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Abstract
Object
In order to examine the mechanisms involved in steroid-induced arthropathy after intra-articular corticosteroid
injection, a histological examination was performed in vivo using severe combined immunodeficiency (SCID) mice that
were implanted with human articular cartilage into the back (SCID/hu model). In addition, the effect of corticosteroids
on chondrocyte apoptosis was evaluated in vitro using cultured human chondrocytes.

Method
Human articular cartilage was obtained during knee surgery and implanted subcutaneously into the backs of SCID
mice. One month later, weekly injections of corticosteroid (hydrocortisone acatate: 1mg/0.2ml, triamcinolone
acetonide: 0.2mg/0.2ml, dexamethasone acetate: 0.1mg/0.2ml) in the subcutaneous cavity around the grafted cartilage
in SCID mice were initiated. After six weeks of treatment, the grafted cartilage pieces were removed from the SCID
mice and examined histologically. Chondrocyte apoptosis after corticosteroid treatment was also investigated using
cultured human chondrocytes.

Result
In the corticosteroid treated, grafted articular cartilage, apoptotic chondrocytes were apparent in the superficial and
middle layers of cartilage. But a reduced intensity of Safranin O staining was not remarkable. In the cultured chondro-
cytes, apoptotic changes were also observed after corticosteroid treatment.

Conclusion
Corticosteroid treatment induces chondrocyte apoptosis and it may be important to under stand the steroid-induced
arthropathy.
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Introduction

Corticosteroid injections are frequently
used to achieve local anti-inflammatory
activity (1). And it is well known that
repeated intra-articular corticosteroid
therapy interferes with cartilage metab-
olism and may lead to rapid destruction
of the joint. In one of the most famous
text-book of rheumatology, corticos-
teroid arthropathy was described. It
was printed that abuse of intra-articular
injections may result in a Charcot's-
like arthropathy (2). Corticosteroids
exert powerful anti-inflammatory
effects through inhibition of the arachi-
donic acid cascade. However, the phar-
macological mechanism of corticos-
teroid-induced arthropathy remains
unclear (3-5).

Recently, corticosteroids were reported
to induce the apoptosis of lymphocytes,
eosinophils, bone and cartilage of
growth plate (6-8). These results sug-
gest that similar corticosteroid-induced
apoptosis may occur in articular carti-
lage. Chondrocyte apoptosis has
aready been reported to play important
rolesin cartilage degradation and in the
pathogenesis of joint cartilage degener-
ation (9-13). However, if corticos-
teroids are able to induce chondrocyte
apoptosis, this may explain, at least in
part, the pharmacologica mechanism
of steroid-induced arthropathy. There-
fore, in the present study, we investigat-
ed the histological changes in human
articular cartilage after repeated corti-
costeroid injections using the severe
combined immunodeficiency (SCID)
mouse in which human articular carti-
lage had been grafted (SCID/hu model)
(14-16). In this model, the implanted
human articular cartilage maintained
the characteristics of in vivo human
cartilage, and enabled histological ex-
amination of the grafted cartilage after
corticosteroid treatment without any
confounding mechanical influences. In
addition we examined the induction of
chondrocyte apoptosisin vitro.

Material and methods

Preliminary examination to invest the
effect of corticosteroid on the rabbit
articular cartilage

Weekly corticosteroids (hydrocortisone
acetate:1mg/0.2ml, Banyu Co. Tokyo

74

Japan. triamcinolone acetonide: 0.2mg/
0.2ml Sankyo Co. Tokyo, Japan. dex-
amethasone acetate: 0.1mg/0.2ml,
Banyu Co. Tokyo Japan) injections
were performed to the rabbit (Japanese
white rabbit 2 mothes old: Japan Clea
Inc., Tokyo, Japan) knee for six weeks.
Each corticosteroid was injected to 3
rabbit in the right knee, and the left
knee was used for control. Three days
after the final injection, the articular
cartilage were extirpated and used for
the histological investigation of chon-
drocyte apoptosis and matrix degrada-
tion.

