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1Departamento Bioloǵıa Celular y Anatomı́a, Facultad de Veterinaria, Universidad de León, 24071 León, Spain
2Departamento de Zootecnia, Universidade de Trás-os-Montes e Alto Douro, 5000-911 Vila Real, Portugal
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Isolated chondrocytes dedifferentiate to a fibroblast-like shape on plastic substrata and proliferate extensively, but rarely form nod-
ules. However, when dissociation is not complete and some cartilage remnants are included in the culture, proliferation decreases
and cells grow in a reticular pattern with numerous nodules, which occasionally form small cartilage-like fragments. In an attempt
to reproduce this stable chondrogenic state, we added a cartilage protein extract, a sugar extract, and hyaluronan to the medium of
previously dedifferentiated chondrocytes. When protein extract was added, many cartilaginous nodules appeared. Hyaluronan pro-
duced changes in cell phenotype and behaviour, but not nodule formation. Protein extract has positive effects on the differentiation
of previously proliferated chondrocytes and permits nodule formation and the extensive production of type-II collagen. A compar-
ison with incompletely dissociated chondrocyte cultures suggests that the presence of some living cells anchored to their natural
extracellular matrix provides some important additional factors for the phenotypical stability of chondrocytes on plastic surfaces.
In order to elucidate if it is possible that the incidence of apoptosis is related to the results, we also characterized the molecular traits
of apoptosis.

INTRODUCTION

The last decade has seen increased interest in the de-
velopment of bioengineered tissue implants for the re-
placement of locally damaged structural tissues, with spe-
cial interest in articular cartilage because of its medical
and economic importance.

Auricular cartilage has been much less studied, al-
though it has some medical importance in plastic and re-
constructive surgery and can constitute a simpler model
for the study of chondrocyte culture in order to obtain
a functional substitute. The lack of information includes
basic data on auricular chondrocyte behaviour in culture.
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Chondrocytes released from cartilage tissue and
seeded on plastic surfaces lose their round shape and ac-
quire a fibroblast-like phenotype. When chondrocytes of
this shape are released from the plastic substratum and
cultured in suspension, the dedifferentiation process re-
verses [1, 2, 3, 4]. The precise mechanisms controlling the
dedifferentiation and redifferentiation processes are not
known, but in articular chondrocyte redifferentiation, the
differential expression of multiple genes is involved [5].

Extracellular matrix plays a major role in the regu-
lation of cell differentiation in vivo. Some studies have
demonstrated that when isolated chondrocytes are seeded
onto articular cartilage disks in vitro, with or without
living cells, they retain their phenotype and synthesize
an appropriate cartilage matrix [6]. Recently, it has been
reported [7] that the addition of hyaluronan to human
articular chondrocyte cultures simultaneously promotes
their proliferation and redifferentiation both on plastic
surfaces and in a type-I/III collagen sponge. With the ad-
dition of hyaluronan, the cells form three-dimensional
nodules as opposed to the monolayer control cells. There-
fore, the authors suggest that the addition of hyaluro-
nan (100 µg/mL) in chondrocyte culturing might help
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enhance chondrocyte redifferentiation and, consequently,
improve bioengineered cartilage.

To perform experiments with rabbit auricular chon-
drocytes in monolayer culture, we added simple partially
digested fragments or several extracellular matrix deriva-
tives from auricular cartilage: a sugar extract and a protein
extract. This report describes the effects that the auricular
chondrocytes natural extracellular matrix, thus separated,
and hyaluronan have on morphology, proliferation, and
redifferentiation of cells in monolayer culture.

It is possible that the incidence of apoptosis is related
to qualitative or quantitative differences in the extracellu-
lar matrix. In order to get a right cartilage implant, it is
important to know if there is a significant percentage of
apoptotic cells or not. Apoptosis IS an energy-dependent
form of cell death that occurs physiologically during the
cartilage development [8]. Since irreversible dedifferenti-
ated chondrocytes cannot be distinguished from cells that
still possess chondrogenic potential on the basis of mor-
phological criteria alone, it is essential to identify discrim-
inating molecular markers and to elucidate the signalling
pathways involved in irreversible dedifferentiation as a po-
tential means of preventing it. We investigated the pres-
ence of apoptosis in chondrocytes maintained in mono-
layer culture under different circumstances.

