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ABSTRACT. Objective. Chondrocyte apoptosis has been described in studies of the pathogenesis of various arthritides. Since matrix degradation is important in the pathology of arthritis, we investigated the effect
of matrix depletion on chondrocyte apoptosis.
Methods. Consecutive 1 mm sections of child’s rib cartilage were cultured under 4 sets of conditions:
(1) control; and treatment with (2) hyaluronidase, (3) collagenase, (4) hyaluronidase/collagenase
alternately. Sections were harvested on Days 5, 8, and 11, and the proportion of apoptotic cells was
measured by propidium iodide staining and flow cytometry. Changes of Fas and Fas ligand expression were verified by immunohistochemistry and Western blot.
Results. Collagenase treatment led to an increase of apoptosis, which began on Day 8, whereas
hyaluronidase treatment had no effect on chondrocyte viability up to Day 11. Alternating
hyaluronidase and collagenase treatment induced chondrocyte death earlier, but the difference in
apoptotic rate was not significant on Days 8 or 11 compared to collagenase treatment alone.
Immunohistochemistry showed the expression of Fas ligand in all enzymatically treated specimens.
Expression of Fas receptor was ubiquitous in both control and treated specimens.
Conclusion. The collagen framework is important in the maintenance of chondrocyte survival in
human cartilage. Upregulation of Fas ligand in matrix depleted specimens suggested that the Fas
pathway may have a role in apoptosis induced by matrix depletion. (J Rheumatol 2001;28:2038–45)
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Osteoarthritis (OA) presents increasing morbidity and
economic loss as the proportion of the aged population
increases. The OA mechanism culminating in joint breakdown, pain, and ultimate disability is still far from being
elucidated, and current therapy is primarily directed toward
the alleviation of symptoms. The most prominent pathological changes in OA cartilage include surface irregularities
with fissures and fibrillation, reduction of proteoglycan
matrix, revealed by decreased safranin O staining, crossing
of tidemark by blood vessels, and chondrocyte hypercellularity with cloning followed by chondrocyte loss.
The major structural components of articular cartilage
matrix are the collagen network, which provides tensile
strength, and soluble proteoglycan, responsible for the transmission and dissipation of compressive loads during moveFrom the Department of Internal Medicine, Seoul National University
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ment and weight bearing1. Since it was reported that human
articular cartilage contains matrix metalloproteinases
(MMP) that can degrade collagen and proteoglycan at physiologic pH2, much effort has been devoted to the isolation
and characterization of the relevant enzymes and their
inhibitors. In OA, an imbalance between locally synthesized
MMP and their inhibitors favoring MMP, such as tissue
inhibitors of metalloproteinase, has been related to cartilage
matrix loss3. Yet little is known about the fate of chondrocytes in OA cartilage.
Chondrocyte apoptosis occurs in the epiphyseal growth
plate from the developing long bones of chicks and
mammals4,5, and during the process of arthritides such as
rheumatoid arthritis and OA6,7. Whereas cultured chondrocytes are reported to undergo apoptosis in response to
various stimuli, such as nitric oxide, Fas/Fas ligand
coupling, or serum deprivation8-10, there are few reports
concerning the relationship between matrix degradation and
chondrocyte apoptosis. It is generally accepted that except
for circulating blood cells, most cells require attachment to
one another or to the extracellular matrix for proper growth,
function, and survival. Otherwise, they are committed to
apoptosis, and this dependence of cell growth and survival
on substrate attachment is known as anchorage dependence11. Since loss of proteoglycan and perturbation of
collagen fibril is one of the main pathologic features of
cartilage degradation, this provides an ample environment
for the disturbance of chondrocyte anchorage to the extra-
