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Abstract. Objective: Recently, we found that administration
of glucosamine to adjuvant arthritis, a model for rheumatoid
arthritis, suppressed the progression of arthritis in rats. To
clarify its anti-inflammatory mechanism, we evaluated the
actions of glucosamine on the activation of synoviocytes in
vitro.

Materials and methods: Synoviocytes isolated from human
synovial tissues were stimulated with interleukin (IL)-1f in
the presence of 0.01-1 mM glucosamine. IL-8 and prostag-
landin (PG) E, were measured by ELISA, and nitric oxide
was quantitated by Griess assay. IL-8 mRNA was detected
by RT-PCR. Furthermore, the effect of glucosamine on the
phosphorylation of p38 mitogen-activated protein kinase
(MAPK) and the binding of ['*T] IL-1 to its receptors were
examined using a primary human synovial cell line (CS-
ABI-479).

Results: Glucosamine significantly suppressed the IL-1f3-in-
duced IL-8 production as well as its mRNA expression (p <
0.05) at 1 mM. Furthermore, glucosamine (1 mM) inhibited
the IL-1p-induced nitric oxide and PGE, production (p <
0.05). Moreover, glucosamine suppressed the IL-13-induced
phosphorylation of p38 MAPK (p < 0.05 at >0.1 mM) and
the IL-1B-binding to its receptors (p < 0.05 at I mM).
Conclusions: These observations suggest that glucosamine
can suppress the IL-13-mediated activation of synoviocytes
(such as IL-8-, nitric oxide- and PGE,-production, and phos-
phorylation of p38 MAPK), thereby possibly exhibiting anti-
inflammatory actions in arthritis.

Key words: Glucosamine — Synoviocyte — Rheumatoid ar-
thritis

Introduction

Glucosamine, a naturally occurring amino monosaccharide
is present in the connective and cartilage tissues as a com-
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ponent of glycosaminoglycans, and contributes to maintain-
ing the strength, flexibility and elasticity of these tissues.
For more than two decades in Europe, glucosamine has
been clinically used to treat human osteoarthritis, based on
its beneficial effect on the reconstruction of joint cartilage
[1-4]. Several short- and long-term clinical trials in osteo-
arthritis have shown the significant symptom-modifying ef-
fect of glucosamine without apparent adverse events [5—7].
In addition to its chondroprotective actions, glucosamine
can exhibit anti-inflammatory actions by suppressing neu-
trophil functions such as superoxide generation, phagocyto-
sis, granule enzyme release and chemotaxis [8]. Moreover,
glucosamine has been shown to suppress unprimed T cell re-
sponse by interfering with antigen presenting cell functions
and by inhibiting CD3-induced T cell proliferation [9].

Rheumatoid arthritis (RA) is characterized by the chronic
and progressive inflammatory processes with immunological
abnormalities, leading to the synovial hyperplasia and de-
struction of the affected joints. Nonsteroidal anti-inflamma-
tory drugs (NSAIDs) are widely used in the pharmacological
management of arthritis [10]. Although these medications
are effective in relieving pain and limitation of functions,
they cannot cure arthritis and cause serious side effects [11].
Previously, we orally administered glucosamine to rats with
adjuvant arthritis, and evaluated its effect on the progres-
sion of arthritic inflammation. The results indicated that glu-
cosamine significantly suppressed the progression of adju-
vant arthritis and also inhibited the production of nitric oxide
and PGE, in rats [12].