Transplantation of human articular
cartilage to the back of the SCID
mouse (SCID/hu model)

The SCID/hu model, which we have
previously described (14-16), was used
for the study of corticosteroid treat-
ment. Briefly, mae SCID mice
(CB.17/Icr; Japan Clea Inc., Tokyo,
Japan), 6-7 weeks old and bred under
specific pathogen-free conditions at our
university animal center, were used.
Articular cartilage, collected at thetime
of total knee arthroplasty, was used for
implantation. Undamaged cartilage
samples from non-weight bearing
region such as an inter-condylar part
were collected from 7 OA patients
(ages were 57-68 years. average was
63.1 years). These cartilages were usu-
aly wasted in the process of surgery.
Parts of these samples were examined
histologically and confirmed to be
intact. All patients gave informed con-
sent to be tissue donors in this study.
The size of the donor articular cartilege
was adjusted to ablock of 5 mm across
prior to its subcutaneous implantation
into SCID mice. The mice were anes-
thetized with dimethylether, according
to the guidelines established by our
university’s animal ethics committee,
and the human articular cartilage
blocks were grafted subcutaneously
into their backs. All surgical proce-
dures were performed under sterile
conditions and the result of culture test
was negative.

Corticosteroid injection protocol
The initial injection of corticosteroid
was administered one month post-



implantation, after the graft had taken
in the SCID mice. Six cartilage pieces
were acquired from 1 donor and atotal
of 40 mice were used in this experi-
ment. Pairs of corticosteroid-treated
and control mice were implanted with
articular cartilage from the same
patient. Weekly corticosteroid (hydro-
cortisone acetate: 1mg/0.2ml: 1.4 x 10-
2M; triamcinolone acetonide: 0.2mg/
0.2ml: 2.5 x 10° M; dexamethasone
acetate: 0.1mg/0.2ml: 1.1 x 103M) in-
jections were given in the subcutaneous
cavity around the grafted tissue of 30
SCID mice (hydrocortisone acatate: 10
mice: triamcinolone acetonide: 10 mice;
dexamethasone acetate: 10 mice). Tri-
amcinolone acetonide (TA) isclinically
used for intra-articular injection in
humans (1). Generally, the optimal
dose of TA for treatment of arthritic
disease has been considered to be 10-
40 mg/1-4 ml: 2.5 x 102 M per single
injection in human. As a control, phos-
phate-buffered saline (PBS) alone was
injected in the same manner into the
other 10 SCID mice. The weekly injec-
tions were performed for six weeks.
Three days after the final injection, the
implanted tissues were removed from
mice in each treatment group, and used
for the histological investigation of
chondrocyte apoptosis and matrix
degradation.

Histological examination of implanted

cartilage after corticosteroid treatment
Upon removal, the implanted articular
cartilage pieces were fixed in 4% neu-
tral-buffered formal dehyde. Embedded
in paraffin wax, each tissue block was
cut into 6 um sections and applied to
slides. Sections were dewaxed, hydrat-
ed and stained with hematoxylin and
eosin (HE) and Safranin O (SO) at
room temperature. Sections were also
analyzed using termina deoxynu-
cleotidyl transferase (TdT)-mediated
dUTP nick end labeling (TUNEL)
staining, as previously described (16).
Briefly, the tissue sections were
dewaxed and hydrated, and the proteins
were stripped off using 20 pg/ml of
proteinase K (Boehringer-Mannheim
Co. Ltd. Germany) at room tempera
ture prior to TUNEL staining. Endoge-
nous peroxidase was quenched with
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3% H,O,. The specimens were then
labeed in TdT buffer (30 mM Tris-
HCI, pH 7.4, 140 mM sodium cacody-
late, 1 mM cobalt chloride) and reacted
with biotinylated dUTP dissolved in
TdT buffer. Finall y, the samples were
stained with 3,3’ -diaminobenzidine.
For electron microscopy, the samples
were prepared as previously described
(16). Briefly, they were fixed in 0.1 M
cacodylated buffer containing 3% glu-
taraldehyde at 4°C for 1 hour. After
subsequent incubation in 1% OsO, for
1 hour, the samples were dehydrated
and embedded in epon, then sliced to
obtain ultra-thin sections 1000A thick.
The sections were then stained with
uranyl acetate and lead citrate for elec-
tron microscopic observation.

Human articular chondrocytes culture
Articular cartilages were removed from
7 OA patients. Part of each sample was
engrafted into a SCID mouse, and the
remaining portion of the sample was
used for in vitro experiments. Articular
chondrocytes were isolated as reported
previously (17), and analyses were per-
formed on each sample 3 times.
Briefly, cartilage specimens were
minced under sterile conditions and
treated with 1 mg/ml hyaluronidase
(type-1 from bovine testes, Sigma, St
Louis, MO) in PBS at 37°C for 15 min-
utes. After washing, the samples were
digested with 0.25% trypsin (type-1
from bovine pancreas, Sigma) in PBS
at 37°C for 30 minutes, followed by
digestion in DMEM containing 0.25%
collagenase (type I, Sigma) on a gyrat-
ing shaker, until the tissue fragments
were dissolved. Isolated cells were then
washed with DMEM and cultured in
DMEM containing 10% FCS and 50
pg/ml of L-ascorbate, 100 U/ml of
penicillin and 100 pg/ml of strepto-
mycin.

