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ABSTRACT

Anti-inflammatory effects of Kahweol and Cafestol

JUNG, KYUNG SIK

Advisor: Prof. Hye Gwang Jeong, Ph.D.
Department of Bio Material engineering.
Graduate School of Chosun University.

Excessive nitric oxide (NO) production by inducible nitric oxide synthase
(INOS) in stimulated inflammatory cells is thought to be a causative factor of
cellular injury in cases of inflammation. Inducible cyclooxygenase-2 (COX-
2) has been implicated in the processes of inflammation and carcinogenesis.
In recent studies, these have been shown that kahweol and cafestol, coffee-
specific diterpenes, exhibit chemoprotective effects. In this study, the effects
of kahweol and cafestol on the production of NO, the expression of inducible
nitric oxide synthase (INOS) and COX-2 were investigated in
lipopolysaccharide (LPS)-activated RAW 264.7 macrophages. When
kahweol and cafestol were treated with LPS, the NO production induced by
LPS was markedly reduced in a dose-dependent manner. Kahweol and
cafestol also directly inhibited the activity of iINOS. In addition, kahweol and
cafestol suppressed the expression of iINOS protein and iINOS mRNA. Since

INOS transcription has been shown to be under the control of the



transcription factor, NF-xB, the effects of kahweol on NF-kB activation were
examined. Transient transfection experiments showed that kahweol and
cafestol inhibited NF-kB-dependent transcriptional activity. Moreover,
electrophoretic mobility shift assay experiments indicated that kahweol
blocked the LPS-induced activation of NF-kB. The results of these studies
suggest that the suppression of the transcriptional activation of iINOS by
kahweol might be mediated through the inhibition of NF-xB activation.
Kahweol and cafestol significantly suppressed the LPS-induced production of
prostaglandin E, (PGE,), expression of COX-2 protein as well as the mRNA,
and COX-2 promoter activity in a dose-dependent manner. Furthermore,
kahweol blocked the LPS-induced activation of NF-xB through the
prevention of 1kxB degradation and the inhibition of kB kinase activity. In the
mouse carrageenan air pouch model of inflammation, kahweol and cafestol
significantly suppressed PGE, production and COX-2 expression in the
pouch. Taken together, the results of this study provide evidence that
kahweol and cafestol possess the anti-carcinogenesis property or anti-
inflammatory potential which constitutes a previously unrecognized biologic
activity, and may provide new insights to explan some of the
chemopreventive properties observed in mouse macrophage studies and in

animal experiments.



I . Introduction

Nitric oxide (NO) is produced from L-arginine bytmt oxide synthase (NOS), a
family of ubiquitous enzymes. NOS plays a majoeral regulating vascular tone,
neurotransmission, the Kkilling of microorganismsd atumor cells and other
homeostatic mechanisms [Mayer and Hemmens, 199@]eddlar cloning and
sequencing analyses have revealed the existeneg lefst three main types of
NOS isoforms. Both neuronal NOS and endothelial N&® constitutively
expressed [Yuret al., 1996], whereas inducible NOS (iINOS) is expressed
response to interferopn- lipopolysaccharide (LPS) and a variety of pro-
inflammatory cytokines [MacMickingt al., 1997]. Following exposure to LPS or
cytokines, INOS can be induced in various cellghsas macrophages, Kupffer
cells, smooth muscle cells, and hepatocytes. IN@8&vation catalyzes the
formation of a large amount of NO, which plays a kele in a variety of
pathophysiological processes including various ®rmf circulatory shock,
inflammation and carcinogenesis [Lala and Chakrgb@001; MacMickinget al.,
1997; Maeda and Akaike, 1998]. Therefore, the arhotiNO produced by INOS
may be a reflection of the degree of inflammatiandg therefore provide a means
of assessing the effect of drugs on the inflamnyapoocess. Because cells cannot
sequester and regulate the local concentration Of Mhe regulation of NO
synthesis is the key to elicit its biological adiv NO production by iNOS is
mainly regulated at the transcriptional level [Macking et al., 1997]. In
macrophages, LPS activates the transcription factmtear factoreB (NF-«B),
which leads to the induction of expression of mammediate early genes
[Baeuerle and Henkel, 1994]. The presence of theaciing NF«<B element has
been demonstrated in the 5'-flanking regions of tR®S genes [Baeuerle
and Henkel, 1994]. The activation of MB- by LPS is induced by a cascade of



events which ultimately lead to the activation wiibitor kB (IxB) kinase, which
phosphorylateskB, resulting in its degradation and the translacatf NF«B to
the nucleus [Griseavage al., 1996]. Thus, NkeB translocates to the nucleus and
induces gene transcription through the cis-actiBgelement. NFeB is, therefore,
an obvious target for new types of anti-inflammgptdoreatment [Baeuerle and
Baichwal, 1997].

Cyclooxygenase (COX) catalyzes the synthesis o$tpgbandins (PGs) from
arachidonic acid. Two isozymes, designated COX-#l &OX-2, have been
identified but are encoded by separate genes. The-Cisozyme is believed to be
a housekeeping protein in most tissues and appearatalyze the synthesis of
prostaglandins for normal physiological functioris. contrast, COX-2 is not
present under normal physiological conditions Butaipidly induced by the tumor
promoters, growth factors, cytokines and mitogensadrious cell types [Prescott
and Fitzpatrick, 2000; Simon, 1999]. Many cell ty@essociated with inflammation,
such as macrophages, endothelial cells and fibstdhlaxpress the COX-2 gene
upon induction [Simon, 1999]. It is well establighthat COX-2 is important in
carcinogenesis. COX-2 is over expressed in tramsfdrcells and in various forms
of cancer [Prescott and Fitzpatrick, 2000; Simo®99]. Because targeted
inhibition of COX-2 is a promising approach to ibii inflammation and
carcinogenesis and to prevent cancer, chemopr&eestiiategies have focused on
inhibitors of the COX-2 enzyme activity. An equaliyportant strategy may be to
identify compounds that suppress the signaling pttat regulate COX-2
expression [Chinergt al., 1998; Subbaramaiaal., 1998].

COX-2 is an early gene expressed in response toy ngymokines. Its
transcriptional regulation is, at least in partdenthe control of transcription factor
nuclear factorB (NF-«xB) [D'Acquisto et al., 1997]. In macrophages, LPS

activates NFReB, which leads to the induction of the expressibmany immediate



early genes [D'Acquistet al., 1997]. The presence of a cis-acting RB-element
has been demonstrated in the 5'-flanking regionbefCOX-2 gene [D'Acquistet

al., 1997; Tak and Firestein, 2001]. NB- activation is induced by a cascade of
events leading to the activation of the inhibitd (IxB) kinase (IKK), which
phosphorylateskB, leading to its degradation and the translocatbiNF«B to
the nucleus [Chest al., 2002; Tak and Firestein, 2001]. Because«dBFplays a
key role in regulating the genes involved in thaiation of the immune, acute
phase, and inflammatory responses, there is growitegest in modulating its
activity. Therefore, the pathways leading to NE-activation are frequent targets
for a variety of anti-inflammatory drugs [Tak andestein, 2001].

