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Abstract

We previously reported that nobiletin (5,6,7,8,3',4’-hexamethoxy flavone), a citrus polymethoxy flavonoid, effectively interferes with
the production of promatrix metalloproteinase (proMMP)-9/progelatinase B in rabbit synovial fibroblasts [J. Rheumatol. 27 (2000) 20]. In
this paper, we further examine the effects of nobiletin on the production of cyclooxygenases (COXs), prostaglandin (PG) E,, and
proinflammatory cytokines in human synovial fibroblasts and the mouse macrophage J774A.1 cell line. Nobiletin suppressed the
interleukin (IL)-1-induced production of PGE, in human synovial cells in a dose-dependent manner (<64 uM). Additionally, it selectively
downregulated COX-2, but not COX-1 mRNA expression. Nobiletin also interfered with the lipopolysaccharide-induced production of
PGE, and the gene expression of proinflammatory cytokines including IL-1a, IL-1f, TNF-o and IL-6 in mouse J774A.1 macrophages. In
addition, nobiletin downregulated the IL-1-induced gene expression and production of proMMP-1/procollagenase-1 and proMMP-3/
prostromelysin-1 in human synovial fibroblasts. In contrast, production of the endogenous MMP inhibitor, TIMP-1, was augmented by
nobiletin. These anti-inflammatory actions of nobiletin are very similar to those of anti-inflammatory steroids such as dexamethasone, and
the upregulation of TIMP-1 production is a unique action of nobiletin. Therefore, these results further support the notion that nobiletin is
likely to be a candidate for characterization as a novel immunomodulatory and anti-inflammatory drug.
© 2003 Elsevier Science Inc. All rights reserved.
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1. Introduction

MMPs are considered to play a crucial role in the
destruction of matrix components in connective tissue
under pathological conditions such as rheumatoid arthritis
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and osteoarthritis (for review, see [1]). For example, high
levels of MMP-1/collagenase-1, MMP-3/stromelysin-1,
and MMP-9/gelatinase B have been found in synovial
tissues and fluid from patients with rheumatoid arthritis
[2-4]. Recently, the localization of membrane type (MT)-
MMPs in theumatoid synovium also has been reported [5].
It generally is accepted that proinflammatory cytokines
such as IL-1, TNF-o and IL-6 are key mediators that
greatly enhance the biosynthesis and secretion of precur-
sors of MMPs (proMMPs) and PGE, from mesenchymal
cells at inflammatory sites [6].

Recently, we reported that nobiletin (5,6,7,8,3’,4’-hex-
amethoxy flavone), a citrus polymethoxy flavonoid, effec-
tively suppresses the production of proMMP-9 and
decreases the steady-state level of its mRNA in rabbit
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synovial fibroblasts and articular chondrocytes [7]. How-
ever, the other anti-inflammatory actions of nobiletin and
its effectiveness in other cell types, including human cells,
have not been clarified. In this paper, we report that in
human synovial fibroblasts, nobiletin interferes with the
production of PGE, by selectively downregulating COX-2
gene expression and protein. In addition, the production of
IL-10, IL-1B, IL-6, and TNF-a proteins and their mRNAs
was suppressed in mouse macrophages exposed to nobi-
letin. Furthermore, nobiletin suppressed the production of
proMMPs-1 and -3, whereas production of the endogenous
MMP inhibitor, TIMP-1, was upregulated in human syno-
vial cells. Therefore, nobiletin may be a candidate for
characterization as a novel anti-inflammatory and immu-
nomodulatory drug.

2. Materials and methods
2.1. Materials

Nobiletin was isolated from the juice of Citrus depressa
Hayata (Rutaceae), as described previously [7]. The fol-
lowing reagents were obtained commercially: DMEM and
RPMI 1640 from the Invitogen Co.; FBS from Whittaker
Bioproducts Inc.; Escherichia coli (055:B5) LPS, LAH,
nitro blue tetrazolium, 5-bromo-4-chloro-3-indolyl phos-
phate, and alkaline phosphatase conjugated donkey anti-
(sheep 1gG) IgG from the Sigma Chemical Co.; trypsin
from DIFCO Laboratories; human GAPDH c¢cDNA probe
from Clontech Laboratories, and monoclonal human COX-
1 and -2 antibodies from the Cayman Chemical Co.
Recombinant human IL-1o (thIL-1a; 2 x 107 units/mg)
was supplied by the Dainippon Pharmaceutical Co. Sheep
anti-(human proMMP-1), sheep anti-(human MMP-3), and
sheep anti-(human TIMP-1) antisera were provided by Dr.
Hideaki Nagase of the Kennedy Institute of Rheumatology,
Imperial College. Human synovial fibroblasts were pur-
chased from the Cell Systems Co. The mouse macrophage
J774A.1 cell line was purchased from the Health Science
Research Resources Bank. Other reagents used were the
same as in a previous paper [8].

