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KE-298, which was originally developed as a new disease
modifying antirheumatic drug (DMARD), showed benefi-
cial effects in patients with rheumatoid arthritis (RA) in a
clinical study1. KE-298 inhibited inflammatory cytokine
production by human peripheral blood mononuclear cells2,
interleukin 6, and matrix metalloproteinase (MMP) produc-
tion by RA synovial fibroblast-like cells3,4, and progression
of the disease in various animal models of arthritis5-7. Upon
oral administration, KE-298 is rapidly absorbed and trans-
formed into its active metabolite KE-758, which circulates
in blood.

NO is a multifunctional molecule generated by nitric

oxide synthase (NOS), and isoforms of NOS have been
characterized8. Constitutively expressed NOS (cNOS),
which is mainly found in neurons and endothelial cells, tran-
siently produces small amounts of NO, which appears to
have beneficial effects in many physiological processes8. In
contrast, the inducible isoform of NOS (iNOS) by cytokines
and/or endotoxin is found in many cells including endothe-
lial cells, macrophages, neutrophils, chondrocytes, and
synoviocytes, and generates much larger amounts of NO
over longer periods of time, and contributes to the cytotoxic
and cytostatic effects of cytokines and/or endotoxin.

Recently, excessive production of NO generated by
iNOS has been described in RA9,10. NO also seems to play
an important role in the pathogenesis of arthritis in animal
models including adjuvant induced arthritis in rats11,12, and
treatment with an inhibitor of NOS such as NG-
monomethyl-L-arginine (L-NMMA) or N-methylester-L-
arginine (L-NAME) has been shown to significantly
suppress the progression of arthritis in laboratory
animals13,14.

We examined the effects of KE-298 and KE-758 on
lipopolysaccharide (LPS) induced NO and iNOS production
by the RAW264.7 murine macrophage cell line. We also
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ABSTRACT. Objective. To analyze the effects of KE-298 and KE-758 on lipopolysaccharide (LPS) induced nitric
oxide (NO) production by the RAW264.7 murine macrophage cell line, and the effect of KE-758 on
spontaneous NO production by peritoneal cells from rats with adjuvant induced arthritis.
Methods. The amount of NO was determined using Griess reagents. The proteins for inducible NO
synthase (iNOS) and cyclooxygenase-2 (COX-2) were detected by Western blot, then mRNA for
interferon-ß (IFN)-ß, IFN regulatory factor-1 (IRF-1), and iNOS were detected by RT-PCR.
Degradation of iNOS mRNA was analyzed using Northern blot. Nuclear factor-κB (NF-κB) in
nuclear extracts was determined by EMSA. Adjuvant arthritis in rats was induced by inoculating
heat killed Mycobacterium butyricum SC in the tail.
Results. KE-298 and KE-758 suppressed NO production by LPS activated RAW264.7 cells by
inhibiting iNOS gene expression. Neither LPS induced NF-κB activation nor degradation of iNOS
mRNA was affected by KE-758 treatment. LPS induced IFN-ß and IRF-1 gene expression were
markedly suppressed by KE-758. In rats with adjuvant induced arthritis, enhanced NO and iNOS
production by cultured peritoneal cells and the development of arthritis were suppressed by KE-758.
Conclusion. KE-758 suppressed LPS induced iNOS gene expression by murine macrophage cells
by inhibiting IFN-ß/IRF-1 expression. The potential of KE-758 to inhibit iNOS production might
partly explain its efficacy on adjuvant induced arthritis in rats. (J Rheumatol 2001;28:1229–37)
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investigated the effect of KE-758 on NO and iNOS produc-
tion by peritoneal cells in rats with adjuvant induced
arthritis ex vivo.

MATERIALS AND METHODS
Reagents. The chemical structures of KE-298 [2-acetylthiomethyl-4-(4-
methylphenyl)-4-oxobutanoic acid] and KE-758 [2-mercaptomethyl-4-(4-
methylphenyl)-4-oxobutanoic acid], the main metabolite of KE-298 in
serum, are shown in Figure 1. KE-298 and KE-758 were synthesized in our
laboratory15. For in vitro experiments, KE-298 was dissolved in ethanol and
diluted with culture medium or distilled water (DW), and KE-758 was
dissolved in culture medium or DW. For the ex vivo experiment, KE-758
was dissolved in saline.