It is increasingly being acknowledged that foodsntain non-nutritional
constituents, which may possess biological actisittompatible with beneficial
health effects, such as anti-inflammatory and eatcinogenic properties [Bellisle
et al., 1998]. Kahweol and cafestol (Fig. 1) are twaeienes that are present in
considerable quantities in coffee beans, as walh déise final, unfiltered beverage,
e.g. in Turkish or Scandinavian style coffees [Gras al., 1997]. These
compounds can be considered as interesting exarapkasch biologically active
food components. They have been shown to exhibith badverse and
chemoprotective properties [Cavah al., 2002; De Root al., 1999]. It is well
documented that kahweol and cafestol increase bétmiesterol level in both
human and animal models [De Rossal., 1999]. However, animal studies have
shown that kahweol and cafestol afford protectigairast the action of well-known
carcinogens, such as nitrosamine, 7,12-dimethy[bganzthracene, aflatoxin ;B
and 2-amino-I-b]-pyridine (PhIP) [Cavit al., 2001; Hubegt al., 1997; Milleret
al., 1991]. In line with these observations, thereepsdemiological evidence in
humans that the consumption of coffee with a higloant of kahweol and cafestol

is associated with a lower rate of colon cancee, @inthe most frequent cancers in



the western world [Giovannucci, 1998]. The chemtgntive effects of kahweol

and cafestol have thus far been primarily relatethé beneficial modifications of

the xenobiotic metabolism. Such effects include teeluced activation of

mutagens/carcinogens e.g. via the inhibition obcitome P450 enzymes [Cavin
et al., 2001], as well as their enhanced detoxificatiery. via the induction of

carcinogen-detoxifying enzyme systems such as thiotze S-transferase and
UDP-glucuronosyl transferase [Cawnal., 2002; Hubeet al., 2002].

Excessive NO production by iNOS in stimulatedainfmatory cells is thought to
be a causative factor of cellular injury in casésnflammatory disease. Thus,
compounds inhibiting INOS activity or its transdigmal activity in inflammatory
cells are potentially anti-inflammatory. Howevdrete has been no report designed
to investigate the anti-inflammatory propertieskahweol and cafestol. Excessive
prostaglandin E(PGE,) production by COX-2 in stimulated inflammatorylisas
believed to be a causative factor of cellular ipjun inflammatory disease.
Therefore, compounds inhibiting COX-2 activity ¢ transcriptional activity are
potentially anti-inflammatory or cancer chemoprdaixgn In the present study,
therefore, we investigated the effects of kahweal eafestol on INOS expression,
the activity of the INOS enzyme itself, and COXpression, in order to further
elucidate the chemopreventive and anti-inflammatoechanisms of kahweol and
cafestol in murine macrophages. Herein, we showtHerfirst time that kahweol
suppresses the activation of INOS gene expreshenbbth kahweol and cafestol
also directly inhibit the activity of INOS, and thikahweol and cafestol suppress
the activation of COX-2 gene expression throughdBFnhibition by targeting the
IKK complex. In addition, this report shows thattoeased PGEproduction and
COX-2 expression were observed in the mouse canageair pouch model of
inflammation. These data provide a mechanisticshi@sithe chemopreventive and

anti-inflammatory properties of kahweol and cafesto



II. MATERIALS & METHODS

A. Materials

Chemicals and cell culture materials were obtaiinech the following sources:
Cafestol acetate, Kahweol acetate, Escherichia @blil:B4 lipopolysaccharide
(LPS), and LDH diagnostic kits from Sigma Co.; Mtadlorimetric assay kit from
Roche Co.; Prostaglandin, PGE) and enzyme immunoassay reagents for the
PGE assays from Cayman Co.; LipofectAMINE Plus, RPN#Q medium, fetal
bovine serum (FBS), and penicillin-streptomycinusioin from Life Technologies,
Inc. NF«B consensus oligonucleotides, pGLd34Luc, and the luciferase assay
system from Promega; pCMPBtgal from Clonetech; Antibodies to INOS, COX-2,
COX-1, pB-actin, IKKB, IkBa, and the phosphorylated form afBlo. (Ser 32) from
Santa Cruz Biotechnology, Inc. Western blottingedgbn reagents (ECL) from
Amersham Pharmacia Biotech. Other chemicals werthefhighest commercial

grade available.

B. Cell Culture

RAW 264.7 cells, of the mouse macrophage cell limere obtained from the
American Type Culture Collection (Bethesda, MD)dagrown in RPMI 1640
supplemented with 10% fetal bovine serum, 2 mM UWtahine, 100 U/ml
penicillin and 100 g/ml streptomycin at°g€7in a 5% CQ humidified incubator.
Cafestol acetate, and kahweol acetate were dissolvdimethylsulfoxide (DMSO)
and added directly to the culture media. Contrdiscevere treated only with
solvents, the final concentration of which nevercemded 0.1%, and this

concentration did not have any noticeable effedhenassay systems.



C. Cell viability

Cell viability was assessed by measuring the reledd.DH and by means of
the MTT assay. The levels of LDH release were nreasin the supernatants.
After the supernatant was removed for LDH detertima the cells were used for
the MTT assay. The LDH and MTT assays were perfdrraecording to the

manufacturer's instructions.

D. Nitrite assay

The cells (5 X 10cells/ml) were cultured in 48-well plates. Aftecubating for
24 h, NO synthesis was determined by assayinguhere supernatants for nitrite,
which is the stable reaction product of NO with emnllar oxygen, using Griess

reagent, as described previously [Jeong and Kiid2R0

E. LPS-induced INOS enzyme activity

For the INOS enzyme activity assay, the cells waeded in 100-mm tissue
culture dishes (4 X focells) and incubated with LPS (0.5 pg/ml) for 12Then,
the cells were washed twice with PBS, harvestedmatkd into a 24-well plate
and cultured in the absence or presence of the @ongs to be tested for a further
12 h without LPS being present in the medium. Thpesnatants were then
removed, and the Griess reaction was performedoagea For the assay in cell
lysates, the cells were washed three times with, BB&ped into cold PBS, and
centrifuged at 500 X g for 10 min at 4°C. The gallet was resuspended in 0.5 ml
of 40 mM Tris buffer (pH 8.0) containing pg/ml of pepstatin A, lug/ml of
chymostatin, sug/ml of aprotinin, and 10QM phenylmethylsulfonyl fluoride, and
lysed by means of three freeze-thaw cycles. Aligwdtthe lysate were used for the

Bradford protein assay [Bradforet al., 1976]. INOS enzyme activity was



measured as described previously in the litergNoelovotz et al., 1993]. Briefly,
200ug of cell lysate protein was incubated in 20 mMsTHCI (pH 7.9) containing
4 uM FAD, 4 uM tetrahydrobiopterin, 3 mM dithiothreitol, and 2vMmeach of L-
arginine and NADPH. The reaction was carried outl®0 min at 37°C. Residual
NADPH was oxidized enzymatically and the Griessctiea was performed as

described above.