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cellular matrix. There is also the possibility that chondrocyte
death and matrix loss form a cycle, the progression of one
having detrimental effect on the other. We investigated the
effect of degradation of 2 major cartilage matrix components, proteoglycan and collagen, on chondrocyte apoptosis
and on the expression of Fas/Fas ligand.
MATERIALS AND METHODS
Patients and organ culture. Samples were obtained from costal cartilage of
children at the time of a revision operation for funnel chest. The age range
of the children was from 3 to 7 years. After thorough washing with phosphate buffered saline (PBS) and removal of perichondral fibrous tissue,
cartilage sections 1–1.5 mm thick were made consecutively with a scalpel.
Cartilage sections were incubated 3 days in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal calf serum, 1% L-glutamine, and penicillin/streptomycin (150 U/ml, 50 mg/ml each) to allow
them to stabilize to in vitro conditions. After 3 days, 3 pieces of cartilage
section weighing 40–60 mg each were allocated to each well of 24 well
tissue culture plates and 500 µl DMEM was added per well. A set of 4 wells
in the same vertical row contained sections from the same segment of costal
cartilage block for standardization. Sections were treated in the following
conditions: (1) control, which was supplied with DMEM only; and treatment with (2) 0.3% bovine testicular hyaluronidase (Sigma, St. Louis, MO,
USA) in DMEM; (3) 36 U/ml high purity collagenase (Sigma) in DMEM;
(4) 0.3% bovine testicular hyaluronidase and 36 U/ml high purity collagenase in DMEM on alternate days. Following manufacturer’s instructions,
high purity collagenase was chromatographically purified from
Clostridium histolyticum collagenase, and showed < 0.2 U/mg neutral
protease and < 0.01 U/mg Clostripan activity. After titration over a range of
concentrations (9, 18, 36, 72, 144 U/ml for collagenase; 0.1, 0.2, 0.3, 0.5,
1.0% for hyaluronidase), the working concentrations for each enzyme were
determined as the lowest consistently showing microscopic change after 3
days of treatment.
Media were changed every day, and cartilage sections were harvested
on Days 5, 8, 11, and 14. For histology and immunohistochemistry,
sections were fixed in 4% paraformaldehyde at 4°C overnight, followed
by storage in 30% sucrose in PBS for 1–2 days, and were cut with a
cryotome. Consecutive 30 µm sections were cut and put in a 24 well plate
containing cryostorage solution consisting of 1% polyvinylpyrrolidone,
30% sucrose, and 30% ethylene glycol, and stored at –20°C until use.
Each section was stained with safranin-O/fast green/hematoxylin for verification of the treatment effect. For protein analysis, sections were snap
frozen and stored at –70°C. For electron microscopy, specimens were cut
into 0.1 × 0.1 cm pieces and fixed in 2.5% glutaraldehyde solution
overnight. After rinsing, the samples were postfixed in 1% osmium
tetroxide, dehydrated through a graded series of ethanol, and embedded
in epoxy resin. Sections were counterstained with lead citrate/uranyl
acetate and examined with a transmission electron microscope (Hitachi
7100; Hitachi, Tokyo, Japan).
Quantification and verification of apoptosis. Harvested sections were
rinsed in PBS and minced with a scalpel, then incubated with trypsin/collagenase (Sigma) in DMEM until the fragments were digested. After removal
of aggregates by brief spinning, cells were sedimented by centrifugation at
1000 rpm for 5 min. The cell pellets were washed in PBS once and then
fixed in 70% ethanol at 4°C for 1 h. After washing twice, cells were stained
in 100 µg/ml propidium iodide solution containing 50 µg/ml RNase for 15
min. Percentages of apoptotic cells were measured by flow cytometry on a
FACScaliber (Becton Dickinson, Mountain View, CA, USA).
Exclusion of direct cytotoxicity in monolayer culture. Costal cartilage
sections were rinsed in PBS and chondrocytes were released in the same
way as in the organ culture specimens. Cells were seeded at 2 × 105/plate
in 6 cm culture plates. After 2 days, the resulting monolayer cultures were
treated in the same enzymatic solution as used in organ cultures. Cells were

