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Abstract : Bio-integration of cartilage grafts with subchondral bone is a significant clinical challenge. To date, the
use of demineralized bone matrix (DBM) has been one of the most effective strategies for bone cell proliferation
in vivo. Here, we investigated whether coculture of chondrocytes and DBM could serve as a single-platform system
containing all the essential elements for purposive bone and cartilage induction. The aim of this study was to evaluate
and compare the phenotype and proliferation of bovine chondrocytes cocultured with DBM in two different culture
systems, pellet and alginate bead culture. In alginate bead culture, we observed an increase in chondrocyte number
and formation of cell clusters. Typical chondrocytic phenotype was maintained for entire eight weeks. Histological
analysis showed that chondrocytes maintained a typical round, plump morphology and there was a gradual increase
in lacunae. Both coculture systems yielded an expanded cell population as compared to the controls (chondrocytes
alone). The production of glycosaminoglycans was also increased in the coculture systems as compared to controls.
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Introduction

Cartilage defects and injury present a challenge for surgical
or clinical treatment because cartilage has a limited intrinsic
capacity for repair (20). In advanced osteo-arthritis, joint space
and osteophyte number are decreased due to the destruction
of articular cartilage and growth of bone deposits at the mar-
gins of the joints. In experimental animals, repair and healing
of full-thickness cartilage defects extending into the subchon-
dral bone involves the formation of fibrocartilaginous repair
tissue (14). Such repair tissue differs from normal cartilage in
that it contains relatively low levels of type II collagen and
aggrecan, which are characteristic markers of chondrocytes
(20), and a relatively high amount of type I collagen, a fibril-
lar molecule that is not present in measurable amounts in nor-
mal adult articular cartilage (14). Because of the ineffectiveness
of intrinsic repair, the development of artificial methods for
stimulating cartilage repair is an active area of investigation.

Therapeutic strategies for stimulating cartilage repair include
inhibition of matrix degradation and/or stimulation of carti-
lage anabolism in the diseased joint. A number of studies have
demonstrated the beneficial effects of administration of anti-
catabolic or anti-inflammatory cytokines such as interleukin
(IL)-1Ra, IL-4, IL-10, or IL-11 to the affected cartilage.
However, the clinical utility of this approach is limited by the
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enormous costs associated with these proteins and their short
half-life in vivo (6). Implantation of an engineered construct
containing autologous chondrocytes is currently the most pro-
mising approach (20). However, the applicability of autografts
is also somewhat problematic due to their limited availabil-
ity, size, risk of donor site morbidity, infection and rapid de-
differentiation of chondrocytes during in vitro subculture
(7,20). Recent studies have focused on identifying the mech-
anisms of cartilage destruction, as well as the prevention and
gene therapy of osteoarthritis. Currently, modalities such as
bone marrow tissue, composite bone marrow scaffolds, dem-
ineral-ized bone matrix (DBM) and bioglass have been used
with variable success to stimulate the repair of bone and car-
tilage in vivo (7,36).

Despite these advances, purposive induction of local hard
tissue development remains problematic. Recent approaches
that incorporate tissue engineering appear to be effective in
stimulating bone regeneration, and tissue-engineered bone sub-
stitutes represent a potential alternative to autologous bone
transplantation (17,37). DBM is a promising candidate for
such bone tissue-engineering scaffolds due to its close struc-
tural and functional similarity to autologous bone. Derived
from native osseous tissue, DBM contains bone morphogenic
proteins, which are potent osteoinductive glycoproteins, and
matrix proteins, such as collagens, that serve as an osteocon-
ductive matrix (19). In addition, DBM is slowly biodegrad-
able and nonimmunogenic (30).