Corticosteroid-induced apoptosisin
cultured chondrocytes
Corticosteroid-induced chondrocyte
apoptosis was examined using flow
cytometric analysis and TUNEL stain-
ing. For flow cytometric analysis, the
cells were cultured with corticosteroid
(hydrocortisone acetate, triamcinolone
acetonide, dexamethasone: 10*M) for
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12 hours, the cells in the control wells
received PBS only. The concentration
of corticosteroid (10“M) was chosen
following the prior article (8). To
analysis membrane changes associated
with apoptosis, FITC-Annexin V bind-
ing to the cellular membrane, and Pl
staining of cellular DNA were per-
formed as follows (18). After washing
twice with PBS, 1 x 10° cells were re-
suspended in binding buffer (10 mM
Hepes/NaOH, pH 7.4, 140 mM NaCl,
2.5 mM CaCl,). FITC-Annexin V was
added at a final concentration of 1
pg/ml, and 0.1 volume of Pl (10 pg/mi
in binding buffer) was added to the cell
suspension. The mixture was incubated
for 10 minutesin the dark at room tem-
perature, and the fluorescence was
measured using a FACScan.

To analysis the nuclear fragmentation
with apoptosis, the cells were cultured
with corticosteroid (hydrocortisone
acetate, triamcinolone acetonide, dex-
amethasone acetate: 10“*M) for 72
hours and fixed with 70% ethanol.
After washing twice with PBS, 1 x 105
cells were stained with propidium
iodide (Pl) (1 pg/ml) and the ratio of
fragmentation was measured using a
FACScan (Becton Dikinson Co.,
Mountain View, CA).

For TUNEL staining, chondrocytes
were cultured with different doses of
the corticosteroid (TA: 107 to 103 M)
for 72 hours. We used TA to investigate
the optimal concentration of induction
chondrocyte apoptosis because TA has
been widely used to intra-articular
injection. The cellsin the control wells
received PBS only, and stained in the
same manner as for the articular carti-

lage.

Evaluation of the viability of cultured
chondrocytes after corticosteroid
administration (XTT assay)
Chondrocyte viability was measured
using the XTT (2,3-bis [2-Methoxy-4-
nitro-5-sulfophenyl]-2H-tetrazolium-5-
carboxanilide) assay (19), as follows.
Chondrocytes (1 x 10* cells/well) were
seeded into 96-well flat-bottomed
plates, and were incubated with various
concentrations of corticosteroid (TA:
107 t0 103M) for 72 hoursat 37°Cina
5% CO, atmosphere. The cells in the
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Fig. 1. Histological examination of the rabbit knee articular cartilage after dif ferent corticosteroids treatment. Corticosteroid-induced arthropathy was not
observed in rabbit knee during this experiment. No remarkable change was observed in these tissues by SO staining (A-D). TUNEL -positive apoptotic cells
were not increased in corticosteroid treated rabbit knee (E-H) (A, E: contral; B, F: hydrocortisone acetate: 1mg/0.2ml; C, G: triamcinolone acetonide:
0.2mg/0.2ml; D, H: dexamethasone: 0.1mg/0.2ml. Original magnification x100).

control wells received PBS only. Next,
the serum-containing medium was re-
moved completely, and 200 pl/well of
PBSwas added. XTT (final concentra-
tion 200 pg/ml) and PMS (phenazine
methosulfate, final concentration 5
UM) were added to each well. The
chondrocytes were incubated for a fur-
ther 4 hours, and the absorbance at 450
nm was measured by plate reader
(BIO-RAD laboratories. Hercules,
CA). XTT, in combination with PMS
(electron-coupling agent), was metab-
olized by mitochondrial dehydroge-
nase enzymes of metabolicaly active
cells. The cdll viahility was calculated
as follows: Cdll viability (%) = (OD
450 of test sample — OD 450 of back-
ground) / (OD 450 of control sample —
OD 450 of background) x 100.

