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ABSTRACT

Role of Pinl in the Induction of Proinflammatory Mediators and

the studies on the Anti-inflammatory effects of Phiochemicals

Pokharel Yuba Raj

Advisor: Prof. Kang Keon-Wook Ph.D
Department of Pharmacy,

Graduate School of Chosun University

Rheumatoid arthritis (RA) is an autoimmune disease,
characterized by chronic inflammation in joints asdbsequent
destructions of cartilage and bone. Inflammatorydia®ers such as
prostaglandins and proinflammatory cytokines aréebed to be
associated with RA progress. Pinl, a peptidyl prislymerase, plays
important pathophysiological roles in several déssaincluding
cancer and neurodegeneration. We found that Botil Rind
cyclooxygenase-2 (COX-2) were highly expressechikleatissues of
Type Il collagen-induced RA mice. In the Pinl-ovgnessed HTB-
94 cells and -primary cultured human chondrocytib® basal
expression of proinflammatory proteins (COX-2, ioidhle nitric
oxide synthase, tumor necrosis faatom@nd interleukin-f) was
increased compared to the GFP-overexpressed &itks-specific
mutation analyses revealed that Pinl-mediated drgmi®nal

activation of COX-2 gene was coordinately regulated by nuclear



factorkB (NF«B), cyclic AMP response element binding protein
(CREB) and CCAAT-enhancer binding protein. Gel tshiéporter
gene and Western blot analyses confirmed thakBIFEREB and
C/EBP were consistently activated in the Paverexpressed
chondrocyte cell line. Treatment of RA mice withglpne, a
chemical inhibitor of Pinl, significantly reduceldet RA progress
and COX-2 expression in the ankle tissues. Moreotlex basal
COX-2 expression in primary cultured chondrocytesnt RA
patients was diminished by juglone in a concemratiependent
manner. These results demonstrate that Pinl imfuciuring RA
progress stimulates proinflammatory protein expogsby activating
NF-xB, CREB, C/EBP and AP-1, and suggest that Frel potential
therapeutic target of RA.

The improper productions of NO and prostaglandins
following the inductions of inducible nitric oxideynthase (iNOS)
and cyclooxygenase-2 (COX-2) are involved in théhpgenesis of
chronic inflammationSelaginella tamariscina is used as an oriental
medicine for its anti-inflammatory effects. Here,e wisolated
taiwaniaflavone and 2', 8’-biapigenin fror8. tamariscina and

investigated whether taiwaniaflavone, and 2’, 8gigenin affect the



induction of INOS and COX-2 in RAW264.7 macrophages
stimulated with lipopolysaccharide (LPS). We founthat
taiwaniaflavone blocks the transactivations ibfOS and COX-2
genes by blocking the nuclear translocation of p8 subsequent
nuclear factomB inactivation. It is known that NkB activation is
controlled by the phosphorylation and subsequegtadiation of I-
kB, and in the present study, we found that the phogylation and
degradation of kB  were also inhibited by ta@niaflavone. Our
findings indicate that taiwaniaflavone and 2', &gigenin may
provide a developmental basis for an agent agamiEtmmatory
diseases.

We recently isolated a novel lignan, 4-hydroxykobiusom
Geranium thunbergii (Liu et al., 2006). Here, we studied its effect on
the expression ofnducible nitric oxide synthase (INOS) gene in
RAW264.7 cells. 4-hydroxykobusin inhibited NO pration in a
concentration-dependent manner and blocked the ihéi®ed
expression of inducible nitric oxide synthase (iINOBo identify the
mechanistic basis for its inhibition of INOS indioct, we examined
the effect of 4-hydroxykobusin on the transactmatof INOS gene

by luciferase reporter activity using —1.59 kb Keng region. The

Vi



lignan suppressed the reporter gene activity amdLRS-induced
reporter activations of NkB and AP-1 were also significantly
blocked by 4-hydroxykobusin. These findings suggdsit the
inhibition of LPS-induced NO formation by 4-hydrdaopusin is due

to its inhibition of NFxB and AP-1 activation.
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1. Introduction
1.1 Definition of Inflammation ,RA, Etiology and Epidemiology
of RA

1. 1. 1. Inflammation

Inflammation is the complex biological responseva$cular
tissues to harmful stimuli, such as pathogens, dechecells, or
irritants. It is a protective attempt by the orgamito remove the
injurious stimuli as well as initiate the healingess for the tissues.
In the absence of inflammation, wounds and infestizwould never
heal and progressive destruction of the tissue dvoampromise the
survival of the organism. However, inflammation watni runs
unchecked can aslo lead to a host of diseases, asidtay fever,
artherossclerosis, and rheumatoid arthritis. Inffection can be
classified as either acute or chronic. Acute infizettion is the intial
response of the body of harmful stimuli and is aebd by the
increased movement of plasma and leukocyte fronblihed intothe
injured tissues. A cascade of biochemical eventgpggates and
matures inflammatory response, involving the loadcular system,
the immune system, and various cells within theurgyg tissue.

Prolonged inflammation, known as chronic inflamrmatieads to a



progressive shift in the type of ccells which aresent at the site of
clls which are present at the site of inflammatod is charcterised
by simultaneousdestruction and healing of the ¢ssiiom

inflammatory process (Williams & Wilkins, 1990).
1. 1. 2. Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic, systemic
autoimmune disorder that causes the immune systeaitack the
joints, where it causes inflammation (arthritis)dadestruction of
catilage and bone. It can also damage some orgaadis,as the lungs
and skin. It can be a disabling and painful cooditiwhich can lead
to substantial loss of functioning and mobility.idt diagnosed with
blood tests (especially a test called rheumatoaiofa and X-rays
( Majithia et al, 2007).

The etiology of rheumatoid arthritis is not fullyderstood
but environmental and genetic factors play a ctucke in RA. A
triggering event, possibly autoimmune or infectioustiates joint
inflammation. Complex interactions among multiplamune cell
types and their cytokines, proteinases, and grdatkors mediate

joint destruction and systemic complications. (§liee et al, 2005).



The incidence of RA is in the region of 3 cases J&000
population per annum. Onset is uncommon under gleech 15 and
from then on the incidence rises with age until dige of 80. It is 4
times more common in smokers than non-smokers. Suateve
American groups have higher prevalence rates (5-&@l) people
from the Caribbean region have lower prevalencesrébymmons et
al., 2002; Alamanos et al., 2006).

Rheumatoid arthritis affects women three times nudten
than men, and it can first develop at any age. file of first
developing the disease (the disease incidence)appe be greatest
for women between 40 and 50 years of age, and &r somewhat
later. RA is a chronic disease, and although raralgpontaneous
remission may occur, the natural course is almosriably one of
persistent symptoms, waxing and waning in intensiypmd a
progressive deterioration of joint structures legdio deformations

and disability.

1. 2. Molecular and cellular pathogenesis of RA

Rheumatoid arthritis (RA) is an autoimmune diseagech is

characterized by chronic inflammation in joints aingh leukocytes



sequestration and subsequent destructions of aggetiland bone.
Although the exact pathological process has noh lméearly clarified,
inflammatory mediators including prostaglandins $PG and
proinflammatory cytokines are believed to be asged with RA
progress (Feldmann et al., 1996). A key enzyme dotrol PGs
production in RA is cyclooxygenases-2 (COX-2). Thereased COX-
2 expression has been frequently found in eitherp@#ents or animal
arthritis models (Siegle et al., 1998; Andersonakt 1996). The
overwhelmed production of PGs by cytokines-induildOX-2 is
closely associated with angiogenesis and inflanonaif the synovial
membrane in RA (Myers et al., 2000). In fact, pfleimmatory
cytokines such as TN&-and IL-18 induce COX-2 in RA models
(Bidgood et al., 2000; Martel-Pelletier et al., 3RO

Pinl, a peptidyl prolyl isomerase, was originallgodvered in
a screen for elucidating mitosis-associated moésc(iLu et al., 1996).
Pinl specifically recognizes phosphorylated serioie threonine
immediately preceding proline (pSer/Thr-Pro) anentlisomerizes the
peptide bond (Bayer et al., 2003; Lu et al.,, 20@inl-dependent
isomerization is important for its target proteiastivities, because

various protein kinases or phosphatases recogh&e gubstrates in a



conformation-dependent manner (Weiwad et al., 2Qtu et al.,
2000). Most researches to find pathophysiologio&s of Pinl have
been focused on cancer, since Pinl overexpressas frequently
observed in several types of cancer tissues (Bad.,e2004). Recent
studies have also revealed that Pinl plays a pietecole in the
development of neurodegenerative disease (Balasti., 2007) and
may potentiate the outcomes of hepatitis B virdedtion via physical
interaction with hepatitis B virus X protein (Paeg al., 2007). The
functions of Pinl in immune system have been studieMalter group.
They found that Pinl regulates the mRNA stabilitédransforming
growth factorp (TGF$) and granulocyte-macrophage colony-
stimulating factor (GM-CSF) in eosinophils and Tighocytes (Shen
et al., 2005; 2008; Esnault et al., 2006). Althoudiirerse functions of
Pinl have been elucidated as aforementioned, tti®lpgical role of
Pinl in RA has not been studied.