We used as apoptosis biochemical marker a mam-
malian gene product, p53. p53 is a tumor suppressor gene
expressed in a wide variety of tissue types and is involved
in regulating cell growth, replication, and apoptosis [9].

MATERIALS AND METHODS

Chondrocyte isolation and culture

Rabbit auricular cartilage was obtained from New
Zealand white animals aged under two months, from
which the perichondrium was carefully removed. Tissue
samples were cut into pieces of approximately 1 mm3.
Dissociation was accomplished in the culture medium
described below, without fetal calf serum, containing
2 mg/mL collagenase (type II, Sigma) and 0.1 mg/mL tes-
ticular hyaluronidase (type IV, Sigma) after 6–8 hours at
37◦C.

Half of the cell suspension was filtered through a ny-
lon mesh, centrifuged at 300 xg for 5 minutes, and cells
resuspended in the culture medium. The other half, which
included remaining small fragments of partially digested
cartilage, was simply centrifuged and seeded with these
small remnants of the dissociation process.

Cells were cultured in Dulbecco’s modified Eagle’s
medium (Sigma) with 10% fetal calf serum (Sigma),
0.5 g/L glutamine (Sigma), and 0.5 mL/L of an antibiotic-
antimicotic solution (Sigma) in 25-cm2 tissue culture
flasks at 37◦C in a water-saturated atmosphere containing
5% CO2. The medium was changed every 2-3 days. For
the filtered and unfiltered cell cultures, cell concentration
in this phase was 104 cells/cm2. The unfiltered ones, had
5–10 small cartilage remnants per flask.

Filtered cells were grown to confluence and then
trypsinized, counted, and seeded on Thermanox plastic
coverslips (Nunc) at a density of 2.5 × 105 cells/cm2 on
24 well plates with medium with or without 100 µg/mL
hyaluronan (from bovine vitreous humor. Sigma), crude
cartilage protein extract, certain subfractions of it (see be-
low), or sugar extract. These subcultured cells were main-
tained in culture for 4–7 days in order to test the primary
effects of the additions.

Preparation of extracts

As control experiments, alliquots of cartilage-free ex-
tracts cultures were used. Each experiment was repeated 6
times.

Cartilage extracts were made from triturated rabbit
auricular cartilage. The homogenate was centrifuged in
PBS at 10 000 rpm for 5 minutes.

For cell-free sugar extract preparation, samples were
processed according to [10, 11]. After centrifugation for
10 minutes at 50 000 xg: the supernatants were used for
the preparation of the crude protein extract and the pre-
cipitate resuspended in Tris-HCl 100 mM, pH 7.6. After
the addition of 0.1 g of type XXIII protease of Aspergillus
orizae (Sigma) for each 6 g of resuspended precipitate, the
sample was sonicated for 180 minutes to ensure homo-
geneity during proteolysis. Undigested proteins and pep-
tides were precipitated by using a 5% concentration of tri-
cloroacetic acid; after 30 minutes shaking, samples were
centrifuged for 20 minutes at 75 000 xg and the precipitate
discarded. Polysaccharides were precipitated by adding
KAcO at a final concentration of 0.5 M and 1.5 volumes
of isopropanol at −20◦C. The samples were maintained
overnight at −20◦C and then centrifuged for 20 minutes
at 75 000 xg, frozen at −80◦C, washed with 80% ethanol,
and lyophilized.