Satistical analysis

All data are expressed as means + stan-
dard error of the mean (SEM). Welch's
correction test was used for statistical
comparisons between groups. A p-
vaue of less than 0.05 was considered
to be statistically significant.

Results

Histological examination of the rabbit
knee articular cartilage after different
corticosteroids treatment
Corticosteroid-induced arthropathy
was not observed in rabbit knee during
this experimant. No remarkable change

was observed in these cartilage by SO
staining. TUNEL posotive apoptotic
cells were not increased in corticos-
teroid treated rabbit knee articular car-

tilage (Fig. 1).

Histological characteristics of the
SCID mouse-implanted articular
cartilage

Successful implantation of human
articular cartilage was observed at 4
weeks following implantation. As we
have reported previoudly (14-16), the
implanted tissue was integrated into
the back of the SCID mice, and the his
tological characteristics of the implant-
ed tissue were similar to those of nor-
mal cartilage (Figure 2). The articular
matrix was intensely stained by SO,
and chondrocytes were observed in the
lacunae. Apoptotic chondrocytes were
not observed before corticosteroid
treatment in TUNEL staining (data
was not shown).

Histological examination of the
articular cartilage and occurrence

of chondrocyte apoptosis after
corticosteroid treatment

SO staining could not reveal proteogly-
can depletion at articular cartilage in
the corticosteroid-treated animals (Fig-
ures 3A-3D).

As shown in Figures 3E-3L, TUNEL
staining of the implanted articular car-
tilage revealed that apoptotic chondro-
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cytes were increased in the corticos-
teroid treated group compaired with
control group. (control: 0.5 = 0.1/mm?,
hydrocortisone acetate: 12.1 + 1.4/
mm?, triamcinolone acetonide: 9.4 +
1.2/mn?, dexamethasone acetate: 14.9
+ 1.7/mm? respectively: p < 0.05)
(Table ). The appearance of apoptatic
chondrocytes was further confirmed by
electron microscopy (Fig. 4). Changes
that are characteristic of apoptotic
cells, including nuclear pigmentation
and fragmentation and tightly packed
cytoplasmic organelles, were observed
after corticosteroid administration.

Corticosteroid induced apoptosis

in cultured chondrocytes

Chondrocyte apoptosis was demon-
strated by FITC-AnnexinV / Pl double
staining. Phosphatidyl serine, which
binds to Annexin V, translocates from
the inner to the outer leaflet of the plas-
ma membrane during an early event of
apoptosis. Both FITC-Annexin V and
Pl negative viable cells were observed
in the control groups (lower |eft quad-
rangle of Figure 5A). FITC-AnnexinV
positive and Pl negative apoptotic
cells, demonstrating Annexin V bind-
ing and cytoplasmic membrane integri-
ty, were observed 12 hours after corti-
costeroid administration (lower right
quadrangle of Fig. 5B-5D). These find-
ings were observed all of three corti-
costeroids (B: hydrocortisone acetate,
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Fig. 2. Articular cartilage grafted subcutaneously into SCID mice. At gross appearance (A: 4 weeks
after implantation), neo-vascularization was observed at the grafted site and grafted cartilage was
placed in the subcutaneous cavity (B). Histological characteristics of the implanted tissue remained
similar to those of natural cartilage (C: HE staining, 11 weeks after implantation, origina magnifica-
tion x100. D: SO staining, 11 weeks after implantation, original magnification x100).

C: triamcinolone acetonide, D: dexam-
ethasone acetate: 10*M).

The induction of chondrocyte apopto-
sis was further confirmed by nuclear
fragmentation. Pl staining, with a shift
to the left due to corticosteroid (hydro-
cortisone acetate, triamcinolone ace-
tonide, dexamethasone acetate: 104 M)
administration, suggests the appear-
ance of DNA fragmentation in the cul -
tured chondrocytes (Figs. 5E-5H).

In cultured chondrocytes, the number
of TUNEL positive apoptotic cellswas
markedly increased by corticosteroid
(TA: 10*M) administration compared
with the control group (8.9 £ 1.2% ver-
sus 0.3 + 0.05%, respectively; p< 0.05)
(Fig. 6, Tablell).