Type 1l collagen (Cll)-induced arthritis in DBAlfhice has
been proven to be a useful model of RA. Humoral egltlimmunity
characteristics of the mice are very similar tosth@f RA patients
(Holmdahl et al., 2000). In the present study, wenfl that Pinl and

COX-2 were highly induced in chondrocytes, lymphesy and



fibroblasts of arthritic joints obtained from Chjected DBA/1J mice.
To clarify the pathological role of Pinl overexmies, we established
HTB-94 cells and primary cultured human chondrogytstably
overexpressing Pinl. The basal expressions of COKeicible nitric
oxide synthase (iNOS), tumor necrosis faatorfTNF-) and
interleukin-PB (IL-1p) were enhanced in both the Pinl-overexpressing
cell types and Pinl-dependent activations of nudbeztor«B (NF-«B),
CAMP response element binding protein (CREB) andART

enhancer binding protein (C/EBP) are involved & @0X-2 induction.
1. 3.Role of INOS and COX-2 in inflammation

Nitric oxide (NO) plays beneficial and determentaés during
inflammation. NO produced by constitutive NOS forfedNOS, or
NOS type Ill and I) is essential for maintainindlakar function (Porsti
et al., 1995), where as NO produced by inducibleSS@QNOS, NOS
type Il is an important mediator of acute and clrdnflammation
(Kubes et al.,, 2000), and contributes to the pathegis of organ
failure in circulatory shock (Southan et al., 1996)

Cyclooxygenase (COX) is a rate-limiting enzyme het
conversion of arachidonic acid into prostaglanding thromboxanes.

The enzyme plays several important roles in maiirigi physiological



homeostasis, such as mucosa secretion and smosttienwontraction,
and in regulating pathological conditions, suclabergic diseases and
rheumatoid arthritis (Goetzl et al., 1995). There two isoforms of
cyclooxygenase, i.e., COX-1 and COX-2 (Hla et 4092). COX-1
functions as a housekeeping gene and is consttytiexpressed in
most human tissues, whereas COX-2 is an inducibien fthat is
induced by oncogenes, growth factors, cytokinegjo¢oxin or
phorbol esters (Arias-Negrete et al., 1995). Overession of COX-2
has been related to chronic inflammation, angiogesneand
carcinogenesis (Tsuji et al., 2001).

Recently, it was suggested that chronic inflamnmatis
associated with carcinogenesis (Oshima et al., ;26@8row et al.,
2002). Chronic inflammation leads to the inductadrspecific enzymes
in affected tissues and cells. In particular, indlgc nitric oxide
synthase (iINOS) and cyclooxigenase-2 are respeansibior the
exaggerated production of NO and prostaglandinspedively,
believed to be involved in the pathogenesis of eaficala et al., 2001;
Zha et al, 2004) COX-2 participates during the tmas
tumurogenesis( Van Rees et al., 2002). It has besorted that there is

strong positive relationship between the preserfcdN®S and the



frequency of mutation in colon tumor tissues (Anddsal., 1999).
Hence, the overproduction of prostaglandins andh&y act as both
an endogenous initiator and as a promoter of cageinesis and
specific inhibitors of COX-2 or iINOS might have #pptions as

chemopreventive agents in human cancer.
1. 4. Transcriptional Regulation of INOS, COX-2 and rde of Pinl

Pinl may act as a novel pathological mediator itawgate the
transcription of proinflammatory proteins in RAdiges. The cis-acting
elements in the 50-flanking promoter region of @@X-2 gene contain
a TATA box and multiple transcription factor bindisites for nuclear
factor-kB (NFxB), specific protein-1, Myb, CCAAT/enhancer-binding
protein (C/EBP), and cAMP response element bingimgein (CREB)
(Kosaka et al., 1994). Among these transcriptiontdis, C/EBP,
CREB, and NFR¢B play important roles in the induction of COX-2
(Kim et al., 1998; Tang et al., 2001; Wu et al.02pD

The promoter regions of th&lOS and COX-2 genes contain
NF-xB binding sites (Schmedtje et al., 1997; Xie et H93), and NF-
kB is known to be an essential transcription regulatf these two
genes (Diaz-Guerra et al., 1996; Lee et al., 2008 stimulation of

cells by diverse inflammatory insults results ie fhosphorylation of



the I[«kB/NF-xkB complex and the subsequent degradation B I-
proteins. The degradation okB causes the dissociation of the NB-
complex from the kB protein, which allows free NkB to enter the
nucleus. Nuclear NkB, which is a member of a transcription complex,
in turn regulates the expression of iMNOS and COX-2 genes. The
phosphorylation of kB bound to NFB is believed to be mediated by
I- kB kinase at two conserved serines within the N-tealndomain of
I-xB (Karin et al .,2000) and thexB kinase complex can be activated
by a variety of upstream kinases (Huang et al..3200ushin et al.,
2003).

Recently there is a report that peptidyl-prolin@nigrase
Protein Never in Mitosis Gene A Interacting-1 (Biattivity of several
transcription factors that can induce the inducibigic oxide (NO)
synthase (iNOS) as well as Pinl can also reguidR&A and protein
turnover ( Liyu et al., 2008). Pinl enhances Stai8diated epithelial-
mesenchymal transition in breast cancer cells iaduxy oncostatin M.
Stat3 is an important cytoplasmic transcriptiontdes for cytokine
signaling (Lufei et al., 2007). With the stimutati of cytokines Pinl
binds to the pThr254- promotif in p65 and inhib&5pbinding to kB

alpha, increased the nuclear accumulation and ipretability of p65



and increased the NiB (Ryo et al., 2003).
1. 5. Therapeutic use of Phytochemicals in Inflamation.

Chemoprevention is considered to be one of the most
promising strategies for the prevention of humamcess. It is
defined as the use of either natural or syntheimopounds to block
or retard the carcinogenic process, and many nataadidates
including epigallocatechin, genistein and sulfol@pdh have been
evaluated in terms of malignancy prevention (Moyetrsal., 2004;
Sarkar et al., 2003; Chung et al., 2000).

The leaves ofSelaginella tamariscina, which are used in
oriental medicinehave been reported to lower blood glucose levels
and facilitate the repair of pancreatic islet Blc@hjured by alloxan
(Miao et al., 1996). Crude extracts ®ftamariscina alsoreduced the
productions of proinflammatory cytokines, e.g.,eng¢ukin-B and
tumor necrosis factai-in human mesangial cells (Kuo et al., 1998).
In the present study, we isolated a bioflavonoawaniaflavone
from the ethylacetate fraction ofSelaginella tamariscina.
Taiwaniaflavone has been isolated from severaltpléng.Taiwania
cryptomerioides Hayata) (Kamil et al., 1981; Chien et al., 2004)t b

its pharmacological activities have not been suldiee et al., 1999;

10



reported that the water-extracted fractionSatfaginella tamariscina
(Selaginellaceae) efficiently increased p53 gengression and
induced G1 arrest, suggesting tHattamariscina is a candidate
chemopreventive. Crude extracts ®ftamariscina also reduced the
production of proinflammatory cytokines, interlenkiy and tumor
necrosis factore in human mesangial cells (Kuo et al., 1998). As a
part of our program to screen for potential carategmopreventive
compounds from medicinal plants, we isolated 2’;b&pigenin
from S tamariscina (Fig. 1). The biological activity of 2’, 8-
biapigenin has not been studied. In the presedistue investigated
the modulatory effects of the bi-flavonoid taiwdtaaone and 2’,
8”-biapigenin on the expressions and activitiesMDS and COX-2
induced by lipopolysaccharide (LPS) in RAW264.7 ropbage cells.
Geranium thunbergii, which is widely used as an anti-
diarrhetic agent in East Asia, (Okuda et al., 1%&s) been reported
to have anti-mutagenicity, anti-inflammation andti-axidative
effects (Hiramatsu et al.,2004; Ushio et al., 198iLfen et al., 2004).
One of representative tannin in Geraniaceae, garahows diverse
effects including anti-bacterial, anti-fungal andtidnypertension

(Cheng et al., 1994; Gohar et al., 2003). We régeastlated three

11



lignans (kobusin, 7, 7’-dihydroxybursehernin antyghoxykobusin)
from Geranium thunbergii (Liu et al., 2006). Among them, 4-
hydroxykobusin has been identified as a new fuesfurgnan and is
effective to inhibit interleukin-6 production in MG3, a human
osteosarcoma cell line (Liu et al., 2006).
2. Study Aim.
1. To determine the role of Pin induction in the esgien of
proinflammatory proteins in RA model.
2. Screening of useful phytochemicals for the thertipaise in
chronic inflammatory diseases and to determine rthei

pharmacological mechanisms.

12



3. Materials and Methods
3.1. Materials,

5-bromo-4-chloro-3-indoylphosphate and nitroblue
tetrazolium were supplied by Life Technologies (Gaisburg, MD).
Anti- Pin1, COX-2, C/EBP , C/[EBP , CREBsJun, c-Fos, JunD,
Fral and p65 antibodies were obtained from Santaiz Cr
Biotechnology (Santa Cruz, CA), Anti-murine iINOS lymbonal
antibody from Transduction Laboratories (LexingthiY)); anti- I-xkB
and anti-phospho#B kinase (IKK)/IKK antibodies from Cell
Signaling Technology (Beverly, MA). Phosphorylatedm-specific
or total form recognizing antibodies against extatar signal
regulated kinase (ERK) and c-Jun N-terminal kindH&K) were
obtained from Cell Signaling Technology (Beverly, AM
Horseradish peroxidase-conjugated donkey anti-tadtd alkaline
phosphatase-conjugated donkey anti-mouse IgGs warehased
from Jackson Immunoresearch Laboratories (West &rBy). The
reagents used for molecular studies were primafitained from
Sigma (St. Louis, MO). siRNA targeting human c-Aamd control
siRNA were purchased from Ambion (Austin, TX).

3. 2. Cll-induced arthritis and juglone treatment.

13



The institutional animal care and utilization corttee of Chosun
University approved all the animal procedures useithis study. Male
DBA/1J mice (Joong-Ang Experimental Animals Co.p&e Korea),
age 8 weeks, were used. Bovine CIll was dissolvedlirM acetic acid
overnight at 4 °C. This was emulsified in an equ@lme of complete
Freund's adjuvant (Sigma). The mice were immuningddermally at
the base of the tail with 10d emulsion containing 150g CII. On day
21, mice were boosted intradermally with 100g G#isdlved in PBS
and monitored arthritis development for 10 dayglahe was dissolved
in solubilization solvent (PEG400, Tween 80, ethamal sterile water)
and intraperitoneally injected from day 22 everhiestdays (4 times
injection).