Coculture of various cells is used as a way to improve the
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rate of success of extracorporeal tissue engineering (23,35). It
allows direct physical contact between plasma receptors of
different cells, which may lead to more efficient transduction
of molecular signals (16,20). We hypothesized that coculture
of chondrocytes with DBM would provide all of the necessary
conductive features of a carrier while at the same time serving
as a natural source of inductive osteogenic and chondrogenic
factors (7). Our goal is to create a self-sufficient unit that
contains all of the essential elements for local formation of
hard tissue in orthotopic or ectopic sites.

To date, systematic analysis of the effect of coculture with
DBM on the proliferation of chondrocytes has yet to be re-
ported. Here, we investigated the effects of DBM on chon-
drocyte proliferation and morphology in two well-estab-
lished cell culture systems, pellet culture and alginate bead
culture (36). The aim of this study was to determine whether
the pellet or alginate bead culture system, or both, would sup-
port DBM cocultures as a new tissue engineering scaffold.

Materials and Methods

Materials

The 75 cm? cell culture flasks were obtained from Becton
Dickinson (Franklin Lakes, NJ, USA). Collagenase, Dulbecco’s
modified Eagle’s medium containing high glucose (DMEM-
HG (4.5 g/L D-glucose, L-glutamine, pyridoxine hydrochloride
and 110 mg/L sodium pyruvate), fetal bovine serum (FBS),
trypsin-EDTA, trypan blue, penicillin, and streptomycin were
obtained from Welgene Bioscience (Dalseogu, Daegu, Korea).
Microcentrifuge tubes were from Axygen Biosciences (Union
City, USA); low viscosity alginate, diethylether, 10% formalin,
Alcian blue, Harris hematoxylin and eosin, and calcium chlo-
ride were from Sigma Chemicals Co. (St. Louis, MO, USA).

Isolation and culture of bovine chondrocytes (BCC)

Bovine cartilage was obtained from a 6 month-old Holstein
calf that died accidentally, without suffering from any osteoar-
thritic disease. Full thickness articular cartilage was asepti-
cally collected from the distal condyle of the femur. The
cartilage was washed with sterile physiological saline and cut
into small pieces. The pieces were digested with 1 mg/ml col-
lagenase in DMEM containing 63.5 pg/ml penicillin and 100 pg/
ml streptomycin for 18 hours at 37°C in a shaking water bath.
Isolated chondrocytes were collected by filtration with steril-
ized gauze followed by centrifugation at 200 x g for 5 minutes.
The cell pellets were resuspended and plated at a density of
1 x 10° cells/dish in DMEM containing 10% FBS in 75 cm?
cell culture flasks. Cultures were maintained at 37°C in a
95% air/5% CO, humidified atmosphere. The culture medium
was changed twice a week. When the cells reached 100%
confluence, they were harvested by 0.25% trypsin/EDTA treat-
ment. Second passage chondrocytes were used for all experi-
ments. Cell number and viability were assessed by cell counts
using trypan blue exclusion and a hemocytometer. Generally,
cells were 95% viable after isolation.

Preparation of DBM

Demineralized bone matrix was prepared from the same
calf that served as the source of chondrocytes. The cancellous
part of the femur was collected aseptically into PBS and then
cut into small pieces with Rongeurs. After washing several
times with PBS, the bone particles were thawed in ethanol
and air dried under a laminar flow hood. The particles were
pulverized in a mortar with liquid nitrogen and then sieved.
Pieces were decalcified in 0.6 mol/L HCI at 4°C for 24 hours
under constant agitation. Fresh acid was added every eight
hours. After demineralization, the bone particles were rinsed
in deionized water and placed in PBS overnight. The bone par-
ticles were rinsed and the pH was adjusted to 7.3, after which
they were placed in ethanol and allowed to evaporate over-
night. The resultant DBM was packaged and stored at -20°C
after ethylene oxide sterilization.