Decreased chondrocyte viability after
corticosteroid administration

From the results of the XTT assay, it
was shown that chondrocyte viability
was decreased by corticosteroid ad-
ministration (89.6 + 3.1% at 10“*M
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Fig. 3. Histological examination of implanted cartilage after corticosteroid treatment. Proteoglycan depletion was not remarkable in the corticosteroid-treat-
ed groups by SO staining (A: control; B: hydrocortisone acetate-treated group; C: triamcinol one acetonide-treated group; D: dexamethasone-treated group.
Original magnification x40). An increase of TUNEL-positive apoptotic cells can be clearly discerned after corticosteroid treatment (E, I: control; F, J:
hydrocortisone acetate-treated group; G, K: triamcinolone acetonide-treated group; H,L:dexamethasone-treated group; E-H: original magnification x40; |-
J: origina magnification x200).
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Tablel. Number of TUNEL positive chondrocytes in the grafted human articular cartilage
on the back of SCID mouse after different corticosteroids treatment.

A B C D

TUNEL positive chondrocytes 0.5+0.1 12.1+1.4* 9.4+£1.2* 14.9+1.7*
(/mm2)

A: control (PBS: 0.2ml)

B: hydrocortisoneacatate: 1mg/0.2ml

C: triamcinolone acetonide: 0.2mg/0.2ml
D/ dexamethasone acetate: 0.1mg/0.2ml
Values are mean = SEM.

*: p<0.05 compared to control (PBS) group.

Fig. 4. Electron microscopic examination of the chondrocyte after corticosteroid treatment. Nuclear
pigmentation, fragmentation, and tightly packed cytoplasmic organelles were observed by electron
microscopic examination in the corticosteroid-treated group (A: control; B: triamcinolone acetonide-
treated group, original magnification x10000).

TA). A statistically significant decrease  4.2%, p< 0.05) (Table I1l). The datain-
was observed at 10°M TA (743 £  dicates the decrease of mitochondrial

metabolic rate in cultured chondrocyte
so that this reduction value does not
mean the rate of induction of apopto-
sis. But thisresult is consistent with the
other in vivo and in vitro findings of
this study, and confirms that corticos-
teroid treatment reduces the viability
of chondrocytes.

Discussion

In this study, we observed chondrocyte
apoptosis after corticosteroid treatment
in vivo and in vitro. Repeated intra-
articular corticosteroid injections are
known to result in a progressive degra-
dation of articular cartilage and joint
destruction (2). This steroid-induced
arthropathy may result from the down
regulation of matrix synthesisin carti-
lage after corticosteroid treatment (20).
But steroid-induced arthropathy brings
irreversible changes to the articular
cartilage even though intra-articular
steroid injection has been cancelled.
So we hypothesized cartilage degrada-
tion was associated with chondrocyte
apoptosis. And chondrocyte apoptosis
may play an important role in steroid-
induced arthropathy. In fact, chondro-
cyte apoptosis has been implicated pre-
viously in other diseases,including RA

Fig. 5. Flow cytometric analysis of the cultured chondrocytes. By double staining of FITC-Annexin V / P, FITC-Annexin V-positive Pl-negative apoptotic
cellswas observed in the lower right quadrangle (B-D) after corticosteroid administration at 12 hours (A: control; B: hydrocortisone acetate 10*M; C: triam-

cinolone acetonide 10*M; D: dexamethasone 10“M).

After 72 hours of corticosteroid administration exhibit fragmented nuclei, as indicated by the presence of aleft-shifted peak (A: control; B: hydrocortisone

acetate 10“M; C: triamcinolone acetonide 10“M; D: dexamethasone 10“M).
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Fig. 6. TUNEL staining of cultured chondrocytes. At low dose of corticosteroid, it was not observed the remarkable increasing of TUNEL positive apoptot-

ic cells. At high dose (10“M,10-3M) statistically significant increasing was observed compared with control (A: control PBS; B: after 72 hours 10°M triam-
cinolone acetonide; C; 10°M; D: 10°M; E: 10*M; F: 10-*M. Original magnification x100 ).
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Tablell. Percentage of TUNEL positive cellsin the cultured chondrocyte with the indicat-
ed dose of Triamcinolone acetonide (TA) (0, 107, 10°%, 105, 104, 103M).

Concentration of TA (M) 0

107 106 105 10* 103

TUNEL positive cells (%)

0.3+0.05 0.5+£0.1 2.2+05 4.0+0.7 8.9+1.2* 14.3+1.1*

Values are mean + SEM.
*: p<0.05 compared tocontrol (PBS) group.

Tablelll. Viability of the cultured chondrocytes with the indicated dose of Triamcinolone

acetonide (TA) (0, 107, 10, 105, 10%, 103M).

