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Rheumatoid arthritis (RA) is a complicated inflammatory
disease characterized by chronic joint inflammation that
leads to the destruction of articular tissues. Studies suggest
that various proteases, activated or increased, that are
present in RA joints take part in the degradation of the artic-
ular cartilage extracellular matrix1-13. Under physiological
conditions, the synovial fluid (SF) supplies the articular
cartilage with nutrients. However, in patients with RA the

SF contains various proteases that exacerbate arthritis and
destroy the cartilage matrix1-13.

We previously reported that thrombin and cathepsin B-
like protease activity was higher in SF of RA patients than
in patients with osteoarthritis (OA)1,2. Both proteases appear
to be related to the progression of synovitis and the destruc-
tion of the extracellular matrix. Thrombin is a multifunc-
tional protease, and activated thrombin stimulates the
proliferation of fibroblasts14-18, numerous cellular responses,
synthesis of the extracellular matrix16, cytokine release from
fibroblasts14,19-21, and degradation of the extracellular
matrix6. Moreover, while thrombin receptor-positive cells
have been shown to be present in rheumatoid synovial
tissues, very few are found in osteoarthritic and normal
synovial tissues22.

Cathepsin B is the best-characterized member of the
lysosomal cysteine protease family. Studies have shown that
cathepsin B is present in increased quantities in SF7,23 and
synovial lining tissue8 of patients with RA. Increased
concentrations of cathepsin B have also been detected in
articular tissues during the course of experimental arthritis
in animals9,10. Cathepsin B is known to degrade not only
collagen11,24 but also proteoglycans12,13.

Relationship Between Cathepsin B and Thrombin in
Rheumatoid Arthritis
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ABSTRACT. Objective. To investigate the pathophysiological significance of cathepsin B and thrombin in
synovial fluid (SF) from patients with rheumatoid arthritis (RA).
Methods. Thrombin and cathepsin B activities of samples from patients with RA and osteoarthritis
(OA) were measured using fluorogenic synthetic substrates. The concentration of interleukin 8 (IL-
8) in SF was measured by ELISA. The effect of thrombin on the proliferation of synovial fibroblast-
like cells (SFC) was examined by measuring 3H-thymidine incorporation. The effect of thrombin on
the release of IL-8 and cathepsin B from SFC was investigated. The expression of IL-8 mRNA in
SFC after stimulation with thrombin was evaluated using real-time quantitative RT-PCR. The effect
of recombinant IL-8 on the activation of cathepsin B was examined using the knee joints of rabbits.
Results. In SF supernatants, cathepsin B and thrombin-like activity was significantly higher in RA
than in OA, and there was a significant correlation between them. Cathepsin B activity was also
significantly higher in SF cells and synovial tissue extracts from RA patients than in those from OA
patients. There was a significant correlation between cathepsin B activity and the concentration of
IL-8 in RA SF. Thrombin enhanced the proliferation of SFC in a dose-dependent manner. Thrombin
significantly enhanced the release of IL-8 from SFC as well as the expression of IL-8 mRNA in SFC.
IL-8 induced activation of cathepsin B in the knee joints of rabbits. However, thrombin did not
directly increase cathepsin B activity in SFC.
Conclusion. In RA, thrombin was found to be related to the enhanced growth of SFC and the release
of IL-8 from these cells; thus thrombin is probably related to worsening of inflammation through the
recruitment of leukocytes (neutrophils), which release cathepsin B into the SF. Thrombin can induce
activation of cathepsin B in SFC via increased expression of IL-8. (J Rheumatol 2004;31:1265–73)
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Few studies have examined the relationship between
these 2 proteases, which may be related to the inflammatory
process and degradation of the extracellular matrix in RA.
We investigated these protease activities and the cellular
origin of the cathepsin B-like protease present in SF and
synovial tissue of patients with RA. We also estimated the
effect of thrombin on the production/release of IL-8 and
cathepsin B from leukocytes as well as synovial fibroblast-
like cells (SFC) prepared from patients with RA. Our results
suggest that thrombin can induce activation of cathepsin B
in SFC via increased expression of interleukin 8 (IL-8).