2.2. Culture of human synovial cells and mouse
macrophages

Human synovial fibroblasts and the mouse macrophage
J774A.1 cell line were maintained in 10% FBS/DMEM/
antibiotics and 5% FBS/RPMI 1640/antibiotics, respec-
tively, until confluence. In our experiments, synovial cells
at up to the 10th passage and macrophages were plated in
24-multiwell plates or 100-mm diameter culture dishes.
After confluence, the culture medium was changed to
DMEM/0.2% LAH for human synovial cells or RPMI
1640/0.2% LAH for J774A.1 cells, and nobiletin was
added to the culture medium as a DMSO solution. The

final DMSO concentration was 0.05% in all cultures, and the
same amount of vehicle was added to the control cultures.
The harvested culture media were stored at —20° until use.
All experiments were conducted at least in duplicate and a
typical set of data was shown.

2.3. Quantification of intracellular DNA

The cells fixed with EtOH for 10 min were incubated
with 200 puL of 3,5-diaminobenzoic acid dihydrochloride
(Sigma) (400 mg/mL) at 60° for 45 min according to the
method of Johnson-Wint and Hollis [9]. After the reaction
and addition of 1 M hydrochloric acid, fluorescence inten-
sity was measured at an excitation wavelength of 365 nm
and an emission wavelength of 530 nm. The content of
intracellular DNA was calculated with a standard curve
using authentic salmon sperm DNA (6.25-100 pg/mL).

2.4. Western blot analysis of proMMPs, and
COXs-1 and -2

The levels of proMMPs in the culture media were
monitored by western blot analysis and the relative
amounts were quantified by densitometric scanning as
described previously [8]. To determine the production of
COXs-1 and -2, cells were lysed in a lysis buffer (50 mM
Tris—HCI1 pH 7.5/2% SDS/10% glycerol/5% 2-mercap-
toethanol) and then subjected to enhanced chemilumines-
cence-western blot analysis (Amersham Pharmacia
Biotech) using antibodies against the respective human
antigens.

2.5. Determination of PGE, and cytokines in the
culture media

PGE, was determined using a commercial enzyme-
immunoassay kit (Amersham Pharmacia Biotech) accord-
ing to the instructions of the manufacturer. The sensitivity
of the assay system was <40 pg/mL. Mouse IL-1p was
measured in the culture medium using a sandwich enzyme-
linked immunosorbent assay kit (BioSource International
Inc.) according to the instructions of the manufacturer. The
IL-1B (<7 pg/mL) level was determined in the linear range
of the concentration curve.

2.6. Semiquantification of mRNA levels by RT-PCR

Total RNA was isolated from cells in 100-mm dishes
using Isogen reagents (Nippon Gene Co.). The RNA (3 ng)
was subjected to RT-PCR for the measurement of COX-1
and -2, proMMP-1, and GAPDH mRNAs in human synovial
fibroblasts, and for the quantification of IL-1a, IL-1, IL-6,
TNF-o. and GAPDH mRNAs in J774A.1 cells as described
previously [8]. PCR primers used with human synovial
fibroblast cDNA were as follows: human COX-1, 5'-TGC-
CCAGCTCCTGGCCCGCCGCTT-3' (sense) (516-539 bp)
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and 5-GTGCATCAACACAGGCGCCTCTTC-3' (anti-
sense) (796-819 bp) [10]; human COX-2, 5'-TTCAAA-
TGAGATTGTGGGAAAAT-3' (sense) (574-596 bp) and
5'-AGATCATCTCTGCCTGAGTATCTT-3' (antisense)
(855-878 bp) [11]; human proMMP-1, 5'-GGTGATGAA-
GCAGCCCAG-3' (sense) (323-340 bp) and 5'-CAGTA-
GAATGGGAGAGTC-3’ (antisense) (759-742 bp) [12]
and human GAPDH, 5'-CCACCCATGGCAAATTCCA-
TGGCA-3’ (sense) (213-235 bp) and 5'-TCTAGACGGC-
AGGTCAGGTCCACC-3' (antisense) (786-809 bp) [13].
PCR primers used for the amplification of mouse IL-1a,
IL-1B, IL-6, TNF-a0 and GAPDH c¢DNA were from Clon-
tech Laboratories Inc. Amplifications were performed at
92° for 40 s, at 54—60° for 40 s and 72° for 60 s with 20-35
cycles. The amplified PCR products were analyzed on
ethidium bromide-stained 1% agarose gels. We confirmed
that amplification of COX-1, COX-2, proMMP-1, and
human GAPDH was linear for 25-30 cycles; 2630 cycles
for IL-1oc and IL-1f; 17-22 cycles for TNF-o and IL-6; and
30-35 cycles for mouse GAPDH. Gene expression was
quantified by densitometric scanning using an Image Ana-
lyzer LAS-1000 Plus (Fuji Film). The signal intensities of
the specific mRNAs were normalized by comparison with
that of GAPDH and were calculated as relative amounts.