Concentration of TA (M) 0

107 106 10° 10* 103

Viability (%)

100 102.2+1.7 94.8+2.3 91.6+2.9 89.6+3.1 74.3+4.2*

Values are mean + SEM.
*: p<0.05 compared tocontrol (PBS) group.

and OA (10-13), and this process may
be linked to arthropathy (13).

Chondrocyte apoptosis is observed in
the corticosteroid-induced arthropathy
knee in human (Fig. 7). But because
these cartilages were worn out, it was
remained unclear whether chondrocyte
apoptosis had been induced by corti-
costeroid injection or by mechanical
stress. Recently it was reported that
apoptotic cell death is not awidespread
phenomenon in normal aging and

osteoarthritic human articular knee
cartilage (21). We also observed that
chondrocyte apoptosis is not seen in
the comparatively normal cartilage
after intra-articular corticosteroid in-
jection in human knee. So that we used
anima model to examine the mecha-
nism of steroid-induced arthropathy.

Several animal experiments were
undertaken to study the effects of carti-
lage damages caused by repeated intra-
articular injection of corticosteroids
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(22, 23). These reports demonstrated
proteoglycan loss and fissures and
cystsin articular cartilage. But they did
not mention empty lacunaein the artic-
ular cartilage in those animal models.
It might be important to invest the
chondrocyte viability before the break-
down of articular matrix. Because we
could not make corticosteroid-induced
arthropathy in healthy rabbit knee by
corticosteroid injection, in this experi-
ment we used SCID/hu modedl. It was
obscure why the corticosteroid-induc-
ed arthropathy was not observed in the
rabbit knee in our experiment. It might
cause of the difference of experimental
condition and period. If we had used
much volume of corticosteroid and
injected more often times and more
long term, it might have been observed
corticosteroid-induced arthropathy. But
if so, it would include mechanical in-
jury among the result of experiment.
We believe that our experimental con-
dition was appropriate to evaluate the
articular chondrocyte apoptosis induc-
ed by corticosteroid. In SCID/hu mo-
del human articular cartilage was main-
tained the characteristics of in vivo
human cartilage and injected corticos-
teroid remained prolonged period in
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Fig. 7. Corticosteroid-induced arthropathy in human. He had been suffered corticosterid (triamci-
nolone acetonide 10 mg) injection in hisleft knee oncein awhile for 3 years and visited to our hospi-
tal to receive knee surgery (A: X-ray appearance). Result of culture test of the joint fluid was negative,
and weakness of the articular cartilage was observed during the surgery (B). TUNEL-positive apoptot-
ic cells were detected at the same region (C: HE; D: TUNEL. Original magnification x100).

the subcutaneous cavity. And more in
this model, without any confounding
mechanical influences, destructed
grafted cartilage was not observed and
proteoglycan loss was not remarkable.
These findings also indicate that chon-
drocyte apoptosis was not induced by
wound or mechanical stress but by cor-
ticosteroid treatment.

In the cultured chondrocytes, few
apoptotic cells were observed at low
doses of corticosteroid. Howvever chon-
drocytes apoptosis was observed at the
high dose of corticosteroid (1 x 10*M)
which can be achieved clinically by
intracarticular injection. For the above
reasons, we conclude that weekly high
dose corticosteroid injection may
induce chondrocyte apoptosis. In this
article three different corticosteroids
(hydrocortisone acetate, triamcinolone
acetonide, dexamethasone acetate)
were used. Though statistical signifi-
cance change was not observed among
these coricosteroids, dexamethasone
acetate was most effective to induce
the chondrocyte apoptosis. The differ-
ence of effect of apoptosis induction
might be caused by binding affinity to
glucocorticoid receptor. It was report-

ed that cartilage in the growth plate is
induced apoptosis by glucocorticoid
via glucocorticoid receptor (8). And
chondrocyte apoptosis might be regu-
lated by corticosteroid by decreasing
bcl-2 and increasing Bax (24). Articu-
lar chondrocyte apoptosis might be
induced by same mechanism that in-
duced via glucocorticoid receptor and
regulated by decreasing bcl-2 and in-
creasing Bax.

In conclusion, we have examined a
possible mechanism of steroid-induced
arthropathy using SCID/hu model that
was engrafted with human articular
cartilage, and using an in vitro human
chondrocyte culture. Our results indi-
cate that corticosteroid administration
induces the apoptosis of chondrocytes.
These findings are important for our
understanding of the articular cartilage
degradation process following cortico-
steroid administration.
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