MATERIALS AND METHODS
Patient characteristics. All patients with RA had knee joint arthritis and met
the American Rheumatism Association 1987 revised criteria25. Patients with
OA met the clinical and radiological diagnostic criteria26. All patients with
OA had effusion in their knee joints, and the SF had a clear appearance and
high viscosity. The age, sex, erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP) concentration in serum, and rheumatoid factor status of
the patients from whom SF was obtained are shown in Table 1.

SF and synovial tissue specimens. SF was collected from the knee joints of
RA and OA patients by puncture at the University of Tokushima. A portion
of the SF was used to count the number of cells in the sample. The rest of
the SF was then centrifuged at 1000 g for 10 min at 4°C within 1 h after
collection. The supernatants were immediately frozen at –20°C until use.
Cell pellets obtained from SF were washed twice with 5 ml phosphate
buffered saline (PBS), then cells were resuspended in a volume of PBS
equal to that of the original sample, homogenized, sonicated, and
centrifuged at 3000 g for 5 min at 4°C. The resultant supernatants were
designated SF cell extracts. Synovial tissues obtained from RA patients at
joint surgery were washed with PBS, blotted on filter paper, homogenized
using a Polytron homogenizer in 5 ml PBS per g wet weight of tissue in an
ice-bath for 1 min, and centrifuged. The resultant supernatants were desig-
nated synovial tissue extracts. The SF, SF cell extract, and synovial tissue
extracts were diluted 10-fold, 10-fold, and 100-fold, respectively, with
saline and used as the enzyme source to measure thrombin and cathepsin
B-like activities. For measurement of cathepsin C and H activity, the SF
samples were not diluted. Materials obtained from OA patients were
subjected to the same procedures, and used as controls for RA samples.

Reagents. Boc-Val-Pro-Arg-methylcoumarylamide (MCA), Z-Phe-Arg-
MCA, and Arg-MCA, synthetic fluorogenic MCA substrates for thrombin
and cathepsins B and H, respectively, were purchased from the Peptide
Institute (Osaka, Japan). Gly-Phe-ß-naphtylamide (NA), a synthetic fluoro-
genic substrate for cathepsin C (dipeptidyl peptidase I), human thrombin,
hyaluronidase, and human recombinant IL-8 (rIL-8) were purchased from
Sigma (St. Louis, MO, USA). Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), penicillin G sodium, streptomycin,
and amphotericin B were purchased from Gibco BRL (Gaithersburg, MD,
USA). Trypsin (0.25% solution) was obtained from Nacalai Tesque Inc.
(Kyoto, Japan).

Assay of protease activity. Thrombin-like activity was measured by spec-

trofluorophotometry using the synthetic fluorogenic peptide Boc-Val-Pro-
Arg-MCA as the substrate, by the method of Yasuoka, et al with minor
modifications27,28. The assay mixture (1.0 ml), which contained 0.05 M
Tris-HCl (pH 8.6), the substrate at 50 µM, and 100 µl enzyme solution, was
incubated at 37°C for 60 min, and the reaction was stopped by adding 1 ml
of 30% acetic acid. The fluorescence intensity of aminomethylcoumarin
released into the resultant supernatants was measured by spectrophotom-
etry using a fluorescence spectrophotometer (Hitachi F-3010, Tsukuba,
Japan) with excitation at 370 nm and emission at 460 nm. Cathepsin B, C,
and H-like activities were measured using Z-Phe-Arg-MCA, Gly-Phe-ß-
NA, and Arg-MCA, respectively, as the substrates, according to the method
of Barrett and Kirschke29 or Nikawa, et al30 with some minor modifica-
tions. The assay buffer (0.1 M acetate buffer, pH 5.5, for cathepsin B and
0.1 M sodium phosphate buffer, pH 6.0, for cathepsins C and H) contained
the appropriate substrate (50 µM Z-Phe-Arg-MCA, 200 µM Gly-Phe-ß-
NA, and 50 µM Arg-MCA, respectively), 100 µl of enzyme solution, 4 mM
EDTA, and 8 mM dithiothreitol. The mixtures were incubated 1 h at 37°C
and the reaction was stopped by adding 1 ml of 0.1 M sodium mono-
chloroacetate, followed by centrifugation at 3000 g for 5 min. Fluorescence
intensity was then measured. The amount of AMC released was calculated
from a standard curve. One unit of enzymatic activity was defined as that
releasing 1 µM of AMC per min. Cathepsin B-like activity in the extracts
of SF cells and synovial tissues was expressed as activity per mg protein.

