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Abstract
Mesenchymal stem cells (MSCs) have gained increased attention in the treatment of injury-related cartilage
damage. Most of the literature has focused on the use of bone marrow MSCs for chondrogensis; however its clinical
use has presented consequences of donor site morbidity and pain as well as low cell number during harvest.
Adipose tissue offers an abundant source of mesenchymal stem cells (MSCs), showing promise for the treatment of
cartilaginous injuries. Numerous studies have focused on the safety and efficacy of adipose-derived mesenchymal
stem cells (ADSC) in the form of the stromal vascular fraction (SVF), supporting its use in future clinical applications.
While reports of ADSC potential for cartilage repair have been encouraging, the lack of standardization among
studies, as well as the confusing terminology describing the different forms of ADSC presents cause for deeper
investigation of those studies reporting clinical success. Overall, ADSCs show significant potential as an alternative
and/or adjunctive treatment of cartilaginous injuries.
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Short Communication
Cartilage injury has become a major cause of disability, and the
limited potential for self-regeneration and repair of cartilaginous tissue
makes treatment challenging. The poor regenerative capability of
chondral tissue has been attributed to the avascular environment the
chondrocytes reside in, preventing the access and survival of stem cells
to the injured area for repair [1]. Techniques to treat cartilage disorders
range from invasive graft procedures including osteochondral
autograft transfer, abrasion arthroplasty, microfracture and
subchondral drilling to cell based therapies such as autologous
chondrocyte implantation and mesenchymal stem cell therapy. The use
of autologous mesenchymal stem cells (MSCs) as part of a regenerative
based approach in the treatment of cartilaginous injuries has received
increased attention as the long term outcomes of bone marrow
stimulation and other reparative therapies have been less encouraging
[2].
MSCs have the potential to differentiate into several lines such as
osteoblasts, chondrocytes, myoblasts or adipocytes with the capability
of self-renewal, high plasticity and immunosuppressive and antiinflammatory action [3,4]. MSCs can be obtained from a variety of
human sources including periosteum, muscle, synovial membrane, and
adipose tissue. Although numerous studies have reported the benefits
in treating cartilage injuries with MSCs, the mechanism of action of
the regenerative effects of MSCs still remains unclear. There is some
evidence to suggest that MSCs function through secretory cytokine
action on injured and surrounding tissue, while other evidence
suggests that MSCs survive implantation and restore native tissue
direction with their own cellular machinery differentiating into
chondrocytes [1]. Most of the recent literature has focused on the
clinical use of bone marrow mesenchymal stem cells (BMSCs) for
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chondrogenesis. Donor site morbidity, pain and low cell number upon
harvest has led to investigation of other sources.
Adipose derived mesenchymal stem cells (ADSCs) have become an
attractive alternative to the well-researched bone marrow
mesenchymal stem cell (BMSCs). Adipose tissue is rich in capillary
beds, thereby harboring one of the largest depots of MSCs [1].
Increased interest in ADSCs reside in their abundance, ease of harvest,
rapid expansion and high proliferation potential, as well as their ability
to better maintain their phenotype with respect to BMSCs [4,5].
Preparation of ADSCs is also easier and less expensive than BMSCs,
and the cultured lineage has shown a similar function to BMSCs in
multi-lineage differentiation [6]. ASCs have an additional advantage in
that they hold and maintain greater chondrogenic potential for over 15
culture expansions [7].
Much of the recent literature has focused on the use of ADSCs in
the form of stromal vascular fraction (SVF). The SVF contains
different proportions of ADSCs, pericytes, vascular adventitia cells,
fibroblasts, preadipocytes, monocytes, macrophages and red blood
cells [8]. ADSCs, however, may only represent up to 10% of the SVF
[9]. It has been suggested that SVF can be applied as a one-step
surgical procedure for cartilage regeneration [10]. While reports of
ADSC potential for cartilage repair have been encouraging, there is
some cause for deeper investigation of those studies reporting clinical
success. The first concern is the nomenclature used. Stem cell therapies
should have a significant portion of the therapeutic delivery consisting
of stem cells. At best, the current method of preparation of ADSCs has
just 10% stem cells fraction as part of the therapeutic dosing [11].
These methods currently produce a stromal vascular fraction.
Therefore, the stem cells contained in this biologic milieu may have
little if any impact on chondrogenesis when compared to the
pericytyes, fibroblasts and other growth factors contained in the SVF.
This is not to implicate the current research on ADSCs as spurious, but
rather it underscores the current vague and confusing nature of
nomenclature in stem cell therapies. Another limitation in the recent
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literature is the lack of standardization of the type of ADSC derived
when evaluating its benefits chondrogensisis. It is known that
infrapatellar fat pad (IFP) can give rise to cells with significant
chondrogenic potential by comparison to those derived from
perigluteal region or BMSCs [12]. Future investigations will need to
characterize not only the area that the graft was derived from, but will
also need to define clearly the preparation method used. Currently,
collagenase is not approved by many regulatory boards for use in
ADSC preparation for human use.
Despite the apparent confusion in the existing literature there is no
doubt that ADSCs with or without the SVF have a role in
chondrogenesis. There have been numerous reports demonstrating the
ability of adipose tissue-derived stromal cells to produce characteristic
cartilage matrix molecules in both in vitro and in vivo models
suggesting the potential of these cells in cartilage tissue engineering
[13]. In addition, there have been several studies that have provided
evidence of cartilage regeneration in osteoarthritis [14]. There have
also been several clinical trials which have reported improved patient
satisfaction and improved VAS scores with the use of ADSCs in the
treatment of injury-related cartilage damage [15,16]. ADSCs have also
been shown to be a mediator of tissue regeneration through secretion
of multiple growth factors including fibroblast growth factor, vascular
endothelial growth factor, insulin-like growth factor-1, hepatocyte
growth factor and transforming growth factor [17,18]. In addition to
growth factor secretion, ADSCs are also responsive to growth factors,
and thereby can regenerate tissue more effectively [17]. Literature has
demonstrated that the stem cell may not actually be involved in direct
cartilage repair, but rather may simply act as a signal for other growth
factors to promote and initial cartilage production.
Overall, there has been evidence in the literature demonstrating the
chondrogenic potential, as well as the symptomatic improvement in
patients with cartilaginous injury when utilizing ADSCs in the form of
SVF. It is anticipated that future studies will report on safety testing
that can be replicated when using SVF and ADSC ultimately
accelerating the clinical translation process [19]. Correct nomenclature
is necessary in order to provide meaningful analysis of the currently
published literature. Standardization of both the preparation methods,
as well as the characterization of the derived ADSC is critical when
determining the effectiveness of ADSCs with or without SVF. Overall
ADSCs show significant promise as part of a regenerative based
approach in the treatment of cartilaginous injuries, as well as offer a
practical modality of obtaining MSCs for clinical application.
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