F. Determination of PGE, production

The cells were incubated with chemicals and/or LS pg/ml). After
incubating for 24 h, the culture medium was co#éidcand the level of PGE
released into culture media were quantified usirspecific enzyme immunoassay

according to the manufacturer's instructions.

G. Western Blotting

The cells were cultured with the chemicals for 2dnd then cell lysates were
prepared by treating the cells with lysis buffes@ImM NaCl, 100 mM Tris, pH
8.0, 1% Tween 20, 50 mM diethyldithiocarbamate, M nEDTA, 1 mM
phenylmethylsulfonyl fluoride, 1@g/ml aprotinin, 10ug/ml trypsin inhibitor, and
10 pg/ml leupeptin). The lysates were sonicated fos2h ice and centrifuged at
10,000 X g for 10 min to sediment the particulatatenial. The protein
concentration of the supernatant was measured byntkethod of Bradford
(Bradford, 1976). SDS-PAGE was performed under eeduconditions on 10%
polyacrylamide gels. The resolved proteins wereastfiexrred onto polyvinylidene
difluoride membranes. After blocking, the membranese incubated with iINOS
polyclonal antiserum, COX-2 polyclonal antiserun®XG1 polyclonal antiserum,

or monoclonal antp-actin. The secondary antibody to IgG conjugated to



horseradish peroxidase was used. The blots wellgegrwith the ECL Western

blot detection system according to the manufactinestructions.

H. Reverse transcription-polymerase chain reactiofRT-PCR)

The cells were cultured with chemicals and/or LB (1g/ml) for 6 h. Total
cellular RNA was isolated by the acidic phenol astion procedure of
Chomczynski and Sacchi [Chomczynski,, and Saccd87]L cDNA synthesis,
semiguantitative RT-PCR for iINOS, COX-1, COX-2, ghdctin mRNA, and the
analysis of the results were all performed as desdmpreviously [Jeong., and Kim.,
2002]. PCR reactions were electrophoresed through5& agarose gel and
visualized by ethidium bromide staining and UV diation. Prior to analysis the
PCR product band intensities were checked to eribatdhey had not reached the

saturation intensity.

I. Transient Transfection and luciferase andi-galactosidase assays
The cells (5 X 1®cells/ml) were plated in each well of a 12-weltel, and 12 h
later transiently co-transfected with the plasnp@_3-4«<B-Luc and pCMVB-gal,
or with the plasmids (the COX-2 promoter constr(}dt432/+59), which was
generously provided by Dr. Tadashi Tanabe and ©hiékkoyama (National
Cardiovascular Center Research Institute, Osakpan)a pGL3-4B-Luc, and
pCMV-B-gal) using LipofectAMINE Plus according to the méacturer's protocol.
Briefly, the transfection mixture containing Qu§ of pGL3-4B-Luc and 0.2g of
pCMV-B-gal was mixed with the LipofectAMINE Plus reagemtd added to the
cells. After 18 h, the cells were treated with L&tl/or the test compound for 12 h,
and then lysed. Luciferase arfitgalactosidase activity were determined as

described previously [Jeong and Kim, 2002]. Lueer activity was normalized



with respect t@-galactosidase activity and was expressed relativiee activity of
the LPS group.

J. Electrophoretic mobility shift assay (EMSA)

The cells were harvested and nuclear extracts wweepared as described
previously [Jeonet al., 1999]. Two double-stranded deoxyoligonucleotides
containing the NReB binding site (5-GGGGACTTTCC-3') were end-labeleth
[y->*P]dATP. Nuclear extracts (5g) were incubated with 2g of poly (dI-dC) and
the 3?P-labeled DNA probe in binding buffer (100 mM NaBQ) mM HEPES, 1.5
mM MgCl,, 0.3 mM EDTA, 10% glycerol, 1 mM dithiothreitol, InM
phenylmethylsulfonyl fluoride, 1ug/ml concentration each of aprotinin and
leupeptin) for 10 min on ice. The specificity ofnding was examined by
competition with the unlabeled oligonucleotide. TRBIA protein complex was
separated on 6% non-denaturing acrylamide geldowiolg electrophoresis, the

gel was dried and autoradiographed.

K. IxBa degradation and IKK assay

The cytoplasmic extracts were prepared from thds gatetreated with the
chemicals for 30 min, and then treated with LP$ @/ml) for 30 min. The
extracts were then resolved on 10% SDS-PAGE anlyzethby western blotting
using the antibody againstBa as described above. For the IKK assay, the cells
were treated with chemicals for 15 min and equabuwms of the total cellular
protein (200pg) were immunoprecipitated with IKKantibody and protein A/G-
PLUS agarose for 12 h at 4°C. The kinase assaycaaged out in the kinase
buffer containing 5 mM cold ATP, 10 Gjf?PJATP (5000 Ci/mmol) and jig of
the GST-kBa fusion protein as a substrate, and incubated@ani at 25°C. The



reaction was stopped by adding the Laemmli buéfed the material was subjected
to 10% SDS-PAGE. The phosphorylated G&Be was visualized by

autoradiography

L. Air pouch model of inflammation

Male Balb/c mice (20-25 g) were used. The air dtesitvere produced by s.c.
injection of 4 ml of sterile air into the intersedgr area of the back. Every 2 days,
2 ml of air was again injected into the cavity ek the space open. Seven days
after the first injection, 1 ml of a 1% solution @drrageenan in saline was injected
directly into the pouch to produce an inflammatoegponse. Kahweol or cafestol
(2-10 mg/kg) and indomethacin (2 mg/kg) were dsdlin polyethylene glycol
(2:1) and intraperitoneally injected to the fastadimals 2 h before being
carrageenan. The animals were sacrificed 24 h later administering the
carrageenan, and the pouch exudates were collethedcells were pelleted by
centrifugation at 1200 g for 5 min at 4°C, and BGias determined in the
supernatant by enzyme immunoassay. The cells weyed ufor COX-2

immunoblotting.

M. Histology
The excised pouch tissues were fixed in 10% fomrmadi 0.01 M phosphate
buffer (pH 7.4) and embedded into paraffin wax k#Sections were stained with

haematoxylin and eosin.

N. Statistical Analysis
All experiments were repeated at least three tilDesa are presented as means

+ SE for at least three different sets of plates ta@atment groups. The Student's t-

10



test was used to assess the statistical signifecahthe differences. A confidence
level of < 0.01 was considered to be statisticallynificance. Differences were

considered statistically significant whprs 0.01.