RAW264.7 cell culture. RAW264.7 cells, an Abelson leukemia virus trans-
formed murine macrophage cell line, were obtained from the American
Type Culture Collection (Rockville, MD, USA).

For NO production, RAW264.7 cells [2 × 105/0.2 ml of RPMI-1640
(Gibco BRL, Rockville, MD, USA) supplemented by 10% heat inactivated
fetal bovine serum (FBS), penicillin G (100 U/ml), and streptomycin (100
µg/ml)] were stimulated with 100 ng/ml of Escherichia coli 026:B6
lipopolysaccharide (Difco, Detroit, MI, USA) in the presence of KE-298
(0, 10, 30, 100, 200, 300 µg/ml), KE-758 (0, 10, 30, 100, 200, 300 µg/ml),
or L-NAME (0, 30, 300 µg/ml) in 96 well plates (Corning Costar, Acton,
MA, USA), and incubated 24 h at 37°C in an atmosphere of 5% CO2 in air.
After incubation, the supernatants were collected and assayed for nitrite
(NO2–) instead of NO as described below.

For iNOS and COX-2 production, RAW264.7 cells (2 × 106/2.0 ml
RPMI-1640) were stimulated with LPS in the presence of KE-758 in a 60
mm dish (Corning Costar), and incubated 24 h at 37°C in an atmosphere of
5% CO2 in air. After incubation, the cells were lysed in buffer containing
25 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1% Triton X-100, 1 mM EDTA,
1 mM dithiothreitol, and 1 mM phenylmethylsulfonyl fluoride (lysis
buffer) and stored at –20°C until assayed for iNOS protein.

For interferon-ß (IFN-ß), IFN regulatory factor-1 (IRF-1), and iNOS
mRNA expression, RAW264.7 cells (2 × 106/2.0 ml RPMI-1640) were
stimulated with LPS in the presence of KE-758 in a 60 mm dish, and incu-
bated for 2, 4, and 16 h, respectively, at 37°C in an atmosphere of 5% CO2

in air. After incubation, total RNA was isolated using ISOGEN reagent
(Nippon Gene, Tokyo, Japan).

Cellular viability. Cellular viability was assayed by Cell Counting Kit-F
(Dojindo, Kumamoto, Japan) in a 96 well plate. Briefly, cultured

RAW264.7 cells were washed twice and 100 µl of PBS and 10 µl of ×50
diluted Calcein-AM solution was added to each well, followed by incuba-
tion for 30 min, and the fluorescent intensity (λex = 490 nm, λem = 515
nm) was read.

Animal experiments. Eight-week-old female Sprague-Dawley (SD) rats
(Charles River, Shizuoka, Japan) were used for the experiments. The rats
were allocated to 4 groups as follows: Group 1, the rats were given no treat-
ment during the experiments (normal group, n = 12); Group 2, these rats
served as control of adjuvant induced arthritis and were daily administered
saline intravenously (iv, control group, n = 12); Groups 3 and 4, the rats
were daily given KE-758 iv, 10 mg/kg and 30 mg/kg, respectively (each
test group: n = 12).

The rats were inoculated subcutaneously in the tail with 0.6 mg of heat
killed Mycobacterium butyricum (Difco) suspended in 0.1 ml of liquid
paraffin. Edema in the hind paw was measured using a plethysmograph,
TK-112 (Unicom, Yachiyo, Japan). The edema volumes of both hind paws
were obtained from differences in the volume of both footpads on Day 0
and on Day 18.

Further, peritoneal cells were collected on Day 21 by washing the peri-
toneal cavity of rats with 10 ml of saline containing 0.1% heparin (Sigma,
St. Louis, MO, USA) and 10% heat inactivated FBS. The cells were
washed 3 times with RPMI-1640 and suspended in culture medium (RPMI-
1640 medium supplemented with 10% FBS, 100 U/ml penicillin, 100
µg/ml streptomycin). Peritoneal cells (2 × 106/1.0 ml/well RPMI-1640)
were seeded in 24 well plates (Corning Costar), and incubated 24 h at 37°C
in an atmosphere of 5% CO2 in air. After incubation, the supernatants
obtained by centrifugation at 1500 rpm for 5 min were assayed for nitrite,
and the cells were lysed in lysis buffer and stored at –20°C until assayed for
iNOS protein as described below.

