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Fig. 1A-C. Effect of Arg-Gly-Asp motif (RGD) peptides on
the viability of cultured chondrocytes and synovial cells. Cells
were incubated in serum-free medium supplemented with 1
or 5mM RGD, RGDS, GRGDSP, GRGDNP, and RGES for
48 h. Survival rate was expressed as the percentage of live
cells. A Fluorescence microscopy of chondrocytes treated
with 5 mM GRGDSP and stained using the Live/Dead Double
Staining Kit (MBL). Live cells were stained only with CYTO-
Dye (MBL), and dead cells were stained with both CYTO-
Dye and propidium iodide (PI). Thus, the dead cells were seen

synovial cells. The labeled peptide was incorporated
into the cytoplasm, but not the nucleus (Fig. 3).

Caspase activity induced by RGD peptides

The activity of caspase-3 was significantly elevated in
chondrocytes treated with 5mM GRGDSP for 4 h
compared to control (Fig. 4A; 215 £ 74 uM pNA and
32.7 £ 6.9 uM pNA, respectively). However, no signifi-
cant activation of caspase-8 and -9 was detected in
chondrocytes.

The activity of caspase-3 was significantly elevated in
synovial cells treated with 5 mM RGDS and GRGDSP

for 4 h compared to control (Fig. 4B, 143 + 64 uM pNA,

Survival rate (%)
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in yellow in a merged image. B Viability of cultured chondro-
cytes. The viability was significantly decreased in cells treated
with | and 5mM GRGDSP and GRGDNP. C Viability of
cultured synovial cells. The viability was significantly decreased
in cells treated with 5 mM of four of the five peptides and in
cells treated with 1 mM of RGDS and GRGDSP. Results are
shown as means and SD; n = 5. The value of *P < 0.05 was
considered significant when compared to RGES-treated cells
and control. A, x 100

210 £ 107 uM pNA, and 48.6 + 12.7 uM pNA, respec-
tively). However, the activity of caspases-8 and -9 in
synovial cells was not elevated.

The activity of caspase-3 was significantly elevated in
chondrocytes treated with 1 mM GRGDSP for 24 h
compared to control (Fig. 4C, 57.3 £ 3.1 uM pNA and
35.4 + 11.5 uM pNA, respectively). However caspases-8
and -9 were not activated.

The activity of caspase-3 was significantly elevated in
synovial cells treated with 1 mM RGDS or GRGDSP
for 24 h compared to control (Fig. 4D, 133 + 16 uM
pNA, 155 + 43uM pNA, and 87.0 + 22.0uM pNA,
respectively). However caspases-8 and -9 were not
activated.
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Fig. 2A-C. Flow cytometric analysis with Annexin V-

fluorescein isothiocyanate (FITC). Cells were incubated in
serum-free medium supplemented with SmM of RGDS,
GRGDSP, and RGES for 4 h. Then, cells were treated with
the MEBCYTO apoptosis kit (MBL) and analyzed with a
FACScan cytometer (Beckton-Dickinson). A Representative
resull of FACScan (synovial cells treated with RGDS). Quad-
rants 2, 3, and 4 represent necrotic cells, live cells, and apop-
totic cells, respectively. In this case, the percentage of apoptotic
cells was 11.8%. B The percentage of apoptotic cells in chon-

Viability of chondrocytes in osteochondral explants

A confocal microscopic image of an osteochondral
explant treated with RGD peptide is shown in Fig. 5A.
There was no difference in survival rate between the
medial and the lateral condyle (data not shown). The
survival rate in the superficial layer was significantly
decreased in cartilage treated with all three RGD pep-
tides (Fig. 6; RGDS, 76.5 + 5.2%; GRGDSP, 77.3 £
4.1%; and GRGDNP, 788 + 12.2%), compared to
control (95.0 £ 2.9%). In the middle layer the survival
rate was significantly decreased in the GRGDSP-treated
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drocytes (n = 5). The percentage of apoplotic cells was signifi-
cantly higher in the cells treated with GRGDSP, compared to
RGES-treated cells and control. C The percentage of apop-
totic cells in synovial cells (n =4). The percentage of apoptotic
cells was significantly higher in the cells treated with both
RGDS and GRGDSP, compared to RGES-treated cells and
control. Results are shown as means and SD. The value of
*P < 005 was considered significant when compared to
RGES-treated cells and control

group only (79.8 £ 3.6%). There was no significant dif-
ference in survival rates between the superficial and
middle layer.