However, the anti-inflammatory mechanism of glucos-
amine on arthritis is poorly understood. In this study, we
evaluated the actions of glucosamine on the activation of
human synoviocytes. The results indicated that glucosamine
suppressed the mRNA expression and production of IL-8 by
IL-1p-activated synoviocytes. Furthermore, glucosamine in-
hibited the nitric oxide, PGE, production and phosphoryla-
tion of p38 MAPK by activated synoviocytes.
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Materials and methods

Reagents

IL-1f3 was purchased from PeproTech EC Ltd. (London, UK). D-Glu-
cosamine hydrochloride was supplied by Koyo Chemical Co., Ltd. (To-
kyo, Japan). N-acetyl-D-glucosamine was purchased from Wako Pure
Chemicals Industries, Ltd. (Osaka, Japan). In our preliminary experi-
ments, we confirmed that glucosamine or N-acetylglucosamine (1 mM)
per se never stimulated synovial tissue-derived synoviocytes and a pri-
mary human synovial cell line to produce the detectable amounts of IL-8,
nitric oxide and PGE, (as described below), suggesting that the amounts
of contaminants, which affect the inflammatory mediator production, are
negligible in the glucosamine and N-acetylglucosamine preparations.

Cell culture

Synovial tissue samples were obtained from three patients with RA un-
dergoing total joint replacement at Juntendo University Hospital (Tokyo,
Japan). All RA patients were evaluated by the certified rheumatologists
and diagnosed as having RA, according to the criteria of the American
Collage of Rheumatology [13, 14]. This study was conducted according
to the Declaration of Helsinki principles, and the human experiments
were approved by the ethical committee of Juntendo University. The
synovial tissues were minced into very small pieces, and incubated in
RPMI 1640 medium containing 10% fetal calf serum (FCS), 100U/
ml penicillin, and 0.1 mg/ml streptomycin in a 5% CO, incubator for
96h. After removing nonadherent cells, and washing with phosphate-
buffered saline (PBS; 137mM NaCl, 2.7mM KCI, 8.1 mM Na,HPO,,
1.5mM KH,PO,, pH 7.4), adherent cells were recovered with 0.25 %
trypsin/EDTA (Gibco Invitrogen Corporation, Grand Island, NY) and
successively passaged. Purity of the cells was >95 % fibroblast-like cells
as confirmed by microscopic analysis. All experiments described were
performed using the cells between 3 and 10 culture passages.

When the phosphorylation of p38 MAPK and binding of IL-1f3
(described below) were analyzed using synovial-tissue derived syn-
oviocytes, the data obtained were markedly varied among individuals
with RA. In a preliminary experiment, we confirmed that glucosamine
inhibited the IL-8 production from IL-1f-activated CS-ABI-479, a pri-
mary human synovial cell line (Dainippon Pharmaceutical Co., Ltd.,
Osaka, Japan), as with synovial-tissue derived synoviocytes. Thus, in
the experiments for the phosphorylation of p38 MAPK and binding of
IL-1, a synovial cell line CS-ABI-479 was used. CS-ABI-479 cells (4
x 10%/well in a 6-well plate) were maintained in CS-C complete medium
(4Z3-500; Dainippon Pharmaceutical) containing 10% FCS, 100 U/ml
penicillin and 0.1 mg/ml streptomycin in a 5 % CO, incubator.

Measurement of IL-8

Synovial tissue-derived synoviocytes were plated at 10°/well in 24-well
plates in RPMI 1640 medium containing 10% FCS for 24h at 37°C.
After washing twice with RPMI 1640 medium (without phenol red), the
cells were incubated with 0.01-1 mM glucosamine or I mM N-acetylglu-
cosamine, and then stimulated with 4ng/ml IL-1f3 in a total volume of
0.5ml RPMI 1640 medium (without phenol red) for 24 h at 37 °C. In our
preliminary experiments, we confirmed the time-dependent production
of IL-8 from synoviocytes, and found that IL-8 progressively increased
during incubation for 8~72h after stimulation with 4 ng/ml IL-1f3. Thus,
we decided to quantitate the IL-8 production using culture supernatants
from 4 ng/ml IL-1{3-stimulated synoviocytes after 24 h-incubation.