11



[ll. RESULTS

A. Kahweol and cafestol inhibit nitrite production in LPS-activated

macrophages

To investigate their anti-inflammatory effects, Wagol and cafestol (Fig. 1)
were tested with regard to their effect on NO puatun in LPS-activated RAW
264.7 macrophages. The amount of nitrite accumdilzehe culture medium was
estimated by the Griess reaction as an index forpig@aluction originating from
the cells. Kahweol and cafestol, at a concentratfo?20 uM, did not interfere with
the reaction between nitrite and the Griess reagglatta not shown). As shown in
Fig. 2 and 3, after treatment with LPS (Qdml) for 24 h, the NO concentration in
the medium increased remarkably, i.e. about 12-fdltien the cells were treated
with various concentrations of kahweol and cafest@ NO production induced by
LPS was significantly inhibited in a dose-dependsranner (Fig. 2, 3). The
stimulation of NO production by LPS was inhibiteshtpletely by 5uM kahweol.
The data indicated that kahweol was much more &@ffethan cafestol at inhibiting
NO production. Cell viability was assessed by maaguhe release of LDH (data
not shown) and by means of the MTT assay (Fig.AH).examination of the
cytotoxicity of kahweol and cafestol in RAW 264.7acnophages, performed by
measuring the release of LDH and by means of th& ki§say, indicated that these
compounds did not decrease cell viability in thisdg 90% cell viability, Fig. 4).
Therefore, the inhibition of LPS-induced nitriteoduction by kahweol and cafestol

was not the result of their cytotoxicity agains tells.

12



Kahweol Cafestol

Fig. 1. Chemical structures of kahweol and cafestol. Thews indicate the
chemical differences between the two compoundspublé bond in kahweol is

lacking in cafestol.

13
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with kahweol or cafestol in the presence of LPS (@/ml). The supernatants were
harvested 24 h later and assayed for P@©duction. The cell viability was

evaluated with the MTT assay (solid line connecBodd circles). The results are
presented as a percentage of the control valuenebitérom non-treated cells. The
values are expressed as a mean + SD of three dodivexperiments, performed in
triplicate. *P < 0.01, significantly different from the LPS.
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B. Kahweol decreases INOS expression in LPS-actieat
macrophages

To determine whether the above effects on NO proolucwvere related to
differences in the levels of INOS, western blottofgell lysate protein was carried
out. Fig. 5A shows that LPS induced varying levefsiNOS protein in the
macrophages. Treatment with kahweol caused a degendent decrease in the
LPS-activated induction of iINOS with the maximaieet being observed at M.
The amount off-actin protein, which was present as an internatroh remained
unchanged. In contrast, cafestol, at a high conagon of 10uM did not affect
levels of LPS-activated INOS protein. The obserebdnges in the amount of
INOS protein might be a reflection of altered photeynthesis or degradation. To
further elucidate the mechanism responsible forctt@nges in the amount of INOS
protein, we determined the levels of INOS mMRNA ByRCR analysis. As shown
in Fig. 5B, when the cells were treated with kahlwéime INOS mRNA levels
induced by LPS (0.5g/ml) were markedly decreased in a dose-dependanhen.
These results suggest that kahweol suppresses iMg8ession at the
transcriptional level, and thus contributes to dasing the production of INOS

protein and NO.
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Fig. 5. Effects of kahweol and cafestol on LPS-inducedresgion of iNOS protein
and mRNA. RAW 264.7 cells were treated with kahwaatafestol in the presence
of LPS (0.5ug/ml). (A) Immunoblot analysis. After 24 h of inction, the cell
lysates (30 ug protein) were separated by SDS-PAGE, transferteda
nitrocellulose membrane and blotted with an an#or -actin antibody. (B)
RT-PCR analysis. After 6 h of incubation, total R\Nas prepared and RT-PCR
was performed as described in the Materials andhddist section. The PCR
products were separated on a 2.5% agarose geltanddwith ethidium bromide.
These blots (A, B) are a representative of eacthigfe independent experiments
andp-actin (A, B) was used as an internal control.
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C. Kahweol and cafestol inhibitor INOS enzyme actiwy

The effects of kahweol and cafestol on INOS agtitidve not previously been
evaluated. In this study, we found that kahweolpsepsed both NO production
and iINOS expression in LPS-activated macrophagdsrems cafestol only
suppressed NO production and did not affect INO@ession. Therefore, in order
to determine whether the inhibitory effects on icible NO production were due to
a direct effect produced by these compounds onnthi@sic enzyme activities of
INOS, we investigated the effects of kahweol aniéstal on INOS activities, by
measuring NO production in intact cells, in whit¥OS was induced by LPS. In
this experiment, the cells were treated with LPS® h. Fresh medium containing
either kahweol or cafestol was added and then d&en, the levels of NO in the
medium were measured. N-nitro-L-arginine methyleegt.-NAME), which is
known to inhibit INOS enzyme activity, was usedpasitive control. As shown in
Table 1, both kahweol and cafestol inhibited th&idtimulated production of NO
in a dose-dependent manner. In the same part @xperiment, the NOS inhibitor
L-NAME, which was used as positive control, effeety inhibited NO production
in the medium. These data indicate that kahweag),&C@.3uM) and cafestol (16
= 12.6 uM) directly inhibited INOS activity in intact cellsAt the maximal
concentration of 2@M, kahweol and cafestol inhibited the productionNsD by
92% and 76%, respectively. An examination of theotoxicity of kahweol and
cafestol in the cells by means of the MTT assaycatdd that these compounds,
even at a concentration of 20/, did not decrease cell viability (data not shown)
Therefore, the inhibition of INOS activity by kaheleand cafestol in LPS-induced
intact cells was not the result of their cytotofgicagainst the cells. The evidence
for there being direct enzyme inhibition by kahwewld cafestol was further
supported by the additional findings, which indezhthat kahweol (16§ = 10.2
uM) and cafestol (16 = 14.3uM) treatment significantly inhibited NO production
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resulting from INOS enzyme activity in the cell &8s, as determined by direct
NOS enzyme activity assaysvitro (Table 1). Although L-NAME showed a more
potent inhibitory effect on INOS enzyme activityatheither kahweol or cafestol,

both of these diterpenes could directly block #ction catalyzed by iNOS.
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Table 1. Effects of kahweol and cafestol on iINOS activity the intact
macrophages and macrophages lysates.