Assay of IL-8 in SF. The concentration of IL-8 in SF was tested using a
specific IL-8 ELISA kit (Endogen, Rockford, IL, USA) according to the
manufacturer’s instructions. Before the assay each supernatant of SF was
treated with hyaluronidase at a concentration of 10 U/ml for 1 h at 37°C and
centrifuged at 15,000 rpm. The standard of recombinant human IL-8 was
used at concentrations of 25–1000 pg/ml; samples were diluted 20-fold.
The color reaction was performed with premixed tetramethylbenzydine
substrate solution and absorbance was read at 450 nm and 540 nm on an
ELISA reader (ImmunoMini NJ-2300, Nalge Nunc International, Tokyo,
Japan).

Cell cultures. Synovial fibroblast-like cells were obtained from fresh
synovial tissues of RA patients at joint surgery. The synovial tissues were
washed 3 times in PBS to remove blood components, dissected free of fat,
cut into 2 mm pieces, and then plated in 6-well culture plates. Synovial
tissues were cultured in DMEM containing 10% FBS, 100 units/ml peni-
cillin G sodium, 100 µg/ml streptomycin, and 0.25 µg/ml amphotericin B
at 37°C in a humidified atmosphere of 5% CO2 and 95% air. The media
were replaced twice a week with fresh media until the primary SFC had
grown to 90–100% confluence. Within about 2 weeks, cultured SFC were
treated with 0.25% trypsin at 37°C and then washed and cultured. Cells
from the first to third passages were used for subsequent experiments.

Effect of thrombin on proliferation of SFC. The effect of thrombin on the
proliferation of SFC was estimated by the incorporation of [3H]-thymidine.
In the [3H]-thymidine incorporation assay, SFC were plated at a cell density
of 5000 cells/well into a 96-well flat-bottom culture plate and cultured in
200 µl of DMEM/10% FBS at 37°C in a CO2 incubator for 2–3 days to
about 50–60% confluence. Then the cells were starved for 24 h in
DMEM/0.5% FBS to arrest the cells at the G0 phase. After that they were
stimulated with 200 µl DMEM/0.5% FBS containing various concentra-
tions of human thrombin (0.1–10 unit/ml). [3H]-thymidine (0.67
µCi/ml/well) was added to the cultures one day later. After the plates were

The Journal of Rheumatology 2004; 31:71266

Table 1. Patients’ characteristics.

Disease Sex M/F Age, yrs ESR, mm/h CRP, mg/dl RF +/–

RA, n = 39 9/30 61.6 (26–81) 71.9 (22–140) 4.2 (0.04–15.74) 33/6
OA, n = 33 7/26 71 (50–91)

Age, ESR, and CRP are expressed as mean (range). ESR: erythrocyte sedimentation rate, CRP: C-reactive
protein, RF: rheumatoid factor.
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cultured for 3 days, 50 µl of 1 N NaOH was added to each well. The lysed
cells were transferred to a specific glass fiber filter using a harvester
(Filtermate 196/micromate196; Packard, Meriden, CT, USA). Then incor-
poration of [3H]-thymidine by the cells was measured using a Matrix 9600
direct counter, and expressed as cpm. The effect of thrombin was tested in
6 wells and 6 wells without thrombin as the control.

Effect of thrombin on release of IL-8 from SFC. SFC were plated at a cell
density of 10,000 cells/well into 96-well flat-bottom culture plates and
cultured in 200 µl DMEM/10% FBS at 37°C in a CO2 incubator for 5–7
days to about 100% confluence. After the cells were starved for 24 h in
DMEM/0.5% FBS, 200 µl DMEM/0.5% FBS containing various concen-
trations of human thrombin (0.1–10 unit/ml) were added to each well. After
2 days, the concentration of IL-8 in the culture medium was measured
using a specific ELISA kit (Endogen).