IL-8 in the culture supernatants was quantified by a sandwich en-
zyme-linked immunosorbent assay (ELISA) kit, according to the manu-
facturer’s instructions (eBioscience San Diego, CA). Briefly, microtiter
plates (Corning, Acton, MA) were coated with anti-IL-8 monoclonal
antibody (1:125 dilution; eBioscience) overnight at 4 °C. After blocking
with BlockAce (Dainippon Pharmaceutical), the culture supernatants
were added, and incubated for 2h at room temperature. After washing
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with PBS-0.05 % Tween 20, IL-8 was detected by developing with a bi-
otinylated anti-IL-8 polyclonal antibody (1:2500 dilution; eBioscience),
streptavidin-conjugated horseradish peroxidase (HRP; 1:2000 dilution)
and TMB solution (eBioscience). The detection range of IL-8 was from
25 to 2,000 pg/ml.

Isolation of RNA and evaluation of IL-8 mRNA expression

Synoviocytes (10%well) isolated from synovial tissues were incubated
in 60mm dishes in the absence or presence of 1 mM glucosamine or
N-acetylglucosamine with 0.1-1 ng/ml IL-1{ for 24 h at 37 °C. The total
RNA from synoviocytes was isolated using RNeasy Mini Kit (QIAGEN
Inc., Valencia, CA).

RT-PCR was performed using a ReverTra Dash RT-PCR (reverse
transcription polymerase chain reaction) kit (Toyobo Co., Ltd, Tokyo,
Japan) according to the manufacturer’s instruction. First-strand cDNA
was synthesized in a 20l reaction mixture containing 0.4 ug of total
RNA with an random primer and ReverTra Ace reverse transcriptase
(Toyobo), and the RT reactions were carried out at 42 °C for 20 min, fol-
lowed by termination at 99 °C for 5 min. The PCR reaction was carried
out in a 25 ul reaction mixture containing 0.25 unit of KOD Dash Taq
DNA polymerase (Toyobo) and 0.1 uM of each gene-specific primer as
shown below. The IL-8 forward primer was 5 -CTGCGCCAACACA-
GAAATTA-3 (bp 281-300), and the reverse primer was 5 -ATT-
GCATCTGGCAACCCTAC-3 (bp 518-537) (GeneBank™ accession
number Y00787); the glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) forward primer was 5 -ACCACAGTCCATGCCATCAC-3,
and the reverse primer was 5 -TCCACCACCCTGTTGCTGTA-3 (Toy-
obo). The reaction was subjected to 35 cycle of PCR with following
condition: 98 °C for 10, 55 °C for 2 s, and 74 °C for 30s. The PCR prod-
ucts were analyzed with a 2% (w/v) agarose gel containing 0.5 ug/ml
of ethidium bromide. In our preliminary experiments, we tried to semi-
quantitatively detect mRNA by using different cycle number of PCR.
The results indicated that the amounts of RT-PCR products increased
dependently on the cycle number from 30 to 38. Thus, we decided to
measure the mRNA levels by RT-PCR with the cycle number of 35;
mRNA levels can be semi-quantitatively evaluated under our PCR con-
dition. The detected bands were quantified using Scion Image (Scion
Corporation, Frederick, MD).

Quantification of nitrite and PGE,

Synoviocytes isolated from synovial tissues were plated at 10°/well in
24-well plates in RPMI 1640 medium containing 10 % FCS for 24h at
37°C. After washing twice with RPMI 1640 medium (without phenol
red), the cells were incubated with 0.01-1mM glucosamine or 1 mM
N-acetylglucosamine, and then stimulated with 4ng/ml IL-1f in a total
volume of 0.5ml RPMI 1640 medium (without phenol red) for 24h at
37°C. In our preliminary experiments, we confirmed the time-depend-
ent production of PGE, from synoviocytes, and found that PGE, pro-
gressively increased during stimulation with 4 ng/ml IL-1f for 12~48h.
Thus, we decided to quantitate the PGE, production using culture super-
natants from 4ng/ml IL-1{3-stimulated synoviocytes after 24 h-incuba-
tion. To measure the optimal production of nitric oxide, synoviocytes
were stimulated with different concentrations of IL-1f (6.4 pg/ml~4 ng/
ml) for 24h. However, only 4ng/ml IL-1{ was able to significantly in-
duce nitric oxide production from synoviocytes. Thus, the effect of glu-
cosamine on nitric oxide production was evaluated after stimulation with
4ng/ml IL-1f for 24 h.