Coculture of chondrocytes with DBM in pellet culture

An aliquot containing 1 x 10° cells was placed into a 1.5 ml
microfuge tube and subjected to centrifugation at 500 x g for
5 minutes. Cell pellets were evenly divided into two groups
for culture with and without DBM. Cells were incubated in
loosely capped tubes in DMEM-HG with 10% FBS for 8
weeks in a humidified atmosphere at 37°C with 5% CO, and
95% air. The medium was changed every 3-4 days. To monitor
and compare cocultures to the controls (chondrocytes alone),
samples were harvested at 2, 4, 6 and 8 weeks for histology.

Coculture of chondrocytes with DBM in alginate bead
culture

An aliquot of cells was subjected to centrifugation in a
50 ml conical tube and then resuspended in 1 ml. An equal vol-
ume of sodium alginate (2.4% in 0.15 M NaCl, filter-sterilized
using a 0.2-pum filter) was thoroughly mixed with the cell
suspension by gentle aspiration to achieve a final alginate
concentration of 1.2%. Unless otherwise noted, we used
5 x 10° cells/ml. Half of the alginate-cell suspension was slowly
dispensed in a drop-wise fashion through a modified yellow
pipette tip into a gelation solution (102 mM CaCl,, pH 7.4)
containing approximately 30 pl/bead. DBM was mixed with
the other half of the cell suspension and dispensed in the
same manner. The beads were allowed to polymerize for 20
minutes at room temperature. Calcium chloride was removed,
and the newly formed beads were washed three times with
0.15 M NaCl, followed by two washes with DMEM-HG
Alginate beads (approximately 3-4 mm thick) were cultured
in a six-well tissue culture plate (5 beads/well) with 5 ml
DMEM-HG containing 10% FBS. Cultures were maintained
at 37°C in a humidified atmosphere of 5% CO, for up to 8
weeks, and the medium was replaced two or three times per
week. Samples were harvested on days 14, 28, 42 and 56.
Bead cultures were transferred to new six-well plates every
other week to avoid the formation of a cell monolayer on the
bottom of well by chondrocytes that migrated out of the
beads. Beads remained intact during the entire culture period.
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Fig 1. Photographs of alginate bead cultures viewed by phase contrast microscopy. Chondrocytes were encapsulated in alginate beads
with or without DBM, and then cultured in high glucose medium for 8 weeks. Coculture of BCC with DBM (A-D) and BCC alone
(E-H). Coculture with DBM enhanced chondrocyte proliferation, as demonstrated by the clusters (arrow) of cells in cocultures.

Evaluation

The gross appearance of the cultures was noted and stiff-
ness was evaluated by forceps pressure. Histological evalua-
tion of the engineered cartilage using hematoxylin-eosin (HE)
and alcian blue staining of neo-cartilage was carried out during
in vitro culture for 8 weeks. Harvested samples of alginate
beads and pellet cultures were fixed in 10% neutral buffered
formalin with 0.1 M calcium chloride for 12 hours at room
temperature and then dehydrated using a conventional etha-
nol gradient dehydration procedure. Samples were cleaned
with xylene, embedded in paraffin, and then cut into 5 um
thick sections for HE and alcian blue staining. Alcian blue
staining at acidic pH was used as an indicator of highly sul-
fated glycosaminoglycans (GAGs). The paraffin sections were
stained with alcian blue 8GX (pH 2.5) and then counter-
stained with Harris hematoxylin, according to standard proto-
cols. The sections were viewed under a light microscope.

Results

Chondrocyte morphology

The phenotype of chondrocytes cultured with and without
DBM in 1.2% alginate beads is shown in Fig 1. At the start
of culture, isolated chondrocytes were homogenously distrib-
uted throughout the alginate beads and exhibited a round mor-
phology when observed by phase contrast microscopy. At day 6
of culture, the cells appeared as small clumps scattered through-
out the beads. Growth of the chondrocytes occurred gradually
over the 8 weeks of culture, as evidenced by the formation of
enlarged cell aggregates and numerous small clusters of densely
packed round cells (Fig 1). These clusters were presumably
the result of mitosis, with daughter cells being separated
gradually from one another by deposition of the extracellular
matrix. In the pellet culture system, all pellets exhibited a
spherical or oval shape in the first few days after formation.
Over time, we observed a marked increase in the size and
solid three-dimensional tissue structure of the cocultures as
compared to controls (chondrocytes alone) (data not shown).