LPS pretreatment  Addition to LPS-treated  NO in medium®iNOS specific activity:

of cells cells or cell lysate (uM) NO formation °(uM)
None DMSO control 1.2+04 15+0.3
LPS, 6 h Control 145+1.6 10.8+1.3
kahweol 5uM 9.8+ 1.2* 8711
kahweol 10puM 54+0.8* 6.1 +£0.8*
kahweol 20uM 2.3+0.5* 4.1 +0.6*
cafestol 5uM 11.6 +1.4* 95+1.2
cafestol 1QuM 9.2+1.2* 6.9 +0.9*
cafestol 20uM 53+0.7* 5.2+0.7*
L-NAME 3 mM 1.8+0.3* 2.2+04*

RAW 264.7 macrophages were stimulated with LPS ((@/&l) for 12 h, and then
the cells were washed twice with PBS to remove 8.

& The cells were cultured with the indicated commisufor an additional 6 h. The
amount of NO accumulated in the medium were medduwyendirect NOS enzyme
assay as described in the Materials and Method®sec

b Cell lysate preparation and each indicated comgomas added to the lysates
(200pg) from LPS-treated macrophages, and direct iNQSigcwas measured as
described in the Materials and Methods section.

Values are expressed as mean + SD of three indivigkperiments, performed in

triplicate. *P < 0.01, significantly different from the LPS.
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D. Effects of kahweol and cafestol on PGEproduction in LPS-
activated macrophages

In order to investigate their anti-inflammatoryezfts, kahweol and cafestol (Fig.
1) were tested with regard to their effect on R@Eoduction in LPS-activated
RAW 264.7 macrophages. When the cells were treatgth the various
concentrations of kahweol and cafestol, the P@Bduction induced by LPS was
significantly inhibited in a dose-dependent manfkeg. 4) and kahweol is much
more effective at inhibiting PGEproduction than cafestol. The cell viability was
assessed by a MTT assay. An examination of thetoyity of kahweol and
cafestol in the RAW 264.7 macrophages indicated timese compounds did not
decrease the cell viability in the cells (> 90% eshbility, Fig. 4). Therefore, the
inhibition of LPS-induced PGEproduction by kahweol and cafestol was not the

result of their cytotoxicity against the cells.
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E. Effects of kahweol and cafestol on the COX-2 exgssion in
LPS-activated macrophages

Western blotting of cell lysate protein was carr@at in order to determine
whether or not the above effects on B@Eoduction are related to differences in
COX levels. LPS induced COX-2 in the macrophages] a treatment with
kahweol and cafestol caused a dose-dependent decieathe LPS-mediated
induction of COX-2 (Fig. 6A). Kahweol is much maeective at inhibiting COX-
2 expression than cafestol. Neither LPS nor kahveea cafestol affected the
COX-1 level (data not shown).

The observed changes in the COX-2 protein levelhimie a reflection of an
alteration in protein synthesis or degradation. T?@X-2 mRNA levels were
measured by RT-PCR analysis in order to furthercidhte the mechanism
responsible for the changes in the amount of CQXeein. Kahweol and cafestol
markedly decreased the COX-2 mRNA levels inducedLB$ (Fig. 6B). This
suggests that kahweol and cafestol suppress COXression at the
transcriptional level, thereby contributing to deasing the production of the COX-
2 protein and PGE
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Fig. 6. Effect of kahweol and cafestol on LPS-induced egpion of the COX-2
protein and mMRNA. The cells were treated with eitk@hweol or cafestol in the
presence of LPS (0.pg/ml). (A) Immunoblot analysis. After 24 h of incation,
the cell lysates (3Qug protein) were separated by SDS-PAGE, transfetoed
nitrocellulose membrane and blotted with an antiXc®or p-actin antibody. (B)
RT-PCR analysis. After 3 h of incubation, the td&lMA was prepared and RT-
PCR was performed as described in the MaterialsMeithods section. The PCR
products were separated on a 2.5% agarose geltanddwith ethidium bromide.
These blots (A, B) are a representative of eachrek independent experiments.
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F. Effects of kahweol on the activation of NR¢B in LPS-activated

macrophages

Because the activation of N& is vital for the induction of COX-2 by LPS or
other inflammatory cytokines [D'Acquistet al., 1997] and kahweol is much more
effective at inhibiting PGE production and COX-2 expression by LPS than
cafestol, this study determined if kahweol coulgmess NFReB activation in the
LPS-activated macrophages using an electrophoretibility shift assay. The
induction of the NReB binding activity by LPS was markedly inhibited by
kahweol in a dose-dependent manner (Fig. 7). Thditiad of an excessive
guantity of an unlabeled wild type probe completgigvented the NikB binding,
demonstrating the binding specificity of the NB-complex. In order to further
investigate the importance of LPS and kahweol irdufating the expression of
COX-2 and NFR«B activity in the LPS-activated macrophages, tramsi
transfections were performed using the COX-2 luage promoter construct and
the NF«B-dependent luciferase reporter plasmid. Kahwedibited the LPS-
activated COX-2 promoter activity and NdB- transcriptional activity (Fig. 8).
These results suggest that the suppression of C@Xgfession by kahweol
occurred via the prevention of N activation. Since it has been well
documented that NkB activation correlates with the rapid proteolydegradation
of IkB, the prevention ofdB degradation was also examined as an indicatidheof
inhibition of NF«B activation by kahweol. LPS induced a transiemgrddation of
IxBa in the cells, whereas kahweol prevented the degiad of kBa (Fig. 9).
Finally, kahweol was examined to determine if itulcb inhibit IKK activity.
Kahweol significantly inhibited the IKK activity guced by LPS (Fig. 10).

However, kahweol had no effect on the level of Igiotein level (data not shown).
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This suggests that the inhibition of COX-2 expresdiy kahweol occurred via the

suppression of IKK activity resulting in the pretien of NF«B activation.
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Fig. 7. Effect of kahweol on LPS-induced N activity determined by EMSA.
The cells were treated with kahweol and LPS (@bnl) for 30 min. The nuclear
extracts were prepared and EMSA was carried owd.arfow indicates the NkB
binding complex. Excess NEB; 200-fold molar excess of non-labeled NB-
probe. This blot was a representative of eachrektindependent experiments.
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Fig. 8. Effect of kahweol on pNkB-Luc and COX-2 promoter-Luc reporter
activities. The cells were transiently co-transéelctvith pGL3-4B-Luc or COX-2
promoter-Luc and pCM\B-gal. After 18 h, the cells were treated with kablie
the presence of LPS (0im/ml) for 12 h, harvested and their luciferase #nd
galactosidase activities were determined. Luciterastivities were expressed
relative to the LPS. The values are expressed axmie8D of three individual
experiments, performed in triplicateP*< 0.01, significantly different from the
LPS.
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Fig. 9. Effect of kahweol ondB degradation. The cells were pretreated with
kahweol for 30 min and then treated with LPS (@dgml) for 30 min. Total
cellular protein (50ug) was separated on 10% SDS-polyacrylamide gels and
blotted with antibody specific forcB. This blot was a representative of each of
three independent experiments.
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Fig. 10. Effect of kahweol on LPS-inducedB kinase activity. The cells were
treated with 10 M kahweol and LPS (u§/ml) for 15 min. The total cell lysates
(200 ug) were used for immunoprecipitatiorkBl kinase activities were assayed
with GST-kB as substrate. This blot was a representative ash eof three

