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Objective: To compare the effect of celecoxib with that of a classic non-steroidal anti-inflammatory drug
(NSAID) on synovial inflammation and on the synovial expression of proinflammatory genes in patients
with knee osteoarthritis (OA).
Methods: 30 patients with severe knee OA scheduled for total knee replacement surgery were included in
a 3 month clinical trial. They were randomised to two groups: patients treated with celecoxib (CBX)
(200 mg/24 h) and patients treated with aceclofenac (ACF) (100 mg/12 h). Those patients with OA who
did not want to be treated with NSAIDs served as a control group. During knee surgery, synovial fluid (SF)
and synovial membrane (SM) were collected. A SM specimen was fixed and embedded in paraffin and
another part was frozen for molecular biology studies.
Results: At the end of study both CBX and ACF treated patients showed a significant improvement in pain
and knee function compared with controls. Both drugs significantly reduced prostaglandin E2 (PGE2) SF
concentration and down regulated COX-2 mRNA and protein expression at the SM. However, synovial
macrophage infiltration (CD68 antigen staining) and expression of proinflammatory mediators, such as
interleukin 1b and tumour necrosis factor a, were decreased only by CBX treatment.
Conclusion: Both drugs improved joint pain and function, inhibited SF PGE2 concentration, and induced a
decrease in synovial COX-2 expression and synthesis not related to the tissue inflammatory status. These
data suggest that PGE2 blocking agents may decrease PGE2 production not only by direct COX-2
inhibition but also by down regulating COX-2 expression and synthesis. However, CBX and ACF appear
to have different anti-inflammatory profiles in controlling OA synovial macrophage infiltration and
proinflammatory expression.

O
steoarthritis (OA) is the most common chronic joint
disease. Joint cartilage degeneration is the central
feature in OA, but is associated with concomitant

changes in synovium and subchondral bone metabolism
causing pain and stiffness in the affected joints and impaired
physical function.1 Although OA is traditionally defined as a
non-inflammatory joint disease, many reports have high-
lighted the critical role of synovial inflammation in OA
progression.1–4 Several investigators have pointed out the
appearance of prominent inflammatory lesions at the
synovial tissue, consisting of increased vascularisation,
cellular infiltration and oedema of the sublining tissue, and
hyperplasia of intimal synovial cells.3 A number of clinical
studies have recently demonstrated an interesting association
between synovitis, OA inflammation, and progression of
structural changes.5–9 In this regard, synovial inflammation
and local concentration of proinflammatory mediators seem
to be directly involved in pain generation in OA joints.10–12

Few structure modifying drugs have been used to date for
OA treatment, and the most commonly used drugs are
symptom modifying, such as non-steroidal anti-inflamma-
tory drugs (NSAIDs). These treatments have been shown to
improve pain and disability effectively. Although many
approaches have been used to study the effects of NSAID
administration during OA, it is still not known whether these
drugs might have any long term benefits in OA by modifying
cartilage and/or synovial metabolism. Some in vivo and in

vitro studies have suggested that NSAID administration may
accelerate joint cartilage damage,10 13–15 but others have
shown favourable effects.14 16–19 Gineyts and coworkers have
recently reported that ibuprofen partially prevents synovial
and cartilage degradation in OA.20 However, there are few in
vivo studies on the influence of NSAIDs on OA synovial
metabolism.

NSAIDs decrease prostaglandin (PG) synthesis by inhibit-
ing cyclo-oxygenase (COX), the key enzyme required for
conversion of arachidonic acid into PGs. At least two COX
isoforms have been identified to date: COX-1, which is
usually constitutively expressed in many tissues and has a
homoeostatic role; COX-2, which is only appreciably
expressed during inflammatory conditions in response to
the presence of several cytokines, growth factors, oncogenes,
etc.21 Overexpression of the COX-2 protein has a critical role
in many pathophysiological states, including some forms of
joint disease. A number of experimental and human studies
have shown that PGE2 and COX-2 synthesis are up regulated
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in OA synovial membranes (SMs), and suggest that selective
inhibition of COX-2 activity may result in an improvement of
arthritic symptoms.22 23 However, little is known about the in
vivo effect of the different drugs employed on synovial COX-1
and COX–2 expression.

