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Abstract Osteoprotegerin (OPG) and soluble receptor acti-
vator of NF-kappa B ligand (SRANKL) together regulate the
bone metabolism among other cytokines, whereby cathepsin
K has a potent collagen-degrading activity. An imbalance of
this system may be partly responsible for the skeletal compli-
cations of RA. Expanding on a previous study, we investi-
gated the relationship between OPG, SRANKL and cathepsin
K levels in the serum of patients with longstanding RA. We
measured serum levels of OPG, sSRANKL and cathepsin K of
100 patients with active, longstanding RA. We detected ele-
vated serum levels of cathepsin K (median 54.8 pmol/l) and
OPG (median 4.8 pmol/l), but normal sRANKL Ilevels
(median 0.2 pmol/l). Cathepsin K did not show a correlation
with the overexpressed OPG (P =0.64) and sRANKL
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(P =0.81). The radiological destruction correlates signifi-
cantly with cathepsin K (P =0.004) and OPG (P =0.007).
We speculate that the increased levels of OPG are effective in
compensating the action of SRANKL, but do not directly pre-
vent bone degradation, as reflected by the elevated serum
levels of cathepsin K.
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Abbreviations

RA Rheumatoid arthritis

OPG Osteoprotegerin

(s)RANKL (soluble) Receptor activator of NF-kappa B
ligand

DMARD Disease modifying antirheumatic drug

44 SJC 44 Swollen joint count

DAS Disease activity score

GH General health score

RF Rheumatoid factor (U/1)

ESR Erythrocyte sedimentation rate (mm/h)

CRP C-reactive protein (mg/1)

Leuco Leukocytes (G/1)

TNF-alpha Tumor necrosis factor alpha

TMB Tetramethylbenzidine

Introduction

The major pathology in rheumatoid arthritis (RA) is the
destruction of bone and cartilage, whereby cytokines of the
TNF alpha family play an important role. Alteration of
bone and cartilage structures is a critical step in the devel-
opment of a rheumatoid joint.
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Osteoprotegerin (OPG) is a soluble decoy receptor, pro-
duced by cells of the osteoblastic line and cells of the syno-
vium in RA [1]. The receptor activator of NF-kappa B
ligand (RANKL) exists as a membrane bound and free, sol-
uble molecule, and is expressed on T-lymphocytes and pre-
osteoblasts. The expression of soluble RANKL (sRANKL)
leads to osteoclast activation and maturation, and inhibits
osteoclast apoptosis [2, 3]. OPG is known to inhibit the
function of RANKL, to prevent osteoclast maturation and,
therefore, influences the expression of cathepsin K as well.
Cathepsin K, a cystein protease, produced by osteoclasts
and synovial fibroblasts, is secreted into the extracellular
department [4], where it cleaves collagen type I and type II,
leading to degradation of organic matrix between the osteo-
clasts and bone surface. Hence, normal cathepsin K expres-
sion is important for bone resorption and for bone
remodelling. Proinflammatory cytokines like interleukin-1
(IL-18) and tumor necrosis factor alpha (TNF-alpha)
induce an over expression of cathepsin K, which is respon-
sible for increased bone resorption and skeletal complica-
tions in RA.

Objective

In continuation of a previously published study [5], we
investigated the relationship between OPG, sSRANKL and
cathepsin K levels in the serum of patients with longstand-
ing RA.

Patients and methods

One hundred patients (mean age 63.0 years, range from 18
to 75 years) meeting the American College of Rheumatol-
ogy (ACR) criteria for rheumatoid arthritis [6] were
enrolled in this study. All patients had a history of a treat-
ment with at least one disease modifying antirheumatic
drug (DMARD). Most frequently used was methotrexate,
followed by leflunomide, sulfasalzopyrine, gold, azathio-
prine and chloroquine; however, no biological therapy was
prescribed. The number of tender joints was determined by
the Ritchie index, the number of swollen joints by the 44-
swollen joint count (44 SJIC) [7, 8]. Further clinical and lab-
oratory variables assessed were the disease activity score
(DAS), the radiological progression (Larsen Score) [9],
cathepsin K, OPG, sRANKL, the erythrocyte sedimentation
rate (ESR), and the C-reactive protein. Serum was obtained
in the morning from the routinely taken blood samples and
centrifuged immediately. The samples were kept at —80°C
prior to determination of cathepsin K, sRANKL, OPG
(Biomedica group, Vienna, Austria) and CRP (CRP, Rheu-
majet CRP® by Biokit). Cathepsin K, SRANKL and OPG
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were only determined in serum samples taken for routine
blood examinations on the day of hospitalisation, thus the
patients had no separate blood collection for quantification
of the three parameters. Clinical data from a database,
developed for the long-term observation of patients with
RA in our institutions, were used.

