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Leukotriene and Prostaglandin Synthesis Pathways in
Osteoarthritic Synovial Membranes: Regulating Factors
for Interleukin 1ß Synthesis
PATRICK MARCOUILLER, JEAN-PIERRE PELLETIER, MÉLANIE GUÉVREMONT, JOHANNE MARTEL-PELLETIER,
PIERRE RANGER, STEFAN LAUFER, and PASCAL REBOUL

ABSTRACT. Objective. To study the mechanisms responsible for the cross-talk between lipoxygenase (LOX) and
cyclooxygenase (COX) pathways in human osteoarthritic (OA) synovial explants, and to confirm the
arachidonic acid (AA) shunting phenomenon and its influence on interleukin 1ß (IL-1ß) synthesis.
Methods. Synovial membrane explants were cultured in the absence or presence of different drugs
that inhibit COX and/or LOX activities. Concentrations of prostaglandin E2 (PGE2), leukotriene B4
(LTB4), lipoxin A4 (LXA4), and IL-1ß were measured.
Results. When membrane explants were incubated with naproxen (COX inhibitor) under unstimu-
lated conditions, the production of LTB4 was dose-dependently enhanced, reaching a 5-fold increase
over the control. This shunt could be partially reversed by the addition of exogenous PGE2. Under
lipopolysaccharide (LPS) stimulation, both licofelone (COX/LOX inhibitor) at therapeutic concen-
trations and NDGA (LOX inhibitor) inhibited LTB4 production, whereas naproxen did not amplify
the LPS-induced LTB4 production. Conversely, using NDGA, it was found that a shunt of AA from
the LOX to the COX pathway did not occur. Under LPS conditions, both naproxen and licofelone
inhibited LXA4, inducing an increase in the LTB4/LXA4 ratio with naproxen treatment but not with
licofelone. Under these conditions, naproxen treatment induced a higher level of IL-1ß production.
Conclusion. We demonstrated in OA synovium that a shunt from AA to the LOX pathway occurred
and that treatment with a nonselective COX inhibitor could increase the production of LTB4 and sec-
ondarily the synthesis of IL-1ß. Therefore treatment with licofelone, which can act on both COX and
LOX pathways, may have some interesting properties in the treatment of OA. (J Rheumatol
2005;32:704–12)

Key Indexing Terms:
LEUKOTRIENES                                 PROSTAGLANDINS SYNOVIAL MEMBRANES
OSTEOARTHRITIS INTERLEUKIN 1

From the Osteoarthritis Research Unit, Hôpital Notre-Dame, Centre hos-
pitalier de l’Université de Montréal, Montréal, Québec; Department of
Orthopaedics, Hôpital Sacré-Coeur, Montréal, Québec; and Eberhard-
Karls University, Tübingen, Germany.

Supported in part by a grant from Merckle GmbH, Ulm, Germany, and by
la Chaire en Arthrose, Université de Montréal. P. Marcouiller is a recipi-
ent of the Fonds Marthe-Demers en gérontologie-gériatrie from the
University of Montreal. Dr. Reboul is a recipient of the Dr. André Lanthier
Scholarship from the University of Montreal.

P. Marcouiller, MSc; J-P. Pelletier, MD; M. Guévremont, MSc; J. Martel-
Pelletier, PhD; P. Reboul, PhD, Osteoarthritis Research Unit, Hôpital
Notre-Dame, Centre hospitalier de l’Université de Montréal; P. Ranger,
MD, Department of Orthopaedics, Hôpital Sacré-Coeur; S. Laufer, PhD,
Eberhard-Karls University.

Address reprint requests to Dr. P. Reboul, Unité de recherche en arthrose,
CR-CHUM Centre hospitalier de l’Université de Montréal, 1560 rue
Sherbrooke Est, Pavillon de Sève, Y-2604, Montréal, Québec H2L 4M1.
E-mail: pascal.reboul@umontreal.ca

Submitted March 8, 2004; revision accepted November 10, 2004.