Histology

Changes in cell morphology were investigated by histolog-
ical staining. The persistence of BCC in the cocultures and
controls was confirmed by chondrogenesis showed a round
and plump morphology. In both culture systems, homoge-
nously distributed cells with high viability were observed
throughout the culture period. The cells maintained a round
and plump morphology characteristic of chondrocytes, partic-
ularly in the cocultures, throughout the culture period. Cells
gradually formed lacunae in both culture systems starting at
day 14, but to a greater extent in the cocultures than in the
controls (chondrocytes alone) (Fig 2 and 3).

Based on HE staining, the appearance and cellular distribu-
tion of neo-chondrocytes were better in the cocultures, in
which most of the chondrocytes were mature and embedded
in lacunas, as compared to the control cells (Fig 2). Coculture
also resulted in an expanded cell population as compared to
controls in both culture systems. Upon analysis of long term
cultures, we observed more extensive cell growth and matrix
elaboration in the cocultures as compared to the controls (Fig 2).

Alcian blue staining of cross-sections of alginate and pellet
samples revealed characteristic peri-cellular deposition of
GAGs. The amount of new GAG increased with prolonged
culture and was greater in the coculture systems as compared
to the controls (Fig 3). The number and roundness of chondro-
cytes were also greater in the cocultures as compared to chon-
drocytes alone.

Discussion

Articular cartilage is frequently damaged as a result of
injury or disease, but has a limited capacity to regenerate. In
chondral defects, whether or not a lesion is contained within
the articular cartilage, there is no involvement of vasculature.
Consequently, progenitor cells cannot enter the damaged region
from the blood or marrow to influence or contribute to the
repair process, which involves degenerative changes of carti-
lage and bone in the affected joint (11,27).
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Fig 2. Histological analysis of chondrocyte morphology and distribution in alginate bead and pellet cultures during 8 weeks by HE
staining (scale bar, 100 um for A-H; scale bar, 40 um for I-P). BCC alone (E-H) and with DBM (A-D) in alginate bead cultures.
Bovine chondrocytes alone (M-P) and with DBM (I-L) in pellet cultures. Cocultures contained a greater number of healthy cells and
lacunated chondrocytes surrounded by matrix as compared to the controls (chondrocytes alone).

Fig 3. Histological analysis using Alcian blue staining of chondrocytes in alginate bead and pellet cultures during 8 weeks (scale bar,
40 pm) to detect newly synthesized GAG. BCC alone (C, D) and with DBM (A, B) in alginate bead cultures. BCC alone (G, H) and
with DBM (E, F) in pellet cultures. Cell proliferation (clusters of cells) and the level of GAG were higher in cocultures as compared

to the controls (chondrocytes alone).

Effective techniques for restoring defects in the articular
surface are non-existent. Various surgical techniques have been
reported in animals and in humans, including abrasion (13);
microfracturing (24); slurry (28), periosteal (9), perichondral
(10) and osteochondral grafting (8); and stem cell (3) or chon-
drocyte (33) transplantation. The short term clinical results of
some of these techniques are promising, although data from
microscopic analysis indicates that the repair tissue is fibrous
in nature and does not have the same functional properties as

native hyaline cartilage (1). Studies of normal chondrocyte
metabolism and behavior under different conditions (i.e., dif-
ferent matrices) will provide information that is vital to
achieving optimal repair of cartilage tissue.