The cathepsin K test kit is an enzyme-linked immunoas-
say that was developed for determination of cathepsin K
directly in biological fluids (serum, plasma, cell culture
supernatants) with mean serum levels of a healthy cohort
from 12.7 pmol/l [5]. This ELISA uses antibodies specific
for AA 1-20 and AA 196-210 of the mature enzyme and
were produced by immunisation of sheep with peptides of
these amino acid sequences coupled to keyhole limpet
himocyanine (KLH, primary immunisation 0.5 mg, boost
0.25 mg). Antisera were purified using the biotinylated pep-
tides coupled to streptavidine sepharose (Amersham-Phar-
macia Biotech Ltd, UK.) and synthetic cathepsin K
(Pichem GmbH, Austria) was used as calibrator. Signal
generation was accomplished by labelling with horse radish
peroxidase (HRP). Briefly, the assay procedure consists of
incubating 50 pl of sample with 200 pl HRP-labelled detec-
tion antibody on capture antibody pre-coated plates over
night at room temperature. After a washing step to remove
unbound detection antibody, tetramethylbenzidine (TMB)
was added as substrate. After 30 min, the reaction was
stopped by adding 50 pl of 0.9% H,SO,. The yellow col-
our, which is directly proportional to the amount of cathep-
sin K present in the sample, was measured on a standard
microplate reader at 450 nm with 620 nm as reference. The
detection limit of the assay was calculated as 1.1 pmol/l (0
standard plus 5x SD).

The sandwich type ELISA for the measurement of OPG
developed by the Biomedica group Austria is based on two
OPG-specific antibody preparations [10]. The capture anti-
body is coated to a microtiter plate and a biotinylated detec-
tion in combination with streptavidin—peroxidase and TMB
is used for signal generation. The assay measures the free
and the bound fraction of OPG. By this method, the mean
value of a healthy control group consisting of 170 blood
donors is 2.2 pmol/l (2 pmol/l for males, 2.35 pmol /1 for
females). The reference serum concentration is 0.25-
7.25 pmol/l (5th-95th percentile). The presence of rheuma-
toid factor does not interfere with the measurement.

Soluble RANKL was measured by a sandwich type
ELISA developed by Biomedica Group, Austria [11]. The
sample and the biotinylated anti-sRANKL detection anti-
body were pipetted into the wells. Human sRANKL binds
to the precoated recombinant osteoprotegerin (OPG) and
forms a sandwich with the detection antibody.

After a washing step, the conjugate was added to the
wells and tetramethylbenzidine (TMB) was added to the
wells as substrate. The amount of colour developed is
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directly proportional to the amount of SRANKL present in
the sample. The assay detects only free, not OPG-bound
SRANKL. In a healthy group, mean of serum sSRANKL lev-
els were calculated as 1.3 pmol/l (median 0.9 pmol/l). No
interferences with human anti-mouse antibodies (HAMA)
or rheumatoid factors were observed.

Statistical analysis

The results were analysed by Spearman correlation statis-
tics and Wilcoxon two-sample test. A P-value below 5%
was considered statistically significant.

Results

The baseline characteristics of the patients are given in
Table 1. The measured serum levels of cathepsin K
(median 54.8 pmol/l) as well as that of OPG (median
4.8 pmol/l) were elevated to the reference that is 12.7 pmol/
1 or 2.2 pmol/l, respectively. The SRANKL concentration in
the serum of the patients (median 0.2 pmol/l) was reduced
compared to serum concentrations of a healthy control
group (non selected healthy blood donors, n = 50) (median
0.9 pmol/l). Cathepsin K did not show a significant correla-
tion with OPG (P=0.64) and sRANKL (P =0.81),
although OPG was increased in this RA group. OPG corre-
lated negatively with SRANKL (P =0.029). Cathepsin K
(P=0.59) and sSRANKL (P =0.60) were not age depen-
dent, in contrast to OPG (P = 0.0001) [10, 12]. Although 20
patients were untreated, the larger groups were treated
either with methotrexate or leflunomide, the most fre-
quently used DMARDs. There was no significant difference
of cathepsin K, OPG, and sSRANKL levels between these
three groups (untreated, MTX, leflunomide). sRANKL
(P =0.009) and cathepsin K (P =0.038) but not OPG
(P =0.36) correlated with the DAS. The increased OPG
and cathepsin K levels were significantly associated with
more severe joint damage as measured by the Larsen score
(Table 2). Furthermore, we calculated the cathepsin K/OPG

Table 1 Clinical parameters of 100 RA patients

RAsince  Age Larsen DAS ESR-1h CRP
(years)
Min 0.0 20 0.0 0.4 1.0 0.0
Max 56.0 83 164.0 6.0 96.0 100.0
SD 11.6 11 49.5 1.4 20.9 234
Median 8.0 63 38.0 3.6 30.0 20.0