Osteoarthritis (OA) is the most common of arthritic diseases
and is characterized by progressive loss of articular cartilage
due to matrix degradation and repair mechanisms, as well as
remodeling of the subchondral bone and formation of osteo-
phytes1-3. Synovitis is often observed and is considered to
be secondary to the changes in the other tissues within the

joint. It is a key factor in the pathogenesis of the disease, and
it appears to be fundamental to the appearance and progres-
sion of cartilage lesions4. Synovium has been reported to be
one of the main sources for the production of proinflamma-
tory mediators such as interleukin 1ß (IL-1ß) and tumor
necrosis factor-α (TNF-α) that increase cartilage catabo-
lism5–7. These cytokines stimulate the synthesis and release
of lipid mediators derived from cyclooxygenase (COX) and
lipoxygenase (LOX) metabolism of arachidonic acid (AA),
such as prostaglandins (PG) and leukotrienes (LT), that are
etiologically associated with arthritic and inflammatory dis-
eases8-10.

Recent studies have focused more particularly on under-
standing the roles of LT. Studies in animal models as well as
clinical trials have convincingly shown the potential of
drugs that inhibit LOX-derived LT in the treatment of rheu-
matic diseases11-13. LT play a major role in the inflammatory
process14-16. They are synthesized via 5-LOX, an enzyme
that requires the presence of the 5-LOX activating-protein
(FLAP), in intact cells. Indeed, the activity of 5-LOX is
stimulated by calcium in intact cells, whereas this is not
required in in vitro experiments with broken cells17. The last
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biologically active metabolites of the 5-LOX cascade are
leukotriene B4 (LTB4) and the so-called cysteinyl
leukotrienes (LTC4, LTD4, and LTE4), which are all derived
from unstable intermediate LTA4

18. LTB4 stimulates the
production and release of proinflammatory cytokines from
macrophages, lymphocytes, and, as recently discovered,
from synovial membrane10,19.

Lipoxins (LX, lipoxygenase interaction products) are yet
another group of lipid mediators formed during AA metabo-
lism. They are generated during the cellular interactions that
occur as part of the multicellular host response to inflam-
mation. LX are formed by transcellular metabolism from an
intermediate derivative (5(6) epoxytetraene) that gives rise
to the metabolically active products LXA4, LXB4, or
15(R)HETE for 15-epi-LX (aspirin-triggered LX). They are
synthesized not only via the 5-LOX pathway but also by the
action of 2 other enzymes, 12-LOX and 15-LOX20,21. LX
can be considered stop-signal mediators that possess anti-
inflammatory effects. It has recently been shown that COX
and LOX pathways can interact16,22. Our group has report-
ed that in human OA osteoblasts, NS398, a specific COX-2
inhibitor, can induce a shunt from the production of PGE2 to
LTB4, thereby increasing the production of LTB4

23.
We investigated the presence of an AA shunt in human

OA synovial explants to delineate the mechanisms responsi-
ble for cross-talk between the COX and LOX pathways, and
examined the influence of this shunt on the level of IL-1ß
synthesis. In addition, we studied the effect of pharmaco-
logical modulation of the COX and/or LOX pathways by
drugs, including nonsteroidal antiinflammatory drugs
(NSAID) with different inhibitory activities.