Nitrite determination. The amount of nitrite in cell-free culture super-
natants was measured using Griess reagent16. Briefly, 0.1 ml of supernatant
was mixed with 0.1 ml of Griess reagent [0.1 % N-1-naphtylethylenedi-
amine 2-sulfate (Wako Pure Chemical Industries, Osaka, Japan) and 1%
sulfanylamide (Wako) in 0.1% sulfuric acid] and after 30 min incubation,
the absorbance at 550 nm was read. Then nitrite concentration was calcu-
lated using a NaNO2 standard curve.

Assays for NOS enzyme activity. Enzyme activity of NOS was determined
using an assay kit for NOS activity (Cerep, Celle L’Evescault, France).
Briefly, the lysate from RAW264.7 cells (a protein concentration of 37.5
µg/200 µl) was incubated for 3 h at 37°C with 100 mM of L-arginine in the
presence of KE-298, KE-758, or L-NAME, and the conversion of L-argi-
nine to nitrite was monitored. The nitrite generated in the reaction mixture
was assayed using Griess reagent. Although this assay detects total NOS,
the lysate from RAW264.7 cells mainly contains iNOS and this assay is
regarded to detect iNOS.

Western blot analysis. RAW264.7 cells or peritoneal cells were lysed in
lysis buffer. Then 10 µg of total protein was separated on 7.5% SDS-PAGE
gel using Laemmli’s buffer system and transferred to a nitrocellulose
membrane (Amersham Life Science, Buckinghamshire, UK). Nonspecific
binding was blocked with Block Ace (Yukijirushi Industries, Sapporo,
Japan) and incubated sequentially with a specific anti-iNOS (1:250) or anti-
cyclooxygenase-2 (COX-2) (1:250) murine monoclonal antibody (Mab;
Transduction Laboratories, Lexington, KY, USA) and then with horse-
radish peroxidase conjugated goat anti-mouse Ig antibody (1:1000)
(PharMingen, San Diego, CA, USA). Protein bands were visualized with
the ECL system (Amersham). The amounts of iNOS and COX-2 were eval-
uated by densitometer (Quantity One, version 3.0) (Toyobo, Osaka, Japan).

Reverse transcription-coupled PCR (RT-PCR) analysis. The primer
sequences for iNOS and ß-actin were purchased from Toyobo, and those for
IFN-ß and IRF-1 were synthesized by Sawady Technology (Tokyo, Japan).
The sense and antisense oligonucleotides for iNOS, IFN-ß, IRF-1, and ß-
actin are listed in Table 1. RT-PCR was performed as described17,18. The
cycle conditions for amplification of cDNA were 1 min at 94°C, 1 min at
65°C (iNOS) or 55°C (IFN-ß, IRF-1, ß-actin), and 1 min at 72°C for 30

The Journal of Rheumatology 2001; 28:61230

Figure 1. Chemical structures of KE-298 and its metabolite KE-758. The
molecular weights of KE-298 and KE-758 are 280.34 kDa and 255.34 kDa,
respectively. Upon oral administration, KE-298 is rapidly absorbed, and
immediately transformed into KE-758 by deacetylation, which circulates in
blood.
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cycles (iNOS, IRF-1, ß-actin) or 35 cycles (IFN-ß). The amounts of iNOS,
IFN-ß, and IRF-1 mRNA were evaluated by Quantity One, version 3.0, and
the results were normalized by the amount of ß-actin mRNA.

Northern analysis. Total RNA was isolated using Isogen (Wako). Northern
blot analysis was as described19. Briefly, 20 µg of RNA was subjected to
electrophoresis in 1% agarose/formaldehyde gel. The gel was then trans-
ferred via capillary action onto a nylon membrane (Hybond N+;
Amersham). The membrane was hybridized with [α-32P]-dCTP labeled
mouse iNOS cDNA probe (Cayman Chemical, Ann Arbor, MI, USA). After
hybridization the blot was washed thoroughly and exposed to molecular
image screen (Bio-Rad, Hercules, CA, USA) for 5.0 h and RNA bands were
visualized with the molecular imager GS-525 (Bio-Rad). The amount of
iNOS mRNA was quantitated by multi-analyst software (Bio-Rad), and the
results were normalized by reprobing the same blots with a cDNA coding
for mouse glyceraldehyde 3-phosphate dehydrogenase (GAPDH).