Effect of thrombin on expression of IL-8 mRNA in SFC. The expression of
IL-8 mRNA was estimated by real-time quantitative polymerase chain
reaction as follows. SFC were seeded into 6 cm culture dishes at a cell
density of about 1.0 × 105 cells, cultured in DMEM/10% FBS to 100%
confluence, and starved for 24 h in DMEM/0.5% FBS. Then they were
stimulated with 200 µl DMEM/0.5% FBS containing various concentra-
tions of human thrombin (0.1–10 unit/ml). After 3–24 h, the culture
medium was removed by aspiration, and the cells were lysed in 1 ml of
Isogen (Nippon Gene, Tokyo, Japan), a mixture of guanidium isocyanate
and phenol. From the lysed cells, total RNA was extracted with chloroform
and precipitated with isopropanol. cDNA from total RNA was synthesized
with TaqMan reverse transcription reagent (Applied Biosystems, Tokyo,
Japan) using random hexamers according to the protocol provided by the
manufacturer. Predeveloped TaqMan assay reagents (Applied Biosystems)
were used for the specific primer and probe of IL-8 (labeled with FAM) and
GAPDH (labeled with VIC). cDNA standard curves were generated using
serial dilutions of cDNA obtained from the RNA samples. Then the cDNA
sample, no-template control, and cDNA standard were amplified using
TaqMan universal PCR master mix and the ABI Prism 7000 sequence
detection system (Applied Biosystems). Thermal cycler conditions
included initial holding at 50°C for 2 min, then at 95°C for 10 min. A 2-step
Taqman PCR program consisting of 95°C for 15 s and 60°C for 60 s for 40
cycles followed this.

Effect of thrombin on cathepsin B activity in SFC. SFC were plated at a
cell density of about 50,000 cells into 6-well flat-bottom culture plates.
SFC were cultured to 100% confluence and starved for 24 h in
DMEM/0.5% FBS to arrest cells at the G0 phase. Then they were stimu-
lated with 1.2 ml of DMEM/0.5% FBS containing various concentrations
of human thrombin (0.1–10 unit/ml). After 2 days, cultured supernatants
were collected, centrifuged at 3000 g for 5 min at 4°C, and stored frozen.
SFC on the plate were washed 3 times with ice-cold PBS, collected with a
cell scraper, and stored in PBS at –80°C until analysis. The activity of
cathepsin B in the cultured supernatants was also measured as described
above. Stored cells were disrupted on ice by sonication for 20 s before
measurement.

Intraarticular injection of rIL-8. Male Japanese white rabbits (weight
2.0–2.4 kg) were anesthetized with ketamine (4 mg/kg) and xylazine (1
mg/kg), then 10 µg of rIL-8 in 500 µl of endotoxin-free saline was injected
through the infrapatellar ligament into the knee joints. An equal amount of
BSA in 500 µl saline was also injected into the contralateral knee joint as
control. Nine hours after injection, the joints were washed with 1 ml saline,
and joint fluid was collected and centrifuged at 3000 g for 3 min at 4°C.
The cell-free SF were assayed for cathepsin B-like activity. Cell pellets
were resuspended in saline and differential cell analysis was done by
Wright-Giemsa staining.

Cell counts and measurement of total protein. The total numbers of cells in
SF from 40 RA patients and 12 OA patients were counted using a Burker-
Türk hemocytometer before centrifugation. The cells were centrifuged on
glass slides in a cytocentrifuge (Cytospin 3, Shandon, England), stained
with May-Grünwald-Giemsa solution, and then analyzed.

Total protein was measured by the method of Lowry, et al31 using BSA
as the standard.

Statistical analysis. The significance of differences between the 2 groups
was assessed by nonparametric Wilcoxon-Mann-Whitney test. The signifi-
cance of correlations between 2 parameters was assessed by Pearson’s
correlation coefficient. A p value less than 0.05 was considered to indicate
a statistically significant difference.