3. 3. Assessment of arthritis.

Mice were sacrificed on day 10 after second Cbdber. The
left hind limbs including paws and ankles were @t$sd, fixed
immediately for 12 h in 10% neutralizing formalddly decalcified in
Calci-Clear Rapitl (National Diagnostics, Atlanta, GA) for 12h, and
embedded in paraffin. Tissue sections ((#) were mounted on
common slides for staining with hematoxylin andieo#\ certified

pathologist scored samples in a blinded fashione Data were

14



expressed as mean chronic inflammation, fibrosiscudar cartilage
damage, synovialis proliferation, and bone damagd ankylosis
scores. All scores were semiquantitatively indelzagded on a scale of
0-3 (Leng et al., 2008).

3. 4. Immunohistochemistry.

A universal immunoenzyme polymer method was used fo
immunostaining. 4um sections were cut from formalin-fixed, paraffin-
embedded tissue blocks, mounted on polylysine-dosltdes, dewaxed
in xylene, and rehydrated through a graded seriestlmnol. After
deparaffinization, antigen retrieval treatment wasformed at 121 °C
for 15 min in 10 mM sodium citrate buffer (pH 6.@nd was then
treated with 3% hydrogen peroxide in methanol satutor 20 min in
order to quench endogenous peroxidase activity.blbak intrinsic
avidin—biotin capabilities, the tissue slides wémated with avidin—
biotin blocking kit reagents (Vectastain Elite ABEKit, Vector
Laboratories, Burlingame, CA) for 15 min. Anti-Piahd anti-COX-2
antibodies were used as the primary antibodies fihagproducts were
visualized using the 3-3'diaminobenzidine tetraloptiloride (DAB)
detection system (DakoCytomation, Glostrup, Denmarlall

experiments were performed in duplicate.
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3. 5. Cell culture:

HTB-94 cells and primary cultured human chondrogyte
(passage 6) were obtained from the American Typédtufeu
Collection (ATCC, Rockville, MD) and Dr. Lee (Chcoamm National
University, Gwangju, South Korea), respectivelyttBthe cell types
were cultured at 37°C in 5% GO5% air in Dulbecco’s modified
Eagle’s medium containing 10% fetal bovine serunBSF 100
units/ml penicillin, and 100 g/ml streptomycin. Fal experiments,
cells were grown to 80-90% confluency and subjedtecho more
than 15 cell-passages. Raw264.7 cells and J774&s evere
obtained from the American Type Culture Collecti¢ATCC,
Rockville, MD) and Korean Cell Line Bank (KCLB, SdpKorea),
respectively. Both the cells were cultured at 3uf6% CQ/95% air
in Dulbecco’s modified Eagle’s medium containing/d @etal bovine
serum (FBS), 100 units/ml penicillin, and 1@@ml streptomycin.
For all experiments, cells were grown to 80%-90%flcency and
subjected to no more than 20 cell passages.

3. 6. MTT cell viability assay
Viable adherent cells were stained with MTT [3-@k

dimethylthiazol-2-yl)-2, 5-diphenyl-tetrazolium bmode] (2 mg/ml)

16



for 4 h. Media were then removed and the formazaystals
produced were dissolved by adding 200 of dimethylsulfoxide.
Absorbance was assayed at 540 nm and cell viasilitivere

expressed as ratios versus untreated control cells.
3. 7. Measurement of nitrite

RAW264.7 cells (5x10cells) were preincubated at 37 °C for
12 h in serum-free medium and NO production was itaged by
measuring nitrite levels in culture media usingeSsi reagent (1 %
sulfanilamide, 0.1 %N-1-naphthylenediamine dihydrochloride, and
2.5 % phosphoric acid). Absorbance was measuré&d@tinm after
incubating for 10 min.

3. 8. Construction of Pinl retroviral plasmid and nfections.

Stably  Pinl-overexpressing HTB-94 and human
chondrocytes were established using MSCV-GFP regtrewsystem
(Lee et al., 2007)Briefly, Pin1 cDNA was subcloned into MSCV-
GFP retroviral vector and phoenix cells (a packagiall line) were
transfected with MSCV-GFP (Control) or MSCV-Pin1#KPinl
overexpression) plasmid. Supernatants containingohatnophic
replication-incompetent retroviruses were colleaad then stored at

-80°C until required. 20% confluent HTB-94 cells anditrocytes
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obtained from osteoarthritic patients were multiphfected (12
times) with retrovirus particles. Intensities of feation were
monitored by GFP-fluorescence and Western blotyaisalsing Pinl
antibody.
3. 9. Preparation of nuclear extract and Western ldt analysis.

Cells were removed using a cell scraper and ceged at
2,50@ for 5 min at 4°C. The cells were then swollen wi®Qul of
lysis buffer [10 mM HEPES (pH 7.9), 10 mM KCI, 0viM EDTA,
0.5%  Nonidet-P40, 1ImM  dithiothreitol and  0.5mM
phenylmethylsulfonylfluoride]. Tubes were vortextx disrupt cell
membranes, and samples were incubated for 10 mineoand then
centrifuged for 5 min at °€. Pellets containing crude nuclei were
resuspended in 1Q0of extraction buffer [20 mM HEPES (pH 7.9),
400 mM NaCl, 1 mM EDTA, 1 mM dithiothreitol, and tM
phenylmethylsulfonylfluoride], incubated for 30 mion ice, and
centrifuged at 15,8@Dfor 10 min; the supernatants containing the
nuclear extracts were collected and stored atG80ntil required.
Sodium dodecyl sulfate (SDS)-polyacrylamide gelcetgphoresis
and immunoblot analyses were performed as descipbedously

(Lee et al.,, 2007). Cell lysates were fractionateg 10% gel

18



electrophoresis, and electrophoretically transtene nitrocellulose
membranes. The membranes were subsequently indubeité
primary antibody, and then with alkaline phosphatas horseradish
peroxidase-conjugated secondary antibodies. Finddéy membranes
were developed using either 5-bromo-4-chloro-3-ytploosphate
and nitroblue tetrazolium or using an ECL chemilnesicence
detection Kkit.

3. 10. Gel shift assay.

Double-stranded DNA probes (2mole/ 1) for the
consensus sequences of AP-1 (5-
CGCTTGATGAGTCAGCCGGAA-3) and NF-IL6 C/EBP binding
site in COX-2 gene (5-CAGTCATTTCGTCACATGGG-3') were
used for gel shift analyses after end-labeling pinebe with -
3P)ATP and T polynucleotide kinase. The reaction mixture
contained 2 | of 5 x binding buffer with 20% glyokr5 mM
MgCl,, 250 mM NacCl, 2.5 mM EDTA, 2.5 mM dithiothreitdd,25
mg/ml poly dI-dC, 50 mM Tris-Cl (pH 7.5), 10 pg of nuclear
extracts, and sterile water to a total volume oflOIncubations
were carried out at room temperature for 20 mimdbging 1l probe

(10° cpm) after a 10 min pre-incubation. The specificiof
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DNA/protein binding was determined through comjpatitreactions
using a 10-fold molar excess of unlabeled oligoeotities. Samples
were loaded onto 5% polyacrylamide gels at 100V.teAf
electrophoresis, the gels were removed, dried aamaradiographed.
3. 11. Construction of a COX-2 promoter-luciferaseconstruct
and reporter gene assays:

To determine the transcriptional activity of t8®X-2 gene,
we used the pGL-COX-2-574 luciferase reporter gdimeconstruct
the luciferase (LUC) reporter gene plasmid, COXt2(-574), a
DNA fragment containing -574 bp of 5'-flanking seques and 113
bp of 5-untranslated region (UTR) from the hun@®X-2 gene was
first amplified by PCR using a human genomic clasghe template.
The PCR fragment was then cloned into pGL3-Basior{fega,
Madison, WI). Site-directed mutagenesis of A&-CRE/AP-1, and
NF-IL6/CEBP binding sites was performed using a IC&Pin vitro
Mutagenesis Kit (TAKARA SHUZO Ltd., Japan) (Jeongk, 2007).
1 pg of the plasmid was transfected into the callsing
LipofectAMINE2000 (Invitrogen Corp., Carlsbad, C8) Hilymax®
reagent (Dojindo Molecular Technologies, GaithergbuMD)

according to the manufacturermstructions. After 6 h, the
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transfection medium was replacedth the basal culture medium
without serum and the cells were further incubdt®d18 h. The
luciferase activities in the cell lysates were thmeasured using a
luminometer. The relative luciferase activity waalcalated by
normalizing the promoter-driven luciferase activitgrsushRenilla
luciferase of3-galactosidase.
3. 12. Construction of an iINOS Promoter-luciferaseConstruct
and NF«B reporter gene assays

To determine the transcriptional activity MNOS gene, we
used the pGL-miNOS-1588 luciferase reporter assgsfes. To
generate the miINOS promoter-luciferase construGL{miNOS-
1588), mouse genomic DNA was isolated from mouseausing the
SV genomic DNA isolation kit (Promega, Madison, Wilhe miNOS
promoter region from —1588 bp to +165 bp was angalifby
polymerase chain reaction (PCR) using specific eram (forward:
5-GGTACCGACTTTGATATGCTGAAATCCATA-3’; reverse: 5'-
AGATCTAGTTGACTAGGCTACTCCGTG-3") and ligated into
PpGEM-T easy vector (Promega, Madison, WI). The dmegl
product was subcloned into the Kpnl/Bglll site oGLB-basic

plasmid after confirming its DNA sequence by seairem
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Cells were plated at a density of 3xX@lIs/well in 12-well
plate and transfected on the following day. A dualferaseeporter
assay system (Promega, Madison, WI) was used terndiete
promotemactivity. Briefly, cells were transiently transfedtwith jug
of pGL-miNOS1588, pNRB-Luciferase, or pAP-1-Luciferase
plasmid and 20 ng of the pRL-SV plasmid (Promegadigbn, WI)
using the Genejuice® Reagent (Novagen, Madison, &t} then
exposed to LPS for 18 h. Firefly amnillaluciferase activities in
cell lysates were measured using a luminometern@ubesigns;
TD-20, CA). Relative luciferase activitiewere -calculated by
normalizing INOS, NFRe¢B, or AP-1 promoter-driven firefljuciferase
activities versus that d®enilla luciferase.