Cell-free crude protein extract was obtained according
to [12]. After centrifugation for 10 minutes at 50 000 xg,
the nucleic acids present in the supernatant were precipi-
tated with streptomycin sulphate at 0.75% (w/v) and, after
30 minutes shaking, removed by centrifugation at 50 000
xg for 20 minutes. The precipitate discarded, the super-
natant was concentrated by ammonium sulphate precip-
itation (90% saturation). After 30 minutes shaking, pro-
teins were collected by centrifugation at 75 000 xg for
20 minutes. The supernatant was then discarded and the
precipitate obtained from the above centrifugation resus-
pended in PBS, and the salt removed by passage through a
Sephadex G-25 (PD-10) column (Amersham-Pharmacia)
equilibrated with PBS. All procedures were carried out at
4◦C. The final protein concentration in the desalted ex-
tract was measured by Bradford’s method using BSA as
standard.

Crude protein extract was divided into three sub-
fractions by passages through Centriprep (Amicon) with
cutoff membranes of 100 and 30 kd: large (> 100 kd),
medium (30–100 kd), and small (< 30 kd) [13]. Using
this method, we assumed that large protein extract also
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contained some medium and small proteins, medium
protein extract included some small but no large proteins,
and small protein extract comprised only small proteins.
This was confirmed by SDS-PAGE.

Light microscopy

For light microscopy, cells were fixed with ethanol/
acetic acid (99:1), dehydrated in ethanol, and stained with
hematoxylineosin. The extracellular matrix was stained
with toluidine blue and alcian blue 8 GX (Sigma) at pH
1.0.

Indirect immunofluorescence

Indirect immunofluorescence was performed incu-
bating cultures fixed as above and washed, for 2 hours
with primary antibodies against collagen II (mouse mon-
oclonal anticollagen II, Sigma, 1:1 500) diluted in PBS.
Samples were then washed twice in PBS and incubated for
1 hour with FITC-conjugated secondary antibodies raised
in goat against mouse IGM (Sigma), that had been di-
luted 1:50, washed twice in PBS, and mounted in a non-
fluorescing mounting medium (Sigma). Control experi-
ments were carried out on normal auricular cartilage and
on chondrocyte monolayer cultures with or without pri-
mary antibody.

Cell proliferation assay

Cell proliferation assay was performed by 5-bromo-
2′ deoxy-uridine (BrdU) labelling. BrdU (Sigma) was in-
corporated into DNA in living cultures for 1 hour. BrdU
replaces thymidine during the S phase of the cell cycle.
Washed and fixed in paraformaldehyde, the cultures were
incubated with mouse anti BrdU monoclonal antibody
(Sigma), which was detected by a secondary antibody (bi-
otinylated goat antimouse IgG, Sigma) and then conju-
gated with extravidin-peroxidase (Sigma), marking cells
synthesizing DNA. The procedure was carried out ac-
cording to the supplier’s instructions. Monolayer cultures
without BrdU incorporation were used as a negative con-
trol.

Apoptosis assay

To evaluate cell apoptosis, an imunohistochemistry
for p53 was performed. The cells were washed with PBS
and fixed with paraformaldehyde at 3%, following a mi-
crowave heating pretreatment in EDTA 0.1 mM, pH 8.0,
for antigen retrieval.

After endogenous peroxidase activity was quenched,
cultures were incubated overnight with primary anti-p53
antibodies (clone Pab 240 – Labvision), and were di-
luted 1:100 (concentration 2 µg/mL). The primary anti-
body was detected by using a secondary antibody (bi-
otinylated goat antimouse IgG, Sigma) and then conju-
gated with extravidin-peroxidase (Sigma). Finally, stain-
ing was performed with AEC (Sigma) during 10 minutes.
Among all reaction steps, extensive washing with PBS was

performed. As positive control, cells of bladder carcinoma
were used.

Thermanox was then mounted for observation. The
number of cells that stained positive for apoptosis were
counted.

This assay was carried out for all samples: (a) cells fil-
tered through a nylon mesh, (b) not filtered cultures, (c)
cultures with addition of crude protein extract, (d) sugar
extract, and (e) extracts of large, medium, and small pro-
teins. All of them, before doing the apoptosis assay were
maintained in culture for one month.

Scanning electron microscopy

For scanning electron microscopy, cells were fixed
with 2% glutaraldehyde and 5% paraformaldehyde in
0.1 M PBS, pH 7.2, for 1 hour at room temperature, de-
hydrated in graded series of acetone, critical-point dried
and sputter-coated, and finally examined in a JEOL JSM-
6100 scanning electron microscope.

