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Chapter 4

Cartilage

Cartilage regeneration using chondrocyte

Cartilage tissue engineering comprises three factors: cell source, growth factors, and
scaffolds. Chondrocytes from other cartilage such as rib cartilage are most commonly used
for the formation of cartilage tissue [1]. However, their cell number is limited and it is
difficult to construct a tissue of large size. Differentiation of embryonic stem cells toward
chondrocytes has been accomplished, but its clinical application is impractical at present
from ethical points of view [2, 3]. In contrast, MSCs are promising because they can easily be
prepared from patients without invasive surgery. These cells grow rapidly, retaining their
capacity to differentiate into chondrocytes under certain conditions [4, 5]. Several growth
factors such as TGF-p, BMPs, FGFs, and IGFs are involved in chondrocyte differentiation,
proliferation, and maintenance [6]. These molecules are used for cartilage tissue engineering.
The application of scaffolds has two advantages in this type of engineering. It enables
three-dimensional culture, which is a necessary microenvironment for maturing the
chondrocyte phenotype. It serves as an artificial matrix that gradually becomes replaced
with native cartilage matrix. Although several methods have been attempted, with
consideration of these factors, no cartilage tissue has been engineered that fulfills clinical
requirements. There has been accumulating evidence that stimulation of chondrocytes
facilitates cartilage matrix formation [7].

For instance, hydrostatic pressure on bovine chondrocytes is known to enhance their matrix
synthesis and accumulation [8, 9]. Direct compression on bovine chondrocytes embedded in
agarose gel increases glycosaminoglycan and collagen composition [10]. Thus, stress may
serve as another important factor in cartilage tissue engineering. In clinical studies and animal
models, low-intensity ultrasound (US) promotes fracture repair and increases mechanical
strength. US also promotes cartilage healing by increasing glycosaminoglycan synthesis of
chondrocytes. As MSCs have the ability to differentiate into chondrocytes, US may promote
their differentiation. Here, we evaluated the effects of US on the differentiation of MSCs
toward chondrocytes and cartilage matrix formation. When human MSCs cultured in pellets
were treated with TGF-p (10 ng/ml), they differentiated into chondrocytes as assessed by
alcian blue staining and immunostaining for aggrecan, but nontreated cell pellets did not.
Furthermore, when low-intensity US was applied for 20 minutes every day to the
TGE-B-treated cell pellets, chondrocyte differentiation was enhanced (Fig. 24).

Biochemically, aggrecan deposition was increased by 2.9- and 8.7-fold by treatment with
TGF-p alone, and with both TGF-p and US, respectively. In contrast, cell proliferation and
total protein amount appeared unaffected by these treatments. These results indicate that
low-intensity US enhances TGF-p-mediated chondrocyte differentiation of MSCs in pellet
culture and that application of US may facilitate larger preparations of chondrocytes and the
formation of mature cartilage tissue.

MSCs had to be cultured in pellets for differentiation into chondrocytes. Even in the
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presence of TGF-B, they did not differentiate when cultured on plates. Induction of
chondrocyte differentiation in MSCs in pellets may imply a requirement for cell-cell
interaction different from that in plate culture, as confluent cells show little differentiation,
and the pellet culture may provide a microenvironment similar to mesenchymal
condensation, which normally takes place on initiation of chondrogenesis [11]. It has been
demonstrated that chondrocytes maintain differentiation in pellets 12 or in
three-dimensional culture coupled with scaffolds such as alginate beads, 34 collagens, and
polyglycolic acid [12, 13]. The cells in the pellet may have an appropriate microenvironment
for differentiation. Studies on the expression patterns of MSCs cultured in pellets during
chondrocyte differentiation demonstrate that these cells exhibit sequential expression of
molecules involved in chondrocyte differentiation. The pellet culture system of MSCs will
enable us to study US effects at different stages of chondrocyte differentiation.
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Fig. 24. Schematic drawing of the application of ultrasound and the pellet culture. (a) Cell
pellet of hMSCs immediately after centrifugation appears quadrilateral. (b) The cell pellet
after 24 hours of incubation appears oval (From Ebisawa et al. 2004).
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