3. 13. Reverse transcription-polymerase chain reaon (RT-PCR).

The total RNA was isolated using total RNA isolatikit
(RNAgents®, Promega, Madison, WI). The total RNA.O(l)
obtained from the cells was reverse-transcribedguan oligo (dT)
18mer as a primer and M-MLV reverse transcriptaBeonger,
Eumsung, Korea) to produce the cDNAs. PCR was pedd using
the selective primers for human TNF-, IL-13 and S16

ribosomal protein (S16r) genes. The PCRs wereezhout for 42

22



cycles using the following conditions: denaturatadr®8C for 10 sec,
annealing at 5TC for 0.5 min, and elongation at“@for 1 min. The
band intensities of the amplified DNAs were comparafter

visualization using FLA-7000 (Fuji film, Tokyo, Jap).

3. 14. Enzyme-linked imuunosorbent assay (ELISA)

Commercial ELISA kit (Cayman Chemical, Ann Arbor))M
was used to determine prostaglandin (BEGE2) concentrations in
culture medium according to the manufacturer'squas.

3.16. Statistics.

One-way analysis of variance (ANOVA) was used to
determine the significance of differences betwaeatment groups.
The Newman-Keuls test was used for multi-group camspns.

Statistical significance was accepted for p vahfes0.05.
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Results

Part one

4. Novel Role of Pinl in Rheumatoid Arthiritis

4.1. Pinl induction in arthritic tissues and its rde in
proinflammatory protein expression.

To determine the Pin 1 is chronically expressedrihritic
lesions, we determined Pinl levels by immunohistaubtry in the
ankle tissues from Cll-induced RA mice. Hind paweBing and
erythema was increased in all mice injected with (Eigl). While
Pinl antibody-positive staining was not detectectontrol tissues,
Pinl induction was highly found in the RA tissuesinly distributed
in chondrocytes, lymphocytes and fibroblasts (FRA, left).
Interestingly, COX-2 staining results showed vdargir patterns to
Pinl staining (Fig. 2A, right), which raised a pbggy that COX-2
expression might be related with Pinl existenceRiA tissues.
Western blot analysis was then performed using eartidsue
homogenates to confirm these results. As expe@€X-2 and Pinl
were concomitantly induced in RA tissue homogenatbereas only
a slight amount of COX-2 and Pinl were detectetthéncontrol (Fig.

2B). To clarify the phenotypes of Pinl overexprassn RA tissues,
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we established stably Pinl overexpressing HTB-9K,ca human
chondrocyte cell line (Pin1-HTB-94) using retrovirafections. In
comparison to GFP-HTB-94 (GFP-overexpressing) cefdsnl
expression was highly detected in Pin1l-HTB-94 c¢hg). 3A).
Western blot analysis showed that COX-2 expressi@s up-
regulated in Pinl-overexpressed HTB-94 cells (BAy. Since PGE2
is one of the stable autacoids produced by COX-8, further
examined PGE2 levels in culture medium. PGE2 prodiiavas 4.3
fold increased in Pin1-HTB-94 cells. Moreover, gretein or mRNA
levels of INOS, TNFe and IL-1B, representative proinflammatory
enzymes and cytokines, were also highly enhancd®inh-HTB-94
cells (Fig. 3B). We then established Pinl-overesgiregg human
primary chondrocytes using the ankle tissues obthduring surgery
of osteoarthritic patient. Although the basal Piahd COX-2
expressions were seen in primary chondrocytes fosteoarthritic
patient, and the stable Pinl overexpression alsenpiated COX-2

expression in the primary cultured human chondexcy{fig. 3C).
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DBA/1J Mice

Control Positive

Fig. 1. Type 1l Collagen- induced Arthritis Model. 8 weeks old
DBA/1J mice were used for the experiments. The nweere
immunized intradermally as described in materials method. On day
21, mice were boosted with second immunized intradéty with 100
ug CIlI dissolved in PBS and monitored arthritis depenent for 10

days.
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Table 1. Effect of juglone on Cll-induced RA

Chronic -
_ Synoviali
Inflamma _ Articular
Grou | Ankylosi | _ _ S Bone
tion Fibrosis | cartilage _ _
p _ S proliferati | damage
(Postive/ loss
on
Total)
Contr
0/4 0 0 0 0 0
ol
2.17+1.3 | 2.33+0.8 | 2.00+1.2 | 2.67+0.8 | 1.83%1.
Cll 6/6
3 2 6 2 17
+
Juglo 0.75+1.5 | 1.25+0.9 | 0.50+1.0 | 1.00+0.8 | 0.25%0.
0 6* 0* 2%* 50*
mg/k
g
+
Juglo 0.25+0.5 | 1.50£1.0 | 1.00£0.8 | 1.25+1.2 | 0.25%0.
0* 0 2 6** 50*
mg/k
g

27




Control

Pinl

2

COX

COX-2

. | Pinl

Cll

Control

28



Fig. 2. Induction of Pinl in ankle tissues of Cll4jected DBA/1J
mice. (A) Immunohistochemical staining of COX-2 and Rit€ontrol
mice ankle tissues showed no staining with COX{#héur right panel)
but brown color staining with COX-2 in COIll-lIl immized mice
(upper left panel). In the same way no staininchvRinl in control
mice ankle tissues (lower right panel) but wellirstavith Coll-II
immunized mice (lower left panel). (B) Ankle tissuef both control
and Coll-1l mice were homogenized in cold PBS ai@Xc2 and Pin-1
immunoblot was performed. Coll-Il immunized micekkntissues over
express both COX-2 and Pin. All experiments werefopeed in

duplicate
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Figure 3. Role of Pinl overexpression in proinflammatory
protein expression.

Stably Pinl-overexpressing HTB-94 and human chaydes were
established using MSCV-GFP retrovirus system asries] in
materials and methods. HTB-94 cells and chondrscytetained
from osteoarthritic patients were multiply infectétl? times) with
retrovirus particles. Immunoblot analysis was penfed with COX-2
antibody after the stable overexpression of GFP Rimd HTB94.
PGE2 production in GFP and Pinl- HTB94 cells weetenined
after the 24 hours of serum deprived by using PEGEESA ASSAY
kit. (B) Immunoblot analysis of GFP and Pin1-HTB8dlls with
INOS and Pinl antibodies (right panel) and mRNA diNF-o, and
IL1-B were determined by RT-PCR in GFP and Pin1-HTBA#,ce
S16 ribosomal protein mRNA expression was compargbsamples.
Immunoblot analysis of COX-2 and Pinl expressionGRP and
Pinl1- Chondrocite cells after the stable overexpoesof GFP and

Pinl.
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4.2. Pinl-dependent simultaneous activation of NF- BCREB,
C/EBP and AP-1 is required for the COX-2 expression.
Because COX-2-mediated PG production is considased
representative inflammation index in RA, we chdS@Xx-2 gene
expression as a model system for further experisn&uaveral studies
have shown that CoX-2 expression is transcriptignagulated by
C/EBP, cAMO- response element binding protein (CREBd NF-
kB. To identify the role of each transcription facto the regulation
of COX-2 expression in Pinl-overexpressing chongtex; GFP- and
Pin1-HTB-94 cells were transfected with the wilgh¢y COX-2
promoter-luciferase chimeric construct that corgdithe 574-bp 5'-
flanking region of humai€OX-2 gene, or with C/EBP mutant with
NF-IL6 site (-132/-124) mutation, NkB mutant with NFxB site (-
223/-214) mutation, or CRE/AP-1 mutant with CRE/ARite (-59/-
53) mutation(Tamura et al.,2003). When we deterthipeomoter
reporter activities, wild-type COX-2 promoter adyvin Pin1-HTB-
94 cells increased up to ~5-fold compared to GFBH9% cells.
Each mutation of STAT-3, NkB or CRE/AP-1 significantly
inhibited the Pinl-inducible reporter activity (F§A).Especially, the

COX-2 promoter activity was most potently suppressg NFxB or
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C/EBP binding site mutation (87% and 97% inhibitioespectively)
(Fig. 4A). These results demonstrate that STAT-F-xB and
CRE/AP-1 elements are all essentially required Porl-mediated
transactivation of th€0OX-2 gene. Hence, we first compared NB-
activity between GFP- and Pin1-HTB-94 cells. The-®-minimal
reporter activity and nuclear p65 levels were higime the Pinl-
overexpressing cells (Fig. 4B). We also found fHACK, a specific
NF-xB inhibitor suppressed the Pinl-mediated COX-2 esgibn
(Fig. 4C). It has been reported that Pinl selelgtiveereases nuclear
p65 sequestration through the inhibition of p65dimg to 1«B (Ryo
et al., 2003). Hence, it could be plausible thahlRnediated
induction of proinflammatory cytokines partly reisédom p65/NF-
kB activation.