Nitric oxide was measured as nitrite accumulation in the culture su-
pernatants by Griess assay (Cayman Chemical Company, Ann Arbor,
MI). The detection limit of the assay was > 1 uM. PGE, was measured
in the culture supernatants by ELISA according to the manufacturer’s
instructions (Cayman). This assay showed no cross reactivity with other
prostanoids, and the detection limit was >15 pg/ml.
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Phosphorylation of p38 MAPK

CS-ABI-479 cells (4 x 10°’/well) were maintained in CS-C complete me-
dium (4Z3-500) containing 10 % FCS, 100 U/ml penicillin and 0.1 mg/
ml streptomycin in collagen-coated plates in a 5 % CO, incubator. After
incubation in CS-C complete medium without FCS for 24h at 37°C in
collagen-coated 6 well-plates, the cells were treated with 0.01-1mM
glucosamine for 2h, and then stimulated with 4ng/ml IL-1f3 for 5min
at 37 °C. After washing with PBS, the cells were harvested in 0.5ml of
lysis buffer (1 % Triton X-100, 0.5 % Nonidet P-40, 10mM Tris-HCI,
pH 7.4, 150mM NaCl, 1 mM EDTA, 1 mM EGTA, 2mM Na;VO,, 2mM
p-nitrophenyl phosphate and 1 mM diisopropyl fluorophosphate) con-
taining 1/25 v/v Complete™ (Roche Diagnostic Systems, Mannheim,
Germany). After sonication, the lysates were centrifuged at 700g for
Smin. The supernatants were mixed with sodium dodecyl sulfate (SDS)-
polyacrylaminde gel electrophoresis (PAGE) sample buffer (62.5mM
Tris-HCI, pH 6.8, 2% SDS, 10% glycerol, 5% [-mercaptoethanol
and 0.005 % bromophenol blue), and boiled. The samples (10pg pro-
tein/lane) were subjected to 10% SDS-PAGE. The separated proteins
were electrophoretically transferred to Immobilon-P polyvinylidene
difluoride membrane (Millipore Corporation, Bedford, MA). The mem-
branes were blocked in 5% skim milk, and probed with a 5,000-fold
dilution of mouse anti-phosphorylated p38 MAPK monoclonal antibody
(pT180/pY182; BD Biosciences Pharmingen, San Diego, CA) in 1/10
BlockAce solution. After washing, the membranes were further probed
with a 5,000-fold dilution of HRP-conjugated goat anti-mouse [gG/IgM
(Chemicon International, Inc., Temecula, CA), and the phosphorylated
p38 MAPK was detected with SuperSignal West Pico chemiluminescent
substrate (Pierce, Rockford, IL). The detected bands were quantified by
densitometry using LAS-3000 (Fujifilm Corporation, Japan).

Thereafter, the antibodies were stripped from the membranes by
incubating in Restore Western Stripping Buffer (Pierce) at 37°C for
30min. The p38 MAPK protein contained in each sample were de-
tected by reprobing with 10,000-fold diluted mouse anti-p38 MAPK
(p38/SAPK20; BD Biosciences Pharmingen) monoclonal antibody and
HRP-conjugated goat anti-mouse IgG/IgM (Chemicon International).
The protein contents were determined with a BCA protein assay kit
(Pierce, Rockford, IL).
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Fig. 1. Effect of glucosamine on IL-8 production by IL-1{-activated
synoviocytes.