Discussion
RGD peptide-induced apoptotic cell death and
its pathway

The present study demonstrated that RGD peptides
were incorporated into the cytoplasm of both chondro-
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cytes and synovial cells, and they induced cell death by
activaling caspase-3, presumably not by disturbing
integrin-mediated attachment on the cell surface
(anoikis). The cell death pathway appeared to be the
same in both types of cells, where caspases-8 and -9
were skipped and caspase-3 was directly activated. In

Fig. 3. Fluorescence microscopy of synovial cells treated with
FITC-labeled RGDS. Cells were incubated in serum-free
medium supplemented with 5 mM of peptide for 2 h. The fluo-
rescence was confined to the cytoplasm, while the nucleus was
void of the labeled peptides (arrow), x 100

GRODSP1mM Control
Fig. 4A-D. Effect of RGD peptides on caspase activity. Cells
were incubated in serum-free medium supplemented with 1
or 5 mM of RGDS and GRGDSP for 4 or 24 h. The activity
of caspases-3, -8, and -9 was measured with the APOPCYTO
(MBL) colorimetric assay kit. Caspase activity was calculated
by measuring the amount of free p-nitroanilide (pNA) released
from the substrates with a microplate reader. A Activity of
caspases-3, -8, and -9 in chondrocytes after 4-h treatment. The
activity of caspase-3 was significantly elevated in the cells
treated with 5mM of GRGDSP, compared to control. The
activity of caspases-8§ and -9 was not elevated in cells treated
with any of the peptides. B Activity of caspases-3, -8, and -9
in synovial cells after 4-h treatment. The activity of caspase-3
was significantly elevated in the cells treated with S mM of
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the caspase activity assay, only caspase-3 was highly
activated, while caspases-8 and -9 were inactive after 4-
h and 24-h incubation with RGD peptides. Although we
presented data at only two time points, this finding
implied that caspase-3 was the only caspase that was
activated by RGD peplide in the first 24 h, because
previous studies demonstrated that elevated activities
of caspases induced by administering RGD peptide per-
sisted for more than 24 h.""? Buckley et al.’ reported
that RGD peptides bound to a DDM sequence of pro-
caspase-3 and promoted auto-processing to activate
caspase-3 in lymphocytes. The same mechanism could
be operating in chondrocytes and synovial cells. On the
other hand, Aguzzi et al.” suggested that RGDS peptide
induced early activation of caspases-8 and -9 with 4-h
treatment and late activation of caspase-3 with 24-h
treatment in endothelial cells. Caspases-8 and -9 are
thought to be activated prior to caspase-3 in the caspase
cascade." The difference in cell type might explain the
difference in the manner of caspase-3 activation.

No previous report has examined the effect of RGD
peptides on chondrocytes in an explant system. Accord-
ing to the results with cultured chondrocytes, we
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RGDS and GRGDSP, compared to control. The activity of
caspases-8 and -9 was not elevated in cells treated with any of
the peptides. C Activity of caspases-3, -8, and -9 in chondro-
cytes after 24-h treatment. The activity of caspase-3 was sig-
nificantly elevated in the cells treated with 1 mM of GRGDSP,
compared to control. The activity of caspases-8 and -9 was not
elevated in cells treated with any of the peptides. D Activity
of caspases-3, -8, and -9 in synovial cells after 24-h treatment.
The activity of caspase-3 was significantly elevated in the cells
treated with 1 mM of RGDS and GRGDSP, compared to
control. The activity of caspases-8 and -9 was not elevated in
cells treated with any of the peptides. Results are shown as
means and SD; n = 4. The value of *P < 0.05 was considered
significant when compared to control
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Fig. SA,B. Confocal microscopy of cartilage stained using the
Live/Dead Double Staining Kit (MBL). Live cells are stained
green and dead cells are seen in yellow. Arrows indicate the
surface of cartilage. A Cartilage harvested from lateral condyle
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Fig. 6. Effect of RGD peptides on the viability of chondro-
cytes in osteochondral explants. Osteochondral explants were
incubated in serum-free medium supplemented with 5 mM of
RGDS, GRGDSP, and GRGDNP for 48 h. Survival rate was
expressed as the percentage of live cells. In the superficial
layer, the viability of chondrocytes was decreased in cartilage
treated with all three peptides. In the middle layer, the viabil-
ity was decreased in cartilage treated with GRGDSP. Results
are shown as means and SD; n = 4. The value of *P < 0.05 was
considered significant

speculated that administering RGD peptides into an
osteochondral explant would induce chondrocyte cell
death by entering the cytoplasm and activating caspase-
3. Furthermore, as fibronectin fragments of 29-, 50-, and
450 kDa in the synovial fluid were reported to penetrate
cartilage tissue and cause cartilage damage,”'"* RGD
peptides, which are much smaller than fibronectin frag-
ments, must be capable of penetrating cartilage tissue.
Therefore, we studied the effect of RGD peptides on
chondrocytes in an explant system, especially with an
intact cartilage surface instead of using pieces of carti-

of tibia treated with 5 mM of GRGDSP. Dead cells are seen
in both the superficial and middle layers. B Control cartilage
from lateral condyle. Very few dead cells are observed. A and
B x 50

lage. As a result, significant cell death was detected. The
same pathway as that in cultured chondrocytes might
work in an explant system. However, we did not dem-
onstrate direct evidence of caspase-3 activation.