2.7. Statistical analysis

A one-way ANOVA was used for data statistical analy-
sis. A Dunnet test was applied when multiple comparisons
were performed.

3. Results

3.1. Effects of nobiletin on the production of PGE,
and COX-2 protein and mRNA expression in human
synovial fibroblasts

When confluent human synovial fibroblasts were treated
with IL-1a (1 ng/mL), the production of PGE, was aug-
mented about 10 times as compared with the untreated
cells (Fig. 1, lane 1 vs. lane 2). Nobiletin effectively
suppressed the IL-1a-mediated production of PGE, in a
dose-dependent manner (4—64 pM); more than 65% of IL-
lo-induced PGE, was suppressed by 4 uM nobiletin
(P < 0.001). Next, we examined whether the inhibition
by nobiletin of PGE, production was due to the suppres-
sion of COX-1 and COX-2 transcripts. As shown in Fig. 2A,
western blot analysis indicated that in human synovial
cells, nobiletin interfered predominantly with the produc-
tion of COX-2 but not with COX-1 in a concentration-
dependent manner; 64 pM nobiletin inhibited approxi-
mately 50% of IL-lo-induced COX-2 (P < 0.001). The
selective suppression by nobiletin of COX-2 production
was supported further by RT-PCR, which showed that
nobiletin selectively downregulated expression of the
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Fig. 1. Suppression of PGE, production by nobiletin in human synovial
fibroblasts. Confluent synovial cells, at passage 10, were treated in 24-
multiwell plates with rhIL-1o (1 ng/mL) and/or nobiletin in 1.0 mL of
DMEM/0.2% LAH for 24 hr. The amount of PGE, released in the culture
medium was determined by enzyme-immunoassay. Treatments: 1, control; 2,
rhIL-1a; 3-7, rhIL- 1o plus nobiletin (4, 8, 16, 32 and 64 uM, respectively);
and 8, nobiletin (64 uM). Data are the means =+ SD for quadruplicate wells.
Key: (x+x) and (###), significantly different from the control (P < 0.001)
and the rhlL-1o-treated cells (P < 0.001), respectively.

COX-2 transcript as early as 2 hr after treatment (>66%
inhibition (P < 0.001), Fig. 2B). These suppressive effects
of nobiletin were found not to be due to cytotoxicity. When
human synovial cells were treated with nobiletin and/or
IL-1a, the total cell numbers, as monitored by DNA
content, were unaffected (Fig. 3A). Therefore, these results
suggest that the inhibitory effect of nobiletin on the
production of PGE, in human synovial fibroblasts is due
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Fig. 2. Selective downregulation by nobiletin of COX-2 gene expression and
COX-2 protein in human synovial fibroblasts. (A) Western blot analysis of
COX-1 and COX-2 proteins. Confluent synovial cells, at passage 10, in 100-
mm dishes were treated with rhIL-1a (1 ng/mL) and nobiletin in 1.0 mL of
DMEM/0.2% LAH for 24 hr. After incubation, the cells were washed once
with PBS(—) and lysed. The cell lysate was then subjected to enhanced
chemiluminescence-western blot analysis of COX-1 and COX-2 proteins.
Treatments: 1, control; 2, rhIL-1a; 3-5, rhIL-1a plus nobiletin (16, 32 and
64 pM, respectively); and 6, nobiletin (64 uM). (B) Changes in COX-1 and
COX-2 mRNA. Confluent cells at passage 5 were treated, in 100-mm dishes,
with rhlL-1a (1 ng/mL) and/or nobiletin (64 pM) for 2 hr, and total RNA was
isolated using Isogen as described in the text. Total RNA (3 ng) was
subjected to RT-PCR for COX-1 and COX-2. Treatments: 1, control; 2, rhIL-
loi; and 3, rhIL-1a plus nobiletin (64 pM).
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Fig. 3. Effect of nobiletin on the viability of human synovial cells and mouse macrophages. Human synovial fibroblasts (A) at passage 9 and J744A.1 cells
(B) cultured in 24-multiwell plates were treated with nobiletin (4-64 uM) in the presence of rhIL-1a (1 ng/mL) or LPS (5 pg/mL), respectively, for 10 hr. The
intracellular DNA content was determined to indicate toxicity as described in the text. Data are the means = SD for quadruplicate wells. Key: (x),