Synoviocytes isolated from synovial tissues were stimulated with 4ng/
ml IL-1 for 24 h at 37 °C in the absence or presence of 0.01-1mM glu-
cosamine or 1 mM N-acetylglucosamine (GlcNAc). IL-8 in the culture
supernatants was quantified by ELISA. IL-8 production is expressed as
a percentage of that (IL-1f3; 46 + 21 ng/ml) obtained with IL-13-stimu-
lated synoviocytes incubated in the absence of glucosamine or GlcNAc.
Data represent the mean +SD of three separate experiments. Values are
compared between IL-1[3 and +Glucosamine or +GIcNAc. *p < 0.05
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Binding analysis of IL-13

CS-ABI-479 cells (2 x 10°/well) were incubated in CS-C complete me-
dium (4Z3-500) containing 10 % FCS in collagen-coated 6 well-plates
in a 5%CO, incubator for 3 days, and reached confluence. The cells
were incubated with 10 pM of ['*I] IL-1f (2,970 Ci/mmol; PerkinElmer
Life Sciences, Boston, MA) in the absence or presence of 0.01-1 mM
glucosamine for 3h at 4°C. After washing 3 times with PBS, the cells
were stripped with 0.25 % trypsin-EDTA (Gibco), and the radioactiv-
ity (Total binding) was measured by scintillation counting. Nonspecific
binding was defined as the binding measured in the presence of excess
unlabeled IL-1f (10nM), and specific binding was defined as the differ-
ence between total binding and nonspecific binding.

Statistical analysis

Data are expressed as mean +SD, and analyzed for significant differ-
ence by a one-way ANOVA with multiple comparison test (StatView®,
Abacus concept, Berkely, CA). Differences were considered statistically
significant at p < 0.05.

Results
Effect of glucosamine on IL-8 production by synoviocytes

To evaluate the effect of glucosamine on IL-8 production by
synoviocytes, we activated synovial tissue-derived synovio-
cytes with IL-1p in the presence of glucosamine. As shown
in Figure 1, glucosamine dose-dependently inhibited the
IL-1B-induced IL-8 production by synoviocytes (p < 0.05
at 1 mM glucosamine). In contrast, N-acetylglucosamine, an
analogue of glucosamine could not inhibit the IL-8 produc-
tion by synoviocytes even at 1 mM. Thus, glucosamine could
suppress the IL-8 production by synoviocytes in response to
IL-1p.

Effect of glucosamine on IL-8 mRNA expression by
IL-15-activated synoviocytes

To determine if the suppression of IL-8 protein production is
due to the inhibition of mRNA expression by glucosamine,
we measured the IL-8 mRNA expression by synoviocytes.
As shown in Figure 2, IL-1f stimulation upregulated the ex-
pression of IL-8 mRNA by synoviocytes in a dose-depend-
ent manner. Importantly, glucosamine (0.1 and 1 mM) mark-
edly suppressed the IL-1p-induced IL-8 mRNA expression,
whereas N-acetylglucosamine could not affect the expres-
sion of IL-8 mRNA.

Effects of glucosamine on nitric oxide and PGE, production
by IL-15-activated synoviocytes

Nitric oxide and PGE, are pleiotropic inflammatory media-
tors and overproduced in arthritic joints. These substances
play a profound role in the pathogenic processes of pannus
formation in the RA joints [15, 16]. To examine the effects of
glucosamine on the production of these inflammatory media-
tors, we measured the amounts of nitric oxide and PGE, in
the supernatants of IL-1f-activated synoviocytes. As shown
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Fig. 2. Effect of glucosamine on IL-8 mRNA expression by IL-1{3-ac-
tivated synoviocytes.