MATERIALS AND METHODS
Synovial membrane cultures. Human synovial membranes were obtained
from 14 patients with OA (11 women, 4 men; mean age 66 ± 7 SD yrs)
undergoing arthroplasty of the knee, who had been diagnosed based on
American College of Rheumatology criteria24. This study was approved by
our institutional ethical and scientific committee. OA synovial membranes
were aseptically dissected completely free from underlying fibrous and adi-
pose tissue under a dissecting microscope, as described10. This study was
based on previous work by our unit that established optimal experimental
conditions to study synthesis of LTB4 and cytokines such as IL-1ß and
TNF-α in human synovial explants10. Explant samples (~200 ± 50 mg, in
duplicate) were divided randomly into experimental groups and incubated
for 24–36 h (washout period) in explant culture medium [Dulbecco’s mod-
ified Eagle’s medium (HB-DMEM) + 10% fetal bovine serum (FBS) +
Pen-Strep (100 U/100 µg)] at 37°C in a humidified atmosphere containing
5% CO2/95% air prior to experimentation10. OA synovial membranes were
incubated in the presence or absence of inhibitors of either the COX or
LOX pathways in HB-DMEM containing 0.5% FBS and antibiotics during
a period of either 72 h (eicosanoids and IL-1ß measurements) or 24–72 h
(RNA analysis). For eicosanoid measurements, ionomycin (Calbiochem-
Novabiochem, La Jolla, CA, USA) at a final concentration of 20 nM was
added 24 h before the end of incubation.

The effects of drugs acting at different levels of the arachidonic path-
way [naproxen (Sigma), rofecoxib, NS398 (Calbiochem), licofelone
(Merckle GmbH), nordihydro-guaiaretic acid (NDGA, Cayman Chemical),
and FR 122047 (Tocris)] were investigated. Indeed, naproxen is an

inhibitor of both COX-1 and COX-2, while rofecoxib and NS398 are COX-
2-specific inhibitors. Licofelone blocks COX-1 and COX-2 but also 5-
LOX. NDGA is a broad inhibitor of 5-LOX, 12-LOX, and 15-LOX. FR
122047 is a COX-1-specific inhibitor.

Eicosanoids and IL-1ß measurements. Measurements of PGE2, LTB4,
[enzyme immunoassay (EIA), Cayman Chemical, Ann Arbor, MI, USA),
LXA4 (EIA, Lexington, KY, USA), and IL-1ß (ELISA, R&D Systems,
Minneapolis, MN, USA) in conditioned medium were performed according
to the manufacturers’ instructions.

Quantitative polymerase chain reaction (PCR). RNA extraction. OA syn-
ovial membranes were homogenized in Trizol reagent (Invitrogen,
Burlington, ON, Canada) and total RNA were extracted, with some modi-
fications, as described25. Briefly, a first centrifugation was done before the
addition of chloroform to eliminate debris. Then the supernatant was mixed
with chloroform, cooled at 4°C for 5 min, and centrifuged (12,000 g, 10
min at 4°C). The aqueous phase was transferred to a new tube and precipi-
tated with one volume of isopropyl alcohol overnight at –20°C. After cen-
trifugation (12,000 g, 15 min at 4°C), the pellet was suspended in water.
RNA was quantitated with RiboGreen® RNA quantitation reagent
(Molecular Probes, Eugene, OR, USA).