harvested on Days 5, 8, and 11, and the apoptotic rate was assayed by
propidium iodide staining as in organ culture specimens.
Immunohistochemistry. Each 30 µm cryopreserved section was pretreated
with chondroitinase ABC (Sigma) at 0.0125 U/50 µl per section for 90 min
at 37°C, and endogenous hydrogen peroxidase activity was quenched in 2%
hydrogen peroxide. After 30 min blocking in 10% normal horse or goat
serum, sections were incubated with mouse anti-Fas (Transduction
Laboratory, Lexington, KY, USA) at a dilution of 1:1000 for 14 h at 4°C or
with rabbit anti-Fas ligand (Santa Cruz Biochemical, Santa Cruz, CA,
USA) at a dilution of 1:100 for 14 h at 4°C. A biotin conjugated horse antimouse IgG (Vector Lab, Burlingame, CA, USA) or biotin conjugated goat
anti-rabbit IgG (Ultravision, Fremont, CA, USA) was used as secondary
antibody. The presence and distribution of Fas and Fas ligand were determined by the avidin-biotin-peroxidase complex method (Vector Lab).
Diaminobenzidine tetrahydrochloride for Fas and 3-amino 9-ethylcarbazol
(AEC) for Fas ligand were used to develop color. Each staining session
included control sections incubated with normal mouse or rabbit nonimmune serum.
For dual staining of Fas and Fas ligand, sections were incubated with
chondroitinase ABC and hydrogen peroxide as in single staining procedures. After blocking in normal goat serum, sections were incubated with
rabbit anti-Fas ligand at a dilution of 1:50 for 14 h at 4°C. Sections were
incubated with biotin conjugated goat anti-rabbit IgG, followed by avidinbiotin-peroxidase, and AEC was used to develop color. After 30 min incubation in double staining enhancer (Zymed, San Francisco, CA, USA) and
washing in distilled water, sections were blocked in normal horse serum
and incubated in mouse anti-Fas at 1:100 dilution for 4 h at room temperature. Expression of Fas was determined by the avidin-biotin-alkaline phosphatase method (Ultravision) and 5-bromo 4-chloro 3-indolyl
phosphate/nitroblue tetrazolium was used for color development.
Western blotting. Cartilage was milled and extracted in 4 M guanidine
hydrochloride buffer containing 50 mM sodium acetate, pH 5.8, 10% v/v
SDS, 1 mM EDTA, 1 mM phenylmethylsulfonyl fluoride, and 1 µg/ml
aprotinin at 4°C and extensively dialyzed. Protein so obtained was concentrated to 2–5 µg/µl with ice cold ethanol and resuspended. Protein concentrations were determined with a BCA protein assay kit (Pierce, Rockford,
IL, USA) and bovine serum albumin was used as a standard. Ten micrograms of samples were combined with gel loading buffer (50 mM Tris HCl,
pH 6.8, 2% SDS, 10% glycerol, 0.1% bromphenol blue), boiled 5 min, and
electrophoresed on Bio-Rad minigel (12% separating gel) in 25 mM Tris
base, 0.25 M glycine, and 0.1% SDS. The proteins in the gel were then
electrophoretically transferred to a polyvinylidene difluoride membrane
(Biorad, Hercules, CA, USA) for 1 h at 100 V in 48 mM Tris, 39 mM
glycine, 0.03% SDS, and 20% methanol. The blot was blocked with Tris
buffered saline (50 mM Tris HCl, pH 7.4, 0.15 M NaCl) containing 5%
nonfat milk at 4°C overnight and incubated with rabbit anti-Fas ligand at
1:1000 dilution at room temperature for 1 h. The blot was rinsed and incubated with 1:5000 peroxidase conjugated goat anti-rabbit IgG (Biorad) for
1 h. Bound immunoglobulin was detected with an enhanced chemiluminescence kit (Amersham, Buckinghamshire, UK).
Data analysis. Data are expressed as mean ± SD. Statistical analysis was
carried out with paired t tests between control and each treatment condition.
Statistical significance was established at the 95% confidence level (p <
0.05).