RESULTS AND DISCUSSION

Chondrocytes from two-month-old rabbits undergo
a rapid change in phenotype, termed dedifferentiation,
when isolated from cartilage tissue and cultured on tis-
sue culture plastic. These dedifferentiated cells redifferen-
tiate in suspension culture and synthesis of cartilage ex-
tracellular matrix molecules reinitiates, but cell prolifera-
tion decreases. In articular chondrocytes, this apparently
simple process involves changes in the expression of mul-
tiple genes [5], indicating that this phenomenon is not so
simple. To induce redifferentiation in articular chondro-
cytes, many authors [14, 15, 16, 17] have studied the effect
of various scaffolds; extracellular matrix components [7],
or cartilage-specific growth factors [18, 19, 20], applied in
osteogenesis as well as bone and cartilage repair [21, 22].

Cells filtered through nylon mesh

Isolated and filtered auricular chondrocytes lost their
characteristic round shape (Figure 1a) to acquire a
fibroblast-like phenotype on plastic substrata (Figure 1b);
cells had a typical spindle-shaped or triangular pheno-
type with long filopodia (Figure 3a); no special rearrange-
ments of cells (nodules) or differentiated subpopulations
(polygonal cells) were found. These dedifferentiated cells
attached easily to the substratum to form a confluent and
complete monolayer of flattened cells. Only rarely did any
three-dimensional growth appear, with the formation of a
nodule. No refractile matrix was visible between the cells
even in longer culture periods. Metabolic changes in this
dedifferentiated state include the switch of type-II colla-
gen to type-I collagen synthesis and a decrease in extra-
cellular matrix proteoglycans. Our cultures of auricular
chondrocytes filtered through a nylon mesh reproduced
these features.

Indirect immunofluorescence of type-II collagen
showed weak or no labelling (Figure 4a). Incubation with
BrdU and its detection revealed a high proliferation rate.
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Figure 1. Phase-contrast microscopy. (a) Newly isolated chondrocytes filtered through nylon mesh, showing their characteristic
round shape in suspension, OM OM × 50. (b) Mesh-filtered cells adopt a flattened fibroblast-like phenotype on plastic substrata,
OM × 50. (c) Nodules formed by unfiltered cells, OM × 10. (d) Small cartilage-like masses occasionally formed by nodules from
unfiltered cultures, OM × 50. (e) Hollow circular structures (asterisk). (f) In unfiltered cultures, many chondrogenic plates and
nodules are surrounded by cells forming a radial pattern, OM × 10.

(a) (b)

Figure 2. Phase-contrast microscopy. (a) Nodule surrounded by polygonal cells formed by previously dedifferentiated chondrocytes
cultured with crude protein extract, OM × 10. (b) Very small nodules produced by the addition of small protein extract to previously
dedifferentiated chondrocytes. Their cells soon detach from the aggregate to remain free in the culture medium, OM × 10.

A mean of 35% of cells were synthesizing DNA in mono-
layer culture (Figure 4b).

Cells not filtered through nylon mesh

However, when the seeded chondrocytes were not to-
tally isolated and a few remnants of cartilage were in-
cluded in the cell culture, fewer cells attached to the sub-
stratum and less proliferation occurred, so the cells did

not cover all the available plastic surface even over longer
culture periods of two months. At the same time, most
cells showed clear characteristics of a differentiated state
(Figures 1c, 1d, 1e, and 1f), usually ten to twenty nodules
per culture flask. Occasionally, these nodules can develop
small cartilage-like masses.