significantly different from the control (P < 0.05).

to the suppression of COX-2 gene expression, and subse-
quent decrease in COX-2 production, and not due to an
effect on COX-1.

3.2. Interference in the gene expression of
proinflammatory cytokines in J774A.1 mouse
macrophages by nobiletin

Macrophages are known to play a role in the production
of proinflammatory cytokines at inflammatory sites, such as
those that appear in rheumatoid arthritis [14,15]. Therefore,
we examined whether nobiletin interfered with the produc-
tion of proinflammatory cytokines using cultured mouse
macrophage J744A.1 cells. When the cells were treated
with LPS (5 pg/mL) for 12 hr, the transcripts of IL-1a and
IL-1P effectively were augmented (1.8-fold (P < 0.001)
and 2.9-fold (P < 0.001), respectively). However, the tran-
scripts of IL-6 and TNF-a were slightly, but significantly
augmented (both 1.1-fold ( P < 0.01)) as shown in Fig. 4.
Nobiletin (32 uM) was found to significantly diminish
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Fig. 4. Effect of nobiletin on IL- 1o, IL-1f, IL-6, and TNF-o gene expression
in mouse J774A.1 macrophages. Adherent mouse macrophages, in 60-mm
dishes, were treated with LPS (5 pg/mL) and/or nobiletin (32 uM) in 3.0 mL
of RPMI 1640/0.2% LAH for 12 hr. Total RNA (3 pg) was subjected to RT-
PCR for the amplification of (A) IL-1a, (B) IL-1p, (C) IL-6, (D) TNF-0., and
(E) GAPDH mRNA as described in the text. Treatments: 1, control; 2, LPS;
and 3, LPS plus nobiletin (32 pM).

LPS-mediated IL-laz (>50% inhibition (P < 0.01)),
IL-1f, (>48% inhibition (P < 0.05)) and IL-6 (>47% inhi-
bition (P < 0.01)) gene expression. In contrast, the sup-
pressive effect of nobiletin was less sensitive toward TNF-o
gene expression (>30% inhibition (P < 0.05)). Thus, it is
very likely that the downregulation by nobiletin of IL-13
mRNA correlated with the suppression of LPS-mediated
IL-1B production in mouse macrophages; the level of IL-13
in the culture medium of LPS-treated cells was about two
times higher than that of nontreated cells (19.62 £ 7.41
pg/mL vs. 37.204+9.93 pg/mL, P < 0.05). This LPS-
mediated augmentation was almost completely suppressed
to control levels (20.33 £ 8.63 pg/mL) by 32 uM nobiletin
(P < 0.05). Moreover, nobiletin (1-16 pM) was found to
effectively interfere with the LPS-induced production of
PGE, in cultured mouse J774.1 macrophages. (data not
shown). It was also found that this suppressive effect of
nobiletin (1-32 uM) was not due to cytotoxicity, since the
DNA content in these macrophages was not affected, as
shown in Fig. 3B.