We determined the activity of each transcriptiontda by
using minimal reporter genes. The reporter actsitof pCRE-Luc
and pC/EBP-Luc were more than 13 fold and 4.2 faitianced in
Pin1-HTB-94 cells versus control cells (Fig. 4A a#B). Nuclear
level of CREB was also sharply increased in Pin BF9B cells (Fig.
5A and 5B), but the increase intensities of C/eBIRd C/EBB were

marginal (Fig. 5B).
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We found that the AP-1 minimal reporter activityPA
binding activity and nuclear distributions of c-JeAFos and Fral were
significantly increased in the Pinl overexpressalts,cthough nuclear
levels of JunB and JunD were not altered (Fig. 5C).

To study whether MAP kinase pathways are activatdeinl-
overexpressed cells, we measured the phosphoryfated of each
MAP kinase. The level of active phosphorylated ER&S increased in
Pin1-HTB94 cells compared to GFP-HTB94 cells (BD). However,
the phosphorylation intensities of JNK or p38 kmagere not affected
by Pinl overexpression (Fig. 5D). To further inigeste whether
blockade of the MAP kinase cascade led to a chanfjee expression
of COX-2, we determined COX-2 expression changeBimi-HTB94
cells pretreated with MAP kinase inhibitors. Inctiba of Pin1-HTB-
94 cells with specific MAP kinase inhibitors (PD%80 ERK inhibitor;
SP600125: JNK inhibitor, SB203580: p38 kinase iitbif for 36 h did
not reduce the COX-2 protein levels (Fig. 5C). Fribrese results, we
can conclude that multiple transcription factorluding NFxB,
C/EBP and CREB and AP are complicatedly involved in the Pinl-
dependent COX-2 expression in chondrocytes.

c-Jun and c-Fos-mediated AP-1 activity couples i0lP
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through its isomerase activity on phosphorylateliic-or c-Fos. In our
experiments, nuclear levels of c-Jun, c-Fos and,HAvat not those of
JunB and JunD were increased in Pin1l-HTB-94 celsnpared to
GFP-HTB-94 cells. Since the enhanced AP-1 minirapbrter activity
was almost completely suppressed by c-Jun siRNAL'®itarget
transcription factor for COX-2 gene transcriptionaynbe c-Jun.
However, c-Jun siRNA treatment did not affect th@XG2 promoter
activity in the Pinl-overexpressed HTB-94 cells,iclihimply that c-
Jun/AP-1 activation in Pin1-HTB-94 cells is notesgal for the COX-
2 gene expression (fig. 5 E and F).

Several reports have shown that MAP kinase inclydRK,
JNK and p38 kinase regulates COX-2 expression. ,Heeefound that
only ERK pathway was consistently activated in Paverexpressed
chondrocytes, but inhibition of JINK and p38 kinasewell as ERK did
not cause the reduction of COX-2 expression. Thied¢a suggest that
MAP kinases activities are not required for the-Pimediated COX-2

expression.
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Figure 4. Pinl-dependent simultaneous activation dfiF-kB, CREB,

C/EBP and AP-1 is required for the COX-2 expression. (A)

Essential role of NF- B, CREB/C/EBP, and-Apmctivation in Pinl-
inducible inflammatory gene expression. Inductioh laciferase

activity by Pinl- HTB94 cells as compared with GHIPB94 cells

transiently transfected with pGL-COX-2-574, NB- mutant, C/EBP
mutant or CRE mutant construct, was confirmed usiigminometer.
Reporter gene activations were expressed as chaetms/e to b-

galactosidase activity. (B) Nuclear translocatiéof®65 was determined
in GFP and Pin1-HTB94 cells by immunochemicallyngsispecific

antibody. (C) Immunoblotting of Pinl HTB94 cellgafthe treatment
of cells with different kinases inhibitors and MB- The results shown
represent the means + SD of 3 separate experingsigisificant as

compared in GFP and Pinl HTB94 cells reporter #gtivalues of

pGL-COX-2-574-transfected cells, **p < 0.01).
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Figure.5. Pinl Induction stimulates transcription d
proinflammtory proteins. (A)immunoblot analysis of GFP and
Pin1-HTB94 cells after the 24 hour serum deprivaijopper panel)
with CREB antibody (the nuclear levels of each daiption factor
was determined immunochemicallysing specific antibodies),
induction of luciferase activitpy Pinl overexpression in HTB94
cells transient transfected with CRE plasmid (lowsamel). (B)
Immunoblot analysis of GFP and Pinl1 HTB-94 cellhvC/EBPa
andp antibodies ( upper panel), induction of luciactivityby
Pinl overexpression in HTB94 cells transient tractsfd with C/EBP
plasmid (lower panel).(C) Immunoblot analysis ofFRGand Pinl
HTB-94 cells with C-Jun, JunB, Jun D, c-Fos, andlFantibodies
(right upper panel) (the nuclear levels of ea@mngcription factor
was determined) immunochemicallysing specific antibodies,
induction of luciferase activitpy Pinl overexpression in HTB94
cells transient transfected with Ap-1 minimal praerglasmid (right
lower panel) and Gel shift assay were performedh witiclear
extracts prepared from GFP and Pinl- HTB 94 céllslanes were
loaded with 10ug of nuclear extracts and labeled with Ap-1 DNA

consensus sequences (left panel). (D) Immunoblalysis of MAP
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kinases activity in  GFP and Pin1-HTB94 cells wRhERK, ERK,
P-JNK, JNK, and P-P38 kinase and P38 kinase ané&bod
respectively in cell lysate. E) Effect of c-Jun NiR over the COX-2
promoter activity. GFP and Pin1-HTB94 cells wemnsfected with
COX-2 promoter plasmid and control and c-Jun siRE@pmole). F)
Inhibition of AP-1 minimal promoter reporter activiafter the
transfection of cells with control and c-Jun siRNBO Pmole)
respectively. The results shown represent the meai®D of 3
separate experiments (significant as compared i @Rd Pinl
HTB94 cells reporter activity values of pGL-COX-Z4%transfected

cells, **p < 0.01).
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4. 3.Juglone inhibits RA progress in Cll-inducible DBA/1J mice

and suppresses COX-2 expression in human primary tured RA

chondrocytes

Next, we tested the effect of chemical Pinl irnteihijuglone
on the Cll-induced RA in DBA/1J mice. Intraperit@hanjection of
juglone once another day started after boosterctioje of CIl and
continued for 10 days. We histopathologically eatdd RA grades of
ankle joints by severity of inflammation, fibrosgamages of articular
cartilage and bone, and ankylosis after sacrifidimg mice (Fig. 6A
and Table 1). Juglone treatment (1 and 5 mg/kg)ifstgntly inhibited
the histological damage and cumulative arthritiguryn scores, as
compared with vehicle-treated CII-RA group (Tab)e Moreover, the
enhanced COX-2 expression in the RA tissues wassed in juglone-
treated samples (Fig. 6B).

To finally prove whether Pinl inhibition causeg ttown-
regulation of proinflammatory mediators in humanomtirocytes
from RA patient, we determined the protein levelsCOX-2 in the
primary cultured chondrocytes from RA patient. Thesal COX-2

expression was seen in chondrocytes obtained frénp&ient and
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pretreatment of the cells with juglone for 36 hdked the basal
expression of COX-2 in a concentration-dependemtnaa(Fig. 6C).
These results imply that Pinl could be a potemti@rmacological
target of RA progress in clinics.

Taken together, Pinl is up-regulated in the choryes,
lymphocytes and fibroblasts of RA lesions of Cliected RA mice
and the Pinl overexpression results in the indoctiof
proinflammatory proteins including COX-2, INOS, TNFand IL-1B.
Pinl-dependent COX-2 expression is associated wikie
simultaneous activations of NéB, C/EBP, CREB and AP-1. Pinl
may serve as a new therapeutic target of RA.

Although RA is one of the most frequent inflammator
diseases, the molecular pathogenesis of this diseas not been
totally clarified. Data presented here indicatet Rl is induced in
the lesion area of Cll-mediated arthritis and playkey role in the
excess production of proinflammatory mediators udoig
Prostaglandins, NO, TN&-and IL-13. Several mechanisms may be
involved in the overproduction of these multipl®tgins in response

to Pinl overexpression.
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Figure. 6. Pinl inhibition suppresses COX-2 expression and
arthritis progress. (A) Morphological changes of Collagen induced
arthiritis, representative photographs by light noscopy with
hematoxylin/eosin staining of ankle tissue sectiivosn DBA/1J mice.
The histological evaluation of ankle tissues, (ntréated with vehicle
(upper panel), (N=6) Il immunized with Coll-1l (mdée panel) revealed
signs of severe arthritis, with inflammatory ceiltrétion and bone
erosion and (n=6) injected interaperitonealy withglkg Juglone (3
times a week for 10 days) (lower panel) were sigaiftly reduced in
the inflammatory signs. These figures were reprasee of at least 3
experiments performed on different days. (B) Imnhlab of ankle
tissues homogenate with cold PBS with COX-2 antybadter the
treatment of DBA/1J mice with Juglone 1mg/kg for d@ys. (C)
Immunoblot of primary cultured human chondrocytnirRA patients
with COX-2 antibody after the 24 hour incubatiortwduglone 0.1 to 3
uM/ml.
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5. DISCUSSION

Collagen-induced arthritis is an experimental modsl
autoimmune disease, which can be induced in mic® @t al., 1988),
rats (Cuzzocrea et al., 1999a, b) and primatesn{fiaen, 1982) by
immunization with type Il native articular cartilagollagen (CIl). The
joint pathology associated with collagen inducetdhrétis is similar to
the one observed in patients with RA (Stuart et #082a, b). Both
cellular and humoral immune responses to Cll amolved in the
pathogenesis of collagen induced arthritis. Migedted with type Il
collagen (CII) induce polyarthritis (Svensson et 4998). Here we
established the DBA/1J mice as a collagen inductuits model for
the further experiments.