RT-PCR. Two milligrams total RNA were used in the RT-PCR reaction. The
assay was carried out in a Gene ATAQ controller (Amersham Pharmacia
Biotech, Baie d’Urfé, QC, Canada). The RNA was converted into single-
strand DNA with 50 units of M-MLV reverse transcriptase (Invitrogen) in
20 µl of reaction mixture containing 10 mM Tris-HCl, pH 8.3, 50 mM KCl,
5 mM MgCl2, 1 mM of each dNTP (Amersham Pharmacia Biotech), 2.5
µM random hexamers (Amersham), and 20 units RNA inhibitor. The mix-
ture was incubated at 42°C for 45 min and at 99°C for 5 min. Real-time
PCR on a Gene Amp 5700 sequence detector system (Applied BioSystems,
Foster City, CA, USA) was performed in a total volume of 50 µl in the pres-
ence of 100 ng cDNA (samples, external standards, or water). MgCl2 was
added to a final concentration of 2 mM, each oligonucleotide primer added
to a final concentration of 100 nM, and the SYBR® Green core reagents
added according to the manufacturer’s instructions (Applied BioSystems).
To avoid sample contamination from previous amplifications, an initial step
with AmpErase UNG was performed for 2 min at 50°C followed by
AmpErase inactivation (10 min at 95°C). PCR was performed with an ini-
tial step for 5 min at 95°C followed by 40 cycles of 15 s at 95°C and 1 min
at 60°C. We verified that a single peak was obtained for each product using
the Gene Amp 5700 system software. PCR primers for 5-LOX were sense
5’-CTG TTC CTG GGC ATG TAC CC and antisense 5’-GAC ATC TAT
CAG TGG TCG TG. These primers produced a 467 bp amplified fragment.
Specific primers for FLAP were sense 5’-TCT ACA CTG CCA ACC AGA
AC and antisense 5’-ACG GAC ATG AGG AAC AGG, which gave a 223
bp amplified fragment. For GAPDH, used as a housekeeper gene, the sense
primer was 5’-CAG AAC ATC ATC CCT GCC TCT, which corresponded
to the 604–624 bp position; the antisense primer was 5’-GCT TGA CAA
AGT GGT CGT TGA G and corresponded to the 901–922 position of the
published sequence26. Primers were synthesized by Medicorp (Montreal,
QC, Canada).

Statistical analysis. Data are expressed as mean ± SEM. Mann-Whitney
tests were performed to assess differences between groups, with results of
p < 0.05 considered significant.

RESULTS
Previously it was shown that synovial explants produced
LTB4, which could subsequently regulate both IL-1ß and
TNF production10,27. As cytokines, particularly IL-1ß, are
important for the development of OA, we investigated
whether NSAID could regulate synovial membrane-pro-
duced LTB4. Among the different drugs tested, only naprox-
en induced a dose-dependent increase in the production of
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LTB4 under unstimulated conditions, achieving a 5-fold
increase (26.6 ± 5.2 pM, mean ± SEM). None of the other
drugs changed the basal levels of LTB4 (Figure 1A).
Moreover, incubation of synovial membranes with either 1
µM of rofecoxib (COX-2-specific inhibitor) or with 1 µM of
FR 122047 (COX-1-specific inhibitor) did not modulate
LTB4 production under the same experimental conditions
(data not shown). The apparent inefficacy of licofelone or
NDGA at reducing the level of LTB4 in the absence of
naproxen could be explained by the extremely small amount
of LTB4 produced under unstimulated conditions. Indeed,
the amounts found in the basal levels in the absence of
naproxen were very close to the limit of detection of the
assay. However, upon stimulation by LPS (1 µg/ml), LTB4
production in explants was significantly stimulated and both
licofelone and NDGA inhibited the LPS-stimulated LTB4

production, revealing the 5-LOX inhibitory activity of these
compounds using our system (Figure 2A). Under stimulated
conditions, naproxen did not enhance LTB4 production. In
basal conditions, the PGE2 concentration produced by OA
synovial explants was 1.9 ± 0.4 µM. This production could
be related in part to the COX-2 expression, as shown by
results from immunoblotting. COX-2 expression was also
found to be enhanced with LPS (data not shown). Under
both basal and LPS-stimulated conditions, all NSAID inhib-
ited PGE2 production, while NDGA had no effect (Figures
1B, 2B). On the other hand, NS398 had no effect on LPS-
stimulated LTB4 production (Figure 2A).

As naproxen is a potent COX inhibitor, our results also
suggested that PGE2 could possibly regulate LTB4 produc-
tion. To investigate this, naproxen-treated synovial mem-
branes were incubated with exogenous PGE2 (1–100 nM).

