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Intraarticular Corticosteroids Modulate the Osteoprotegerin/
Receptor Activator of Nuclear Factor— £ B Ligand System in
the Synovial Fluid in Patients with Rheumatoid Arthritis

Jung Sub Lee, M.D, and Jeung Tak Suh, MD.

Department of Orthopaedic Surgery, Pusan National University School of Medicine, Pusan, Korea

E0IEIA EA ST A UHIH AHZO0|S)} 2=MHO| Osteoprotegerin/
Receptor Activator of Nuclear Factor- «B Ligand System0i| OiXl= &gt

OFEI - AZJE!

SACHetL ojmickst Feelstny
Purpose: Despite the fact that intraarticular corticosteroids are a longstanding adjuvant treatment for
inflammatory arthritis, their mechanisms of action are not completely understood. This study evaluated
the osteoprotegerin (OPG) and receptor activator of nuclear factor- £ B ligand (RANKL) levels in the serum
and synovial fluid before and 2 weeks after injecting intraarticular corticosteroid.

Materials and Methods: Sixty seven patients were identified with joint effusions of the knee and suffering
from rheumatoid arthritis. All the patients received an intraarticular injection of 40 mg of triamcinolone
acetonide. The sera and synovial fluid were obtained before and 2 weeks after the injections. the
erythrocyte sedimentation rate, C-reactive protein, rheumatoid factor, serum OPG and RANKL levels and
synovial OPG and RANKL levels were measured before and 2 weeks after the injections.

Results: The intraarticular corticosteroids induced a significant decrease in the levels of synovial RANKL.
The decrease in the level of synovial RANKL caused a significant increase in the synovial OPG/RANKL
ratio. There were no changes in the hematological factors, serum OPG, serum RANKL or synovial OPG
observed after the corticosteroid injection.

Conclusion: Treatment with intraarticular corticosteroids modulates the OPG/RANKL system in the
synovial fluid toward a bone-protective effect in patients with rheumatoid arthritis. This mechanism might
explain part of the mode of action of intraarticular corticosteroids.
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INTRODUCTION nuclear factor—#B ligand (RANKL),

receptor

Rheumatoid arthritis (RA) might result in local
bone destruction through the recruitment of
osteoclasts to the inflammation site” . This process
is regulated through the receptor activator of

activator of nuclear factor— # B (RANK) and osteo—
protegerin (OPG) system™.

RANKL is a member of the tumor necrosis factor
(TNF) ligand super—family. It is secreted mainly by
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osteoblasts™ and activated T cells™ after stimula—
tion with proinflammatory cytokines, such as TNF
and interleukin—19>_ RANKL interacts with its
receptor RANK on the surface of premature
osteoclasts, which induces osteoclast formation,
activation, and suwivalu)_ In addition to its role in
osteoclatogenesis, RANKL acts as an immune
mediator that promotes the activation of mono—
cy’cesl9> as well as the interactions between dendri—
tic cells and T cells”, OPG is a member of the TNF
receptor superfamily, and is a soluble decoy
receptor with the ability to block the interaction
between RANKL and RANK', A high RANKL/OPG
ratio is associated with increased bone resorptiong)
and active synovitis6),

Intraarticular corticosteroids are potent anti—
inflammatory compounds that have been used
successfully by clinicians as an adjuvant therapy
for inflammatory arthritis, However, the mecha—
nism underlying the effects of intraarticular cor—
ticosteroids is not completely understood, Although
recent data suggest that a corticosteroid treatment
has a positive effect in preventing bone erosion in
RAIS)
balance between their two potentially divergent

, there is still some concern regarding the
effects (bone protection versus osteopenia). There—
fore, this study examined the effects of intra—
articular corticosteroids on the sera and synovial
fluid levels of OPG and RANKL,