The purpose of this study was to compare the effects of a
dual COX inhibitor, aceclofenac (ACF), and a selective COX-2
inhibitor, celecoxib (CBX), on synovial inflammation, and
SM expression of proinflammatory genes in patients with
severe knee OA.

PATIENTS AND METHODS
Patients
This study comprised 30 patients with clinical and radi-
ological evidence of knee OA who met the American
Rheumatism Association criteria for functional classes III or
IV. At the time of recruitment, patients had to have had a
diagnosis of knee OA for at least 6 months based on clinical
and radiological criteria. All patients had been scheduled for
total knee replacement surgery at the orthopaedic surgery
department of Hospital Virgen de la Cinta (Tortosa,
Tarragona, Spain) and were offered treatment with NSAIDs
until surgery. Those who accepted NSAID treatment were
randomised to receive either CBX (200 mg/24 h) or ACF
(100 mg/12 h). The duration of the treatment was
3 months¡5 days for all the patients included in this study,
and no differences were found between groups. At the
beginning of the study we included 10 patients who received
CBX and 10 who received ACF. Treatment was started after
1 week of washout. Ten patients who agreed to participate in
the study but preferred not to be treated with an NSAID were
also recruited and used as a control group. For all patients,
acetaminophen was used as a rescue analgesic drug for pain
control (500 mg three times a day maximum). Corticosteroid
and hyaluronate injections were not allowed during the trial
or in the 3 months before enrolment.

Patients were evaluated at three times: at enrolment (T0),
after the washout period (T1), and 2 or 3 days before surgery
(T2). Patient symptoms and physical disability were mea-
sured using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC),24 which evaluates pain,
stiffness, and physical performance.

The day before surgery, serum samples were obtained and
stored at 220 C̊ until analysis. During knee surgery, synovial
fluid (SF) was collected and stored at 270 C̊ until analysis.
Three separated fragments from the suprapatellar synovial
tissue were excised and immediately frozen in liquid nitrogen
for further gene expression studies. Two additional speci-
mens from the same region of 2.5 cm length each were
dissected and fixed for 24 hours in 4% paraformaldehyde,
dehydrated, and divided into small pieces to be embedded in
paraffin.

Synovial histopathological studies
For light microscopy, paraffin embedded SM sections were
prepared and stained with haematoxylin and eosin and
Masson’s trichrome stain. Synovitis was evaluated in each
sample according to the Krenn scale25 by two independent,
blinded observers. In brief, three synovial compartments
were scored as follows: intima layer (0 = low cell density, one
to two rows; 1 = mild or focal hyperplasia; 2 = diffuse
hyperplasia or focal areas of severe hypercellularity; 3 = dif-
fuse prominent hyperplasia); interstitium (0 = normal inter-
stitium; 1 = focal sublining fibrotic changes; 2 = increased
interstitial matrix and vascularity; 3 = widespread fibrosis
and vessel congestion); and leucocyte infiltrates (0 = scat-
tered cells or no infiltration; 1 = groups of cells, small
aggregates or foci of polymorphonuclear cells; 2 = frequent
aggregates or abscess formation; 3 = spread infiltration or

large aggregates). At least two paraffin blocks for each
patient were evaluated to obtain a synovitis score.

Immunohistochemistry
Immunohistochemistry was performed as previously
reported.26 A monoclonal antihuman CD68 antibody was
used as primary antibody (KP-1, DakoCytomation, at 4 mg/
ml). Negative controls were performed in parallel by
replacing the primary antibody with a non-immune normal
mouse serum. Only synovial sections in which the lining
layer was identifiable were included in the analysis. All tissue
sections were randomly evaluated by one investigator (OS-P)
who was unaware of the clinical details of the patients. A
semiquantitative analysis was carried out using a 0–5 scale to
allow discrimination between low percentages of positive
cells, as described27 28 (0 = 0–1% positive cells; 1 = 2–10%;
2 = 11–25%; 3 = 26–50%; 4 = 51–75%; 5 = 76–100%). The
density of CD68 positive cells was established in six different
6100 fields randomly selected by the examiner from a
minimum of three specimens for each patient.