Figure 1. Production of LTB4 (A) and PGE2 (B) by human OA synovial membrane explants
under unstimulated conditions, incubated for 72 h at 37°C in the absence (control) or pres-
ence of different NSAID (naproxen, a COX-1 and COX-2 inhibitor; licofelone, a COX-1,
COX-2 and 5-LOX inhibitor; NS398, a COX-2-specific inhibitor; and NDGA, a 5-LOX, 12-
LOX, and 15-LOX inhibitor). LTB4 data were normalized to naproxen 360 µM, whereas
PGE2 data were normalized to control. Values are mean ± SEM from 6–8 independent exper-
iments.
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The results showed that PGE2 could partially inhibit the
naproxen-induced increase of LTB4 production. A PGE2
concentration as low as 1 nM was effective and statistically
significant, and a maximum of 50% of inhibition was
reached with 10 nM of PGE2 (Figure 3).

Further, we investigated whether naproxen and PGE2
modified the expression of 5-LOX and FLAP, the 2 enzymes
involved in LTB4 production. These experiments were per-
formed using real-time PCR, and the expression of 5-LOX
and FLAP was measured at 24, 48, and 72 h. No variation
from baseline in the expression of either 5-LOX or FLAP
messengers was noted when synovial membranes were
treated with naproxen alone or in combination with PGE2
(data not shown).

Other LOX products, such as LX, have been reported to
have antiinflammatory properties16,22. Lipoxin A4 has been
shown to be implicated in the resolution of inflammation28.
Therefore, the following experiments were conducted to

Figure 2. Production of LTB4 (A) and PGE2 (B) by human OA synovial membrane explants
incubated 72 h at 37°C in the absence (–) or presence (+) of LPS (1 µg/ml). See Figure 1
legend for experimental conditions. LTB4 data were normalized to LPS stimulation (LPS
+) whereas PGE2 data were normalized to control. Values are the mean ± SEM from 3–6
independent experiments.

Figure 3. Reversibility of naproxen-induced LTB4 production by PGE2.
Explants were incubated 72 h at 37°C in the absence (–) or presence (+) of
naproxen 360 µM in combination with various concentrations of PGE2
(1–100 nM). Results were normalized to naproxen-induced release of
LTB4. Values are the mean ± SEM from 4–6 independent experiments.
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evaluate whether the shunt of AA to the LOX pathway might
have an effect on production of LXA4. Under unstimulated
conditions, naproxen at a concentration that strongly stimu-
lated LTB4 production (360 µM) had no effect on LXA4 lev-
els (Figure 4A). In contrast, licofelone strongly inhibited
LXA4 synthesis. Under LPS stimulation, LXA4 production
was downregulated with naproxen and licofelone (Figure
4B). When we calculated the LTB4/LXA4 ratio under either
unstimulated (Figure 5A) or LPS-stimulated (Figure 5B)
conditions, our results showed an increase of this ratio with
naproxen, which may induce some conditions favoring an
inflammatory process. For its part, licofelone kept the
LTB4/LXA4 ratio to the control level.

As LTB4 was previously shown to stimulate cytokine
synthesis, we investigated whether naproxen could upregu-
late IL-1ß synthesis. Under unstimulated conditions, the IL-
1ß level was about 4 ± 2.2 nM, and no increase in IL-1ß syn-
thesis was noted with naproxen (data not shown). However,
under LPS-stimulated conditions, both naproxen concentra-
tions induced an overproduction of IL-1ß, whereas
licofelone had no effect (Figure 6).

DISCUSSION
In our study, we demonstrated the capacity of NSAID that
inhibit both COX-1 and COX-2 to induce a shunt of AA

from the COX to the LOX pathway in OA synovial mem-
branes. This shunting phenomenon was associated with an
upregulation in IL-1ß synthesis. The regulation of this shunt
may be at the posttranscriptional or posttransductional level
of 5-LOX and FLAP. The addition of exogenous PGE2 sig-
nificantly reversed naproxen’s effect. By contrast, specific
COX-2 inhibitors (rofecoxib, NS398) did not induce such a
shunt. Using NDGA, a 5-, 12-, and 15-LOX inhibitor, and
measuring PGE2 levels, we found that a shunt of AA from
the LOX to the COX pathway did not exist in synovial
membranes. Moreover, treatment with naproxen increased
the LTB4/LXA4 ratio, which may favor the inflammation
process. Unlike naproxen and as expected, licofelone, a dual
inhibitor of COX and LOX pathways, decreased levels of
PGE2, LTB4, and lipoxins and prevented the overexpression
of IL-1ß under LPS stimulation.