DAS disease activity score, RF rheumatoid factor (U/l), ESR erythro-
cyte sedimentation rate (mmHG), CRP C-reactive protein (mg/dl)

Table 2 Spearman correlation statistics between cathepsin K, OPG
and RANKL with clinical and laboratory parameters

Name Cathepsin K OPG RANKL
Prob > Irl
Cathepsin K 0.642 0.817
OPG 0.642 —0.029
sRANKL 0.817 —0.029
Cathepsin K/OPG ratio 0.517
Cathepsin K/sRANKL ratio 0.434
OPG/sRANKL ratio 0.698
Age 0.592 <0.0001 0.600
Age at onset 0.861 0.006 0.294
Disease duration 0.113 0.029 0.665
ESR-1h 0.028 0.017 0.811
Disease activity score 0.038 0.922 0.004
Larsen score 0.004 0.007 0.264

OPG osteoprotegerin, SRANKL soluble receptor activator of NF-kappa
B ligand, ESR erythrocyte sedimentation rate first hour

ratio, which was also significantly correlated with the Lar-
sen score (P = 0.05).

Discussion

RA synovium contains a typical inflammatory infiltrate
composed of macrophages, dendritic cells, T-lymphocytes,
plasma cells, fibroblasts, and other immunocompetent cells.
OPG is produced by osteoblasts and in the inflamed syno-
vium of RA by dentritic cells, B cells, and other immuno-
competent cells as a decoy receptor, which inhibits the
osteoclast formation by neutralising the RANKL [13, 14].

Activated synovial lymphocytes produce RANKL,
which activates receptor activator of NF-xB (RANK), a cell
bound receptor on dendritic cells, osteoclasts and its precur-
sor cells, chondrocytes, mammary gland epithelial cells and
trophoblast cells [15-17]. Both RANK and RANKL are
also expressed in chondrocytes [18] and are suggested to
play a role in cartilage growth and homeostasis. OPG could
protect the cartilage by preventing the subchondral bone
structure against inflammatory cell infiltrates. Elevated lev-
els of OPG in RA normalize after anti-TNF-alpha treatment
[19, 20].

RANKL, interleukin 1, the macrophage colony stimulat-
ing factor (M-CSF), and RANK are a part of osteoclast for-
mation and activation. RANKL inhibits osteoclast
apoptosis and OPG acts as an antagonist [21].

The increased OPG levels seem to suppress the action of
RANKL. OPG appears to be a protective agent against the
development of erosions in RA, but RANKL may be not be
solely responsible for erosive joint destructions [22, 29].
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OPG has also been shown to inhibit the expression of
cathepsin K, a central protease involved in bone resorption
[23].

The aggrecan-degrading activity of cathepsin K and the
aggrecan cleavage products increase the collagenolytic
effects against collage type I and type II [24]. Cathepsin K
was found to be increased around lymphocytic infiltrates in
synovial tissue, which seems to be responsible for the deg-
radation of articular tissue in rheumatoid joints [25, 26].
Proinflammatory cytokines like interleukin-15 (IL-1f),
tumor necrosis factor alpha (TNF-alpha), and also
sRANKL induce an over expression of cathepsin K in RA.

To the best of our knowledge, no study, which investi-
gated the interactions between OPG, sSRANKL, and cathep-
sin K on their regulation in the serum of patients with RA,
has been performed thus far.

Cathepsin K has been demonstrated to be increased in
the serum of patients with rheumatoid arthritis [5]. The
increased levels of OPG, which we found in our cohort,
seem to be an ineffective protective mechanism in RA. The
up-regulation of cathepsin K and the correlation with the
Larsen score as a parameter for radiological changes mir-
rors the destruction of bone structures in inflammatory dis-
eases like RA. The increased production of OPG inhibits
RANKL indeed, but the over expression of cathepsin K
may lead to an imbalance in this system.

Conclusion

This is the first study that shows statistical correlations,
possibly indicating functional relations between cathepsin
K, a proteolytic enzyme, with OPG and sRANKL in the
serum of patients with RA. The role of OPG and RANKL
has been clarified in several in vitro studies, but the interac-
tion of these cytokines and their importance in the serum of
patients with RA remains under investigation. Our results
suggest a possible imbalance or breakdown of the physio-
logical balance of bone metabolism in this disease. We
speculate that the increased levels of OPG are effective in
compensating the action of SRANKL, but do not directly
prevent bone degradation as reflected by the elevated serum
levels of cathepsin K. Therefore, the inhibition of cathepsin
K may provide an effective tool to prevent irreversible bone
destructions in RA.

Further investigations are necessary to prove OPG and
cathepsin K as valuable serum markers for diagnosis and
monitoring of therapeutic interventions or disease pro-
gression. Either the therapeutic use of OPG or the devel-
opment of cathepsin K inhibitors may provide an
effective tool to prevent irreversible bone damages in RA
[27, 28].
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