Electrophoretic mobility shift analysis (EMSA). Confluent RAW264.7 cells
were preincubated with or without KE-758 for 30 min, and stimulated with
10 ng/ml of LPS for 30 min. After incubation, cells were collected, lysed
and nuclear proteins were isolated20. Aliquots of nuclear protein were incu-
bated with the nuclear factor-κB (NF-κB) specific double stranded oligonu-
cleotides (5’-AGT TGA GGG GAC TTT CCC AGG C-3’; Promega,
Madison, WI, USA), which had been labeled with 32P by random priming.
Binding experiments were performed with 3–12 µl (10 µg) nuclear extract,
5 ml of 5× binding buffer [50 mM HEPES, pH 7.5, 500 mM NaCl, 25%
glycerol (w/v), 5 mM EDTA], and the oligonucleotides (50,000 cpm) in a
total volume of 25 ml for 30 min at room temperature. Nondenaturing poly-
acrylamide gel (4 %) electrophoresis was performed with 1× TBE buffer,
pH 8.0 (Nippon Gene), followed by autoradiography. The amounts of NF-
κB were evaluated by Quantity One.

Assay for degradation of iNOS mRNA. RAW264.7 cells (2 × 106 cells/2
ml/10 cm2 dish) were stimulated with LPS (100 ng/ml) for 16 h, and then
medium was washed out and actinomycin D (Sigma) (5 µg/ml) was added
with or without KE-758 (200 µg/ml). Cells were harvested at the indicated
times, total RNA was extracted, and Northern analysis of iNOS and
GAPDH mRNA expression was done as described above.

Statistics. The statistical significance of the differences between normal
and control and the control and treated groups was determined by Student’s
t test and Dunnett’s test, respectively. A p value < 0.05 was considered
statistically significant.

RESULTS
Effect of KE-298, KE-758, and L-NAME on NO and iNOS
production by LPS stimulated RAW264.7 cells. LPS stimu-
lated the production of NO by RAW264.7 cells in a dose
dependent manner; this reached a maximum in the presence
of 100 ng/ml of LPS (data not shown). KE-298 and KE-758
(10–300 µg/ml) as well as L-NAME (30–300 µg/ml)
suppressed the production of NO by RAW264.7 cells in the

presence of 100 ng/ml of LPS, in a dose dependent manner
(Figure 2). The IC50 of KE-298, KE-758, and L-NAME
were 117.5, 131.8, and 151.4 µg/ml, respectively. Nitrite
instead of NO was measured because NO synthesized by
RAW264.7 cells was rapidly oxidized in the medium to
nitrite. KE-298, KE-758, and L-NAME did not affect
cellular viability at these doses (data not shown).

As shown in Figure 3, KE-298 and KE-758, unlike L-
NAME, had no direct effect on NOS activity in cell-free
extracts of RAW264.7 cells. The IC50 of L-NAME was 72.4
µg/ml.

Further, apparent expressions of iNOS and COX-2
protein were observed when RAW264.7 cells were stimu-
lated with 100 ng/ml of LPS for 24 h. And a dose dependent
inhibition of LPS induced iNOS expression by KE-758
(10–200 µg/ml) was shown (Figure 4a), whereas COX-2
expression was not altered by KE-758 in the same sample
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Table 1. Primer sequences.

Factor Primer Sequence

iNOS (5′→3′) Sense primer CCCTTCCGAAGTTTCTGGCAGCAGC
Antisense primer GGCTGTCAGAGCCTCGTG GCTTTGG

IFN-ß (5′→3′) Sense primer CTCCAGCTCCAAGAAAGGACG
Antisense primer GAAGTTTCTGGTAAGTCTTCG

IRF-1 (5′→3′) Sense primer CAGAGGAAAGAGAGAAAGTCC
Antisense primer CACACGGTGACAGTGCTGG

ß-actin (5′→3′) Sense primer ATCTGGCACCACACCTTCTQACAATGAGCTGCG
Antisense primer CGTCATACTCC TGCTTGCTGATCCACATCTGC

Figure 2. Effects of KE-298, KE-758, and L-NAME on LPS induced NO
production by RAW264.7 cells. RAW264.7 cells (2 × 105/0.2 ml RPMI-
1640) were stimulated with 100 ng/ml of LPS for 24 h in the presence or
absence of drugs, as described in Materials and Methods. Nitrite in the
culture supernatants was measured using Griess reagent. Each point repre-
sents the mean (n = 6). **p < 0.01 versus control (Dunnett’s test).
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(Figure 4b). In contrast, KE-758 itself did not affect iNOS
and COX-2 protein expression by nonstimulated RAW264.7
cells (data not shown).