This behaviour in adult chondrocytes coincides with
that reported by [23] in fetal mouse Meckel’s cartilage
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Figure 3. Scanning electron microscopy. (a) Subconfluent filtered cells showing a flattened fibroblast-like phenotype on plastic sub-
stratum, OM ×250. (b) Hyaluronan addition: chondrocytes grow more three-dimensionally owing to less flattening. Cells are round,
with short processes, and are separated by many intercellular spaces, OM ×330. (c) Addition of sugar extract: cells became rounded
with short cellular processes, forming a compact monolayer without intercellular spaces, OM ×350. (d) Addition of large protein ex-
tract: note cell-rounding, OM×250. (e) Addition of small protein extract: cells form very small clusters with more intercellular spaces
and the appearance of flattened cells, OM ×110. (f) Addition of small protein extract: two different cell morphologies are observed,
one of flattened cells (asterisk) and one of widely separated rounded or star-shaped cells with incipient three-dimensional growth
(arrows), OM ×350.

chondrocytes in vitro, but in our experiments we saw
no signs of terminal transdifferentiation to osteocyte-like
cells or extracellular matrix calcification. A similar differ-
entiation programme has been observed on plastic sub-
strata in a rat mesenchymal cell line [24].

Crude protein extract addition

This addition to previously proliferated chondrocytes
does indeed replicate the features reported above, with
a few differences: nodules are numerous but their size is
small, no circular structures are present and no polymor-
phic cells are observed (Figure 2a).

The main difference is the presence of some small
pieces of undigested cartilage containing living cells and
extracellular matrix. The maintenance of the chondro-
genic differentiation produced by these pieces may de-
pend on cell-cell interactions, cell-matrix interactions, or
both. It has been reported [6] that chondrocytes seeded in
vitro onto articular cartilage disks, with or without living
cells, retain their differentiated phenotype and synthesize
cartilage extracellular matrix molecules.

We have observed that a protein extract of this nature
can indeed replicate these conditions. Therefore, these
results allow us to rule out direct cell-cell interactions
between differentiated (cartilage remnants) and isolated
chondrocytes as a significant mechanism.

Hyaluronan addition

Chondrocytes were mostly polygonal in optic mi-
croscopy but they did not form nodules. Scanning elec-
tron microscopy showed them to be relatively rounded
(not flattened), with short processes and separated by
many intercellular spaces (Figure 3b). However, as they
did not form nodules, cultures of 4 to 7 days can be clas-
sified as slack monolayers of nonflattened cells with many
intercellular spaces.

Indirect immunofluorescence clearly revealed the
presence of type-II collagen (Figure 4c). BrdU incorpo-
ration detected very low levels of cells synthesizing DNA
and, therefore, a very low level of proliferation (mean 2%)
(Figure 4d). It is known that hyaluronan is produced by
suspension culture articular chondrocytes, that its local-
ization is adjacent to the cells [5], and that proteoglycans
synthesized by chondrocytes interact extracellularly with
hyaluronan molecules to form large and extremely hy-
drophilic aggregates; therefore, hyaluronan can increase
proteoglycan retention and distribution [25, 26, 27].

Our results differ from those of other studies of artic-
ular chondrocytes with regard to proliferation and nod-
ule formation. Ehlers et al [7] describe a redifferenti-
ation effect caused by adding hyaluronan to the cul-
ture medium, which includes the formation of nod-
ules growing three-dimensionally out of the monolayer,
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Figure 4. Detection of type-II collagen (left) and BrdU (right). (a), (b) Filtered cells. (c), (d) Addition of hyaluronan. (e), (f) Addition
of sugar extract. (g), (h) Addition of small protein extract.

and an increase in proliferation at the critical dose of
100 µg/mL. Also it has been reported [28], that a hyaluro-
nan derivative enhances proliferation. These differences
can be first attributed to the distinct type of chondro-
cytes studied here and species differences. Others [29], re-
port differences in quantity, association with other extra-
cellular macromolecules, and molecular weight between
elastic and hyaline cartilage hyaluronan in bovine ani-
mals.

However, although our results seem to differ from
those of the studies mentioned, in embryo chondrogen-
esis, mesenchymal cell condensations are associated with
a reduction in hyaluronan and an increase in chondroitin

sulphate, so hyaluronan blocks condensation formation
and its removal permits the development of these struc-
tures [30]. Our results are also in agreement with [31]
which reports that the digestion of hyaluronan with
hyaluronidase induced articular chondrocyte attachment
to tissue culture plates, cell aggregation, and fibroblast-
like morphology. Yang et al [32] also report that the addi-
tion of exogenous hyaluronan to the chondrocyte growth
medium decreased cell-substratum adhesion.