At present, tissue engineering of cartilage appears to hold
great potential. Autologous or allogenous chondrocytes can
be cultured in biodegradable/biocompatible three dimensional
matrices, where they proliferate and synthesize extracellular
matrix proteins. Implantation of isolated chondrocytes in col-
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lagen, hyaluronan, and fibrin matrices for the treatment of
cartilage defects has been reported (21,26,33), although none
of these matrices offers suitable mechanical stability against
tensile and compressive forces encountered in vivo. We are
interested in the feasibility of generating implants prepared by
coculture of cartilage and DBM as a way to minimize the num-
ber of chondrocytes needed for grafting and save time. Here,
we report the results of a comparative morphological analysis
of chondrocytes cultured alone or in coculture with DBM.

DBM is a potentially viable scaffold for bone tissue engi-
neering that has also been used to construct skeletal tissue
(2,25,29). However, the supply of human bone is restricted
somewhat by donor availability (16,31). Animal studies have
demonstrated that DBM and other biomaterials can be used
to effectively repair articular cartilage defects (4,7). Bone has
the unique capacity to regenerate and repair without scar fol-
lowing injury, processes that can be enhanced by the use of
autogenous bone grafts (18). In the field of bone and carti-
lage engineering, coculture systems have emerged as a poten-
tially useful approach to cartilage tissue engineering that
provides a more physiological environment for cell regenera-
tion in vitro (32). The current study was designed to investi-
gate the feasibility of in vitro chondrogenesis by coculture of
chondrocytes with DBM, thereby potentially reducing the num-
ber of chondrocytes required while at the same time providing
a simple method for tissue-engineered cartilage construction.
We demonstrated that chondrocytes readily and efficiently
proliferate in coculture with DBM without the addition of
growth factors, thereby markedly reducing the number of total
chondrocytes needed for new scaffold construction. Our results
suggest that DBM enhances proliferation and provides a strong
platform for chondrocyte growth.

In the current study, DBM was derived from cancellous
bone of a calf and used in coculture with autologous articular
chondrocytes in two different culture systems. In alginate bead
cocultures, chondrocytes began to proliferate and grow start-
ing at day 6 and continuing until the end of the experiment (8
weeks), consistent with other reports (34). After 8 weeks,
homogenous mature cartilage with a degree of elasticity was
achieved. Furthermore, histology revealed the presence of
many mature cartilage lacunas in both coculture systems.
Cell nuclei were more rounded in cocultures than in controls
(chondrocytes alone), perhaps due to the effects of direct
contact of chondrocytes with DBM. The fact that the cocul-
ture samples became harder with time may be due to the
secretion of morphogenetic factors from DBM (12).

The culture of articular chondrocytes in alginate beads offers
several advantages over monolayer cultures (5). In alginate
beads, chondrocytes that have been stripped of native matrix
during processing are able to reestablished a matrix in cell-
associated matrix compartments, similar to previous results
for BCC alone (22). A three-dimensional (3D) environment
is apparently necessary for the production of type II collagen
and for the maintenance of chondrocyte phenotype in vitro.
Therefore gels such as alginate and agarose, as well as sus-

pension cultures, which help maintain the rounded morphol-
ogy of chondrocytes, have been developed (15,36). Several
studies have shown that members of the transforming growth
factor-p family play a major role in cartilage development.
We used two different 3D culture systems without added
TGF-p in the current study in order to specifically isolate the
chondrocyte response to DBM in coculture. Interestingly, we
observed that GAG was more strongly expressed in cocul-
tures than in the controls. The proliferation of chondrocytes
involves the deposition of GAG. The enhanced production of
GAG in cocultures may be due to enhancing growth factors
derived from DBM. Increased cell proliferation, more rounded
cell shape, and a greater extent of matrix deposition were
clearly observed in both coculture systems as compared to
controls, which suggests that coculture with DBM is more
conducive to chondrocyte growth and proliferation for new
tissue engineering applications.