RESULTS
Effects of enzymatic treatment on cartilage histology. Organ
culture up to 14 days did not lead to any significant changes
in proteoglycan content or cell density in the control cartilage under the culture conditions we used (Figure 1A).
Treatment with hyaluronidase, on the other hand, resulted in
a drastic decrease of proteoglycan staining, as revealed by
both safranin O and toluidine blue, but the gross architecture
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Figure 1. Safranin O–fast green–hematoxylin staining of representative Day 5 rib cartilage culture specimens: (A) control, (B) hyaluronidase, (C) collagenase, and (D) alternating collagenase-hyaluronidase treatment. In contrast to weight bearing articular cartilage, the orientation of chondrocytes is random.
Compared to control, treatment with hyaluronidase resulted in a drastic decrease of proteoglycan staining. Treatment with collagenase resulted in surface
flaking and mild proteoglycan loss in the peripheral area. This change was more pronounced in the hyaluronidase-collagenase alternate treatment specimens.
(Original magnifications ×100.)

of the cartilage structure and cell density were preserved
until the end of the experiment (Figure 1B). This decrease of
proteoglycan staining was evident as early as after the first
day of hyaluronidase treatment. Treatment with collagenase
brought about more subtle changes in the intensity of
proteoglycan staining than hyaluronidase treatment, and
proteoglycan staining remained in the center of the specimens until the end of experiment. However, remarkable
thinning was observed in the peripheral area macroscopically. On microscopic examination, this area was depleted
of proteoglycan, and surface flaking reminiscent of OA
cartilage was consistently observed (Figure 1C). Also, there
was an increase in cell density in this area. In the case of
hyaluronidase–collagenase alternating treatment, gross thinning was more marked and extensive than in collagenase
treated specimens. Cartilage matrix was depleted to the
extent that only a lace-like structure was observed by
microscopy (Figure 1D). Lacunae disappeared and
crowding of chondrocytes in the peripheral area led to a
marked increase in cell density.
The organization of collagen fibrils was further examined
by transmission electron microscopy. Abundant, organized
collagen fibrils characteristic of cartilage matrix were
observed in both the control and the hyaluronidase treated
specimens, while markedly thinned, haphazard fibrils were

visible in the collagenase or alternately treated specimens
(Figures 2A, 2B).
Effect of matrix depletion on chondrocyte apoptosis. More
than 98% of the chondrocytes in the control specimen
remained viable after 11 days of culture, which was a reflection of the stability of the organ culture conditions used in
this study. However, at Day 14, some control specimens
contained more than 5% dead cells, implying degradation of
the cultured cartilage; therefore data obtained at 14 days of
culture were excluded from the analysis. Treatment with
hyaluronidase did not lead to any significant increase in
apoptosis until up to 11 days of culture, whereas collagenase
treatment resulted in significant increase of apoptosis from
Day 8 (Table 1). Increased apoptosis was observed earlier
(from Day 5) in alternate treated specimens. Treatment with
either enzyme alone or alternately did not result in any
significant cell death up to 11 days in monolayer culture,
which excludes the possibility of direct cytotoxicity.
Although analysis of cytotoxicity in monolayer culture
carries a risk of underrepresenting unhealthy, nonadherent
cells during the process of plating, these young costal chondrocytes showed a minimal degree of dehiscence during
plating, and the plating efficiency always exceeded 95%.
Therefore, we believe that in contrast to adult articular cartilage (normal or degenerated), there is minimal risk that
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Figure 2. (A and B) Transmission electron microscopy of hyaluronidase treated (A) and collagenase treated (B) rib cartilage specimens. Where abundant, organized collagen fibrils characteristic of cartilage matrix were observed in hyaluronidase treated specimens, short, haphazard fibrils were detected in collagenase treated specimens. (C and D) Transmission electron microscopy of collagenase treated rib cartilage specimens. (C) An apoptotic chondrocyte adjacent
to a normal chondrocyte; (D) apoptotic body with membrane blebbing. (Original magnification A, B: ×23,000, C: ×9,200, D: ×13,800.)

monolayer cells misrepresented the whole cell population in
these samples of young chondrocytes.
Electron microscopic examination of collagenase treated
specimens revealed many apoptotic chondrocytes and apoptotic bodies (Figures 2C, 2D). These apoptotic cells were
characterized by segregation of condensed chromatin in
sharply circumscribed, uniformly fine granular masses. The
increase in apototic chondrocytes in both collagenase and
alternate treated specimens compared to control and
hyaluronidase treated specimens was also observed by electron microscopy.