RESULTS
Cathepsin B and thrombin-like activity. Consistent with our
previous study, the thrombin and cathepsin B-like activity in
the SF supernatants was significantly higher (about 6.3 and
3.5-fold, respectively) in the RA group compared to the OA
group (Figure 1A, 1B), indicating that these proteases may
play an important role in arthritis of RA. To elucidate this,
we measured other proteases such as cathepsins C and H,
which have been reported to be activated in arthritis32,33.
Cathepsin C and cathepsin H activities were significantly
higher in the RA group than the OA group, but not to the
same extent as observed regarding thrombin and cathepsin
B activities. Based on these results, we focused on
thrombin-mediated activation of cathepsin B in RA SF, and
found a significant correlation between thrombin and
cathepsin B activity in SF of RA patients (n = 39, r = 0.619,
p < 0.0001; Figure 2).

In the SF cell extracts, cathepsin B activity expressed as
milliunit/mg protein was also significantly higher (about
5.6-fold) in the RA group (6.33 ± 7.26 milliunit/mg protein,
n = 14) than in the OA group (1.13 ± 1.40 milliunit/mg
protein, n = 10; p = 0.0017; Figure 3A). In the synovial
tissue extracts, cathepsin B activity was also significantly
higher (about 2.7-fold) in the RA group (77.8 ± 59.4 milli-
unit/mg protein, n = 21) than in the OA group (29.2 ± 17.5
milliunit/mg protein, n = 10; p = 0.018; Figure 3B).

Leukocytes, cathepsin B activity, and concentration of IL-8
in SF. As leukocytes are thought to be one of the cellular
sources that produce cathepsin B, we investigated the rela-
tionship between leukocytes and cathepsin B-like activity.
The mean count of leukocytes in SF was about 9.96 ± 6.00
× 103/mm3 in RA patients (n = 40) and about 0.25 ± 0.36 ×
103/mm3 in OA patients (n = 12; p < 0.0001). In the RA
group, there was a significant correlation between cathepsin
B-like activity in SF cell extracts and the leukocyte count in
SF (n = 19, r = 0.489, p = 0.033; Figure 4). However, there
was no significant correlation between cathepsin B activity
in the SF supernatant and the leukocyte count in SF (data not
shown).

As IL-8 is one of the cytokines that recruit leukocytes
(neutrophils), we also investigated the relationship between
the concentration of IL-8 and cathepsin B-like activity in SF.
In the RA group, the concentration of IL-8 in SF ranged
from 70.7 pg/ml to 13,300 pg/ml. There was a significant
correlation between the concentration of IL-8 and cathepsin
B-like activity (n = 36, r = 0.688, p < 0.001; Figure 5).

Effect of thrombin on cultured SFC. As shown in Figure 6,

Mishiro, et al: Cathepsin B and thrombin 1267
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human thrombin enhanced RA SFC proliferation in a dose-
dependent manner at concentrations of 0.1 to 10 unit/ml.

As shown in Figure 7, thrombin markedly increased the
release of IL-8 from RA SFC in a dose-dependent fashion.
To characterize the effects of thrombin on SFC, the expres-
sion of IL-8 in SFC was measured by real-time quantitative
PCR. The time-dependent change in IL-8 mRNA level after
treatment with thrombin was quantified by densitometric
analysis. Peak IL-8 mRNA level was observed 8 h after
treatment with thrombin (Figure 8). The dose-dependent

change in IL-8 mRNA level after treatment with thrombin
was quantified using the same method. Thrombin increased
the IL-8 mRNA level in a dose-dependent manner in the
range of 0.1 to 10 unit/ml (Figure 9).