Pinl is believed as one of pathological mediator in
neurodegenerative disease (Balastik et al., 200Fn1 inhibition
significantly inhibits eosinophilic inflammation mitro and in vivo.
Pinl knockout mice showed the reduced expressiarGéi- 31 after
the allergen —sensitization (Zhong-Jian et al.,80®ere we first
time document a hypothesis that Pinl is chronicakpressed in
arthritic lesions, we determined Pinl levels by iamohistochemistry

in the ankle tissues from Cll-induced RA mice. Pinduction was
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highly found in the RA tissues, mainly distributedchondrocytes,
lymphocytes and fibroblasts. It has been shown @@X-2 is highly
expressed in human and animal arthritic tissuesrt@Relletier et
al., 2003). In animal models of arthritis, COX-2highly expressed
and is thought to be responsible for the increadeG production in
these animals (Anderson et al., 1996). In human§X2
overexpression has been demonstrated in ostedar{@A)—affected
cartilage (Amin et al., 1997) and in synovial tiegtom patients with
RA (Kang et al., 1996). From these evidences jirizved that COX-
2 in the most important target of inflammatory dises like as
arthritis. We also demonstrated that, COX-2 stgngihowed the
similar pattern like Pinl which raised a possipilthat COX-2
expression might be related with Pinl existendeAntissues. In our
western blotting result of ankle tissue homogensitesved the COX-
2 and Pinl concomitantly induced in RA tissues.r the further
clarification of this result, we established thabdy overexpressed
Pin 1 in RA tissues and HTB-94, a human chondrodyienan
primary cell line (Pin1- HTB94 using retroviral edtions. We found
that as compaired with GFP-HTB-94 (GFP-overexprggsicells,

Pinl expression was highly detected in Pin1-HTBeB84s. COX-2
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expression was up-regulated in the similar patier®inl- HTB94

cells. PGs influence the immune response mediatedgh mature B
and T lymphocytes. PGE?2 shifts the balance otHiillar response
from Thl to Th2 by inhibiting interleukin-2 and emiting IL-4

production (Betz et al., 1991; Van der Pouw et #4095). Since
PGEZ2 is one of the stable autacoids produced by-20¥e further

examined PGE2 levels in culture medium. PGE2 pridliavas 4.3

fold increased in Pinl-HTB-94 cells. We then esshiald Pinl-
overexpressing human primary chondrocytes usincattke tissues
obtained during surgery of osteoarthritic patiegkithough the basal
Pinl and COX-2 expressions were seen in primaryndtozytes

from osteoarthritic patient, and the stable Pingrexpression also
potentiated COX-2 expression in the primary culiurbuman

chondrocytes.

Pro-inflammatory cytokines TNé&-and IL-13 involve in
the extension of local and systemic inflammatorgcpss (Deleuran
et al., 1992; Westacodt al., 1990; Feldmanet al., 1990; Shinmei et
al., 1989). Here we confirmed that the protein dRNA levels of
INOS, TNFa and IL-18, representative proinflammatory enzymes

and cytokines were also highly enhanced in Pinl-#3%Bcells.
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Production of ROS such as hydrogen peroxide, swmkroand
hydroxyl radicals at the site of inflammation caites to tissue
damage (Cuzzocrea et,al998a; 1999a; Oyanagui, 1994; Salvemini
et al, 1998). NO play an important role in the pathopbiggy of
inflammation (Brahnet al., 1998b; lalenti et al., 1993). We
demonstrate here that the protein or mRNA leveltN@S, TNF«a
and IL-13 , representative proinflammatory enzymes and cyxi
were also highly enhanced in Pin1-HTB-94 cells.

Several studies have shown that COX-2 expression is
transcriptionally regulated by C/EBP, cAMP-resporetament binding
protein (CREB), and NkB and that these transcription factors are
synergistically or independently involved ®OX-2 gene expression
(Thomas et al.,2000, Tamura et al.,2003 Wardlaal.e2002). C/EBP
transcription factors are involved in the regulataf gene transcription
by IL-6 and they control inflammation (Poli et al998). The C/EBP
family includes three main members: C/EBRC/EBP$, and C/EPBs.
IL-1p and C/EBP are positively regulated in the intecactvith NF«B
(Lee et al., 1998jones et al., 1997). However, induction of C/EBP
binding to DNA by proinflammatory cytokines correda with the

accumulation of prostaglandin E2, and both effents reversed by
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anti-inflammatory cytokines (Alaaeddine et al.,1P9G/EBP factors
act with NF«xB to induce the transcription of many acute-phase
response genes in response to proinflammatory ek and this
effect is based on direct protein—protein inteatdi (Stein et al., 1993;
Diehl et al., 1994; Kravchenko et al., 2003). Weedained the activity
of each transcription factor by using minimal rdporgenes. The
reporter activities of pPCRE-Luc and pC/EBP-Luc wengand 4.2 fold
enhanced in Pin1-HTB-94 cells versus control céllsclear level of
CREB was also sharply increased in Pin1-HTB-94 sceliut the
increase intensities of C/EBP  and C/EBWRere marginal. To
identify the role of each transcription factor iretregulation of COX-2
expression in Pinl-overexpressing chondrocytes,-@RE Pin1-HTB-
94 cells were transfected with the wild-type COXg2omoter-
luciferase chimeric construct that contained th&-b@ 5'-flanking
region of humarCOX-2 gene, or with C/EBP mutant with NF-IL6 site
(-132/-124) mutation, NkB mutant with NFxB site (-223/-214)
mutation, or CRE/AP-1 mutant with CRE/AP-1 site9(-53) mutation
(Tamura et al.,2003). When we determined prom@gonter activities,
wild-type COX-2 promoter activity in Pin1-HTB-94 liincreased up

to ~5-fold compared to GFP-HTB-94 cells. Each matabf STAT-3,
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NF-xB or CRE/AP-1 significantly inhibited the Pinl-inclble reporter
activity. Especially, the COX-2 promoter activityass most potently
suppressed by NkB or C/EBP binding site mutation (87% and 97%
inhibition, respectively). These results demonstithiat STAT-3, NF-
kB and CRE/AP-1 elements are all essentially requifer Pinl-
mediated transactivation of tl#OX-2 gene. Hence, we first compared
NF-xB activity between GFP- and Pinl-HTB-94 cells. TNE-xB
minimal reporter activity and nuclear p65 levelsravdigher in the
Pinl-overexpressing cells. We also found that TP&€Kpecific NF«B
inhibitor suppressed the Pinl-mediated COX-2 exgmwes It has been
reported that Pinl selectively increases nucledt péquestration
through the inhibition of p65 binding toxkB  (Ryo et al., 2003).
Hence, it could be plausible that Pinl-mediated uation of
proinflammatory cytokines partly result from p65/dB activation.

In the promoter region of the COX-2 gene, two RB--
consensus sequences are located and the exprestigimd-inducible
proinflammatory genes including iNOS, II31 and TNFa gene
are mainly dependent on N@B activation (Neuton et al., 1997; Tak
and Firestein, 2001; Xiao and Ghosh., 2005).SindeBe€ and

CRE/AP-1 elements are also involved in cytokine-utiraviolet B-
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inducible COX2 gene transcription (Tang et al., 2001; Thomad.et a
2000). We determined COX-2 and PG production issi®ied as a
representative inflammation index in RA, we sel&@DX-2 gene
expression as a model system for the further exaris.Several
studies have shown that CoX-2 expression is trgptgmmally regulated
by C/EBP, cAMP- response element binding proteifiREB8), and
NF-«xB.

We confirmed that the AP-1 minimal reporter actividP-1
binding activity and nuclear distributions of c-JunFos and Fral
were significantly increased in the Pinl overexpeescells, though
nuclear levels of JunB and JunD were not alterétheEc-Jun or c-
Fos are known to beigtrans isomerized by Pinl and it has been
suggested that Pinl plays a key role in AP-1-depenhdyene
transcription upon phosphorylation by the MAP kmd&amily (Wulf
et al., 2001; Monje et al., 2005). c-Jun activatgnplatelet-derived
growth factor or serum induced COX-2 via CRE/AP#tding site
(Xie and Herschman, 1996). Several reports havevishbat MAP
kinases including ERK, JNK and p38 kinase regulaf3X-2
expression through the regulation of NB; C/EBP or CREB in

diverse pathological conditions (Lee et al., 20Qi7et al., 2007; Han

52



et al., 2004).Both the phosphorylation and the esgion of c-Fos
and c-Jun are controlled by MAP kinase family (Chamd Surh,
2004). It has been also shown that MAP kinases playcial role in
regulating COX-2 expression (Chen et al., 2001). fdlend that the
level of active phosphorylated ERK was increasedPiml-HTB94
cells compared to GFP-HTB94 cells. However, thesphorylation
intensities of JNK or p38 kinase were not affected Pinl
overexpression. For the further confirmation whetileckade of the
MAP kinase cascade led to a change in the expres$iGOX-2, we
determined COX-2 expression changes in Pinl-HTB®sc
pretreated with MAP kinase inhibitors. IncubatiohRin1-HTB-94
cells with specific MAP kinase inhibitors (PD98039RK inhibitor;
SP600125: JNK inhibitor, SB203580: p38 kinase irbif for 36 h
did not reduce the COX-2 protein levels. From theseilts, we can
conclude that multiple transcription factors incéhgl NF«B,
C/EBP and CREB and AP are complicatedly involved in the
Pinl-dependent COX-2 expression in chondrocytese Hee found
only ERK pathway was consistently activated in Powgrexpressed
chondrocytes, but inhibition of JINK and p38 kinasewell as ERK

did not cause the reduction of COX-2 expressioreséhdata suggest
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that MAP kinases activities are not required fog finl-mediated
COX-2 expression.