independent experiments.
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H. Effect of kahweol and cafestol dose on the inflamatory

response
Various doses (10, and 20 mg/kg) of kahweol, cafest saline were locally
administered 1 h before being challenged with 1%aggenan into the five groups
of mice with five in each group. All animals werecsficed at 72 h after the
carrageenan administration. The anti-inflammatengides, such as the volume,
protein amounts and cell counts, in the exudatdsddfer significantly with the

two doses (Fig. 11).
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Fig. 11. Effects of cafestol and kahweol on the volumetggroamount and cell

counts in the exudates of the air pouch. Randomdsen mice were treated with
vehicle, cafestol and kahweol at 1 h before cagage challenge. The animals
were sacrificed 72 h later and the exudates irath@pouches were collected. The
exudation was assessed for inflammatory cell coamd the concentration of
protein. Data are expressed as mean * SE of tm@epéndent experiments,
performed in triplicate. P < 0.01, significantly different from the control.
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|. Effect of treatment with kahweol and cafestol onCOX-2 mRNA

expression

To examine whether or not the decrease of PiGEhe kahweol- or cafestol-
treated animals was caused by inhibition of upratguh of COX-2, expression of
COX-2 mRNA within the exudate cells from the miceated with or without
kahweol or cafestol (10, 20 mg/kg) were analyzedRAyPCR. Five mice were
used in each group. Results from the experimendgated that COX-2 mRNA
expressed by the exudate cells in kahweol- or t@dfeeated animals was

significantly less than in vehicle-treated anim#g. 12).
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Fig. 12. Effects of cafestol or kahweol on COX-2 mRNA inme exudates of

carrageenan-treated air pouch. The total RNA wapgred within the exudate
cells from the mice treated with or without kahweol cafestol (10, 20 mg/kg)
were analyzed by RT-PCR. The PCR products wereragghon a 2.5% agarose
gel and stained with ethidium bromide.
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J. Effects of kahweol or cafestol on the PGEproduction in the

mouse air pouch model of inflammation

The carrageenan air pouch model of inflammation wsesd to determine the
capacity of kahweol and cafestol to inhibit PGioductionin vivo. Carrageenan
induced an outstanding PgHelease into the exudate fluid when it was
administered into the intrascapular area of thérobmice. Vasodilatation, edema,
and a significant increase in the cellular in walso observed after a carrageenan
injection. The administration of kahweol or café$i®-20 mg/kg, i.p.) to the mice
inhibited the COX-2 protein expression in the cgllesent in the exudate and
caused a decrease in the BGHels (Fig. 13).
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Fig. 13. Effects of kahweol and cafestol on P&Gfroduction in carrageenan air
pouch model. Kahweol or cafestol (10-20 mg/kg,) mes administered 2 h before
the 1% carrageenan injection. The animals wereifegct 24 h later, and the
exudate in the air pouch was collected. P@Ethe pouch exudate supernatants
was determined by specific enzyme immunoassay.vahees are expressed as a
mean + SE of three individual experiments (n=%).<*0.01, significantly different
from the carrageenan.
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L. Histochemical analysis of inflammatory air pouch

The inflammatory response in the pouch tissues wals examined
histologically. In the vehicle-treated animals fhauch wall appeared to be very
oedematous. There were many inflammatory cellsh sas neutrophils and
macrophages, and a small number of mast cells @gdent, suggesting that the
acute inflammatory response was induced in thelpawdl. Recruitment of some
neutrophils to the arteriole and the accumulatibmononuclear cells around the
vessels were observed. By contrast, the pouch @fakahweol-, or cafestol-
treated animals had little inflammatory cell infition and the pouch wall was
very thin. These histological findings suggestedt tthe acute inflammatory
response in the pouch wall was significantly supped by the kahweol, or

cafestol treatment (Fig.14).
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Fig. 14. Histological change in the pouch tissues of kediwor cafestol-treated
mice in carrageenan air pouch modkel. pouches were removed from the mice 72
h after the challenge, fixed with 10% formalin ambedded in paraffin. Sections
were stained with hematoxylin-eosin. (P.W.: Pouch)wa
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IV. Discussion

NO has been implicated in the processes of inflanomaand carcinogenesis.
There is growing evidence to suggest that inhibitfriNOS activity or expression
are useful for treating inflammation and for theyantion or treatment of cancer
[Lala and Chakrabortgt al., 2001; MacMickinget al., 1997; Maeda and Akaike,
1998; Raoet al., 2002]. Therefore, agents that interfere with #ignaling
mechanisms governing the transcription of INOS walso be expected to inhibit
inflammation and tumorigenesis. In this respectturs product-derived
compounds including curcumin, epigallocatechin ajealland other polyphenols
were also shown to potentially inhibit INOS actyvand expression [Chaet al.,
1997; Charet al., 1998; Racet al., 2002]. The major focus of this study was to
investigate the anti-inflammatory efficacy of kalohend cafestol, in relation to
their ability to act as an inhibitor of INOS exps@m, using the macrophages
model. The present work shows that kahweol andstalfevhich are both coffee
diterpenes, dose-dependently inhibit the producttdnNO in LPS-stimulated
RAW264.7 macrophage cells, and that kahweol wakadly more active than
cafestol in terms of its effect on NO productiong(F2, 3). These results indicate
the possible inhibition of INOS induction by thesempounds. To obtain a better
understanding of the inhibitory mechanism of NO duction, the effect of
kahweol and cafestol on INOS expression was inyatd in detail. It was found
that the simultaneous treatment of kahweol with ISRfaificantly inhibited INOS
MRNA and protein expression (Fig. 5). However, stfiedid not affect iINOS
MRNA or protein expression (Date not shown.).