Synoviocytes (10%well) isolated from synovial tissues were incubated
with 0-1ng/ml IL-1f in the absence (Control) or presence of 1 mM
glucosamine (GlcN) or N-acetylglucosamine (GlcNAc) for 24h at 37 °C.
The total RNA was isolated from synoviocytes, and RT-PCR was per-
formed to detect IL-8 and GAPDH mRNA. Data are the representative
of three separate experiments (A). The detected bands were quantified
using Scion Image. IL-8 mRNA expression is expressed as a percentage
of that obtained with 1ng/ml IL-1f-stimulated synoviocytes incubated
in the absence of glucosamine or GlcNAc. Data represent the mean
+SD of triplicate samples. Values are compared between Control and
+Glucosamine or +GIcNAc at the same concentrations of IL-1f3 (0.1 or
1 ng/ml). *p < 0.05

in Figure 3, glucosamine dose-dependently inhibited the IL-
1B-induced production of nitric oxide by synoviocytes (p <
0.05 at 1mM glucosamine). Moreover, glucosamine sup-
pressed the IL-1B-induced production of PGE, in a dose-de-
pendent manner (p < 0.05 at I mM glucosamine) (Fig. 4).
In contrast, N-acetylglucosamine inhibited the production of
neither nitric oxide nor PGE, by synoviocytes even at 1 mM
(Figs. 3 and 4).

Effect of glucosamine on the phosphorylation of p38 MAPK

p38 MAPK is demonstrated to be involved in the activation
of synovial cells, which leads to the synovial hyperplasia and
joint destruction in RA [17-21]. To determine whether the
inhibitory action of glucosamine on the synoviocyte activa-
tion is mediated by the suppression of p38 MAPK pathway,
we evaluated the effect of glucosamine on the phosphoryla-
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Fig. 3. Effect of glucosamine on nitric oxide production by IL-1f3-acti-
vated synoviocytes.

Synoviocytes isolated from synovial tissues were incubated without
(Resting) or with 4ng/ml IL-1f in the absence or presence of 0.01—
1 mM glucosamine or 1 mM N-acetylglucosamine (GlcNAc) for 24h at
37°C. Nitric oxide was measured as nitrite accumulation in the culture
supernatants by Griess assay. Data represent the mean +SD of three
separate experiments. Values are compared between IL-1f alone and
+Glucosamine or +GlcNAc. *p < 0.05
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Fig. 4. Effect of glucosamine on PGE, production by IL-1p-activated
synoviocytes.

Synoviocytes isolated from synovial tissues were incubated without
(Resting) or with 4ng/ml IL-1f in the absence or presence of 0.01—
1 mM glucosamine or 1 mM N-acetylglucosamine (GlcNAc) for 24 h at
37°C. PGE, was measured in the culture supernatants by ELISA. Data
represent the mean =SD of three separate experiments. Values are com-
pared between IL-1f3 alone and +Glucosamine or +GIcNAc. *p < 0.05

tion of p38 MAPK using IL-1B-activated human primary
synoviocytes (CS-ABI-479). As shown in Figure 5, 0.1 and
ImM glucosamine significantly suppressed the IL-1p-in-
duced phosphorylation of p38 MAPK (p < 0.05). We con-
firmed that almost the same amounts of p38 MAPK protein
were analyzed in each sample (a lower panel of Fig. SA).
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Effect of glucosamine on IL-1B-binding to its receptors

IL-1f activates cells via the binding to its receptors. To de-
termine whether the inhibitory action of glucosamine results
from the suppression of IL-1pB-binding to the receptors, we
analyzed the IL-13-binding to human primary synoviocytes
(CS-ABI-479) using '*I-labeled IL-1f as a ligand. As shown
in Figure 6, glucosamine moderately but significantly inhib-
ited the binding of IL-1f to its receptors at 1 mM (p < 0.05).