Sequence dependent sensitivity

Chondrocytes showed different sensitivities to the RGD
sequences. In cultured chondrocytes, GRGDSP and
GRGDNP showed strong induction of cell death but
RGD and RGDS did not. This difference was also
observed in the caspase activity assay, where GRGDSP
activated caspase-3, but RGDS did not. In contrast,
RGD, RGDS, GRGDSP, and GRGDNP significantly
decreased the survival rate of cultured synovial cells, in
accordance with caspase-3 activation by both RGDS
and GRGDSP. This suggests a sequence-dependent dif-
ference as well as a cell-type-dependent difference in
the induction of cell death. The results of the present
study on cultured chondrocytes were consistent with a
previous report,” while no report has referred to the
RGD-induced apoptosis of synovial cells. Further inves-
tigations are required to examine the mechanisms of
sequence-dependent induction of cell death.

Significance of RGD peptide-induced cell death

The structural changes observed in osteoarthritis (OA)
are complex and of multifactorial origin, including
matrix degeneration and morphological changes of
chondrocytes. Many reports have indicated that
chondrocyte apoptosis plays an important role in the
initiation and progression of OA."™ Chondrocytes are
known to decrease while apoptotic cells increase with
age in animal models and humans'"## Several factors
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have been proposed as inducers of chondrocyte apop-
tosis, such as nitric oxide (NO).”* Degradation of the
cartilage matrix occurs during the development of
OA."™" These processes produce small fragments of
ECM proteins. Fibronectin fragments have been found
in the synovial fluid of OA patients and these frag-
ments have been reported to cause chondrolysis of
articular cartilage in bovine articular cartilage."" Frag-
ments containing the RGD sequence must be present
among them and may be one of the main inducers of
apoptosis of chondrocytes. This may be an important
process in the development or progression of OA and
has implications for treatment in preventing the pro-
gression of OA. Morphological changes in the synovial
membrane were observed in an experimental model
of OA joints.” Apoptosis of synovial cells was also
observed in OA joints™ An anterior cruciate ligament
(ACL) transection model and meniscectomized model
are commonly used as animal models for OA knees.™”
However, these models lead to post-traumatic second-
ary OA and are not ideal for studying primary OA,
which is an important problem in an aged society. Our
results indicate that cartilage matrix is permeable to
RGD peptides and these peptides induce apoptotic cell
death of chondrocytes. Administering RGD peptides
into the knee joint may possibly produce a new animal
model suitable for studying primary OA. Attendant
synovial cell death may also enhance OA changes. On
the other hand, RGDS, which preferentially induced
cell death in synovial cells, might be useful for treating
synovial proliferating conditions such as rheumatoid
arthritis or pigmented villo-nodular synovitis.

Conclusion

In conclusion, we investigated RGD-peptide-induced
apoptosis of chondrocytes and synovial cells. RGD pep-
tides induced apoptotic cell death in cultured chondro-
cytes and synovial cells, as well as in chondrocytes in
explants via the activation of caspase-3

The authors did not receive and will not receive any benefits
or funding from any commercial party related directly or indi-
rectly to the subject of this article.
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Treatment Choice for Osteoarthritis of
the Knee Joint According to Semi-automatic MRI
based Assessment of Disease Severity

Takahisa SASHO, et al.

Department of Orthopaedic Surgery, Graduate School of Medicine, Chiba University

Abstract

Introduction: Objective assessment of disease severity of osteoarthritis of the knee joint (OA knee)
is fundamental to establish adequate treatment system. Regrettably, there is no such a reliable
system. Grading system based upon X-ray findings or measurement of joint space narrowing is
widely used method for this purpose but they are still far from satisfaction. Our previous study
elucidated that measuring irregularity of the contour of the femoral condyle on MRI (irregularity
index) using newly developed software enabled us to assess disease severity of OA objectively.
Advantages of this system are expressing severity by metric variable and semi-automatic character.
In the present study, we examined relationship between treatment selection and irregularity index.
Material and Methods: Sixty-one medial type OA knees that received total knee arthropaslty
(TKA), arthroscopic surgery (AS), and conservative treatment (CT) were involved. Their x-ray
grading, irregularity index were recorded at the time of corresponding treatment. Irregularity index
of each group were compared. As for AS group, pre- and post-operative knee score employing JOA
score were also examined to study relationship between irregularity index and improvement of knee
score.

Results: 1) All the four parameters that represent irregularity of femoral condyle were significantly
higher in TKA group than in AS group, whereas no significant difference was observed between AS

Keywords: MRI, Osteoarthritis of the knee, irregularity, severity, software
(523 : 2008.3.25)
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group and CT group. 2) Negative correlation was observed between irregularity index and improve-

ment of knee score after arthroscopic surgery.

Discussion: Although treatment selection was determined by skillful knee surgeon in this series,

irregularity index could indicate adequate timing of TKA. It also served as an indicator to predict

outcome of arthroscopic surgery, and could be used as to show limitation of arthroscopic surgery.
Conclusion: Our new system to assess disease severity of OA knee can serve as an index to determine

treatment options.
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