PGE2 concentration in SF
SF was collected in tubes containing EDTA and then treated
with hyaluronidase (Boehringer) for 1 hour at 37 C̊ (10 U/
ml). Tubes were then centrifuged, and PGE2 concentration
was measured in supernatants using a commercial kit (Assay
Designs), according to the manufacturer’s instructions. All
the measurements were done in duplicate for each patient.
Results are expressed in ng/ml as the mean (SEM) for each
group.

Gene expression studies using real time polymerase
chain reaction (PCR)
Total RNA from the SM was obtained by the acid
guanidinium–phenol–chloroform method.29 The high-capa-
city cDNA archive kit (Applied Biosystems) was used, and
1 mg of total RNA was reverse transcribed with 2.5 U/ml of a
reverse transcriptase for 2 hours at 37 C̊ in a total volume of
50 ml to obtain total cDNA. Measurement of specific RNA was
performed by single-reporter real time PCR using the ABI
Prism 7500 Sequence Detection system (Applied Biosystems).
The specific oligonucleotide primer pairs labelled with a
reporter fluorescent dye (FAM) at the 59 end, and the specific
FAM TaqMan probe used for COX-1 (assay ID:
Hs00924811_m1; gene accession No NM_080591), COX-2
(assay ID: Hs00153133_m1; gene accession No NM_000963),
interleukin (IL) 1b (assay ID: Hs00174097_m1; gene acces-
sion No NM_000576), and tumour necrosis factor (TNF) a
(assay ID: Hs00174128_m1; gene accession No NM_000594),
were purchased from Applied Biosystems. A predesigned 18S
ribosomal RNA (rRNA) assay (assay ID: Hs99999901_s1;
gene accession No X03205) (Applied Biosystems) was also

Table 1 Baseline patient information

Baseline patient
information

CBX ACF) Control
(n = 9) (n = 7) (n = 9)

Sex (%)
Male 22 14 22
Female 78 86 78

Age (years) 73 (5) 71 (8) 72 (8)

WOMAC (VAS)
After washout T1 2240 (918) 2807 (644) 1996 (390)
Before surgery T2 1952 (908)* 2536 (528)* 2140 (378)*
Difference T22T1 2289 (308) 2270 (359) 144 (85)

Values are shown as mean (SEM) unless stated otherwise.
* p,0.05 v T1 data from the same group of patients.
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used as an endogenous control. TaqMan reactions were
performed in a total volume of 25 ml containing forward
primer, reverse primer, FAM TaqMan probe (or VIC dye for
internal control), and 12.5 ml of TaqMan Universal PCR
Master Mix (Applied Biosystems). The default thermal
cycling programme of the ABI Prism 7500 sequence detection
system was used for real time PCR (95 C̊ for 10 minutes,
followed by 40 cycles of two step PCR, including denaturation
at 95 C̊ for 15 seconds and annealing/extension at 60 C̊ for
1 minute). After confirmation that the amplification effi-
ciency of COX-1, COX-2, IL1b, and TNFa and the endogenous
control 18S rRNA were approximately equal, differences were
calculated with the threshold cycle (Ct), and the comparative
Ct method was used for relative quantification. COX-1, COX-
2, IL1b, and TNFa mRNA were normalised relative to 18S
rRNA in each well, and each patient value for each gene
expression was then normalised relative to the calibrator
value (one of the CBX patients was chosen as calibrator = 1).
Three different RNA extractions from different synovial
specimens for each patient were done. Similar results were
obtained for each extraction.. The gene expression for each
protein in each patient is the mean of these different RNA
extractions.

Western blot analysis
For COX-1, COX-2, TNFa, and IL1b determinations we
isolated SM total proteins, and western blot studies were
performed as previously published.30 Again, two different
protein extractions from different specimens for each patient
were carried out. Primary antibodies against human COX-1
and COX-2 were obtained from Santa Cruz Biotech, TNFa
antibody from PeproTech, and IL1b antibody from MBL. To
ensure that equal amounts of total proteins were charged,
each membrane was also hybridised with anti-a-tubulin
(Sigma). Densitometric analysis of COX-1, COX-2, TNFa, and
IL1b expression were then corrected by levels of a-tubulin
expression. Data are shown as densitometric arbitrary units
as the mean (SEM) for each group.