The finding that LPS-stimulated synovial explants did
not produce higher levels of LTB4 in the presence of
naproxen could be explained by the fact that maximum pro-
duction was already achieved, likely because of the limited
amount of 5-LOX, which concurs with the concept that
LTA4 limits 5-LOX activity29,30. Indeed, a previous study
showed that 5-LOX produced LTA4, which in return cova-
lently bound and dose-dependently inactivated 5-LOX. It

Figure 4. Production of LXA4  by human OA synovial membrane explants
under unstimulated (A) or LPS-stimulated conditions (B). Explants were
incubated 72 h at 37°C in the absence (–) or presence (+) of LPS (1 µg/ml).
Results were normalized to the control (A) or to LPS stimulation (LPS +)
(B). Values are the mean ± SEM from 4–6 independent experiments.

Figure 5. Ratio of LTB4/LXA4 production by human OA synovial mem-
brane explants under unstimulated (A) or LPS-stimulated conditions (B).
Explants were incubated 72 h at 37°C in the absence (–) of LPS (1 µg/ml)
or coincubated with LPS (+) and either naproxen or licofelone. Values are
the mean ± SEM from 4–5 independent experiments.
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has been estimated that each enzyme can catalyze approxi-
mately 500 reactions before becoming inactive29,30. The
LTB4 level obtained in this study, however, is 10 to 100
times lower than that found by He, et al10. The difference
could be due to the ionophores used. Indeed, we chose to use
only ionomycin, whereas He, et al used the combination of
ionomycin and thapsigargin10, a combination that may have
mobilized a higher level of intracellular Ca2+ and activated
both nuclear and cytosolic 5-LOX, since 5-LOX has been
observed in cytosol and nuclei. It is possible that ionomycin
alone induced only the activity of the cytosolic 5-LOX31.
Nevertheless, the level of LTB4 production we observed
concurs with that previously found in arthritis synovial flu-
ids32. The naproxen-induced LTB4 production was regulat-
ed at the posttranscriptional level since neither 5-LOX nor
FLAP mRNA levels were modulated. In general, the regula-
tion of 5-LOX and FLAP genes appears similar, reflecting
the dual requirement for LTB4 production33. However,
exceptions to this coordinated expression exist. For exam-
ple, differentiation of HL-60 cells into granulocyte-like cells
with DMSO results in a concurrent increase in 5-LOX and
FLAP mRNA, while differentiation with phorbol esters
toward a macrophage-like cell line results in an increase of
FLAP but not in 5-LOX34. From our model, it can be
hypothesized that 5-LOX and FLAP messengers might be
regulated at a posttranscriptional level. Indeed, it was
reported that 5-LOX expression was complex and also
involved control mechanisms for mRNA stability, mRNA
translation, enzyme translocation, substrate availability,
cofactor availability, and enzyme activation31. Moreover,
LTB4 synthase, another enzyme involved in LTB4 produc-
tion, could be regulated as well. The presence of several dif-
ferent cell types in the synovial membrane increases the dif-
ficulty in discovering precisely which enzyme and which

level of regulation was involved. These several possibilities
raise a complex question, which is currently under investi-
gation in our laboratory.

