineage differentiation capacity being capable to give rise to
diverse tissues, including bone, cartilage, adipose tissue, tendon and muscle®. They
can rapidly divide and form colonies. MSCs are present in many adult
mesenchymal tissues, such as synovium, muscle, adipose tissue and bone marrow.
MSCs are usually isolated from bone marrow, but may be obtained from muscle,
adipose or synovial tissues and can be amplified ex vivo without loss of phenotype

or multi-potentiality. °




Intoductiion and aim of the works

MSCs have been used in vivo to repair full-thickness joint cartilage defects
in animal models using various carrier matrices °. Recently, autologous bone-
marrow-derived MSCs have been applied to patients with osteoarthritis. MSC
therapy for cartilage repair, which probably requires both cartilage regeneration
and MSC immunoregulatory effect, may play a role in reducing arthritis signs and
symptoms due to inflammatory reaction ’. Finally, MSCs have been successfully

used for intervertebral disc regeneration in a rat model .2




Introduction and aim of the works

The aim of this review is:

1- To discuss challenges in treatment of cartilage injury and degeneration and the

role of emerging strategies of tissue engineering.

2- To discuss the possible future role of stem cell therapy on treatment of

degenerative cartilage diseases.