MATERIALS AND METHODS
1. Subjects

Sixty seven patients with joint effusions and
were suffering from RA visited the authors
institution for their rheumatic diseases. Individuals
with RA were defined as those who fulfilled the
criteria of the ACRD, All patients received an
intraarticular injection of 40 mg of triamcinolone
acetonide, The sera and synovial fluids were

obtained before and 2 weeks after the injections,
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The erythrocyte sedimentation rate (ESR),
C—reactive protein (CRP), rheumatoid factor (RF),
serum OPG and RANKL levels and synovial OPG
and RANKL levels were measured before and 2
weeks after the injections, All the other associated
treatments including disease—modifying drugs,
nonsteroidal anti—inflammatory drugs and oral
corticosteroids were maintained at constant levels
for at least 4 weeks before and throughout the
study period, All the subjects provided informed
consent before undergoing the examinations and
measurements, The study was approved by the
Clinical Research Ethics Committee of the Uni—
versity and hospital,

2. Measurements of OPG and RANKL levels in
serum and synovial fluid

The serum was obtained from routinely—drawn
blood samples, and centrifuged immediately, The
synovial fluid was obtained on the same day and
defibrinated mechanically, The samples were
stored at —80°C before measuring the RANKL and
OPG levels, The serum and synovial OPG levels
were measured using sandwich ELISA (Immundiag—
nostik, Bensheim, Germany) method, The assay
included two highly specific antibodies against
OPG. The antibody is capable of neutralizing the
biological activity of the recombinant human OPG,
The detection antibody was a biotin—labelled
polyclonal antihuman OPG antibody derived from
a goat and immunized with the human recombinant
OPG, The serum and synovial OPG concentrations
were calculated based on the protein concentration
according to the manufacturer. The assay was
designed to detect the monomeric, dimeric, and
ligand—bound forms of circulating OPG. The
intra—assay coefficient of variation (CV) for the
OPG measurements was 8—10% and the interassay
CV was <10%.

The RANKL levels in the serum were measured
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by sandwich ELISA, As the first step, the blood
sample and the biotinylated anti—RANKL detection
antibody were pipetted into the wells, Human
RANKL, if present in the sample, binds to the
precoated recombinant OPG and forms a sandwich
with the detection antibody, After a washing step,
which removed all the nonspecific bound material,
the streptavidin—HRP conjugate was added to the
wells, After removing the unbound conjugate by
washing, tetramethylbenzidine was added to the
wells as a substrate, RANKL was quantified by the
enzyme catalyzed color changes on a standard
ELISA reader, The extent of color development is
directly proportional to the amount of RANKL
present the sample, The intra—assay CV for the
RANKL measurement was 3—5% and the interassay
CV was 6—9%, The detection limits for the OPG and
RANKL assays were 0,14 pmol/l and 0,08 pmol/l,
respectively,

3. Statistical analysis

Statistical analysis was performed using SPSS
11.5 software for Windows (SPSS, Chicago, IL,
USA). The data is expressed as the mean (ranges).
The differences in the data before and 2 weeks
after the injections were analyzed using a paired
t—test, and the correlations are presented using
the Pearson's correlation, A p—value<0.05 was
considered significant,

RESULTS

Table 1 shows the results of the patients with RA
before and 2 weeks after the corticosteroid
injections, The intraarticular corticosteroids induced
a significant decrease in the synovial RANKL level,
This decrease resulted in a significant increase in
the synovial OPG/RANKL ratio, from a mean of
9.70 to a mean of 22.20, There were no changes
in the hematology factors, serum OPG, serum
RANKL or synovial OPG after the corticosteroid