Change in Fas/Fas ligand expression induced by matrix
depletion. Fas receptor coupling with anti-Fas has been
reported to induce chondrocyte apoptosis, suggesting a role
of the Fas/Fas ligand system in the mediation of chondrocyte apoptosis9. We investigated whether Fas receptor or Fas
ligand expression changes as matrix is depleted. Although
the staining intensity for Fas was increased in the
hyaluronidase treated and alternate treated specimens, Fas
expression was almost ubiquitous regardless of treatment
conditions (Figures 3A-D). On the other hand, Fas ligand
expression was absent or very weak and less than 5% of

Table 1. The percentages of apoptotic cells analyzed by flow cytometry.

Day 5 (n = 8)
Day 8 (n = 7)
Day 11 (n = 9)

Control

Hyaluronidase
Treated

Collagenase
Treated

Alternate
Treated

1.69 ± 0.91
1.40 ± 0.95
1.61 ± 1.1

1.24 ± 0.58
1.52 ± 0.72
2.04 ± 1.59

1.68 ± 1.23
3.62 ± 1.89*
5.11 ± 4.23*

4.24 ± 2.74*
4.49 ± 2.54*
7.31 ± 3.95*

* p < 0.05 compared to control.
Personal non-commercial use only. The Journal of Rheumatology Copyright © 2001. All rights reserved.
Kim, et al: Chondrocyte apoptosis and matrix depletion

2041

Downloaded on January 9, 2023 from www.jrheum.org

chondrocytes in the control rib cartilage specimens showed
Fas ligand positive cells (Figure 3E). However, both the
proportion of positive cells and the staining intensity for Fas
ligand were markedly increased in all 3 of the enzyme treated
specimens (Figures 3F-H). Whereas Fas ligand positive cells
in the hyaluronidase treated sections were distributed
diffusely, in collagenase treated specimens, positive cells
were distributed mainly in the peripheral area where matrix
depletion was most prominent. Matrix depletion in alternate
treated sections was more extensive than in collagenase
treated specimens, and Fas ligand expression was also more
extensive than in collagenase treated specimens. The induction of Fas ligand was evident after 5 days of treatment.
Next, double immunohistochemical staining for Fas and
Fas ligand was performed to observe the distribution
patterns of these proteins. In hyaluronidase treated specimens, each chondrocyte was confined in well preserved
lacunae, and was distinct in either Fas or Fas ligand positivity (Figures 4A, 4C). On the other hand, in the alternate
treated specimens and in the peripheral area of collagenase
treated specimens, lacunae were destroyed, and Fas or Fas
ligand positive cells were in close proximity. In addition,
cells expressing both Fas and Fas ligand were frequently
observed (Figures 4B, 4D). By analysis of serial sections,
we also found that chondrocytes expressed both Fas and Fas
ligand in alternate treated specimens (data not shown).
To verify the molecular size and expression levels of Fas
ligand in the specimens, Western blotting was performed. Of
note, only protein extracts from hyaluronidase treated and
alternate treated specimens revealed bands specific for Fas
ligand (Figure 5).
DISCUSSION
Although the pathogenetic role of chondrocyte apoptosis in
the progression of arthritis has attracted interest recently, the
cause and effect relationship between cell death and joint
degradation is not clear. We verified that matrix degradation,
especially collagen chain breakdown, leads to chondrocyte
apoptosis. Hyaluronidase treatment, which degrades the
proteoglycan structure, did not lead to any significant
increase in chondrocyte apoptosis up to Day 11 in organ
culture. In human OA cartilage, type II collagen degradation
is reported to start in the superficial and upper middle
zone12. Our findings are in agreement with this observation,
because chondrocyte apoptosis is also observed mostly in
the superficial zone of OA cartilage7.
What are the consequences of treatment with hyaluronidase or collagenase or alternating treatment with both
on cartilage matrix structure? The ultrastructural changes in
articular cartilage matrix induced by enzymatic treatment
have been reported13,14. The main action of hyaluronidase is
to selectively attack the repeating disaccharide units of the
chondroitin sulfate, and it also has a minor effect on the
hyaluronic acid substrate. An earlier report showed that