Effect of thrombin on activation of cathepsin B in cultured
SFC extract. Cathepsin B activity was not detectable in the
culture medium. A high level of cathepsin B activity was
detected in the extracts of RA SFC. The level of activity did
not change with the passage of cells. The mean value of
cathepsin B activity in the SFC extracts was 125.4 ± 46.5

The Journal of Rheumatology 2004; 31:71268

Figure 1. Cathepsin B, C, H, and thrombin-like activity in SF supernatant of individual patients with RA and OA. Protease activities in SF supernatant were
measured by spectrofluorophotometry, using fluorogenic synthetic peptides, which had methylcoumarylamide (MCA) at their COOH- termini, as substrates.
Horizontal lines show mean values in each group. A. Cathepsin B-like activity was significantly higher (about 3.5-fold) in RA than in OA (p < 0.0001). B.
Thrombin-like activity in SF supernatant was significantly higher (about 6.3-fold) in RA than in OA (p < 0.0001). C. Cathepsin C-like activity was signifi-
cantly higher (about 2.7-fold) in RA than in OA. D. Cathepsin H-like activity was significantly higher (about 1.8-fold) in RA than in OA. As for the differ-
ence in the levels of protease activity between the RA and OA groups, that of cathepsin B was the largest among those examined.
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milliunit/mg protein without thrombin stimulation (n = 5).
Treatment with thrombin did not increase the activity of any
cysteine protease, such as cathepsins B, C, or H, in SFC
(Figure 10 and data not shown), suggesting that thrombin
had no direct effects on the activity of lysosomal cysteine
proteases in SFC.

Effect of rIL-8 on release of cathepsin B into rabbit knee
joints. We attempted to confirm that IL-8 can enhance the
activation of cathepsin B-like activity by means of leuko-
cyte (neutrophils) migration using the knee joints of rabbits.

Nine hours after injection of rIL-8, the cathepsin B
activity in SF was 2.93 ± 1.08 milliunit/ml, which was
significantly higher than in the contralateral control joints
(1.07 ± 0.58 milliunit/ml; p < 0.0295). We confirmed by
examining Giemsa-stained smears that most cells recruited
into the rabbit knee joints injected with rIL-8 were
neutrophils.

DISCUSSION
In previous studies analyzing RA synovial fluid samples, we
obtained the following findings: (1) in the SF, thrombin-like
activity was highest among the various types of serine
protease activities tested, and was due to an effect of
thrombin1; (2) the purified materials isolated from SF of RA
patients were mainly composed of cathepsin B2; and (3) the
cathepsin B purified from SF of RA patients was capable of
activating urokinase-type plasminogen activator in vitro2.
However, it is thought that the degradation of cartilage in

RA may be due to the action of a number of proteases
synthesized and activated in the RA lesion, and of proteases
secreted by both synovial tissues and inflammatory cells
into the SF. Matrix metalloproteases (MMP) and cysteine
proteases are known to be capable of degrading the extra-
cellular matrix4,34-39. Recent reports35-38 suggest that
cathepsin K is a critical protease in fibroblast-mediated
collagen degradation because cathepsin K is not only
expressed by osteoclasts but also by synovial fibroblasts.
Moreover, there is a large body of evidence for the role of
cathepsins B, L, and S in joint destruction39. Except for
cathepsin B, we also measured the activities of cathepsins C
and H in the SF supernatants. As shown in Figure 1, the

Mishiro, et al: Cathepsin B and thrombin 1269

Figure 2. Relationship between cathepsin B and thrombin-like activity in
SF supernatant from patients with RA. Cathepsin B and thrombin-like
activity was measured by spectrofluorophotometry using 50 µM Z-Phe-
Arg-MCA and Boc-Val-Pro-Arg-MCA as substrates, respectively.
Spearman rank correlation testing revealed a significant correlation
between thrombin and cathepsin B-like activity in RA SF supernatant (n =
39, r = 0.619, p < 0.0001).

Figure 3. Cathepsin B-like activity in extract of RA and OA samples.
Cathepsin B activity was expressed as activity per mg protein. Horizontal
lines show mean values in each group. A. Cathepsin B activity in SF cell
extracts was significantly higher (about 5.6-fold) in RA than in OA. B.
Cathepsin B activity in synovial tissue extracts was also significantly
higher (about 2.7-fold) in RA than in OA. Comparisons of mean values by
Wilcoxon-Mann-Whitney test.
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significant difference in the levels of cathepsin B-like
activity observed between the RA group and the OA group
was larger than that in the levels of cathepsins C and H in

the SF supernatants. We selected cathepsin B-like activity to
clarify the relationship between cysteine proteases and
thrombin.