PGE2 was found to partially downregulate naproxen-
induced LTB4 production. It is important to note that in this
study, the PGE2 concentration found in the OA synovium
was 0.5 to 3 µM, and therefore the exogenous concentra-
tions of PGE2 added were still below pathological concen-
trations. The PGE2 effect might occur through the inhibition
of 5-LOX activity. Levy, et al28 recently showed that PGE2
inhibited LTB4 production in human polymorphonuclear
cells, and that this production could be rescued with the
addition of LTA4, indicating that inhibition of LTB4 biosyn-
thesis by PGE2 occurred via 5-LOX inactivation. They also
observed that the inhibition did not result from inactivation
of either cytosolic phospholipase A2 or LTA4 hydrolase28.
Nevertheless, it seems likely that another pathway, not yet
identified, regulating LTB4 production may exist in our syn-
ovial explant culture model under treatment with naproxen.
Among the different possibilities, one could suggest that
naproxen acts via the peroxisome proliferator-activated
receptor (PPAR) system. Since PPAR-γ isoform is very sen-
sitive to activation by naproxen (10 µM)35, the concentra-
tion of the drug used in our study could have activated
PPAR.

The results we obtained with NS398 are in certain
aspects similar to and in other aspects different from previ-
ous reports. On one hand, NS398 under LPS stimulation
confirms the findings of an absence in decrease in LTB4 pro-
duction, as described by He, et al10. On the other hand,
NS398 did not induce the shunt that was previously report-
ed in osteoblasts23. The latter results may be explained by a
differential role played by the different COX. Studies on
COX-2-specific inhibitors have shown that COX-2 activity

Figure 6. Production of IL-1ß by human OA synovial membrane explants under LPS-stimulat-
ed conditions. Explants were incubated 72 h at 37°C in the absence (–) of LPS (1 µg/ml) or
coincubated with LPS (+) and either naproxen or licofelone. Results were normalized to LPS
stimulation (LPS +). Values are the mean ± SEM from 3–6 independent experiments.
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is of utmost importance in the homeostasis of bone under
normal conditions36,37. Further, throughout our study we did
not observe a shunt in the presence of a COX-1-specific
inhibitor alone (FR 122047). These results support the con-
cept that only a complete suppression of PGE2 production
by dual inhibition of COX with naproxen treatment could
induce the shunt. This is supported by the experiments
showing that even very low concentration of exogenous
PGE2 (1–10 nM) could at least partially reverse the shunt.
This finding also corroborates the important role of COX-1
activity in regulating the AA pool in synovial membranes
under unstimulated conditions.

Conversion into lipoxins, and particularly into LXA4 and
LXB4, in mammals is another metabolic route for AA.
Lipoxins are generated during cell-cell interactions and
serve as braking signals of inflammation21,38. We observed
that under basal conditions naproxen had no effect on LXA4
production. In contrast, naproxen inhibited the LPS-induced
LXA4 production, suggesting an obvious differential regula-
tion of LXA4 under both basal and stimulated conditions.
Indeed, it is well known that LPS activates numerous intra-
cellular signaling routes that could be PGE2-dependent.
Although these findings are speculative, one might suggest
that under LPS-stimulated conditions the increase of LXA4
production was related to an upregulation of 15-LOX
expression by PGE2, as reported by Levy, et al28. This find-
ing is also supported by the experiments showing that LXA4
production was also inhibited by NS398 under these condi-
tions. Perhaps the most relevant finding was that the
LTB4/LXA4 ratio increased with naproxen, an increase that
could cause an imbalance in the response of cells to each
component. This imbalance is of particular importance in
joint diseases, since LXA4 has been shown to inhibit IL-1ß-
induced IL-6, IL-8, and metalloproteinase-3 production in

human synovial fibroblasts and enhance synthesis of tissue
inhibitors of metalloproteinases39. In summary, it could be
hypothesized that in the absence of inflammation, the intake
of naproxen may lead to an overproduction of LTB4, which
would represent an environmental condition that may favor
an inflammatory process in the joint (Figure 7). In the pres-
ence of inflammation, the intake of naproxen would down-
regulate LXA4 production and increase the LTB4/LXA4
ratio, which would create an environment favorable to sus-
taining a proinflammatory condition.