To date, the underlying mechanism by which DBM influ-
ences the proliferation of chondrocytes in vitro has not been
elucidated, and the molecular details of the chondrocyte-DBM
interaction have yet to be clarified. Continued research on the
mechanisms of cell-DBM interactions may eventually enable
us to specifically promote and direct DBM-mediated induction
and proliferation. When fully realized, the ability to direct
cell-DBM interactions to help to create stable sophisticated
tissues or composite constructs could have important thera-
peutic implications. Ongoing studies in our laboratory are
focused on identifying the factors in DBM coculture that
could be retained after implantation in nude mice, and whether
the extent of DBM influences chondrocyte proliferation.

In summary, we report here a simple method for coculture
of chondrocytes with DBM in two different systems, alginate
bead and pellet culture, which provides a ready means for
chondrocyte proliferation and cartilage formation. The char-
acterization of two standard 3D systems that are appropriate
for testing implantable biomaterials in an in vitro environment
will help in the development of appropriate differentia-
tion protocols for better tissue engineering therapies.

Acknowledgments

This work was supported by the Korea Research Founda-
tion Grant funded by the Korean Government (KRF-2007-
331-E00267).

References

1. Almqvist KF, Wang L, Wang J, Baeten D, Cornelissen M,
Verdonk R, Veys EM, Verbruggen G. Culture of chondrocytes
in alginate surrounded by fibrin gel: characteristics of the
cells over a period of eight weeks. Ann Rheum Dis 2001;
60: 781-790.

2. Andrades JA, Santamaria JA, Nimni ME, Becerra J. Selection
and amplification of a bone marrow cell population and its
induction to the chondro-osteogenic lineage by rhOP-1: an
in vitro and in vivo study. Int J Dev Biol 2001; 45: 689-693.



152

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bibek Chandra Sutradhar, Gyeongmi Hong, Jinuk Park, Seok Hwa Choi and Gonhyung Kim

. Caplan Al, Elyaderani M, Mochizuki Y, Wakitani S,

Goldberg VM. Principles of cartilage repair and regeneration.
Clin Orthop1997; 342: 254-269.

. Charles A, Vacanti MD, Lawrence J, Bonassar MP, Vacanti

MD, John Shufflebarger MD. Replacement of an avulsed
phalanx with tissue-engineered bone. N Engl J Med 2001;
344: 1511-1514.

. Chubinskaya S, Huch K, Schulzel M, Otten L, Aydelotte

MB, Cole AA. Human articular chondrocytes cultured in
alginate beads maintain their gene expression. Cells and
Materials 1998; 8: 151-160.

. Gelse K, Aigner T, Stove J, Schneider H. Gene therapy

approaches for cartilage injury and osteoarthritis. Curr Med
Chem 2005; 4: 265-279.

. Gurevitch O, Kurkalli BG, Prigozhina T, Kasir J, Gaft A,

Slavin S. Reconstruction of cartilage, bone, and hematopoietic
microenvironment with demineralized bone matrix and bone
marrow cells. Stem Cells 2003; 21: 588-597.

. Hangody L, Kish G, Karpati Z, Szerb I, Udvarhelyi I.

Arthroscopic autogenous osteochondral mosaicplasty for the
treatment of femoral condylar articular defects. A preliminary
report, Knee Surg Sports Traumatol Arthrosc 1997; 5: 262-267.

. Homminga GN, Bulstra SK, Bouwmeester PSM, van der

Linden AJ. Perichondral grafting for cartilage lesions of the
knee. J Bone Joint Surg Br 1990; 72: 1003-1007.

Homminga GN, Bulstra SK, Kuijer R, von der Linden Al.
Repair of sheep articular cartilage defects with a rabbit costal
perichondral graft. Acta Orthop Scand 1991; 62: 415-418.
Hunziker EB. Articular cartilage repair: basic science and
clinical progress. A review of the current status and prospects.
Osteoarth Cart 2002; 10: 432-463.

Hwang NS, Varghese S, Elisseeff J. Derivation of chondro-
genically-committed cells from human embryonic cells for
cartilage tissue regeneration. PLoS ONE 2008; 3: €2498.
Johnson LO. Arthroscopic abrasion arthroplasty. Historical and
pathological perspective: present status. Arthroscopy 1986;
2: 54-69.

