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Regenerative medicine approaches to cartilage tissue repair have mainly been concerned with the implantation
of a scaffold material containing monolayer expanded cells into the defect, with the aim to differentiate the cells
into chondrocytes.While thismay be a valid approach, the secretome of the implanted cells and its effects on the
endogenous resident cells, is gaining in interest. This review aims to summarize the knowledge on the secretome
of mesenchymal stem cells, including knowledge from other tissues, in order to indicate how thesemechanisms
may be of value in repairing articular cartilage defects. Potential therapies and their effects on the repair of artic-
ular cartilage defects will be discussed, with a focus on the transition from classical cell therapy to the implanta-
tion of cell free matrices releasing specific cytokines.
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1. Introduction

The repair of hyaline articular cartilage is still a major issue in ortho-
pedics [1]. Mesenchymal stem cells (MSCs) have been heralded as the
next major development in the repair and regeneration of diseased or
injured tissues. However, their use in cartilage repair is still limited,
with only 16% of reported cell therapy procedures for cartilage repair
using MSCs, with the remainder chondrocytes [2]. The potential of
MSCs for cartilage repair has to date focused mainly on their multipo-
tential capabilities [3–5], with protocols and materials developed to-
wards the aim of inducing a phenotypic change of the MSCs into
chondrocytes [6–8]. While it is clearMSCs have the potential to become
a range of cell types, such as chondrocytes [7], osteoblasts [9–11], adipo-
cytes [3,12], neurons andmyoblasts, MSCs are increasingly being inves-
tigated for their other functional abilities. The potential for endogenous
cell homing, anti-inflammatory effects, and their ability to modify cell
function by way of cytokine secretion are all gaining in importance. In
order to perform these more recently identified abilities, MSCs have
been shown to secrete a wide array of various soluble signaling mole-
cules. These molecules are now seen as a major functional capability
of MSCs and offer the potential for novel therapies which aim to in-
crease secretory activity. Autocrine signaling of MSCs has also been
shown to be at least in part responsible for their classical differentiation
into chondrocytes [13]. This has led them to be likened to a growth fac-
tor factory, or drugstore [14]. Although donor variation has been ob-
served in the levels of cytokine secretion, it has been shown that
general expression levels are higher than control fibroblasts [15].
While this review is concerned with cartilage repair, papers reporting
relevant data obtained from other tissues will also be included. This is
also in part due to the fact that secretome manipulation in cartilage is
in relative infancy compared to other tissues.

Various strategies are available when considering how tomodify the
local concentration of growth factors and cytokines within an articular
cartilage defect (Fig. 1). Naïve or monolayer expanded MSCs can be lo-
cally implanted and held in place by way of a scaffold material. The
cells could also be injected within the joint cavity and home to the de-
fect. In addition, the cells could be modified, either by preconditioning
or by genetic modification. Finally, the desired cytokine stimulus could
be implanted directly as a protein, thus attracting the resident endoge-
nous cells and avoiding the need for cellular manipulation ex vivo. Each
of these options will be discussed in more detail below.

There has been a recent change in the paradigm when considering
the mechanism of action of mesenchymal stem cells. The classical use
of MSCs has been directed differentiation into mature, tissue specific
cells in order to provide cellular material to effect a repair. However, it
is becoming increasingly apparent that at the in vitro level, MSC differ-
entiation is not as robust as initially believed, with stable and efficient
differentiation being difficult to achieve. Particularly in the case of chon-
drogenesis, where progression to terminal hypertrophy is a significant
issue [16]. Tracing studies in vivo support this, in that few if any cells sur-
vive longer than a fewweeks after implantation [17,18]. MSC implanta-
tion has been demonstrated to enhance tissue repair. This, combined
with the question over long term cell survival suggests that it is initial
short term paracrine effects which may play the greatest role in repair.
Thus, there is a real need to investigate and characterizeMSC secretome.

An appealing mechanism by which MSCs enhance repair is the se-
cretion of soluble signaling molecules, which then modify the response
of the surrounding endogenous cells. This review will highlight the role
of implanted cells and their influence on suchresident, endogenous
cells. Screening methods to identify molecules of interest and their
mechanism of action will also be discussed. In addition to the classical
chondrogenic differentiation typically associated with progenitor cells,

Fig. 1. Various methods which can be applied to modify the paracrine factors found within the articular cartilage defect.
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