Studies have shown that LTB4 can modulate the synthe-
sis of IL-1ß in synovial explants10,19,40. Thus it seemed rel-
evant to investigate whether upregulation of LTB4 induced
by naproxen affected the level of IL-1ß synthesis. Indeed,
IL-1ß synthesis increased only with coincubation of naprox-
en and LPS. Although 2 preceding studies have shown that
LTB4 can induce synthesis of IL-1ß10,40, the concentrations
used were high (10–9 and 10–8 M) and could have recruited
other signaling pathways also present when the synovium
was stimulated with LPS. Moreover, IL-1 production could
be regulated by transcriptional, posttranscriptional (mRNA
stability), translational, and posttranslational (protein matu-
ration) mechanisms. Under unstimulated conditions, LTB4
alone could not stimulate IL-1 synthesis. In contrast, under
LPS stimulation, which mimics inflammatory conditions
and activates numerous signaling pathways implicated in
the different steps of Il-1ß production. Therefore it seems
that LTB4 alone is not potent enough to induce IL-1ß, but
instead acts as a cofactor of one of these pathways, thus
enhancing IL-1 production. Using MK886 (a 5-LOX
inhibitor) alone or in combination with LTB4, Rainsford, et
al demonstrated that IL-1ß synthesis in synovial membranes
was regulated by LTB4

19. However, this regulation was only
possible with inflamed membranes. These investigators also

Figure 7. The arachidonic acid (AA) shunt in the presence of naproxen. In the absence of
naproxen, free AA is mainly used by the COX pathway. Conversely, by inhibiting the COX
and by an unidentified pathway, naproxen directs free AA to the LOX pathway.

Personal non-commercial use only.  The Journal of Rheumatology Copyright © 2005.  All rights reserved.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


hypothesized that the reported lack of effect of MK886 on
monocyte IL-1 production42 may have been due to the lack
of an inflamed state of those cells compared to those from
synovial membrane samples. IL-1 is not the only cytokine
that is differently regulated by naproxen under different
stimulatory conditions. Indeed, naproxen has no effect on
peripheral blood mononuclear cell IL-6 production under
unstimulated conditions, whereas it increases the IL-6 syn-
thesis under LPS stimulation43. This was not the first time
that eicosanoids such as LTB4 have been found to have dif-
ferential effects under basal and stimulated conditions.
Faour, et al showed that PGE2 and LTB4 can reverse NS398-
dependent inhibition of IL-1ß-induced COX-2 expression,
but have no effect in quiescent unstimulated synovial
fibroblasts44. Another aspect of LPS stimulation was report-
ed by Jiang, et al, who argue that the LPS stimulation path-
way may overcome the PPAR pathway in OA synovial
membranes45. Overall, as the main difference between the
effect of naproxen and licofelone relates to the capacity for
inhibiting LTB4 production, these findings suggest that
under specific experimental conditions LTB4 is an important
cofactor in the synthesis of IL-1ß in OA synovium.
Moreover, naproxen is well known to be an inhibitor of car-
tilage matrix synthesis, while it is unable to inhibit proteo-
glycanase activity46,47. One may speculate that either LTB4
or IL-1ß, which have the same properties toward the matrix,
could be involved in this process.

Our study shows that the COX pathways generally
metabolize AA in OA synovial explants. However, in certain
circumstances of PGE2 depletion provoked by drugs that
inhibit both COX-1 and COX-2 enzymes, a shunt occurs
from the COX to the LOX pathway. This phenomenon
induces excess production of LTB4 as well as an increase in
the LTB4/LXA4 ratio, and leads to increased production of
IL-1ß, a cytokine known to play a major role in the patho-
physiology of OA. Simultaneously controlling both PGE2
and LTB4 production, licofelone is an interesting new drug
that may present advantages for the treatment of OA
because of its capacity to inhibit this shunt.
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