Sugar extract addition

Polysaccharides are the least known of matrix com-
ponents in functional aspects. Polysaccharides such as
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agar, agarose, and alginate, have been successfully used
to redifferentiate chondrocytes. In our case, proliferation
is scarce, and type-II collagen detection suggests a cer-
tain redifferentiation. The sugar extract preparation was
designed to contain most of the sugars present in the
natural extracellular matrix. Thus, hyaluronan and sul-
phated glycosaminoglycans, such as chondroitin sulphate
and heparan sulphate, including some fragments of the
proteoglycan central core protein were present.

With this addition, cells became relatively rounded
with short cellular processes, but they formed a com-
pact monolayer without intercellular spaces (Figure 3c).
Nodules were not found. Therefore, from a morpholog-
ical point of view, the results of this addition are simi-
lar to those of hyaluronan addition, but in the latter case
the cells formed a monolayer with very few intercellular
spaces.

Type-II collagen was also detected in these cultures
(Figure 4e) and cell proliferation was scarce (mean 6%)
(Figure 4f). These results indicate that, in relation to in-
tercellular adhesion, addition of the whole sugar fraction
has the opposite effect of adding hyaluronan alone. Sul-
phated glycosaminoglycans may be responsible for this,
but other nonproteoglycan polysaccharides may increase
cell adhesion and neutralize the effects of hyaluronan.
In this regard, Yang et al [32] suggest that imbalances
in aggrecan or link protein concentration, or the degra-
dation of hyaluronan disrupt the matrix network and
cause the chondrocytes to aggregate or adhere to the
plates.

Addition of extracts of large, medium,
and small proteins

The experiments described above suggest that the so-
called factors synthesized by chondrocytes in cells from
nonfiltered cultures are present in the crude protein ex-
tract and are not directly related to the sugar fraction of
the extracellular matrix. For this reason we divided the
proteins of the crude extract into three groups in an at-
tempt to obtain some information on their identity.

In general, the effects of these protein extracts are sim-
ilar to those reported for crude protein extract addition
(those of the large protein extract were identical) (Figure
3d), no circular structures were present and no polymor-
phic cells were observed.

Differences appeared mainly with small protein ex-
tract (Figure 2b), where effects included a very small nod-
ule size, an increase in intercellular spaces in all areas,
greater substratum adhesion permitting an almost com-
plete occupation of its surface by cells, and the appearance
of flattened cells in considerable quantities. Nodules were
numerous, but redifferentiated cells soon separated from
one another and detached from the aggregate to remain
free in the culture medium. Therefore, these small pro-
teins perhaps can induce to redifferentiate chondrocytes,
but to a lesser extent, and the stability of the nodules was
very limited.

In general, scanning electron microscopy of cultures
with small protein extract added revealed considerable
cell-rounding (Figure 3e). However, two different cellular
morphologies were observed: one comprising separated
flattened cells forming a monolayer, and one of very sep-
arated rounded or star-shaped cells with incipient three-
dimensional growth (Figure 3f). These were multilayered,
forming small aggregates very similar to the initial clusters
found in the unfiltered cultures (Figure 2b).

Indirect immunofluorescence of collagen II showed
considerable labelling in all the protein extract additions
(Figure 4g). BrdU incorporation and its detection re-
vealed low cell proliferation (mean 4.5% in the small pro-
tein extract addition) (Figure 4h).

Crude protein extract contains factors active in chon-
drocyte redifferentiation on plastic surfaces, while the
polysaccharide fraction of the matrix seems only partially
involved.