A) < proMMP-1
(B) - s e = <@~ proMMP-3
(C) <@ TIMP-1

1 2 3 4 5 6

Fig. 5. Effect of nobiletin on the production of proMMPs-1 and -3, and
TIMP-1 in human synovial fibroblasts. Confluent synovial cells at passage
9 were treated, in 24-multiwell dishes, with rhIL-1o0 (1 ng/mL) and/or
various concentrations of nobiletin in 1.0 mL of DMEM/0.2% LAH for
24 hr. The harvested culture medium from triplicate wells was subjected to
western blot analysis for (A) proMMP-1, (B) proMMP-3, and (C) TIMP-1
as described in the text. Relative amounts of each protein were determined
by densitometric analysis. Treatments: 1, control; 2, rhIL-1a; 3-5, rhIL-1o
plus nobiletin (16, 32 and 64 pM, respectively); and 6, nobiletin (64 pM).



N. Lin et al. /Biochemical Pharmacology 65 (2003) 2065-2071 2069

6 hr :IL-1o-stimulation

(8

1 2 3 1 2 3

<@ GAPDH mRNA
2 3

Fig. 6. Time-dependent downregulation by nobiletin of the expression of IL-1a-induced proMMP-1 mRNA in human synovial cells. Confluent synovial cells
at passage 7 were treated with rhIL-1a (1 ng/mL) and/or nobiletin (64 M) for the indicated periods, and then total RNA was extracted using Isogen. Total
RNA (3 ng) was subjected to RT-PCR for the amplification of (A) proMMP-1 and (B) GAPDH mRNA. Treatments: 1, control; 2, rhIL-1a; and 3, rhIL-1o plus

nobiletin (64 uM).

3.3. Downregulation by nobiletin of the production of
proMMPs-1 and -3 and upregulation of TIMP-1
production

We recently have reported that nobiletin inhibits the
production of proMMP-9 in rabbit synovial fibroblasts and
articular chondrocytes [7]. Therefore, we examined the
effects of nobiletin on the production of proMMPs and
their endogenous inhibitor, TIMP-1, in human synovial
cells. In this series of experiments, IL-lo-induced the
production of proMMPs-1 and -3, but not proMMP-9.
As shown in Fig. 5A and B, nobiletin suppressed the
IL-1a-induced production of proMMPs-1 and -3 in a
concentration-dependent manner (16-64 uM); more than
40% of the IL-1a-induced production of proMMPs-1 and -
3 was suppressed by 64 uM nobiletin (P < 0.01). In
addition, the effect of nobiletin on the proMMP-1 tran-
script was examined. IL-1o increased the steady-state level
of proMMP-1 mRNA in a time-dependent manner (Fig. 6);
the increase in the transcript already was observed as early
as 2 hr after the IL-1a treatment. Nobiletin (64 uM) down-
regulated the expression of proMMP-1 mRNA in human
synovial cells; at 6 hr after treatment the IL-1a-induced
proMMP-1 transcript was diminished by more than 50%.
These results suggested that the suppression of the produc-
tion of proMMP-1 by nobiletin coincided with the decrease
in its transcript. In contrast, nobiletin concentration-depen-
dently upregulated the IL-la-mediated production of
TIMP-1 in human synovial cells (1.3-fold by 64 uM
nobiletin (P < 0.05), Fig. 5C), indicating that nobiletin
might prevent the destruction of connective tissue via the
simultaneous upregulation of TIMP-1 and downregulation
of proMMPs at inflammatory sites such as those found in
rheumatoid arthritis and osteoarthritis.

4. Discussion

Recently, it has been reported that flavonoids exert their
anti-inflammatory actions by inhibiting IL-8 [16] and PGE,
[17] production in fibroblasts and synovial cells. In addition,
flavonoids have been found to be cytotoxic to some types of
cancer cells in vitro [18]. We have reported that a citrus
polymethoxy flavonoid, nobiletin, effectively inhibits the
production of PGE, and proMMP-9 in rabbit synovial

fibroblasts [7]. However, neither the action mechanisms
of nobiletin nor its effects on the production of proinflam-
matory cytokines in human cells are fully understood.

