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ABSTRACT

The field of TM]J tissue engineering is blossoming, a
field that was once far behind orthopaedic tissue engi-
neering is rapidly gaining ground. Both TMJ disc and
TM]J condyle tissue engineering efforts present unique
challenges and will ultimately be necessary to regener-
ate TMJs for patients suffering from severe disorders.
The TMJ disc is a fibrocartilaginous structure with
complex attachments, where tensile mechanical integ-
rity is a crucial design requirement. The TM] condyle
presents the challenge of engineering both bone and
cartilage. Its cartilage is a fibrocartilage with four dis-
tinct zones, and the design requirement for mechanical
integrity is the ability to resist compression and shear.
We are focusing our efforts on the mandibular
condyle, with efforts in all three areas of the tissue
engineering triad: cell source, scaffold selection, and
chemical signals. With regard to cell source, we are
interested in comparing a traditional source of carti-
lage cells with an exciting new source in human um-
bilical cord matrix (HUCM) stem cells for engineering
cartilage. The HUCM stem cells have shown promise
in their ability to synthesize GAGs and collagen on
poly(glycolic acid) scaffolds. Moreover, we have ini-
tial data to suggest that HUCM stem cells will be
strong candidates for bone tissue engineering as well.
Regarding scaffold selection, we are currently investi-
gating new hydrogels and novel approaches to design-
ing poly(lactic-co-glycolic acid) scaffolds. Our research
in chemical signals has focused on the use of
glucosamine, and on the use of proteoglycans along
with growth factors. Our results have suggested that
glucosamine may have a beneficial effect on TM]
condylar cartilage cells in culture, and effective con-
centration ranges are currently being investigated.

CELL SOURCE

HUCM stem cells develop from extraembryonic meso-
derm, which forms the umbilical cord matrix (Mitchell
et al.,, 2003). They have been shown to be multipot-
ential stem cells with properties between embryonic
stem cells and adult stem cells. There is a lower

incidence of graft vs. host disease than with bone
marrow transplants, suggesting that umbilical cord
cells have an innate mechanism to evade the immune
system (Barker and Wagner, 2003).
are underway using umbilical cord cells to treat a
number of diseases. Only recently have HUCM stem
cells been considered for tissue engineering, and for
the most part have been focused on vascular tissue

Currently, trials

engineering. Recently, a German group reported that
they were able to differentiate HUCM stem cells into
cells with osteoblastic properties (Eblenkamp et al.,
2004). They suggested that HUCM stem cells are a
promising source for cell-based therapies due to their
ease of procurement and large supply. We intend to
use this new cell source technology to engineer
osteochondral constructs.

Cartilage Tissue Engineering With HUCM Stem
Cells

Porcine TMJ condylar cartilage cells and HUCM cells
were separately seeded onto PGA scaffolds for 6 days
in a spinner flask. Spinner flasks for TM] cells and
HUCM cells contained control and chondrogenic
medium, respectively. After seeding, constructs were
then each cultured in either control medium or
chondrogenic medium for an additional 4 wks.
Although both groups were seeded at 5 million
cells/mL, the HUCM cells were greater in number im-
mediately after seeding and after 4 wks. After 4 wks,
immunohistochemical staining demonstrated a strong
presence of collagen I, and Saf-O/Fast green staining
indicated a significant amount of GAG synthesis (Fig.
1). These results not only demonstrate the feasibility
of using HUCM stem cells for chondrogenesis in 3D,
but also suggest a superiority of these cells over a
chondrogenic cell source.

Osteogenic Differentiation of HUCM Stem Cells

HUCM stem cells were cultured in monolayer for 12
days in control medium or osteogenic medium.

Alizarin red staining demonstrated clear nodule for-
mation and early osteogenic differentiation (Fig. 2).
These encouraging results were the impetus for a
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subsequent 3D investigation where HUCM stem cells
were seeded directly onto PGA scaffolds and cultured
in osteogenic medium for 1 wk. Again, alizarin red
importantly,
immunohistochemical analysis revealed an early pres-
ence of two osteogenic markers, alkaline phosphatase
and osteopontin, in distinct isolated regions.

staining was  positive, but more

Figure 1: Saf-O/Fast green staining (200X), A) HUCM
stem cells vs. B, C) condylar cartilage cells. Constru-
cts were seeded for 6 days in a spinner flask (HUCM
stem cells in chondrogenic medium, condylar cartilage
cells in control medium), then cultured for 4 wks in
static culture (A, B—control medium; C—chondroge-
nic medium).

nt .

Figure 2: HUCM stem cells grown in A) control or B)
osteogenic medium for 12 days, stained with alizarin
red.

SCAFFOLD SELECTION

Microparticle-based scaffolds have recently incited en-
thusiasm in tissue engineering due to their ease of
fabrication, the ability to discretely control particle
physicochemical properties, and versatility for control-
ling the release kinetics of bioactive molecules.
Microparticles fabricated from biodegradable polymers
such as poly (glycolic acid) (PGA), poly(lactic acid)
(PLA) or co-polymers of the two (PLGA) offer the
added benefits of modulating degradation kinetics,
and of FDA approval for wuse in humans.
Chondrocytes and osteoblasts have been successfully
cultured on scaffolds composed of PLGA microspheres
containing active compounds such as BMP-2 and
TGF- 3 (Elisseeff et al.,, 2001; Lu et al., 2001; Oldham
et al., 2000). With our collaborators, we have a unique
ability to create uniform PLGA microspheres to facili-
tate production of tissue scaffolds with precisely re-
producible physical features. Our goal with our
present work is to control the spatial organization of
encapsulated signal molecules, which we can then use
to direct HUCM stem cell differentiation in a region-
specific manner.

CHEMICAL SIGNALS

There is a plethora of evidence for the safety and

efficacy of glucosamine and chondroitin sulfate for
treating osteoarthritis, including several recent reports
(Anderson et al., 2005; Brief et al., 2001; Bruyere et al.,
2004; Chalmers, 2005; Christgau et al, 2004;
Davenport, 2004; Einhorn, 2004; Nakamura ef al., 2004;
Zerkak and Dougados, 2004).
glucosamine were the impetus for the formation of the

Successes with

Glucosamine Arthritis Intervention Trial (GAIT), cre-
ated in part with funding from the National Institute
of Arthritis and Musculoskeletal and Skin Diseases.
GAIT was a 24-wk placebo-controlled study of 1588
patients at 13 centers, with results being released in
just the past few months, with the conclusion that
glucosamine and chondroitin are effective in treating
There is a strong possibility that
glucosamine-chondroitin may provide for an effective

osteoarthritis.

new strategy in cartilage tissue engineering, which we
are currently investigating.

Glucosamine in Monolayer Culture

In a 2-week monolayer study with confluent porcine
ankle chondrocytes in 12-well plates, wells with only
0.1 mg/mL of glucosamine produced 20+ 6 mg
GAG/well compared to 11+£2 mg for the control

(Fig 3).
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Figure 3: GAG content in monolayer cultures of
chondrocytes in 2 weeks, based on varying concentra-
tion of glucosamine content. It is interesting to note
that higher concentrations of glucosamine do not nec-
essarily ensure a higher GAG content.
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