Koichi M, Robert LS, Michael JH, Eugene JT. A novel two-
step method for the formation of tissue-engineered cartilage
by mature bovine chondrocytes: the alginate-recovered-
chondrocyte (ARC) method. J Ortho Res 2003; 21: 139-148.
Lemare F, Steimberg N, Le-Griel C, Demignot S, Adolphe
M. Dedifferentiated chondrocytes cultured in alginate beads:
restoration of the differentiated phenotype and of the metabolic
responses to interleukin-1B. J Cell Physiol 1998; 176: 303-
313.

Liu G Sun J, Li Y, Zhou H, Cui L, Liu W, Cao Y.
Evaluation of partially demineralized osteoporotic cancellous
bone matrix combined with human bone marrow stromal
cells for tissue engineering: An in vitro and in vivo study.
Calcif Tissue Int 2008; 83: 176-185.

Liu G, Zhao L, Zhang W, Cui L, Liu W, Cao Y. Repair of
goat tibial defects with bone marrow stromal cells and B-
tricalcium phosphate. J Mater Sci Mater Med 2008; 19:
2367-2376.

Ludwig SC, Kowalski JM, Boden SD. Osteoinductive bone
graft substitutes. Eur Spine J 2000; 9: 119-125.

Mauney JR, Blumberg J, Pirun M, Volloch V, Vunjak-
Novakovic G, Kaplan DL. Osteogenic differentiation of
human bone marrow stromal cells on partially demineralized

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

bone scaffolds in vitro. Tissue Eng 2004; 10: 81-92.

Mo XT, Guo SC, Xie HQ, Deng L, Zhi W, Xiang Z, Li
XQ, Yang ZM. Variations in the ratios of co-cultured
mesenchymal stem cells and chondrocytes regulate the
expression of cartilaginous and osseous phenotype in alginate
constructs. Bone 2009; 45: 42-51.

Munirah S, Kim SH, Ruszymah BH, Khang G. The use of
fibrin and poly (lactic-co-glycolic acid) hybrid scaffold for
articular cartilage tissue engineering: an in vivo analysis.
Eur Cell Mater 2008; 15: 41-52.

Petit B, Masuda K, D'Souza AL, Otten L, Pietryla D,
Hartmann DJ, Morris NP, Uebelhart D, Schmid TM, Thonar
EJ-MA. Characterization of crosslinked collagens synthesized
by mature articular chondrocytes cultured in alginate beads:
comparison of two distinct matrix compartments. Exp Cell
Res 1996; 225: 151-161.

Richards M, Fong CY, Chan WK, Wong PC, Bongso A.
Human feeders support prolonged undifferentiated growth
of human inner cell masses and embryonic stem cells. Nat
Biotechnol 2002; 20: 933-936.

Rodrigo JJ, Steadman RJ, Silliman JF, Fulstone HA. Improve-
ment of full-thickness chondral defect healing in the human
knee after debridement and microfracture using continuous
passive motion. Am J Knee Surg 1994; 7: 109-116.

Rougraft BT, Kling TJ. Treatment of active unicameral
bone cysts with percutaneous injection of demineralized bone
matrix and autogenous bone marrow. J Bone Joint Surg Am
2002; 84: 921-929.

Solchaga LA, Goldberg VM, Caplan Al. Cartilage regeneration
using principles of tissue engineering. Clin Orthop 2001;
391: 161-170.

Steinert AF, Ghivizzani SC, Rethwilm A, Tuan RS, Evans
CH, Noth U. Major biological obstacles for persistent cell-
based regeneration of articular cartilage. Arthritis Res Ther
2007; 9: 213-227.