In our experiments, nuclear levels of c-Jun, c-&wod Fral, but
not those of JunB and JunD were increased in Pif&-B4 cells,
compared to GFP-HTB-94 cells. Since the enhanceel ARinimal
reporter activity was almost completely suppressgdc-Jun siRNA,
Pinl’s target transcription factor f@OX-2 gene transcription may be
c-Jun. However, c-Jun siRNA treatment did not affdtee COX-2
promoter activity in the Pinl-overexpressed HTBe®#s, which imply
that c-Jun/AP-1 activation in Pin1-HTB-94 cellsnst essential for the
COX-2 gene expression.

NF-kB which forms a homo or heterodimer complex plays a
important role in the regulation of various genesponsible for the
stimulation of inflammation reactions. Several stgchave shown that
COX-2 and iINOS expression is transcriptionally dated by C/EBP,
CREB as well as NikB and that these transcription factors may be
synergistically or independently involved in thepeession of these
gene expression (Draska., 1999; Kinugawa et a@71®%ardlaw et al.,
2002) and many phytochemicals inhibiting NB-has been proven to

effective against RA in animal and human studieseiiher et al.,
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2002; Kauss et al., 2008). It has been shown tivat Bind to the
phosphorylated Thr254-Pro of p65 and subsequemitiypits Inhibitor-
kB binding, which finally result in the increasedciear localization
and NFxB activity (Ryo et al.,, 2003). We also revealedtteaher
COX-2 gene expression or its promoter activity was ddpahon NF-
kB activity. Thus, NFB activation in Pinl-activated chondrocytes is
obviously associated with the overwhelmed producticof
proinflammatory mediators during RA progress.

The present data by COX-2 promoter mutation, mihima
reporter genes and Western blot analyses revedlad GRE and
C/EBPs are consistently activated by Pinl and dEmonstrate that
C/EBPs and CREB are transcriptionally active torease COX-2
expression in Pinl-overexpressed chondrocytes. illoo sanalysis
revelaed that C/EBP variants contain Ser/Thr-Reb-8egmants and
speculated that consensus phosphorylation sequércBsl or Polo-
like kinase was located in a highly conserved negibtransactivation
domains of C/EBP (Miller, 2006). Although there s8ll no report
showing that transcriptional activity of CREB ispg@adent on Pinl, it
could be plausible that the transcriptional adegitof C/EBP and

CREB are controlled by Pin1.
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The juglone covalently inactivates a unique cyste®sidue in
the active site of Pinl isomerase (Hennig et 898). Juglone suppress
the Pinl and eosinophilic pulmonary inflammatiorGF{1 and
collagen expression, and airway remodeling (Sheral.e2008).Pinl
induce the type 1 immune response and suppresdioRind by
pharmacologic or genetic means greatly attenuaftly) IL-2 and
CXCL-10 mRNA stability, accumulation and proteinpegssion after
cell activation (Esnault et al., 2007). We fourndtt intraperitoneal
injected juglone, significantly inhibited the hikigical damage and
cumulative arthritis injury scores, as comparedhwiehicle-treated
CII-RA group (Table 1). Moreover, the enhanced C®Expression in
the RA tissues was reversed in juglone-treated Esmp

To finally prove whether Pinl inhibition causeg tthown-
regulation of proinflammatory mediators in humanomtirocytes
from RA patient, we determined the protein levdl€®X-2 protein
levels in the primary cultured chondrocytes from Ratient. The
basal COX-2 expression was seen in chondrocytesnaat from RA
patient and pretreatment of the cells with juglére36 h blocked the
basal expression of COX-2 in a concentration-depenananner.

These results imply that Pinl could be a potemgi@rmacological
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target of RA progress in clinics.

Taken together, Pinl is up-regulated in the chacyes,
lymphocytes and fibroblasts of RA lesions of Cljeicted RA mice
and the Pinl overexpression results in the indoctiof
proinflammatory proteins including COX-2, INOS, TNFand IL-1B.
Pinl-dependent COX-2 expression is associated wikie
simultaneous activations of NEB, C/EBP, CREB and AP-1. Pinl
may serve as a new therapeutic target of RA. AljhoRA is one of
the most frequent inflammatory diseases, the mtdeqathogenesis
of this disease has not been totally clarified. aDptesented here
indicate that Pinl is induced in the lesion areaCdfmediated
arthritis and plays a key role in the excess prodaoc of
proinflammatory mediators including prostaglandiNg®, TNF« and
IL-1B. Several mechanisms may be involved in the overpmton of
these multiple proteins in response to Pinl oversgioon. In this
study, stable Pinl overexpression caused bothubiised nuclear

translocation of p65 and the increase ind-driven transcription.
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6. Signal transduction in Pinl pathway
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Part 2
7. Anti inflammatory effects of some phytochemical
7. 1. Effects Taiwaniaflavone, 4-hydroxykobusin and 2, 8-
biapigenin on the induction of INOS by LPS

The chemical structure of taiwaniaflavone,4-
hydroxykobusin and 2’, 8"-biapigenin is presentedrig 7A, B, and
And C. Initially we measured the cytotoxicity ofwaniaflavone and
4-hydroxykobusin to RAW264.7 cells by MTT assayllebility
was not significantly altered by taiwaniaflavone dan4-
hydroxykobusin at up to 100 mM (Fig. 8, A&B). Thuse treated
cells with taiwaniaflavone and 4-hydroxykobusirtlie concentration
range 3-100 mM during subsequent experiments. $esasthe NO-
blocking effect of taiwaniaflavone, 4-hydroxykobusand 2’, 8-
biapigenin, we monitored nitrite levels in cultureedia after
stimulating cells with LPS (Lig/ml) in the presence or absence of
taiwaniaflavone, 4-hydroxykobusin and 2’, 8"-biagmgn for 48 h.
LPS stimulation caused a significant accumulatidn ndrite in
culture media at 12 h (4.3 fold), 24 h (12.5 fadehd 48 h (19.9 fold)
(Fig.9A) by twainiaflavone. However, pretreatment ithw

taiwaniaflavone (10-10QuM) significantly attenuated LPS-induced
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nitrite production in a concentration-dependent nean(Fig. 9A).
LPS stimulation caused a significant increase dfitaiin culture
media at 12 h (2.5 fold), 24 h (6.2 fold) and 4&I8 fold) (Fig. 9A).
This enhancement in NO production was significastippressed by
4-hydroxykobusin in a concentration dependent martegpecially,
LPS-inducible NO production was ~90% blocked by 100/ 4-
hydroxykobusin (Fig. 9B). To determine the NO-blimck effect of
2',8'-biapigenin, we monitored nitrite levels in ltwre media after
stimulating cells with LPS in the presence or absenf 2’,8'-
biapigenin for 48 h. LPS (Jug/ml) significantly increased NO
production from 12 h (4.3 fold) to 48 h (19.9 fol@ghig. 9B). 2, 8"-
biapigenin significantly inhibited LPS-induced NQoduction in a
concentration-dependent manner (10-4®) (Fig. 9C).

We then examined whether the inhibition of NO prichn
by taiwaniaflavone is due taNOS transcription. Western blot
analysis using INOS-specific antibody showed thaposure of
RAW264.7 cells to LPS (ig/ml) for 12 h increased iNOS protein
levels versus un-stimulated controls. Moreovemyvaaiaflavone (10-
100 uM) significantly reduced iINOS protein expressiomdain

particular, 30 or 10QuM of taiwaniaflavone completely inhibited
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INOS protein upregulation (Fig. 10A). These resutow that de
novo INOS synthesis was suppressed by taiwaniaiava LPS-
activated macrophages. We then investigated wheileemhibition
of NO formation by 4-hydroxykobusin was the resilthe inhibition
of INOS gene expression. The inhibitory effects different
concentrations of 4-hydroxykobusin on INOS prot&xpression
induced by LPS (lug/ml) were estimated. Western blot analysis
using iINOS-specific antibody showed that exposur&RAW264.7
cells to LPS (ug/ml) for 18 h increased iNOS protein levels versus
un-stimulated controls (Fig. 10B). PretreatmentRétW264.7 cells
with 4-hydroxykobusin (10 min) significantly inhiled INOS protein
expression at 30-100M (Fig. 10B). These results suggest that 4-
hydroxykobusin is effective to block iINOS inductioand NO
production in macrophages. To examine whether kbekimg of NO
production by 2’,8’-biapigenin was mediated by agass involving
INOS gene expression, INOS protein and mRNA leveisre
measured by Western blotting and RT-PCR analyssgectively.
LPS (1pg/ml) treatment increased the level of INOS protmna 30
or 100uM 2’, 8”-biapigenin almost completely inhibited ¢hincrease

in INOS protein level (Fig. 10C). Glyceraldehydepl3asphate
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dehydrogenase (GAPDH) levels were comparable arttengamples
(Fig. 10C).Consistent with the Western blot resulRS-inducible
INOS mRNA levels were also suppressed byBD2’, 8”-biapigenin
in macrophages (Fig. 10D). The mRNA level of SilBosomal
protein was used as an internal loading contrad.(EDOD). To test
whether 2’, 8"-biapigenin inhibit INOS expressiom iother
macrophage cell line, we used J774.A1 cells (a meunacrophage
cell line). The levels of INOS was increased in 4/A4 cells
incubated with tumor necrosis factor(20 ng/ml) and interferom-
(20 ng/ml) and this increase was also completehgrnsed by 1M
2’, 8"-biapigenin (Fig.10D). These results suggtsit INOS gene
transcription is suppressed by 2’, 8"-biapigenin activated

macrophages
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C 4-Hydroxykobusin

Fig. 7. Chemical structure of (A) Taiwaniaflavoné, & Biapegenin,

and 4- Hydroxykobusin. Structure of 4-Hydroxykobudsolated

from Geranium thunbergii (Geraniaceae)
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Fig. 8. (A)Effect of taiwaniaflavone on cell viability. RAWAZ.7 cells

were incubated in the presence or absence of 1-ibD

taiwaniaflavone. Cell viabilities were determinegd MTT assay. Data
represent the means 8SD of eight different samBsEffect of 4-