treatment of articular cartilage with hyaluronidase alone
induced little detectable morphologic change in terms of the
cartilage fibrillar network14. However, sequential treatment
with hyaluronidase followed by collagenase led to the
conversion of fibrillar structures from “pseudo-random” to a
radially aligned, crimped structure. The structural changes
induced by treatment with collagenase alone were not
mentioned. The author concluded that this structural transformation, almost identical to that in the OA cartilage, is
explained as a breakdown in the fibril interlinking system.
In contrast to that study14, which lasted a maximum of 18 h,
we chose more prolonged enzymatic treatment. In addition,
the working concentration of collagenase was titrated at a
much lower level, to avoid total digestion of cartilage slices
during the course of the experiment. Transmission electron
microscopy revealed that under these conditions, collagen
fibrils were so thinned that they were barely visible in the
collagenase treated or alternate treated specimens, compared
to well organized fibrils characteristic of cartilage matrix in
both the control and hyaluronidase-treated specimens.
These changes were more extensive in the alternate
treated specimens than in the collagenase treated specimens,
leaving an unsupporting, lace-like matrix in broader areas.
By removing a large proportion of proteoglycans, treatment
with hyaluronidase presumably exposed the interconnecting
regions of the collagen network to more direct attack by
collagenase14.
Recent studies have shed light on the role of the collagen
framework in the maintenance of cartilage cell survival. In a
mouse model lacking type II collagen, chondrocyte apoptosis increased markedly in articular cartilage in the embryonic stage, providing direct evidence that type II collagen is
crucial for supporting the survival of chondrocytes in articular cartilage15. Cao, et al reported that in a suspension
culture system, removal of collagen by collagenase resulted
in chondrocyte apoptosis, whereas re-addition of collagen
restored cell viability16. In accord with a report on anti-ß-1
integrin antibody induced chondrocyte apoptosis in chick
sternal cartilage organ culture17, Cao, et al also showed that
anti-ß-1 integrin antibody abolished collagen mediated
chondrocyte aggregation, which hampered the ability of
collagen to restore chondrocyte viability. Although we chose
high purity collagenase, which has less than 1 unit of neutral
protease activity per mg protein, the possibility that treatment with this enzyme might have induced a subtle change
in matrix proteins, such as CD44 or hyaluronan, cannot be
completely excluded. However, immunohistochemical
staining with anti-ß-1 integrin antibody revealed no change
in expression level in any of the treated specimens (data not
shown). Although we believe that the major effect of collagenase treatment is exerted through degradation of the
collagen framework, the effect on matrix protein and
collagen interaction in this model deserves further study. In
particular, elucidation of the effect on the pericellular matrix
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Figure 3. Immunohistochemistry of Fas receptor (A, B, C, D) and Fas
ligand (E, F, G, H) of representative Day 8 rib cartilage culture specimens:
(A, E) control, (B, F) hyaluronidase, (C, G) collagenase, and (D, H) alternating collagenase-hyaluronidase treatment. Fas expression was ubiquitous
regardless of treatment conditions, although the staining intensity of Fas
was increased in the hyaluronidase and alternate treated specimens. The
proportion of positive cells and the staining intensity of Fas ligand was
markedly increased in all 3 enzyme treated culture specimens. Panel I
shows negative staining of alternate treated section with non-immune
serum. (Original magnifications ×200.)

I
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Figure 4. Hematoxylin and eosin staining for (A) hyaluronidase,(B) alternate treated specimen; and Fas-Fas ligand dual immunohistochemistry for
adjacent sections of A (C) and B (D). In hyaluronidase treated specimens,
each chondrocyte was confined in well preserved lacunae, and was distinct
in either Fas (violet, arrow in C) or Fas ligand (red, arrowhead) positivity.
But in the alternate treated specimen, and in the peripheral area of the
collagenase treated specimen, lacunae were destroyed, and Fas or Fas
ligand positive cells were close to each other. In addition, cells expressing
both Fas and Fas ligand were frequently observed in alternate treated
sections (E). (Original magnification A, B: ×100, C–E: ×200.)