Table 1. The Results of the RA Patients

Prior to 2 weeks after
L A p-value
injection injection
ESR 268 240 0.1794
(5-47) (56-80)
CRP 178 153 0.1780
(0.11-3,50) (0.10-5.27)
RF 246 24 1 0.5521
(15-47) (15-36)
sOPG 459 408 0.0769
(0.87-7.52) (0.75-8.65)
SRANKL 113 1.04 0.1033
(0.22-2.11) (0.11-2.01)
SOPG/RANKL 6.05 725 0.2445
(0.71-2782)  (0.37-51,00)
synOPG 8.49 8.24 0.6000
(2.46-1454)  (2.40-14.77)
SsynRANKL 137 0.51 <0.0001
(0.14-2.32) (0.14-1,03)
synOPG/RANKL 9.70 2220 <0.0001
(1.15-6100) (254-7774)

injections,

As expected, there was an inverse correlation
between the OPG and RANKL levels in the sera and
synovial fluids before and 2 weeks after the
corticosteroid injections (Table 2, 3). There were
positive correlations between the serum OPG and
synovial OPG before and 2 weeks after the cor—
ticosteroid injections, In addition, there was a
positive correlation between the serum RANKL and
synovial RANKL before and 2 weeks after the
injection, However, there was no correlation
between the hematology factors including the
erythrocyte sedimentation rate, C—reactive protein
and rheumatoid factor and OPG or RANKL,

DISCUSSION
RA is characterized by chronic inflammation of
the synovium, the predominance of pro—erosive
mediators, and the subsequent destruction of bone
and cartilage, Recently, a mechanism of bone
destruction that could be dissociated from inflam—

419 Cells with the specific

mation was proposed
surface markers of osteoclasts were found in areas

of a pannus invasion into the bone at the sites of
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Table 2. Correlations of the Parameters in the RA Patients before the Corticosteroid Injections
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ESR CRP RF SOPG  SRANKL ;gﬁg(_ SyNOPG  synRANKL Sé’/l%i?/
ESR ' 0244 0199 —0162 0140 —0255 0101 0075 —0110
b 00467 01058 01914 02507 00375 04161 05490 03735
CRP : 0.244 ~0096 —0021 —0077 -—0058 0008 -—0017 —0058
0 0.0467 04377 08662 05337 06681 09456 08911 06403
RF ‘ 0199 —0096 0065 —0048 —0085 0153 —0183 0131
0 01088 04377 05991 07009 04965 02161 01377 02889
SOPG ¢ —0162 —0021 0065 0334 0539 0385 —0897 0289
b 01914 08662 05991 00057 00000 00013 00009 00177
SRANKL ‘ 0140 —0077 —0048 —0334 —0728 —0318 0423 —0216
0 02597 05337 07009 00057 00000 00088 00004 00789
SOPG/RANKL ¢ —0255 —0053 —0085 0539 —0728 0830 0391 0301
0 00375 06681 04965 00000 00000 00064 00011 00133
SynOPG ‘ 0101 0008 0153 0358 —0318 0330 —0520 0546
b 04161 09456 02161 00013 00088 00064 00000 00000
SyNRANKL ' 0075 0017 -—0183 —0397 0423 —0891 —0520 —0.792
0 05490 08911 01377 00009 00004 00011 00000 0.0000
SNOPG/RANKL  r 0110 —0058 0131 0289 0216 0801 0546 —0792
0 08735 06403 02889 00177 00789 00133 00000  0,0000
Table 3. Correlation of the Parameters in the RA Patients 2 Weeks after the Corticosteroid Injections
ESR CRP RF SOPG  SRANKL FS{SEE{ SyNOPG  synRANKL sg{'/loNif/
ESR r 0137 —0091 —0018 —0105 0049 0171 —0137 0161
0 02707 04624 08834 03970 06943 01665 02680 01927
CRP ; 0.137 0069 0129 0049 0076 —0134 0021 —0162
0 0.2707 05768 02981 06915 05401 02812 08643 01908
RF r —0001 0069 0057 —0229 —0001 0053 —0058 0098
o 04624 05768 06466 00620 09914 06697 06434 04280
SOPG r —0018 —0129 0057 0430 0574 0394 0363 0452
0 08834 02981 06466 00003 00000 00010 00025 00001
SRANKL r —0105 0049 0229 —0430 ~0668 —0441 0268 —0307
0 03970 06915 00620 00003 00000 00002 00283 00115
SOPG/RANKL r 0040 —0076 —0001 0574 —0668 0462 —0196 0357
o 06943 05401 09914 00000 00000 00001 01128  0,0031
synOPG r 0171 —0134 0053 0394 —0441 0462 —0371 0778
0 01665 02812 06697 00010 00002  0.0001 00020  0.0000
SyNRANKL r —0137 0021 0058 —0363 0268 —0196 —0371 —0.724
0 02680 08643 06434 00025 00283 01128 00020 0.0000
SNOPG/RANKL ~ r 0161 —0162 0098 0452 —0307 0357 0778 —072
o 01927 01908 04280 00001 00115 00031 00000  0.0000