Apoptosis

Apoptotic staining is shown in Figure 5. In cells fil-
tered and maintained a month in culture, 11% of the total
cells counted (450) were positive (Figure 5a). In cells not
filtered the apoptotic range was 97.5% positive and 2.5%
negative (Figure 5b). The results obtained with the addi-
tion of crude matrix extract revealed weak or no labelling
(Figure 5c). Cultures with sugar extract and hyaluronan
addition showed a value of 8% positive cells (Figure 5d).
The addition of large, medium, and small proteins results
were very similar to not filtered cultures (3% positive)
(Figure 5e).

In short, the differentiated chondrocyte phenotype is
unstable and difficult to maintain in vitro. Although this
difficulty is overcome by such culture conditions as sus-
pension or pellet cultures, the problem persists on plastic
surfaces. These cultures are possible with embryonic cells
[23], or with mesenchymal stem cells [24], but for tissue
engineering purposes, adult chondrocytes are more inter-
esting. In this way, we report that adult auricular chon-
drocytes can be maintained in the differentiated state and
redifferentiated on plastic surfaces.

Current knowledge suggests that the ability of grafted
chondrocytes to survive and produce cartilage in vivo is
related to their differentiation at the time of implantation.
It is therefore essential to determine the culture conditions
and their effects prior to implantation.

It is known that differentiated chondrocytes synthe-
size a cartilage-specific pericellular matrix, which consists
primarily of type-II collagen and cartilage-specific proteo-
glycans. This matrix, as well as several specific substances,
such as growth factors and adhesion molecules, are re-
quired for chondrocyte differentiation and survival [33].
Interactions between chondrocytes and their surround-
ing matrix play an essential role in maintaining the dif-
ferentiated cell phenotype. They are mediated by specific
surface receptors and integrins, the latter being largely
of the ß1-family [34, 35, 36]. Some of them may act as
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Figure 5. Identification of p53 as a biochemical marker of apoptosis. (a) Cells filtered: 11% of the total cells counted (450) were
positive. (b) In cells not filtered the apoptotic range was 97.5% positive and 2.5% negative. (c) Addition of crude matrix extract
revealed weak or no labelling. (d), (e) Cultures with sugar extract and hyaluronan addition showed a value of 8% for positive cells. (f)
The addition of large, medium, and small proteins results were very similar to those of not filtered cultures (3% positive).

Table 1. Role of extracellular matrix components on morphology (fibroblastic and round cells), proliferation (BrdU incorporation),
and redifferentiation (colagen II production) of auricular cultured chondrocytes. Determination of apoptosis using p53 as a biochem-
ical marker.

Type-II collagen production Cell proliferation (BrdU) Morphology Apoptosis

Filtered cells + +++++ Fibroblastic 11 %
No of filtered cells +++++ ++ Round 2.5 %
Cell-free sugar extract ++ +++ Fibroblastic 8 %
Hyaluronan +++ ++ Round 8 %
Cell-free crude protein extract ++++ ++ Round 2 %
Cell-free small protein

+++ ++ Round 3 %extract.mw < 30 kd

a specific receptor for type-II collagen in chondrocytes
[37], and there are also indications that the integrin-type-
II collagen interaction suppresses chondrocytes apopto-
sis [38]. We have previously shown that the differenti-
ation was higher in cultures where collagen type-II was
present (cells not filtered, extract protein addition), and
also the apoptosis mean was very low. Now, our results
have shown that in addition, the rate of apoptosis was de-
creased.

This study provides some data in this regard. Re-
sults indicate that hyaluronan and extracellular matrix
sugars round off the shape of dedifferentiated chondro-
cytes in a first sign of redifferentiation, which is con-
firmed by the appearance of type-II collagen. Protein

extracts also cause nodule formation and the extensive
production of type-II collagen. However, comparison
with incompletely dissociated chondrocyte cultures sug-
gests that the presence of some living cells anchored to
their natural extracellular matrix provides some very im-
portant factors for redifferentiation and phenotypical sta-
bility.

We summarize these results in Table 1, where we show
the role of extracellular matrix components in morphol-
ogy (fibroblastic and round cells), proliferation (BrdU
incorporation) and redifferentiation (colagen II produc-
tion) of auricular cultured chondrocytes. We have re-
ported too the determination of apoptosis using p53 as
a biochemical marker.
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