It has been reported that some compounds, suchigallecatechin gallate and
aspirin, suppress iINOS gene expression, as welirastly inhibiting the catalytic
activity of INOS [Aminet al., 1995; Carnovalet al., 2001; Charet al., 1997]. By
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measuring iINOS enzyme activity in intact cells @edl lysates (Table 1), in which
iINOS was induced by LPS, kahweol and cafestol wshmvn to effectively inhibit
INOS activity at relatively high concentrations #-20uM. As in the case of NO
production, kahweol showed a more potent inhibiteffect on INOS enzyme
activity than cafestol. Thus, these results sugdkat the inhibition of NO
production in LPS-activated RAW264.7 cells by kabivaight be due to both the
suppression of INOS expression at lower conceotiat(0.2-5uM) and the direct
inhibition of INOS enzyme activity at higher contetions (5-20uM) however,
the inhibition of NO production by cafestol at heghconcentrations (5-2(GM)
might be due to direct inhibition of INOS enzymeivty. These phenomena might
depend on the structures of these two diterpenigs {ff. The absences of one
double bond (C1-C2) on the A ring of kahweol causesuppressive potency on
INOS expression to differ from that of cafestol.eThresence of this one double
bone within A ring of cafestol seems to be insugint to inhibit INOS expression.
Future experiments are needed to determine theoredaip between the structures
of these two diterpenes and their different funeio

Animal studies have demonstrated that kahweol amrdestol exhibit
chemoprotective properties (anti-mutagenic and-@artiinogenic effects) [Cavin
et al., 2001; Cavinet al., 2002; Huberet al., 1997; Milleret al., 1991]. These
activities have been explained, in part, by theuatdn of several beneficial
modification the xenobiotic metabolism, which, dege@g on the individual
compound, may involve both the reduced activity antlanced detoxification of
mutagens/carcinogen [Cavet al., 2001; Cavinet al., 2002; Huberrt al., 1997,
Huberet al., 2002]. Epidemiological studies have revealedategtive association
between coffee consumption and the risk of certaincers [Giovannucci, 1998;
Inoue et al., 1998]. The epidemiology of colorectal cancervides the most

supportive evidence for the existence of a potentiiee dependent protection. In
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case-control epidemiology studies, it has been istamgly observed that the
consumption of coffee with a high amount of kahwaiodl cafestol was associated
with a lower risk of colorectal cancer [Giovannyctp98]. Meanwhile, there is
increasing evidence to suggest that inhibitordN@$ activity can be effective anti-
inflammatory agents, as well as being beneficiadhm prevention and treatment of
colon cancer, because NO is a mediator of inflananaaind chronic inflammation
predisposes the organism to carcinogenesis [LadaCGirakraborty, 2001; Maeda
and Akaike, 1998; Raat al., 2002]. Although numerous agents have been
synthesized that effectively inhibit NO by acting substrate analogs for INOS, an
alternative approach might be to determine whe#slgents that suppress both the
transcription and activity of INOS are more effeetthan agents that suppress only
one of these effects. In this regard, to the béstuo knowledge, this is the first
time that it has been suggested that the inhibiibiNOS activity and expression
by kahweol and cafestol might contribute to botk &@nti-inflammatory and
chemopreventive activity.

The murine INOS promoter contains various transiompfactor binding sites,
including NF«B and activator protein-1 (AP-1) sites, which angalved in the
induction of other genes by cytokines or LPS [Machifig et al., 1997; Xieet al.,
1994]. An analysis of the transcriptional activity the INOS promoter using
deletional mutants revealed the essential rolevof NIF«B binding motifs in the
control of INOS expression [MacMicking al., 1997; Xieet al., 1994]. Bacterial
LPS and cytokines are key mediators in the inflatonyaresponse and have been
shown to activate NkB, which is a critical component in the inducibleeession
of multiple genes involved in inflammation [Baewerhnd Baichwal, 1997;
MacMicking et al., 1997]. Therefore, the analysis of MB- activation is a
prerequisite for understanding the control mecham$ INOS gene transcription

by kahweol. The transient transfection assay witNFexB-dependent luciferase
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reporter plasmid showed that kahweol inhibited LfR&iced NF<B
transcriptional activity in a dose-dependent mar(féy. 10). The present results
also showed that kahweol suppressed LPS-inducedB\lsinding activity (Fig. 7).
Therefore, it can be concluded that kahweol sugpedNOS gene transcription
through the inhibition of NReB activation in the iINOS promoter.

Although we demonstrated the down-regulatory abitift kahweol on INOS
expression by showing the inhibition of MB- activation in LPS-stimulated
macrophages, the precise mechanism by which kahweppresses iINOS
expression in macrophages and exerts anti-inflaimmpagffects is still largely
unknown. The activation of p38 or ERK-1/2 has bskown to be involved in the
stimulation of NF«B activity and the subsequent expression of iINO®nurine
macrophages [Ajiziaret al., 1999; Chen and Wang, 1999]. Kahweol might also
inhibit these kinase activities, leading to NB- activation at or before the
phosphorylation step ofkB. The suppression of activation of the NB-by
kahweol may partially account for this, becauseeghme known to be response
elements on the promoters of INOS genes [Baeuem@ Baichwal, 1997;
MacMicking et al., 1997]. However, kahweol might also inhibit ottemscription
factors induced by LPS and suppress the gene tiptigo of iINOS. Additional
studies are needed to answer these questions amblidiolate the mechanisms
involved. The current study suggests that kahwad| @afestol might act as anti-
inflammatory agents. There is limited informatiovadable concerning the anti-
inflammatory effects of kahweol and cafestol in launs, so that furthem vivo
studies are necessary to confirm whether kahwedl cafestol do indeed have
these effects. In order to investigate the oveaali-inflammatory properties of
kahweol and cafestol, a study of the effects ofnedi and cafestol on the vivo
suppression of INOS and TNF- gene expression ara phoduction of

immunomodulatory cytokines in mice is underway um aboratory.
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In recent studies, it was shown that kahweol anfistal, coffee-specific
diterpenes, have anti-carcinogenic effects. Thegmedata links these effects of
kahweol and cafestol to the inhibition of P&Groduction. With regard to PGE
production, it was shown that kahweol and cafestbibit the LPS-activated
induction of COX-2 in macrophages. The suppressffects of kahweol and
cafestol were also observitvivo.

The chemopreventive or anti-carcinogenic propertiegahweol and cafestol
can be understood, at the least in part, from tigeidgtion of several beneficial
modification the xenobiotic metabolism, which, dege@g on the individual
compound, may involve both the reduced activatiwh @nhanced detoxification of
mutagens/car [Cavigt al., 2001; Caviret al., 2002; Hubegt al., 1997; Hubeset
al., 2002]. Epidemiological studies have revealedaeggtive association between
coffee consumption and the risk of certain typesafcer [Giovannucci, 1998;
Inoue et al., 1998]. The epidemiology of colorectal cancervides the most
supportive evidence for the existence of a poteotitiee-dependent protection. In
case-control epidemiology studies, it has been istamdly observed that the
consumption of coffee with a high amount of kahwant cafestol is associated
with a lower risk of colorectal cancer [Giovannycd998]. Meanwhile, COX-2 has
been implicated in the carcinogenic processes ¢Bteand Fitzpatrick, 2000], and
its over-expression by malignant cells has beemwsho enhance cellular invasion,
induce angiogenesis, regulate the anti-apoptotlalae defenses and augment the
immunological resistance via Pg@Bproduction [Hirschowitzet al., 2002]. In
addition, it has been demonstrated that COX-2 mr-expressed in colon cancer
patients [Tsujiiet al., 1997].