Statistical analysis
All statistical analyses were performed using SPSS 8.0 for
Windows (SPSS Inc). Results are expressed as mean (SEM),
unless otherwise stated. Data from the three groups were
compared by Kruskal-Wallis non-parametric analysis, and a
pairwise comparison by Mann-Whitney test was applied
when overall differences were identified. Differences were
considered significant for p,0.05.

RESULTS
Baseline information and clinical response
Five of the 30 patients enrolled into the study were lost to
follow up. One patient from the ACF group was excluded
because of adverse events during treatment (gastric pain).
Three patients were excluded because synovial samples could
not be obtained during surgery owing to technical problems,
and one final patient refused to undergo knee replacement at
this time. So, the number of patients that completed the
study were: nine for the CBX group, seven for the ACF group,
and nine for the control group.

Table 1 shows the demographic and clinical characteristics
of the subjects. Patient symptoms and physical disability
were evaluated at different times: T0, T1, and T2, as described
in ‘‘Patients and methods’’. The differences in the WOMAC
index at T0 were not statistically significant between the
different groups. Both ACF and CBX treated patients reported
significantly less pain in the T2 than in the T1 evaluation
(table 1). However, control patients showed a significant
increase in the WOMAC index at T2 as compared with T1,
probably because no treatment was given during the study
time (table 1).

Synovial membrane histopathology
All synovial specimens stained with haematoxylin and eosin
and Masson’s trichrome stain were evaluated. The histo-
pathological findings which predominated were an increased
density of sublining vessels, the appearance of leucocyte
infiltrates, and focal to diffuse hyperplasia of the intima layer
(fig 1). These changes were scored for each sample as

Figure 1 Synovial membrane histopathology in CBX, ACF, and control groups of patients from specimens obtained during knee replacement surgery.
Photomicrographs are representative for seven to nine patients from each group (haematoxylin and eosin; original magnification 6100).
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described in the ‘‘Patients and methods’’ section. The mean
(SEM) global synovitis scores for each group were 4.0 (0.6)
for CBX, 4.1 (0.9) for ACF, and 3.8 (1) for control patients. No
significant differences were seen in this score between the
three patient groups studied either in the overall synovitis
score or in any of the three subscales evaluated (intima layer,
interstitium, and leucocyte infiltrate). The global synovitis
score obtained for these groups agreed with previous
observations reported by Krenn et al in OA tissues.25

CD68 immunostaining
CD68 staining was localised both at the lining and the
sublining layer of the synovial samples (fig 2). In control
patients, CD68 immunoreactivity was found in a patchy
distribution at the sublining area, while it was abundant at
the lining layer (fig 2). In both groups of patients treated
with COX inhibitors the distribution pattern of CD68 anti-
body binding was similar to that of control synovial tissues
(fig 2), but the amount of positive cells both at the lining
layer and at the interstitium was clearly lower in CBX treated
patients than in ACF treated and control patients (p,0.05)
(fig 2).

PGE2 concentration in SF
PGE2 was measured in previously digested SF samples. Mean
(SEM) SF PGE2 levels were 95 (12) ng/ml for the CBX group,
n = 9; 103 (41) ng/ml for the ACF group, n = 7; and 269
(115) for the control group, n = 9, with significant difference
between CBX and controls (p = 0.031) and between ACF and
controls (p = 0.036). The PGE2 concentration was not
significantly different between CBX and ACF treated
patients.

COX expression and synthesis
COX-1 and COX-2 RNA expression in synovial tissue from
patients with OA was assessed by real time PCR studies. CBX,
ACF, and control patients showed no statistically significant
differences in COX-1 gene expression. However, COX-2 gene

expression was decreased in CBX treated patients in
comparison with the control group (fig 3A). COX-2 expres-
sion in ACF treated patients showed a similar trend, but the
difference was not statistically significant when compared
with the control group. COX-2 expression was not signifi-
cantly different between CBX and ACF treated patients
(fig 3A).