The increase in cathepsin B and thrombin concentration
in SF of RA patients has been reported in several
studies1,2,7,8,23, but there are no previous reports on the rela-

The Journal of Rheumatology 2004; 31:71270

Figure 4. Relationship between cathepsin B-like activity in SF cell extracts
and leukocyte count in RA SF. Total number of cells in SF from 19 patients
with RA was counted before centrifugation. Spearman rank testing
revealed significant correlation between cathepsin B-like activity in SF cell
extracts and the leukocyte count in SF (r = 0.489, p = 0.033).

Figure 5. Relationship between cathepsin B-like activity and concentration
of IL-8 in RA SF. Concentration of IL-8 in SF samples was measured using
a specific IL-8 ELISA. Samples were diluted 20-fold, standards were in
the range 25–1000 pg/ml. Spearman rank testing revealed significant
correlation between cathepsin B-like activity and concentration of IL-8 in
RA SF supernatant (n = 36, r = 0.688, p < 0.001).

Figure 6. Thrombin enhanced proliferation of SFC from RA patients in a
dose-dependent manner at concentrations of 0.1 to 10 unit/ml. Data repre-
sent the mean and SD of 3 wells and are representative of 5 independent
experiments.

Figure 7. Thrombin markedly increased the release of IL-8 in SFC from
RA patients in a dose-dependent fashion. Data represent the mean and SD
of 3 wells and are representative of 5 independent experiments.
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tionship between cathepsin B and thrombin in SF and
synovial tissue from RA patients. Our study was undertaken
to clarify the pathophysiological significance of cathepsin B
and thrombin in RA. Figure 2 shows that the activity of
cathepsin B released into RA SF correlated with the activity
of thrombin activated in the lesion. The following 2 possi-
bilities are considered as the reason for the significant corre-
lation between cathepsin B-like activity and thrombin-like

activity in RA SF. First, both the activation of thrombin and
release of cathepsin B from cells in the RA lesion are inde-
pendently proportional to the activity of RA; and second, the
activated thrombin is intimately related to the release of
cathepsin B from cells such as inflammatory cells and
synovial cells.

Cathepsins, including cathepsin B, are mainly localized
in intracellular spaces, and related mainly to hydrolysis of
intracellular proteins29. However, the pathologies of inflam-
matory and neoplastic diseases suggest roles for cathepsin B
outside the cells40, although the origin of extracellular active
cathepsin B has not been well defined. Thus it is thought
that the cathepsin B detected in the SF of RA patients is
derived mainly not only from synovial cells but also from
inflammatory cells recruited to the RA lesions. We investi-
gated cathepsin B-like activity not only in SF supernatants
but also in extracts of SF cells and synovial tissue.
Cathepsin B-like activity was higher in samples from RA
patients than in those from OA patients. Extracts of synovial
tissue and cultured SFC obtained from RA patients showed
high cathepsin B-like activity. In the SF of our RA patients,
neutrophils accounted for most of the cells that were found,
and cathepsin B-like activity in the SF cell extracts corre-
lated significantly with the leukocyte counts. These results
support the idea that the cathepsin B present in RA SF
derives not only from synovial cells but also from inflam-
matory cells (neutrophils) recruited to the RA lesion. We
also measured cathepsin B-like activity in extracts of artic-
ular cartilage, and confirmed that cathepsin B activity was
not detectable (data not shown). Previous studies have
already indicated that cathepsin B may derive from synovial
cells8-10 and chondrocytes9,10,41. To our knowledge, there are
few reports about RA that cathepsin B may derive from
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Figure 8. Effect of human thrombin on gene expression of IL-8 in SFC from
patients with RA. SFC were treated for 1-24 h with human thrombin (2
unit/ml). Peak IL-8 mRNA level was observed 8 h after treatment with
thrombin. Data represent the mean and SD of 3 wells and are representative
of 3 independent experiments.