Discussion
Glucosamine, a principal substrate for the biosynthesis of

glycosaminoglycans, has been widely used as a therapeutic
agent for osteoarthritis. Several short- and long-term clinical
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Fig. 5. Effect of glucosamine on the phosphorylation of p38 MAPK.
CS-ABI-479, a human primary synoviocyte cell line was preincubated
in the absence or presence of 0.01-1mM glucosamine for 2h at 37°C,
and further incubated without (Resting) or with 4 ng/ml IL-1f3 for 5 min.
After the incubation, the cell lysates were prepared and subjected to 10 %
SDS-PAGE. Phosphorylated p38 MAPK (pp38MAPK) was detected by
probing with mouse anti-phosphorylated p38 MAPK (pT180/pY182)
monoclonal antibody and HRP-conjugated goat anti-mouse IgG/IgM.
To confirm that equal amounts of proteins were analyzed, the blots
were stripped, and p38 MAPK protein (p38MAPK) contained in each
sample were detected by reprobing with mouse anti-p38 MAPK (p38/
SAPK2a) monoclonal antibody and HRP-conjugated goat anti-mouse
IgG/IgM (A). The detected bands were quantified by densitometry, and
the phosphorylation of p38 MAPK was expressed as the percentage of
that of IL-1f3-stimulated cells without glucosamine (IL-1f3) (B). Data
represent the mean +SD of three separate experiments. Values are com-
pared between IL-1[3 alone and +Glucosamine. *p < 0.05
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trials in osteoarthritis have shown the significant symptom-
modifying effects of glucosamine and its good safety pro-
file [6, 7]. As a mechanism for the chondroprotective action,
glucosamine is assumed to increase proteoglycan synthesis,
thereby exhibiting the therapeutic efficacy in osteoarthritis
[22]. In addition to its chondroprotective action, glucosamine
is expected to exert anti-inflammatory actions by suppressing
neutrophil functions such as superoxide generation, phagocy-
tosis, granule enzyme release and chemotaxis [8]. Recently,
we have evaluated the effects of oral administration of glu-
cosamine on adjuvant arthritis, a model of RA. The results
indicated that glucosamine administration significantly sup-
pressed the production of nitric oxide and PGE,, and the pro-
gression of adjuvant arthritis in rats [12]. Furthermore, the
administration of glucosamine to the patients with RA for 12
weeks has been found to significantly reduce pain and swell-
ing of arthritis joints, compared with placebo [23]. However,
the anti-inflammatory mechanism of glucosamine on RA is
poorly understood. In this study, we examined the effects of
glucosamine on the activation of human synoviocytes isolat-
ed from synovial tissues and a primary human synovial cell
line (CS-ABI-479). The results indicated that glucosamine
suppressed the mRNA expression and production of IL-8 by
IL-1p-activated synoviocytes. Furthermore, glucosamine in-
hibited nitric oxide and PGE, production, and phosphoryla-
tion of p38 MAPK by IL-1f-activated synoviocytes.

RA is a typical inflammatory disease with the perma-
nent synthesis of inflammatory mediators and cytokines, and
characterized by the chronic and progressive inflammatory
reactions, which result in the synovial hyperplasia and de-
struction of the affected joints. It is known that nitric oxide
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Fig. 6. Effect of glucosamine on the binding of IL-1{ to the receptors.
CS-ABI-479 cells were incubated with 10pM of ['*I] IL-1f3 in the ab-
sence or presence of 0.01-1mM glucosamine without or with excess
unlabeled IL-1f3 (10nM) for 3h at 4°C. After washing with PBS, the
cells were stripped with 0.25 % trypsin-EDTA, and the radioactivity was
measured by scintillation counting. The specific binding of IL-1{ is ex-
pressed as a percentage of that (IL-1f3; 169 + 59 cpm) obtained with CS-
ABI-479 cells incubated in the absence of glucosamine. Data represent
the mean £SD of three separate experiments. Values are compared be-
tween IL-1f3 alone and +Glucosamine. *p < 0.05
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produced by cartilage and synovial cells is implicated in the
pathogenesis of RA [16, 24], and PGE, is also an impor-
tant inflammatory mediator in RA [25]. Moreover, IL-8 is
acknowledged to participates in the induction of neutro-
phil-mediated cartilage damage in RA [26, 27] and assume
to be involved in the monocyte accumulation in rheuma-
toid synovium [28]. We previously found that glucosamine
administration reduced the nitric oxide and PGE, levels in
the plasma, and the inflammatory cell accumulation (mono-
nuclear cells and neutrophils) and synovial hyperplasia in
the synovium of rat adjuvant arthritis [12]. In this study, we
further revealed that glucosamine significantly suppressed
the nitric oxide, PGE, and IL-8 production by IL-1p-acti-
vated synoviocytes in vitro. These observations suggest that
the anti-inflammatory action of glucosamine on RA may be
associated with its suppressive effect on the inflammatory
mediator and cytokine production by synoviocytes.