Induction of COX protein was then examined using
western blot studies. As shown in fig 3B, similar results
were recorded as obtained for RNA expression. COX-1 was
expressed in similar amounts in the three groups of patients.
However, COX-2 protein was induced to a much greater
extent in control patients than in treated patients. Both ACF
and CBX treated patients had a statistically significant
decrease in COX-2 protein levels in comparison with control
patients (fig 3B). However, no significant differences where
shown in the COX-2 synthesis between CBX and ACF treated
patients. Our results also showed a significant correlation
between the presence of COX-2 protein and PGE2 concentra-
tion in SF (rs = 0.46; p,0.05) and serum PGE2 concentration
(rs = 0.52; p,0.05). The same correlation study for COX-2
gene expression and PGE2 concentration did not reach
statistical significance.

IL1b and TNFa expression and synthesis
To investigate whether NSAID treatment could modify
synovial cytokine expression and synthesis during severe
OA, we measured the gene expression and protein presence
of two proinflammatory cytokines associated with OA
development.

Quantitative PCR experiments showed that IL1b gene
expression was not significantly modified by these treat-
ments in the SM of patients with OA, although there was a
clear trend in CBX treated patients for a decreased IL1b
expression (fig 4). TNFa expression was significantly
inhibited in CBX treated patients in comparison with control
patients, while no significant effect was noted for the ACF
group (fig 4).

Figure 2 Localisation of CD68 positive cells in the SM sections from CBX, ACF, and control patients. Photographs are representative of seven to nine
patients from each group (peroxidase technique; original magnification 6200). The bar graph shows the semiquantitative scoring according to the
description given in the ‘‘Patients and methods’’ section. *p,0.05 v ACF patients. Data represent the mean (SEM), n = 7–9 per group.
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To investigate whether gene expression results correlated
with protein presence, a western blot analysis for TNFa and
IL1b presence in the SM extracts was performed. Our results
showed that both IL1b and TNFa proteins were significantly
decreased in the CBX group in comparison with control
patients, while no statistically significant differences were
found between ACF and control patients (fig 5). TNFa and
IL1b synthesis were also significantly different between CBX
and ACF treated patients (fig 5).

DISCUSSION
PGE2, the eicosanoid that has been found in higher
concentrations in inflamed joints,31 modulates a number of
characteristic features of the progressive tissue destruction
occurring in OA, such as proteinase activation, matrix protein
synthesis, cell proliferation/apoptosis, and even sensitisation
of nociceptors (reviewed by Martel-Pelletier et al21 and
Crofford32). Increased PGE2 levels have been detected in ST
and SF in OA.33 34 The SM appears to be the major source of
PGE2 production during OA.35 In this study we have shown
that two NSAIDs used for OA treatment, ACF and CBX,
similarly improved joint pain and function and decreased
PGE2 concentration in SF. Moreover, these treatments
inhibited COX-2 gene expression and synthesis in the SM

of patients with OA. Our data show that both ACF and CBX
decrease PGE2 production not only by enzyme activity
inhibition but also by a direct effect on COX-2 gene
expression and synthesis. To our knowledge, this is the first
in vivo demonstration of a significant effect of NSAIDs on
tissue COX-2 regulation in humans. These data are in line
with published results obtained with indometacin and a
COX-2 selective inhibitor in the SM of arthritic rats.36

Previous in vitro studies have also suggested that COX-2
expression may be regulated by NSAIDs, although different
results have been reported. In cultured synovial fibroblasts,
several types of anti-inflammatory drugs (for example,
dexamethasone or nimesulide) inhibited COX-2 synthesis,37

while others (for example, naproxen, meloxicam, indometa-
cin) had no effects.35 37 38 However, a recent report on a study
in human leukaemic cells postulated that such discrepancies
may be due both to differences in the cell activator and to the
different anti-inflammatory potency of NSAIDs.39 Authors of
this study demonstrated that all NSAIDs tested inhibited
COX-2 expression if their concentration was sufficiently
high.39