Figure 9. Dose-response effect of human thrombin on gene expression of
IL-8 in SFC from RA patients. After incubation of SFC with various
concentrations (0–10 unit/ml) of human thrombin for 8 h, PCR analysis
was performed and relative amount of IL-8 mRNA was determined. Dose-
dependent change in IL-8 mRNA level after treatment with thrombin was
quantified by the same method. Thrombin increased IL-8 mRNA level in a
dose-dependent manner in the range of 0.1 to 10 units/ml. Data represent
the mean and SD of 3 wells and are representative of 3 independent exper-
iments.

Figure 10. Cathepsin B-like activity in SFC extracts after stimulation by
human thrombin (0, 0.1, 1, 10 unit/ml) for 2 days. Thrombin did not
increase cathepsin B activity in SFC extracts. Data represent the mean and
SD of 5 independent experiments.
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leukocytes (neutrophils) in RA. However, Sohar, et al32

recently reported that the activity of cathepsin B was
elevated in leukocytes from patients with RA.

On the other hand, thrombin localized in extracellular
spaces is related not only to blood coagulation by limited
hydrolysis of fibrinogen and extracellular proteins, but also
to fibroblast proliferation and regulation of various kinds of
cellular functions16. Recently, it was clarified that certain
serine proteases such as thrombin and trypsin, which have
been considered to participate principally in the degradation
of extracellular proteins, are also signaling molecules that
regulate multiple cellular functions by activating protease-
activated receptors (PAR), a family of G-protein-coupled
receptors. Three thrombin-activated PAR (PAR1, PAR3,
PAR4), which are localized on cell membranes, have been
identified, and multiple functions of thrombin have been
found to originate from cleavage of the amino-terminal
exodomain of PAR42,43. In this study we showed that
thrombin enhanced the proliferation of SFC in a dose-
dependent fashion at concentrations ranging from 0.1 to 10
unit/ml. This result is in accord with previous reports14,18,20.
As shown in Figure 10, thrombin has no direct role in
inducing activation of cathepsin B in cultured SFC.

It is known that thrombin enhances the release of
cytokines such as IL-8 from fibroblasts19,21. We showed that
human thrombin enhanced the release of IL-8 from SFC
cultured in vitro. We also showed by analyzing IL-8 mRNA
by PCR that thrombin enhanced the production of IL-8 in
the SFC. IL-8 is a potent chemoattractor and activator of
neutrophil-mediated cartilage degradation44. Inflammatory
cells such as neutrophils may contribute to cartilage destruc-
tion through the release of lysosomal enzymes, including
cathepsin B, capable of degrading the matrix3. We observed
the following results: (1) rIL-8 enhanced leukocyte
(neutrophils) migration and the activation of cathepsin B-
like activity in the knee joints of rabbits; and (2) there was a
significant correlation between the concentration of IL-8
and cathepsin B-like activity in RA SF. Since thrombin
enhanced IL-8 release from SFC of RA patients, it is plau-
sible that thrombin is related to the enhancement of leuko-
cyte (neutrophils) migration in RA. It is therefore possible
that thrombin plays a role in the pathophysiology of arthritis
in RA by increasing the release of inflammatory cytokines
and cathepsin B from leukocytes (neutrophils). Granulo-
cyte-colony stimulating factor (G-CSF) is a well known
chemokine, the same as IL-8. Shin, et al20 have reported that
thrombin induces the expression of G-CSF via thrombin
receptor in RA synovial fibroblasts. We measured G-CSF
using a specific ELISA kit and confirmed that there was no
significant correlation between the concentration of G-CSF
and cathepsin B-like activity in RA SF (data not shown). It
is thought that IL-8 may be more closely related to the acti-
vation of cathepsin B than G-CSF.

Our results suggest that active cathepsin B and thrombin

play critical roles in RA; thrombin would be activated in
articular lesions and cathepsin B would be released from
both synovial and inflammatory cells. Both proteases would
be related in a complex fashion to the progression of inflam-
mation and joint destruction in RA. Thrombin stimulates
synovial fibroblast-like cells to proliferate as well as to
increase the release of IL-8; in turn, IL-8 induces the migra-
tion of leukocytes (neutrophils) that release cathepsin B into
the synovial fluid. This pathway is thought to be important
in the degradation of articular cartilage.
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