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Adipose-derived stem cells for cartilage
regeneration - moving towards clinical applicability
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Abstract

Despite multiple methods of treatment and a wealth
of research in the field of regenerative medicine
focusing on cartilage defects, the management of
cartilage injuries remains a challenge. A recent study
by Van Pham and colleagues proposes a method for
preconditioning autologous adipose-derived stem
cells. Their study offers evidence about the increased
proliferative and chondrogenetic capabilities of
platelet-rich plasma-treated adipose-derived stem cells
and the increased efficiency of these in treating
articular cartilage defects in mice. Even though the
method needs further elaboration and the
composition of the repair tissue requires investigation,
the results are promising for the design of clinically
acceptable cell therapies aimed at cartilage
regeneration.

Commentary
Rome wasn’t built in a day

Articular cartilage injuries represent an increasing threat
to the physical, professional and social performance of
individuals and a burden for healthcare resources. Cartil-
age lesions of various degrees of severity can be simple
or associated with multiple articular, periarticular or sys-
temic, post-traumatic or degenerative conditions. Regard-
less of their diversity, several common problems need to
be considered: the provision of immediate symptomatic
improvement, the evaluation of rehabilitation time and
the prediction of medium- and long-term outcome in the
affected joint, in the context of patient-specific demands
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for functional recovery. Current therapies provide good
short-term improvement within acceptable time frames;
however, medium- and long-term improvement in the
injured cartilage is still hampered by the occurrence of
post-traumatic arthritis.

Different tissue engineering or cell therapy scenarios
have been proposed, raising hope for possible complete
structural and functional joint resurfacing in the near
future. Bringing such expectancy closer to clinical ap-
plicability, a recent study by Van Pham and colleagues
[1] reports a method of using adipose-derived stem cells
(ADSCs) preconditioned with activated platelet-rich
plasma (PRP) as combined cell therapy for the manage-
ment of post-traumatic articular cartilage defects. Due to
the ubiquity of the tissue of origin and their ease of pro-
curement and proliferative capability, ADSCs are regarded
as a convenient cell source for regenerative medicine [2].
The use of ADSCs for cartilage regeneration, however, ap-
pears to be problematic. ADSC chondrogenetic potential
seems to be lower than that of bone marrow-derived mes-
enchymal stem cells [3]. ADSCs, moreover, can inhibit
cartilage regeneration in vivo via vascular endothelial
growth factor (VEGF)-A-mediated chondrocyte apoptosis
and reduced proteoglycan synthesis [4].

The study by Van Pham and colleagues [1] proposes
that ADSC chondrogenic potential can be enhanced and
VEGF release can be reduced by supplementing the
culture media with PRP. Being rich in growth factors,
autologus PRP is currently used as a ‘biological’ augmen-
tation in various clinical applications, including cartilage
repair [5]. Used as a culture media supplement, buffered
PRP has been shown to enhance human mesenchymal
stem cell proliferation and chondrogenic differentiation
in vitro (leading to ten-fold increased Sox-9 and aggrecan
mRNA expression and a two-fold increase in RUNX2
mRNA) [6]. In another study, a rapidly degrading PRP-
derived scaffold seeded with autologus ADSCs or bone
marrow-derived mesenchymal stem cells was used to
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treat osteochondral lesions in a rabbit model [7]. A sig-
nificant improvement in macroscopic and histological
International Cartilage Repair Society score was reported,
as well as the presence of type II collagen-expressing,
enhanced green fluorescent protein-labeled ADSCs within
the defect at 9 weeks after implantation [7]. In the study by
Van Pham and colleagues, human ADSCs preconditioned
with PRP were used as combined cell therapy, together with
autologus PRP, for the treatment of fresh articular cartilage
defects in NOD/SCID mice. ADSCs were apparently
proven to display enhanced proliferative capability in vitro
when cultured with an optimal concentration of 15%
autologus calcium-activated PRP replacing fetal bovine
serum in the culture media. Chondrogenesis-related gene
expression (collagen type II, Sox-9 and aggrecan) increased
in the PRP- compared to fetal bovine serum-treated cells
and VEGF concentration in the conditioned media was
significantly reduced.

These results are promising, as they offer evidence for a
practical modality of obtaining autologous stem cells for
clinical application. The method requires relatively few cell
manipulations; it does not need media supplements of ani-
mal origin but does involve a waiting time for cell expan-
sion and implies the need for a good manufacturing
practice facility. However, the precise composition of PRP
has to be further detailed (degrees of platelet enrichment
compared to peripheral blood, presence or absence of white
blood cells) as these parameters are dependent on the
PRP extraction method. Growth factor concentration is
dependent on the degree of platelet enrichment while white
blood cells can exert catabolic effects on articular cartilage
[5]. The gene expression profile of PRP-treated ADSCs also
has to be further investigated, to clarify the situation of
osteogenesis-related genes, and to eliminate the possible
induction of a sub-population of osteoblast precursors.

ADSCs preconditioned with PRP in the study of Van
Pham and colleagues proved to be efficient in treating car-
tilage defects in mice. Functional recovery time and the
area of injured cartilage were significantly decreased, while
the number of chondrocyte layers increased 45 days after
cell administration. It is possible the injected cells could
have had a structural role in cartilage repair as previously
reported [7], contributing to filling the defects and
inhibiting angiogenesis in vivo [8]. Further studies will be
needed to ascertain the role of ADSCs in chondrogenesis
and to investigate the composition and properties of the
regenerated cartilage (such as collagen fiber type, distribu-
tion, and mechanical properties). This is crucial for clinical
applicability as it would enable estimation of the recovery
time and improve medium- and long-term outcomes.

Despite the rather large number of choices for treating
cartilage defects, current therapies provide for, at most,
fibrous cartilage repair or tissue prone to endochondral
ossification [9]. Such repairs have low biomechanical
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properties and are prone to failure in the long run,
preventing complete functional recovery and professional
rehabilitation. For reasons like reduced contamination and
decreased intervention time, the infusion of a cell suspen-
sion could be more feasible than implanting a cell-seeded
scaffold. Used as a method for cartilage defect treatment
and arthritis prevention [10], cell therapy has the potential
of attracting clinical acceptance. Proof of a cell population
homing within the defect and participating in de novo hya-
line cartilage formation would eliminate the need for scaf-
fold implantation, thus overcoming issues related to graft
integration, peeling, and/or ossification.
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