E
and its interactions with chondrocyte integrin receptor or
CD44 would be intriguing. Of note, alternate treatment and,
to a lesser extent, collagenase treatment resulted in marked
cell crowding in the area of matrix depletion. The implication of this finding is obscure, but it could be speculated that
chondrocytes are responding to depletion of cell–matrix
interaction by increasing cell–cell interaction. In this regard,
investigation of the role of an autocrine factor promoting
chondrocyte survival on the formation of chondrocyte clone
in advanced OA cartilage would be of interest10.
Because the role of the Fas receptor pathway in chondrocyte apoptosis has been suggested10,18, we next investigated
the change in the expression pattern of Fas-Fas ligand
according to matrix depletion. As expected, Fas receptor
expression was ubiquitous regardless of the treatment conditions, although a slight increase in staining intensity was
observed in all enzymatically treated specimens. On the
other hand, Fas ligand expression was absent or weak in

control specimens, whereas enzymatically treated specimens showed a definite increase in its expression. However,
the distribution of Fas ligand positive cells was different

Figure 5. Western blot analysis of Fas ligand in rib cartilage specimens
cultured for 8 and 11 days. +: positive control from tonsil protein, C:
control, H: hyaluronidase treatment, L: collagenase treatment, A: alternating collagenase-hyaluronidase treatment. Data represent 4 sets of
samples. Molecular size markers (kDa) shown at left.

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2001. All rights reserved.
2044

The Journal of Rheumatology 2001; 28:9

Downloaded on January 9, 2023 from www.jrheum.org

among enzymatic treatments. Whereas hyaluronidase
treated specimens showed positive cells diffusely, collagenase or alternate treated specimens revealed strong positive
cells mostly in the areas of matrix depletion. Because matrix
depletion might lead to an increase of antibody binding to
cellular epitope in cartilage, resulting in increase of staining
intensity without increase in protein expression, we verified
our immunohistochemical findings by Western blotting. In
accord with the immunohistochemistry, the band for Fas
ligand was observed in both hyaluronidase treated and alternate treated specimens, whereas the control specimen
revealed no band. Collagenase treated specimens also failed
to show a positive band, and we speculate that this reflects
a rather restricted distribution of Fas ligand positive cells in
the collagenase treated specimens, usually in the peripheral
area. What is the role of Fas ligand on chondrocyte apoptosis in this matrix depleted organ culture model? One
puzzling question is why hyaluronidase treated specimens
do not show increased apoptosis despite abundant expression of Fas ligand. There are 3 possible explanations.
First, the increase in apoptosis in the matrix depletion
model is independent of Fas ligand expression and induction
of Fas ligand is merely a secondary phenomenon. Second,
although Fas ligand is expressed, Fas ligand positive cells
are not in close proximity to adjacent Fas expressing cells
because of preservation of lacunae and the collagen framework, which hinder free movement of cells in the cartilage
substance in the hyaluronidase treated specimens. In this
regard, in contrast to the hyaluronidase treated specimens,
the matrix depleted area in the collagenase or alternately
treated specimens showed destruction of lacunae and loss of
supporting structure. This might have resulted in increased
opportunity for cells to contact each other, as seen in the
tendency of cells to accumulate closely in these specimens.
To determine which of these 2 explanations is true in our
model would require a functional study that blocks Fas–Fas
ligand interaction with anti-Fas antibody. Third, whereas
either Fas or Fas ligand positive cells were clearly discerned
in hyaluronidase treated specimens, both collagenase and
alternate treated specimens revealed many dual positive
cells. It was reported that induction of apoptosis by simultaneous expression of Fas-Fas ligand in a single cell is important in the pathogenetic mechanism in an animal model of
autoimmune diabetes19.
The apoptotic rate in our organ culture model was not as
marked as in an in vitro cell culture system, accounting for
less than 10% of total cells. However, since cells are maintained within their matrix in our culture system, this model
mimics more precisely the actual in vivo environment.
Because evidence of deterioration became apparent from
Day 14 in the control culture in some specimens, organ
culture was extended to 11 days only. Prolonging the culture
period further might have resulted in a more marked
increase of apoptotic cells, although an increase of cell death

in the control culture would have also occurred. In this
experiment, we used child rib cartilage because it offered
sufficient amount of samples that were easy to standardize.
However, the extent to which our results can be extrapolated
to weight bearing articular cartilage is open to question.
We verified that maintenance of the collagen framework
is important in chondrocyte survival in human hyaline cartilage. Upregulation of Fas ligand was observed in all enzymatically treated specimens compared to controls, implying
the role of the Fas-Fas ligand system in chondrocyte apoptosis in this model.
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