The mechanism by which COX-2 might be inhibited in the
presence of a decreased PGE2 concentration remains
unknown. However, PGE2 may be partially responsible for
this situation, as it has been shown that PGE2 stabilises COX-
2 mRNA and promotes its translation in synovial cells.40 In
this context, we have recently shown that the presence of
PGE2 greatly induced COX-2 synthesis in cultured synovial
fibroblasts stimulated with IL1b.30

In addition to PGE2 concentration inhibition, COX-2
inhibitors may act through new mechanisms that are
currently being discussed. In this regard, in vivo anti-tumour
effects have been shown for a number of NSAIDs.41 42 This
effect might be explained, at least in part, by indirect
mechanisms such as an anti-angiogenic action43 44 or changes
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in cell motility and invasiveness evoked both by COX-2
selective and non-selective inhibitors.42 Whether CBX or ACF
can modify angiogenesis in the SM of patients with OA
remains unknown. In our study, these treatments appeared
ineffective for modifying vessel proliferation at the SM along
with the global synovitis score. But in this regard, Kreen’s
method25 probably lacks sensitivity to examine synovial
angiogenesis as a relevant feature of synovial injury.

NSAIDs appear to share some degree of similarity in that
they all inhibit PGE2 synthesis. However, their other activities
are widely different—for example, inhibition of cytokine
synthesis, toxicity for normal or OA chondrocytes, activity on
cartilage matrix synthesis, and so on. To assess whether a
COX-2 selective inhibitor such as CBX might have a different
anti-inflammatory profile from ACF in these patients, we
studied expression and synthesis of two cytokines with an
essential role during OA—namely, IL1b and TNFa. These
experiments showed that, in addition to decreasing PGE2

concentration and COX-2 presence, long term CBX admin-
istration inhibited the expression and synthesis of IL1b and
TNFa in the SM of patients with OA in comparison with
untreated patients. However, ACF treatment did not sig-
nificantly modify these measures. In addition, macrophage
presence was significantly decreased by CBX in comparison
with ACF treatment. Local levels of cytokines, mainly IL1b
and TNFa from inflamed synovial tissue which are locally
increased during OA,45 control the mechanisms of structural
joint degradation in OA.46 An increased cytokine synthesis
occurring in parallel to PGE2 decrease during NSAID
treatment has been reported by other authors both in vivo
and in vitro.47–50 Different authors have attributed these
results to suppression of the protective effect of PGE2.48 50

Because CBX and ACF treated patients show different
cytokine expression and macrophage density, while having
similar PGE2 and COX-2 profiles, our data suggest that an
additional anti-inflammatory mechanism independent of
PGE2 and COX-2 must take place in the SM of CBX treated
patients. Cytokines have an essential role in inflammation in

chronic synovitis and are mainly produced upon activation of
monocytes/macrophages.51 It might be speculated that
macrophage depletion is responsible, at least partly, for the
decreased cytokine synthesis shown in our study. In this
sense, CBX has been shown to be a pro-apoptotic agent for
several cell types, including human macrophages and
synovial fibroblasts.52 53 The hypothesis that the pro-apoptotic
effect of CBX might be a COX independent event is
supported by recent findings that demonstrate an apoptotic
effect of CBX in COX-2 negative cells. Furthermore, CBX
derivatives that were unable to inhibit COX-2 act as apoptotic
agents.54–56

The significance of synovitis in the pathophysiology of OA
is increasingly recognised.2 57 Recent studies have shown the
existence of a strong association between OA progression and
inflammation.58 59 Therefore, suppression of inflammation
might slow disease progression. In this study we have shown
that in patients with knee OA, long term NSAID treatment
with both CBX or ACF similarly improved joint pain and
function, inhibited PGE2 concentration in SF, and decreased
COX-2 expression and synthesis in the SM. However, CBX
and ACF appear to have different anti-inflammatory profiles
in controlling macrophage infiltration and proinflammatory
cytokine expression in the SM.
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M A Álvarez-Soria, R Largo, O Sánchez-Pernaute, E Calvo, J Egido,
G Herrero-Beaumont, Joint and Bone Research Unit, Fundación Jiménez
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Ethics approval: the local ethics committee approved the study, and
informed consent was obtained from all patients.
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