Effect of KE-758 on iNOS mRNA expression, iNOS mRNA
degradation, and NF-κB activation in LPS stimulated

RAW264.7 cells. NOS mRNA was induced when
RAW264.7 cells were stimulated by 100 ng/ml of LPS for
16 h, and a dose dependent inhibition of LPS induced iNOS
mRNA expression by KE-758 (10–200 µg/ml) was shown
by RT-PCR (Figure 5a) and Northern blot analysis (Figure
5b), whereas control ß-actin (RT-PCR) and GAPDH
(Northern blot) mRNA expression were not affected.

Figure 6 shows the effect of KE-758 on LPS induced NF-
κB activation of RAW264.7 cells. The expression of NF-κB
was markedly increased in nuclear extracts from cells stim-
ulated with 100 ng/ml of LPS for 30 min. But the intensity
of NF-κB complex was hardly affected when RAW264.7
cells were treated with KE-758 (10, 30, 100, 200 µg/ml).

Figure 7 shows the effect of KE-758 on iNOS mRNA
stability in RAW264.7 cells. LPS (100 ng/ml) markedly
activated iNOS mRNA expression after 16 h incubation, and
the time dependent degradation of iNOS mRNA was
observed when RAW264.7 cells were washed once and
treated with actinomycin D (AcD) for a subsequent 16 h.
However, the degradation of iNOS mRNA was hardly
affected by KE-758 (200 µg/ml) at any time points.

Effect of KE-758 on IFN-ß and IRF-1 mRNA expression,
and subsequent IRF-1 activation in LPS stimulated
RAW264.7 cells. IFN-ß and IRF-1 mRNA were markedly
induced when RAW264.7 cells were stimulated by 100
ng/ml of LPS for 2 h (IFN-ß) and 4 h (IRF-1), respectively,
as reported18,21, and a dose dependent inhibition of IFN-ß
mRNA (Figure 8a) and IRF-1 mRNA (Figure 8b) expression
by KE-758 (10-200 µg/ml) was shown by RT-PCR.

Effect of iv administration of KE-758 on the edema of foot-
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Figure 3. Direct effects of KE-298, KE-758, and L-NAME on NOS
enzyme activity (by monitoring the conversion of L-arginine to L-citrulline
+ nitrite) in a cell-free assay system. Cell-free extracts including NOS
derived from RAW264.7 cells (37.5 mg/0.2 ml) were incubated 3 h at 37°C
with L-arginine (100 mM) in the presence or absence of drugs, and the
generated nitrite was assayed using Griess reagent. Each point represents
the mean (n = 6). **p < 0.01 versus control (Dunnett’s test).

Figure 4. Effect of KE-758 on LPS induced iNOS and COX-2 protein expression in RAW264.7 cells. RAW264.7
cells (2 × 106/2.0 ml RPMI-1640) were stimulated with 100 ng/ml of LPS for 24 h in the presence or absence of
drugs. The adherent cells were collected, and iNOS (a) and COX-2 (b) protein expression were examined by
Western blot analysis as described in Materials and Methods. 
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Figure 6. Effect of KE-758 on LPS induced NF-κB activation in RAW264.7 cells. Confluent RAW264.7 cells
were preincubated with or without KE-758 for 30 min, and stimulated with 100 ng/ml LPS for 30 min. After incu-
bation, cells were collected, lysed, and nuclear proteins were isolated. Activated NF-κB was detected by EMSA
as described in Materials and Methods.

Figure 5. Effect of KE-758 on LPS induced iNOS mRNA expression in RAW264.7 cells. RAW264.7 cells (2 ×
106/2.0 ml RPMI-1640) were stimulated with 100 ng/ml of LPS for 16 h in the presence or absence of KE-758,
and iNOS mRNA expression was analyzed by RT-PCR (a) and Northern blot analysis (b) as described in
Materials and Methods.
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Figure 7. Effect of KE-758 on the stability of iNOS mRNA in RAW264.7 cells. RAW264.7 cells (2 × 106/2.0
ml/10 cm2 dish) were stimulated with 100 ng/ml of LPS for 16 h, followed by actinomycin D (AcD) with or
without 200 µg/ml of KE-758. Cells were harvested at the indicated times and Northern blot analysis of iNOS
mRNA expression was done as described in Materials and Methods.