Stone KR, Walgenbach A. Surgical technique for articular
cartilage transplantation to full-thickness cartilage defects in
the knee joint. Oper Tech Orthop 1997; 7: 305-311.
Tiedeman JJ, Garvin KL, Kile TA, Connolly JF. The role
of a composite, demineralized bone matrix and bone marrow
in the treatment of osseous defects. Orthopedics 1995; 18:
1153-1158.

Torricelli P, Fini M, Rocca M, Giavaresi G, Giardino R.
Xenogenic demineralized bone matrix: osteoinduction and
influence of associated skeletal defects in heterotopic bone
formations in rats. Int Orthop 1999; 23: 178-181.

Trentz OA, Hoerstrup SP, Sun LK, Bestmann L, Platz A,
Trentz OL. Osteoblasts response to allogenic and xenogenic
solvent dehydrated cancellous bone in vitro. Biomaterials
2003; 24: 3417-3426.

Tsuchiya K, Chen G, Ushida T, Matsuno T, Tateishi T. The
effect of coculture of chondrocytes with mesenchymal stem
cells on their cartilaginous phenotype in vitro. Mater Sci
Eng C 2004; 24: 391-396.

van Susante JL, Buma P, Schuman L, Homminga GN, van
den Berg WB, Veth RP. Resurfacing potential of heterologous
chondrocytes suspended in fibrin glue in large full-thickness
defects of femoral articular cartilage: an experimental study
in the goat. Biomaterials 1999; 20: 1167-1175.

van Susante JL, Buma P, van Osch GJ, Versleyen D, van



Coculture of Bovine Chondrocytes with Demineralized Bone Matrix in Alginate Bead and Pellet Cultures

der Kraan PM, van der Berg WB, Homminga GN. Culture
of chondrocytes in alginate and collagen carrier gels. Acta
Orthop Scand 1995; 66: 549-556.

35. Yamaguchi M, Hirayama F, Murahashi H, Azuma H, Sato N,
Miyazaki H, Fukazawa K, Sawada K, Koike T, Kuwabara
M, lkeda H, lkebuchi K. Ex vivo expansion of human UC
blood primitive hematopoietic progenitors and transplantable
stem cells using human primary BM stromal cells and

153

36. Yang IH, Kim SH, Kim YH, Sun HJ, Kim SJ, Lee JW.
Comparison of phenotypic characterization between ‘“Alginate
Bead” and “Pellet” culture system as chondrogenic differentia-
tion models for human mesenchymal stem cells. Yonsei
Med J 2004; 45: 891-900.

37. Yuan J, Cui L, Zhang WJ, Liu W, Cao Y. Repair of canine
mandibular bone defects with bone marrow stromal cells and
porous Dbeta-tricalcium phosphate. Biomaterials 2007; 28:

human AB serum. Cytotherapy 2002; 4: 109-118. 1005-1013.
214k v Fmt ZEl H{FOIM AAZMZ2l EE[E7(|Ee SHIY
Bibek Chandra Sutradhar - £Z0| - 8ZS - 2{A3} - Z2Y'
Rt o) ah) 3}
2 of :dlgUis Agola Al ARTAE 942102 SaY ol WA wsielde) olge A
0 WAZ ZA0) glold 7bE BT Wlelth, B Aol AZATS) BHTrIAe) PAFS Fol Wl AZ
) 8 50 P af B4R SAE e Au SEohe LS TR AN el &
Ao % SRl wiohy =, W W N4 wigolr] W2 A3 BYE & ABAE] S5} HAYL v
2, 7HSKE A0, G el AT o) 34 % agiel 54 Sk adEsc 4349 A
o] FA™o] AIF7ITRI 87 AA FAENLH, = ‘iW" ArtolA AZAEE I dFo FHE /A
AL, AFA L AZAE7E HRF o= % }s}oﬂu}, NE(ASAE S5l vl 23lz71d Tt
T2 wRA Be AEZHe] BAUNACY, Tl gEte] A4 EIF F/HEA,

F20{ : e, Az, 237,



