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Abstract
Cartilage injuries and disease are observed in a varied range of people; for instance, cartilage defects in juveniles,
osteoporosis and osteoarthritis in the aged population. Cartilage injuries frequently result in disability and a
probable demand for invasive surgery in future. Chondrocytes proliferate and synthesize extracellular matrix in
order to maintain the cartilage. These cells are separated from each other by cartilage matrix. The aim of the
present study was to understand the roles of the biologics in in cartilage repair, cartilage regrowth and
regeneration, chondrocytes proliferation plus differentiation, and matrix production. It is also highlighted the
necessity of further investigations into the biologics to regrow cartilage by in vitro studies and animal models.
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Introduction
Cartilage is essential for healthy function of the human skeleton. In the skeletal system, cartilage
provides a means for bones to grow in the young, for the articulation of joints, shock absorption and
maintenance the structure of the skeleton [1]. Despite its important role in the skeleton, cartilage has a
limited ability to heal and regenerate [2,1]. Damaged/lost cartilage can be caused by trauma [3] and
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pathologies of the musculoskeletal system including osteoarthritis (OA) [4], endocrine pathologies [5],
cancer [6] and congenital diseases [7]. Because the body has a limited ability to heal damaged cartilage
on its own [2,1], it is of interest to develop methods by which cartilage can be regenerated. This article
reviews some of the biologics (including cells, matrix scaffolds and proteins) that have had success in
increasing the number of chondrocytes, the amount of cartilaginous matrix, or both.

Body
One of the first instances of biologics being utilised in cartilage repair is that of autologous chondrocyte
implantation (ACI), where chondrocytes are extracted from a patient and grown ex vivo, before being reimplanted into the patient [8]. The technique was successful in regrowing articular cartilage of the knee
in patients with deep cartilage defects [8]. Since then, this technique has been further developed into
matrix-associated autologous chondrocyte implantation (MACI), where healthy cells are harvested from
a patient, seeded into a collagen matrix and then re-implanted into a patient’s cartilage defect [9].
Another technique is that of autologous matrix-induced chondrogenesis (AMIC), a technique in which a
cell-free collagen type I/III matrix is implanted into a defect, usually of the knee or ankle [10]. More
recently, micro fracture in combination with delivery of BMP2 and soluble VEGFR1 has been shown to
promote skeletal stem cell (SSC) differentiation into chondrocytes on chondral surfaces of adult mice
[11].
Growth factors and other proteins have also been investigated for their ability to re-grow cartilage. In
transfected rat chondrosarcoma cells and human primary chondrocytes, granulin-epithelin precursor
protein (GEP) has been shown to induce proliferation of chondrocytes, which is potentiated by human
cartilage oligomeric matrix protein (COMP) [12]. In a mouse model of OA, a helper-dependent
adenovirus was used to transfect interleukin-1 receptor antagonist (IL-1a), which increased cartilage
volume and surface [13]. Human growth hormone (hGH) is known to induce proliferation of rabbit and
rat chondrocytes [14], an effect that is likely mediated largely through the action of insulin-like growth
factor 1 (IGF-1) [15]. Injections of hGH into the arthritic temporomandibular joint of rats also improved
their OA scores [16], and has improved healing in arthritic knees to a greater extent than hyaluronic acid
in a rabbit model of OA [5].
Transforming growth factor-beta1 (TGF-β1) has exhibited the ability to promote rat bone marrow
mesenchymal stem cells into chondrocytes via MAPK [17]. Moreover, TGF-β1 promoted production of
cartilage matrix in rabbits, even without administering mesenchymal stem cells [18]. Treatment with
TGF-β1 also increased production of lubricin, a component of the chondrocyte matrix, by human
chondrocytes in vitro [19]. Furthermore, TGF-β1 promoted mesenchymal stem cell differentiation into
chondroctyes, and promoted cartilage formation in tandem with SDF-1α [20]. Finally, TGF-β1 and BMP2
have been delivered via nanoparticles used in combination with a silk fibroin hydrogel to repair cartilage
defects in rabbits [21]. Not only has the CS (Chitosan) hydrogels loaded with TGF-β1 been proved in
supporting chondro-inductive therapies [22], but also the CS-coated SF (silk fibroin) scaffolds in
combination with BMP-2 have been demonstrated to stimulate bone defect regeneration [23].
Moreover, possessing remarkable bone formation abilities at the defect area, TGF-β1@CS/BMP-2@SF
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was shown to promote chondrogenic ability of BMSCs since CS/SF can accelerate chondrocyte-like cell
adhesion, matrix production, and proliferation [24]. Clearly, BMSCs expressing TGF-β1 have been seen
to cause cartilage defect repair that is composed of a larger number of GAG and collagen II [25], which
are increased in BMSCs co-cultured with TGF-β1@CS/BMP-2@SF, suggesting improved cartilage defects
[21]. Furthermore, TGF-β1@CS/BMP-2@SF can contribute to formation of cartilage lacuna in cell mass,
besides multiplication of proteoglycans in the extracellular matrix. Similarly, an increase in the GAG
content by 15% TGF-β1@CS/BMP-2@SF was observed (Figure 1). Fascinatingly, postoperative
morphological views in defect areas after couple of weeks, has exhibited the presence of hyaline
cartilage and repair tissues with smooth surface integrated with adjacent cartilage, and a small number
of infiltrated inflammatory cells in the TGF-β1@CS/BMP-2@SF treated group [21].

Figure 1: The GAG content increases in the presence of 15% TGF-β1@CS/BMP-2@SF detected by Alcian blue
colorimetric method.

Discussion
While usage of cells and/or matrix implantation shows several examples of success in patient outcomes,
certain cases may indicate a decreased chance of positive outcomes. For example, although exhibiting
success in treating defects of the ankle [9,26] and simple defects of the knee [27], MACI has shown
limited success and poor outcomes in complex and salvage cases of the knee, respectively [27]. Further
investigation into promotion of SSC differentiation [11] may help discern whether or not such a
technique may present a possible alternative in such cases, as it is yet to be trialled in human patients.
The use of proteins in inducing chondrocyte growth and matrix production appears to have promise.
TGF-β1 has shown great potential as a biologic for cartilage regeneration in animal models, and in
human cell lines, exhibiting an ability to regrow the cartilage matrix even without transfected cells [20].
As well as this, viral vectors, like adenovirus, may be used to administer biologics such as IL-1a,
abrogating the ability of cytokines to interfere with chondrocyte differentiation and production of the
cartilage matrix [13,28]. hGH was successful in improving the condition of OA in the temporomandibular
joint of rats [16], as well as in the knees of rabbits, to a greater extent than hyaluronic acid [29,30]. It is
interesting to note that the injection of hGH in the arthritic joint of the rats increased IGF-1
concentrations in the joint, but not in the animal’s serum [16], which could indicate a decreased chance
of off-target actions by IGF-1 following hGH injections into the joint. These investigations into proteins
to regrow cartilage are largely limited to in vitro studies and animal models, however, and thus warrant
further investigation.
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