There is growing evidence to suggest that inhibitoir COX-2 activity can be
effective anti-inflammatory agents, as well as bebeneficial in the prevention

and treatment of colon cancer [Chinegy al., 1998; Oshimaet al., 1996].
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Therefore, agents that interfere with the signalmgchanisms governing the
transcription of COX-2 should also inhibit the srfimation and tumorigenesis
[Chinery et al., 1998; Subbaramaiadt al., 1998]. The major focus of this study
was to investigate the effects of kahweol and ¢tafes COX-2 expression using a
macrophage model. This study showed that kahwewlcafestol, which are both
coffee diterpenes, inhibit PGEproduction in LPS-stimulated macro dose-
dependently, and that kahweol had a greater effactPGE production than
cafestol (Fig. 4). These results indicate the pbsssuppression of COX-2
induction by these compounds. In order to obtaipetier understanding of the
inhibitory mechanism of PGEproduction, the effect of kahweol and cafestol on
COX-2 expression was investigated in detail. It i@snd that the simultaneous
treatment of kahweol or cafestol with LPS signifittg inhibited COX-2 mRNA
and protein expression (Fig. 6). Kahweol showedeenpotent inhibitory effect on
PGE production and the COX-2 expression than cafe$tutse phenomena might
depend on the structures of these two diterpenigs {ff. The absences of one
double bond on the A ring of kahweol causes itgpsegsive potency on COX-2
expression to differ from that of cafestol. The gamece of this one double bone
within A ring of cafestol seems to be more insuéit to inhibit COX-2 expression
than kahweol. Future experiments are needed tordieie the relationship between
the structures of these two diterpenes and th&erdnt efficacy. This study also
investigated whether or not the inhibition of COXe®pression could be observed
in anin vivo model of inflammation after treatment with kahweaal cafestol. The
murine air pouch model was used because it is ctaized by the release of
prostaglandins due to the rapid induction of theX€@OmRNA and protein in the
exudate cells [Masferreat al., 1994]. The administration of kahweol and cafesto
(2-10 mg/kg, i.p) blocked the COX-2 expressionha tells present in the exudate

and produced a dose-dependent decrease in prGéuction.
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Animal studies have demonstrated that kahweol arafestol have
chemoprotective properties (anti-carcinogenic eé$feagainst carcinogens, such as
nitrosamines, 7,12-dimethylbenz[a]anthracene, @flat B;, and 2-aminol(PhIP)
[Cavin et al., 2002; Cavinet al., 2001; Huberet al., 1997]. Carcinogenesis
typically involves a cellular transformation, hypasliferation, invasion,
angiogenesis, and metastasis. These processadiagatea by various carcinogens,
inflammatory agents, and tumor promoters. Carcin@mgeagents, such as
nitrosamines, 7,12-dimethylbenz[alanthracene, @flatB,;, which have been used
to examine the anti-carcinogenic effects of kahvaew cafestol in animal studies,
have been shown to activate MB-[Kim et al., 2000; Banerjeest al., 2002].
Furthermore, NReB has been shown to regulate the expression ofngbeau of
genes whose products are involved in carcinoget@sisrigenesis [Garg and
Aggarwal, 2002; Pahl, 1999]. These include COXi#& tnti-apoptosis genes,
matrix metalloprotease-9, adhesion molecules, charmas, inflammatory
cytokines, and inducible NO synthase. Because sspun of NFR<B has been
implicated in chemoprevention, it is also possibk&t the anti-carcinogenic effects
of kahweol are mediated via the suppression okBflependent gene expression.

This study demonstrated that kahweol and cafestopress the LPS-activated
expression of COX-2, which has NdB binding sites in its promoter, and regulates
its transcription in macrophages. The inhibitortiaty by kahweol correlated with
the inhibition of LPS-induced IKK activation,xBo phosphorylation and
degradation, as well as N&B-dependent reporter gene transcription. There are
various ways that kahweol might inhibit NdB- activation. In response to diverse
stimuli, including LPS, TNFy, and PMA, NF«B activation requires the sequential
phosphorylation at the serines 32 and 36wdBal In addition, kBa undergoes
phosphorylation by activating IKK, which leads te ubiquitination, and eventual

degradation. Therefore, kahweol must act at a stgstream of #Ba
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phosphorylation. In this study, it was found thabweol inhibited the LPS-induced
activation of IKK, kBa phosphorylation and degradation. The phosphoopiatif
IxBa is regulated by IKK, which in turn is regulated many upstream kinases,
including NIK, Akt, and mitogen-activated proteiméise kinase kinase 1 [Chen
al., 2002; Pahl, 1999; Tak and Firestein, 2001]. Bugly found that kahweol did
not directly affect the activity of IKK (data noh@wn) which suggesting that
kahweol inhibits the LPS-induced IKK activity by ardirect mechanism. Thus, it
is possible that kahweol inhibit IKK activation lyhibiting one or many of the
upstream kinases responsible for IKK activation.

Although the down-regulatory ability of kahweol @0OX-2 expression was
demonstrated by showing the inhibition of NB-activation in the LPS-stimulated
macrophages, the precise mechanism by which kahwappresses COX-2
expression in the macrophages and exerts antmnflatory effects is still largely
unknown. The activation of the MAPK members, ERKI @u38 MAPK, has been
shown to be involved in the stimulation of MB- activity and the subsequent
expression of COX-2 in the LPS-activated macropbaffeenget al., 1999].
Kahweol might also inhibit the activity of thesen&ses, leading to N&B
activation at or before thex<B phosphorylation step. The suppression of k-
activation by kahweol may partially account forsthbecause there are responsive
elements on the promoters of the COX-2 genes. Hewediahweol might also
inhibit other transcription factors, such as APrH &/EBP, induced by LPS and
suppress the COX-2 gene transcription. Additiortaldies will be needed to
answer these questions and elucidate the mechamsoiged. This study suggests
that kahweol and cafestol might act as anti-inflaatory agents.

In conclusion, we demonstrated in this study thatdoffee-specific diterpenes,
kahweol and cafestol, inhibit NO production, PGpgroduction and COX-2

expression in macrophageés vitro via the inhibition of NF<B activation and
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mouse inflammatory cellis vivo. At least two independent mechanisms contribute
to the protective effect produced by kahweol, thpsession of INOS gene
transcription via the inhibition of NkB activation and the direct inhibition of the
catalytic activity of INOS. These novel findings yraelp us to elucidate additional
ways in which anti-inflammatory activities can beiged and provide new insights
into the mechanism by which the previously unredogph biologic activity of
kahweol and cafestol might be mediated. Cautiondae exercised with regard to
the hypercholesterolemic effect that was previouslgorted in consumers of
coffees with a high kahweol and cafestol content [Rooset al., 1999],
nevertheless these promising data trigger the meedurther work, in order to
clarify the overall significance of the biologicetfects of kahweol and cafestol on

human health.
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