p38 MAPK is a member of serine/threonine protein ki-
nases, which allow the transduction of extracellular stress
signals to the nucleus [20, 21]. Activation of p38 MAPK is
considered to be a key step in the signaling of inflamma-
tion [20, 21]. In RA, p38 MAPK activation has been demon-
strated to be involved in the process of synovial inflamma-
tion, which lead to the development of synovial hyperplasia
and joint destruction [17-21]. In this study, we revealed that
phosphorylation of p38 MAPK, as well as the production of
IL-8, nitric oxide and PGE, was suppressed by glucosamine.
Thus, glucosamine is likely to suppress the synoviocyte acti-
vation via its inhibitory effect on p38 MAPK.

IL-1p is an important proinflammatory cytokine that can
be detected in the synovial tissue and joint fluids of patients
with RA. The present study has shown that IL-1f stimulates
the production of chemokine and inflammatory mediators
such as IL-8, nitric oxide and PGE, that are involved in ar-
ticular inflammation. It is known that the binding of IL-1{ to
its cell surface receptors causes a cascade of signaling events
including the phosphorylation of p38 MAPK [29, 30]. In this
study, we revealed that glucosamine moderately but signifi-
cantly inhibited the IL-1p-binding to the receptors at 1 mM
(Fig. 6). However, the suppressive effect of glucosamine on
the IL-1f binding was marginal; glucosamine inhibited the
IL-1p binding by only ~20 % even at I mM but could never
affect the IL-1f binding at 0.1 mM. In contrast, the IL-8 pro-
duction, IL-8 mRNA expression, nitrite production, PGE,
production and p38MAPK phosphorylation were suppressed
by 0.1~1 mM glucosamine. Thus, the suppressive effects of
glucosamine on the IL-1pB-induced synoviocyte activation
can not be solely explained by its effect, if any, on the li-
gand (IL-1p) binding. The inhibitory actions of glucosamine
on the synoviocyte activation possibly involve other mecha-
nisms such as suppression of intracellular signaling and tran-
scription (as observed for p38MAPK phosphorylation and
IL-8 mRNA expression, respectively).

It is now recognized that the addition of O-linked N-
acetylglucosamine (O-GlcNAc) to target proteins could
modulate cellular functions, such as nuclear transport, tran-
scription, translation, cell signaling, apoptosis and cell shape
[31, 32]. In this context, it has been recently found that glu-
cosamine treatment protects rat heart from ischemia-reperfu-
sion injury, accompanied with the increased O-GlcNAc levels
and attenuated phosphorylation of p38 MAPK [33]. Of note,
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we preliminarily tried to detect O-GlcNAc in the synovio-
cytes by western blotting using anti-O-GlcNAc monoclonal
antibody (Covance Research Products, Inc., Princeton, NJ)
and revealed that glucosamine but not N-acetylglucosamine
increased the O-GIcNAc levels in human synoviocytes at
>0.1 mM (data not shown); the effect of glucosamine on the
O-GlcNAc-modification was negatively correlated with that
on the synoviocyte activation (the phosphorylation of p38
MAPK, and the production of IL-8, nitric oxide and PGE,).
Thus, it is possible that glucosamine suppresses the synovio-
cyte activation via the modification of target proteins with
O-GIcNAc.

In conclusion, the present study has revealed that glucos-
amine could suppress the activation of synoviocytes (such as
nitric oxide-, PGE,- and IL-8-production, and phosphoryla-
tion of p38 MAPK), thereby possibly exhibiting anti-inflam-
matory actions in arthritis.
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