Figure 8. Effect of KE-758 on LPS induced IFN-ß and IRF-1 mRNA expression in RAW264.7 cells. RAW264.7
cells (2 × 106/2.0 ml RPMI-1640) were stimulated with 100 ng/ml of LPS for 2 h (IFN-ß) and 4 h (IRF-1) in the
presence or absence of KE-758, and IFN-ß (a) and IRF-1 (b) mRNA expressions were analyzed by RT-PCR as
described in Materials and Methods.
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pads of rats with adjuvant induced arthritis. In control rats
given heat killed M. butyricum to induce arthritis, the
volume of the footpads gradually increased, reaching a peak
on Day 18 after injection. As shown in Figure 9a, edema was
suppressed in groups treated with 10 and 30 mg/kg KE-758
to 0.92 ± 0.22 ml (p < 0.05) and 1.14 ± 0.34 ml (p < 0.05),
respectively, compared to that in the control group (2.48 ±
0.51 ml). Moreover, as the body weight of KE-758 treated
animals was significantly restored, KE-758 was assumed to
be nontoxic (data not shown).

Effect of KE-758 on spontaneous NO production and iNOS
protein expression by peritoneal cells from rats with adju-
vant induced arthritis. Spontaneous NO production by
cultured peritoneal cells was shown in the control group
(36.4 ± 3.8 µM); however, in the groups treated with 10 and
30 mg/kg of KE-758 the production was significantly
decreased to 22.6 ± 3.9 µM (p < 0.05) and 17.0 ± 4.2 µM (p
< 0.01), respectively (Figure 9b).

Further, spontaneous iNOS expression in cultured peri-
toneal cells from rats of the control group was detected,
whereas in the KE-758 treated group (30 mg/kg), iNOS
expression was markedly suppressed (Figure 10).

DISCUSSION
We observed that KE-298, our newly developed
antirheumatic drug, and KE-758, its active metabolite,
suppressed NO production by LPS stimulated RAW264.7
cells by inhibiting iNOS mRNA expression in vitro. Even
though optimal generation of iNOS was usually achieved

using a combination of LPS + interferon-γ (IFN-γ)22,23, only
LPS induced an increase of NO, as described24. To simplify
the experiments, we employed LPS alone.

Neither KE-298 nor KE-758 had a direct inhibitory effect

Inoue, et al: KE-758 suppresses NO and iNOS 1235

Figure 9. Effect of KE-758 on edema volume of footpads and NO production by peritoneal cells in rats with
adjuvant induced arthritis. a. Arthritis was induced as described in Materials and Methods, and the edema of both
hind paws was calculated from differences in the average volume of both footpads on Day 0 and on Day 18. b.
Peritoneal cells (2 × 106/2.0 ml RPMI-1640) from each group of rats were cultured for 24 h as described in
Materials and Methods. Spontaneous nitrite production by peritoneal cells was determined using Griess reagent.
Each column and bar represents the mean ± SE (n = 12). *p < 0.05; **p < 0.01 versus control, respectively
(Dunnett’s test). # p < 0.01 vs normal (Student t test).

Figure 10. Effect of KE-758 on iNOS expression in peritoneal cells from
rats with adjuvant induced arthritis. Peritoneal cells (2 × 106/2.0 ml RPMI-
1640) from rats in each group were cultured for 24 h as described in
Materials and Methods. Adherent cells were collected, and iNOS expres-
sion was examined by Western blotting.
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on NOS enzyme activity, while acetylating agents such as
aspirin and N-acetylimidasole, as well as competitive
inhibitors of L-arginine, have been reported to suppress NO
production through the inhibition of iNOS catalytic activity
in vitro25.