bone erosion in patients with RA5), RANKL and its
naturally occurring decoy receptor, OPG, play
important roles in normal bone remodelinglo) as
well as in diseases associated involving bone
destruction, as demonstrated in animal models of
arthritis'® and in human diseases such as RAZO),

erosive psoriatic arthritis'” and multiple myelomam),

RANKL induces osteoclastic bone destruction, and
OPG protects against bone destruction by preven—
ting the binding of RANKL with its receptor
RANK4‘18), Bone resorption is regulated locally by
the relative levels of RANKL and OPG expres—
sionm_

Despite the fact that intraarticular corticoster—
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oids have been a longstanding adjuvant treatment
for inflammatory arthritis, their mechanisms of
action are not completely understood, Therefore,
this study evaluated the OPG and RANKL levels in
the sera and synovial fluids before and 2 weeks
after the intraarticular corticosteroid injections,
Since their first use as a treatment for RA more
than 50 years ago, corticosteroids have been the
subject of clinical debate based on their potential
deleterious effects on the bone density and bone
function, as well as their potential positive effects,
Secondary osteoporosis is an important limitation
of the long term systemic treatment with high

16 . This observation has

doses of corticosteroids
raised concerns regarding their use in RA, Although
there is little data available regarding intraarti—
cular corticosteroidsZ), it has been suggested that
local corticosteroids might contribute to local
disease controll5), In our group of patients, treat—
ment with corticosteroids reduced the signs and
symptoms of local inflammation,

Since the anti—inflammatory effect of corticoster—
oids might help slow the progression of damage to
the injected joints, this study evaluated the effect
of corticosteroids on the OPG/RANKL system,
which is considered to be a major determinant of
the bone biology in inflammatory arthritisw, To
date, there are few reports regarding the in vivo
influence of effective antirheumatic drugs on the
OPG/RANKL axis, Makrygiannakis et al. 1) reported
that intraarticular corticosteroids decreased the
level of synovial RANKL expression in inflamma—
tory arthritis by an immunohistochemical and
microscopic analysis of the synovim, Conaghan et
al,Z) reported that intraarticular corticosteroids
decrease the level of synovitis and new erosions of
joint, In addition, Hirayama et 31,7) reported a
biphasic effect of glucocorticoids on osteoclasts in
vitro, The first involved the stimulation of

osteoclast formation through the promotion of

proliferation and differentiation of osteoclast
precursors, The second involved the inhibition of
the bone—resorbing activity of mature osteoclasts,
However, serological methods of OPG and RANKL
in peripheral blood and synovial fluid were used in
this study. It was found that -corticosteroids
modulated the OPG/RANKL system in the synovial
fluild by down—regulating RANKL, However,
intraarticular corticosteroids did not modulate the
OPG/RANKL system in the serum, It is possible
that the local delivery of corticosteroids at the site
of inflammation in acute, severe flares of the
disease is a valuable therapeutic choice for com—
bating inflammation and bone destruction without
the risk of osteoporosis observed with the long
term systemic administration of high doses of
corticosteroids,

This study demonstrated that treatment with
intraarticular corticosteroids modulated the OPG/
RANKL system in the synovial fluid toward a
bone—protective effect in inflammatory arthritis,
This mechanism might be one explanation for the
mode of action of intraarticular corticosteroids,
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