PGE, is known to play a significant role as an inflam-
matory mediator in rtheumatoid arthritis and osteoarthritis
since it increases vascular permeability [19]. COXs are
known as key enzymes for the production of PGs including
PGE,, and COX-2, an inducible enzyme, plays a central role
in the production of PGE, at inflammatory sites [20]. In
contrast, COX-1, a constitutively expressed enzyme, is
recognized to participate in the production of physiological
levels of PGs in tissues, such as in the mucus of the stomach
[21]. Therefore, the production of an anti-inflammatory
drug that selectively inhibits the production and/or activity
of COX-2 is desirable. In this paper, we have demonstrated
that nobiletin interferes with the production of PGE, in
human synovial fibroblasts by selectively downregulating
COX-2. A similar observation was reported in interferon-7y/
LPS-treated mouse RAW 264.7 macrophages [22]. The
inhibition by nobiletin of LPS-induced PGE, production
in mouse macrophages, as shown in this paper, is likely to
interfere selectively with COX-2 gene expression and the
production of COX-2 protein. In two recent reports that
describe the effects of flavones on the expression of COX
wogonin (5,7-dihydroxy-8-methoxyflavone) was shown to
suppress COX-2 expression in mouse skin [23] and mouse
RAW 264.7 macrophages [24].

At sites of inflammation associated with rheumatoid
arthritis, proinflammatory and immunomodulatory cyto-
kines such as IL-1a, IL-1B, IL-6, and TNF-o are known
to exert various actions during the progression of inflamma-
tion [14,15]. IL-1a, IL-1 and TNF-o induce and/or enhance
the production of PGE, as well as proMMPs, including
proMMP-1, -3, -9, and -13, in many mesenchymal cell types
such as, synovial cells, chondrocytes, and macrophages
[1,25-28]. IL-6 also is characterized as an inflammatory
factor because it synergistically augments the inflammatory
actions of IL-1 in human synovial cells [29]. It is of interest
that nobiletin downregulates the production of these cyto-
kines in macrophages. This strongly suggests that nobiletin
is bifunctional, i.e. it suppresses the IL-1- and TNF-o-
evoked production of PGE, and activation of the immune
system. These properties of nobiletin are very similar to
those of anti-inflammatory steroids including dexametha-
sone [30-32]. In contrast, it also is a fact that dexamethasone



2070 N. Lin et al./Biochemical Pharmacology 65 (2003) 2065-2071

suppresses the production of TIMP-1, as well as proMMPs
in human synovial fibroblasts [8], whereas nobiletin down-
regulates the production of proMMPs-1 and -3, but upre-
gulates TIMP-1 production. Therefore, it is likely that the
novel action of nobiletin towards TIMP-1 is distinct from
that of dexamethasone.

It was of concern whether the suppression by nobiletin
of COX-2, PGE,, and proMMP levels in human synovio-
cytes and the expression of proinflammatory cytokines in
mouse macrophages was due to a cytotoxicity. However,
nobiletin was not toxic for either synovial cells (<64 uM)
or macrophages (<32 uM), as shown in Fig. 3A and B. In
addition, it also was found that nobiletin increased the
production of TIMP-1 in a concentration-dependent man-
ner (<64 uM), whereas it did not exert any effect on
COX-1 expression. These observations further support
the notion that nobiletin selectively modulates the produc-
tion of PGE,, proinflammatory cytokines, proMMPs, and
TIMP-1.

The mechanism by which nobiletin suppresses the pro-
duction of proMMPs while upregulating TIMP-1 produc-
tion has not yet been clarified. Since it has been reported
that nuclear factor kappa B (NF-kB) plays an important
role in the transcriptional activation of IL-1, TNF-o and the
proMMPs [33,34], suppression by nobiletin of proMMP
and cytokine production is likely to be due to the direct
modulation of NF-xB binding to the promoter regions of
the genes coding for these proteins. However, we have
reported that nobiletin accelerates the production of TIMP-
1 while suppressing the production of proMMPs-1 and -9
in human fibrosarcoma HT-1080 cells by interfering with
AP-1-, not NF-xB-binding [35]. Thus, further studies
are needed to clarify the exact mode of action of nobiletin
on the production of proMMPs and cytokines in human
synovial fibroblasts.

In conclusion, we have provided novel evidence that
nobiletin, a polymethoxy flavonoid, interferes with the
production of PGE, via the selective downregulation of
the COX-2 gene in human synovial fibroblasts. In addition,
we show that nobiletin decreases the expression of IL-1q,
IL-1B, TNF-o, and IL-6 mRNAs in mouse macrophages.
These properties of nobiletin are very similar to those of
dexamethasone. In contrast, it is noteworthy that nobiletin
downregulated the production of proMMPs-1 and -3 in
human synovial fibroblasts but upregulated the expression
of TIMP-1. These observations, therefore, indicate that
nobiletin exerts both anti-inflammatory and immunomo-
dulatory actions and is characterized as a novel anti-
inflammatory and immunomodulatory drug.
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