The results of Western blot, RT-PCR, and Northern blot
analysis suggested that this inhibitory effect of KE-298 and
KE-758 might be due to the inhibition of iNOS protein
synthesis and mRNA expression. Meanwhile, auranofin24,26,
oroxylin A27, and cyclolinteinone28 have been reported to
suppress both iNOS and COX-2 expression through the
inhibition of NF-κB activation. But KE-298 and KE-758 did
not affect COX-2 expression nor the NF-κB activation,
which indicates the inhibition of iNOS gene expression by
KE-298/758 might be through a NF-κB-independent mech-
anism. NF-κB has been considered as one of the key regu-
lators of LPS induced iNOS transcription in murine
macrophages29, and inhibitors of NF-κB, such as pyrroli-
dine, dithiocarbamate, hydrocortisone30, and NAC31, have
been shown to decrease LPS induced iNOS mRNA expres-
sion. It has recently been reported that orally administered
NAC suppresses arthritis activity in animal models through
inhibition of NF-κB activation, and it has been suggested to
be useful for the treatment of chronic inflammatory diseases
such as RA31,32. Recently, several DMARD, such as bucil-
lamine31, D-penicillamine33, and gold compounds34, have
been shown to suppress NF-κB activation. However, LPS
induced activation of NF-κB in RAW264.7 cells was hardly
suppressed by pharmacological dose of KE-758.

As the total tyrosine phosphorylation of cytoplasmic
protein of LPS stimulated RAW264.7 cells was also unaf-
fected by KE-758 treatment in a preliminary experiment
(data not shown), we focused next on the mRNA stability of
iNOS. It has been shown that members of the tetracycline
family of antibiotics, such as doxycycline and minocycline,
suppress NO production not via direct inhibition at the
enzyme level but through an augmentation of iNOS mRNA
degradation, which leads to a decrease in the protein expres-
sion17,35. And transforming growth factor-ß has also been
shown to act post-transcriptionally by destabilizing iNOS
mRNA and decreasing translation36. Moreover, glucocorti-
coids such as dexamethasone have been reported to act at
multiple levels including attenuation of iNOS gene tran-
scription, prolongation of the half-life of iNOS mRNA, and
reduction of the translation of iNOS mRNA, and by
increasing the degradation of iNOS to regulate iNOS
expression37. As the degradation of LPS induced iNOS
mRNA expression in RAW264.7 cells, after terminating the
mRNA translation by actinomycin D, was hardly affected by
KE-758 in Northern blot analysis, we concluded that the
suppressive effect of KE-758 on the expression of iNOS is
independent of the stability of iNOS mRNA.

Recently, several reports have indicated that endoge-
nously induced IFN-ß is an essential cofactor for LPS

induced iNOS gene expression in murine macrophage cells
and subsequent activation of signal transducer and activator
of transcription-1α and IRF-1 in concert with NF-κB acti-
vation is critical for the murine iNOS induction38.
Furthermore, Saito, et al have reported that membrane asso-
ciated CD14 (mCD14) expression but not the soluble form
of CD14 (sCD14) is necessary for LPS induced IFN-ß
production and subsequent iNOS induction21. In the present
study, the results of RT-PCR for LPS induced IFN-ß and
IRF-1 mRNA expression in RAW264.7 cells have clearly
indicated that the suppressive target of KE-758 might be
located on the pathway of mCD14 dependent IFN-ß induc-
tion. To elucidate the mechanism in detail, further experi-
ments are required.

Although several transcription factors including activator
protein 1 (AP-1), nuclear factor interleukin 6, and Oct39

have been identified in the consensus sequences of the iNOS
gene promoter in murine macrophages, KE-758 did not
suppress LPS induced AP-1 activation in RAW264.7 cells in
our preliminary experiments (data not shown). It has been
reported that increased production of NO by peritoneal cells
was observed in rats with adjuvant induced arthritis, and that
their disease course was modulated by the endogenously
produced NO11. In our present ex vivo study, we confirmed
that in peritoneal cells from rats with adjuvant induced
arthritis iNOS protein expression was increased and that
they spontaneously produced high levels of NO on Day 21
as reported11. Moreover, we observed that this enhanced NO
and iNOS production by cultured peritoneal cells and
progression of arthritis were suppressed by KE-758. It has
also been reported that the administration of NG-
monomethyl-L-arginine, an inhibitor of NOS, is considered
to suppress joint inflammation during zymosan induced
gonarthritis via release of endogenous glucocorticoids40.
Although they suggested the role of NO in T cell dependent
models such as antigen induced arthritis, further studies are
necessary to determine whether KE-758 might induce
glucocorticoids to suppress adjuvant induced arthritis in
rats.

In conclusion, KE-298/758 suppressed LPS induced NO
and iNOS production in RAW264.7 cells by inhibiting the
IFN-ß dependent pathway, and the potential of KE-298 to
inhibit NO production might partly explain its efficacy on
adjuvant induced arthritis in rats.
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