Hydroxykobusin on Cell Viability RAW264.7 cells weincubated in
the presence or absence of 14104-hydroxykobusinfor 24 h. Cell
viabilities were determined by MTT assay. Data espnt the
means_8SD of 8 different samples
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Fig. 9. Effects of Natural Compunds on LPS-Induced NO
Production. (A) The effects of taiwaniaflavone on LPS-indud¢@
production. RAW264.7 cells were incubated in a medcontaining
taiwaniaXavone (3, 10, 30, and 10®) for 10 min and then treated
with LPS (1ug/ml). The amount of nitrite in medium was monitbre
for 48 h. (B) Effect of 4-hydroxykobusin on LPS-umed NO
production. The RAW264.7 cells were incubated inmadium
containing 4-hydroxykobusin (3, 10, 30, 1) for 10 min and
then treated with LPS at jig/ml. The amount of nitrite in the
medium was monitored for 48 h. (Effects of 2-, 8--biapigenin on
LPS-induced NO production. Raw264.7 cells were liated in a medium
containing 2-, 8--biapigenin (3, 10, 30 or 100 for 10 min and then
treated with LPS dg/ml. The amount of nitrite in medium was monitored
for 48 h. Data represents means_* S.D. of 4 different samples

(significant compared to LPS alongy-€.01).
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Fig. 10 Effects of Natural compounds on INOS expression(A)
Inhibition of LPS-inducible INOS protein expressionby
taiwaniaflavone (3—10QM). iINOS protein levels were monitored for
12 h after treating cells with LPS y@ml) with or without
taiwaniaXavone treatment. Relative iINOS protein elsv were
determined by measuring immunoblot band intensibgsscanning
densitometry. (B) Inhibition of LPS-inducible iNQ8otein expression
by 4-hydroxykobusin (3—10@M). The level of INOS protein was
monitored 18 h after treating cells with LPSu@Iml) with or without
4-hydroxykobusin. Relative iINOS protein levels weletermined by
measuring immunoblot band intensities by scanniegsdometry.
Inhibition of LPS-inducible (C) iNOS protein expsésn by 2-, 8--biapigenin
(3-100uM). Levels of INOS protein were monitored 12 h efieating cells
with LPS (1m g/ml) with/without 2-,8--biapigenineitment. Relative iNOS
protein levels were determined by measuring immiotdiand intensities by
scanning densitometry.(D)Inhibition of LPS-induebliNOS mRNA
expression by 2-, 8--biapigenin. iINOS mMRNA expressilevels were
determined by RT-PCR. S16 ribosomal protein mRNApression was
comparable in samples. (E) Inhibition of tumor s factor-a (TNFe ) and
interferon- g (IFNy )-inducible iNOS protein expression by 2-,8-biagitn
(3, 10m M) in J774.A1 cells. Levels of INOS proteiere monitored 12 h
after treating cells with TNF-a (20 ng/ml) and IEN20 ng/ml) with/without
2-, 8--biapigenin treatment.
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7. 2. Taiwaniaflavone, 4-hydroxykobusin, 2’, 8"-biapigenin

inhibits LPS-inducible NF-xkB and AP-1 activation

To determine wheather the process of INOS gene
transcription is targeted by taiwaniaflavone, ré@oigene analysis
was performed using macrophages transfected wahrthmmalian
cell expression vector pGL-miNOS1588, which corgdituciferase
cDNA and a-1.59 kb miNOS promoter (Woo et al., 200BS (1
ug/ml) increased the luciferase activity by approxiety 3.2 fold,
and this enhanced activity was reversed by taivilaniane at 10 or
30 uM (Fig. 11A). NFxB and AP-1 are activated in cells stimulated
with LPS or by some other inflammatory insult, whis involved in
the transcriptional activation of responsive gefhMgller et al., 1993;
Adcock et al., 1997; Guha et al.,, 2001). Hence, caeied out
reporter gene analyses using luciferase reportanpts containing
the NFxB or AP-1 binding sequences to determine whether th
suppressive effect of taiwaniaflavone iNDS gene induction is with
the inhibition of NFKB or AP-1. LPS treatment (jig/ml, 18 h)
caused a 5.6-fold increase in KB-reporter activity (Fig. 11B), and

pretreatment of cells with 10 or 3@QM of taiwaniaflavone
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significantly inhibited the increase in NF-kB refmractivity by LPS
(Fig. 11B). However, LPS-induced AP-1 reporter\agtiincreases
were not significantly altered by taiwaniaflavorfag 11C). These
results demonstrate that taiwaniaflavone selegtivgibits the NF-
KB activation process, and suggest that this iscassal with an
abrogation of INOS induction by taiwaniaflavone.

Because p65 is a major participant in kB-activation by
LPS in macrophages, we also examined p65 trangbocéd the
nucleus by subcellular fractionation and immundbigt Nuclear
p65 protein levels increased from 30min to 1h afte¥ating
RAW264.7cells with LPS (lug/ml) and peaked at 30 min after LPS
treatment. 30uM taiwaniaflavone completely blocked the LPS-
induced nuclear translocation of p65 at 1 h oftineat (Fig. 12A).
This translocation is preceded by the phosphoniagind subsequent
degradation of the #B  subunit(Wang et al., 2002), and thus, we
further examined phosphorylatedkB and total IKB levels in
macrophages. Immunoblot analysis using specifibbadies showed
that the phosphorylation and degradation vBI- by LPS (1ug/ml,
15 min) were also prevented by pretreating with 3M

taiwaniaflavone (Fig. 12B). Phosphorylation step bkB is
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dependent on the activation of IKK complex andghesphorylation
of IKK is essentially required for the activatioh IKK (Zandi et
al., 1997). Thus, we also determined phosphorylatievels of
IKK/IKK in LPS-treated RAW264.7 cells. LPS resulted transient
phosphorylation of IKK/IKK (5 min) and this increaswas
completely inhibited by taiwaniaflavone pretreatingrig. 12B).
These results provide evidence that the inhibitioh NF«B

activation by taiwaniaflavone is due to the preigmtof IKK

complex activation and ofdB  phosphorylation.

To determine whether the processNDS gene transcription
is affected by 4-hydroxykobusin, reporter gene ysial was
performed using RAW264.7 cells transfected with thammalian
cell expression vector pGL-miNOS1588, which corgdiruciferase
cDNA and a —1.6 kb miNOS promoter. LPSud/ml) increased the
luciferase activity, and this increase was reversed 4-
hydroxykobusin at 30 or 1Q@M (Fig. 13A).

One of key transcription factors involved in thanscription
of INOS gene is AP-1(Cho et al., 2002; Chen et al., 2@8yi et al.,
2005). AP-1 activation was assessed by reportee gesay using

luciferase plasmid containing AP-1 minimal promotEne increase
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in AP-1 reporter activity by LPS was 51% inhibiteg 100 uM 4-
hydroxykobusin (Fig. 13B), but 3QM 4-hydroxykobusin did not
suppress AP-1 reporter activity enhancement by (IRg)/ml) (Fig.
13B). These findings suggest that blocking of A&efivation may be
partly associated with the mechanism of INOS exgioesil inhibition
by 4-hydroxykobusin.

Inhibition of INOS expression by 4-hydroxykobusinayn
result from the suppression of B activation. First, we performed
reporter gene assay using a luciferase plasmidacong NF«xB
minimal promoter. LPS treatment (ig/ml, 18 h) caused a 3-fold
increase in NR«B reporter activity (Fig. 13C), and pretreatment of
cells with 100uM of 4-hydroxykobusin completely inhibited the
increase in NF¢B reporter activity by LPS (Fig. 13C).

We measured nuclear p65 levels by subcellularitnaation
and immunoblotting. Nuclear p65 protein levels @aged from 15
min to 30 min after treating RAW264cells with LPS (lug/ml) and
peaked at 30 min after LPS treatment. Pretreatwfecells with 100
uM 4-hydroxykobusin for 10 min suppressed the LP&ioed
nuclear translocation of p65 (Fig. 14A). We furthexamined

phosphorylated kB_levels in macrophages. Immunoblot analysis
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using specific antibodies revealed that theBl{phosphorylation by
LPS (1ug/ml) were also reversed by 10 4-hydroxykobusin (Fig.
14B). These results indicate that the inhibitidrNé&-kB activation
by 4-hydroxykobusin is due to the prevention ofkB-
phosphorylation and the subsequent nuclear trastsbmcof p65.

We additionally assessed the effect of 4-hydroxyisai on
the LPS-inducible COX-2 expression. COX-2 exprassieas not
altered by up to 100uM 4-hydroxykobusin (Fig. 14D). The
expression of bothNOS and COX-2 genes is dependent on B
activation (Schmedtje et al., 1997; Newton et #097). However,
other cis-acting elements such as C/EBP  bindirey a&itd cAMP
response element (CRE) are also involved in thastriptional
regulation of theCOX-2 gene (Billack et al., 200Zorgoni et al.,
2001). Although NFB binding in the promoter region @@OX-2
gene can be blocked by the lignan, other cis-aalegents may be
still active. Hence, the minimal effect of 4-hydyéwobusin on COX-
2 expression may result from the discrepancy af/@dtanscription
factors betweeNOS andCOX-2 genes.

To confirm whether the process of INOS gene

transcription is targeted by 2’, 8"-biapigenin, ogfer gene assays
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were performed using macrophages transfected withaenmalian
cell expression vector pGL-miNOS1588, which corgdinthe
luciferase structural gene and a -1.59 kb miNO$noter (Woo et al.,
2005)1 pg/ml LPS caused a 3.8-fold increase in luciferasévigy
and the enhanced reporter activity was reversetiObgr 30uM 2’,
8”-biapigenin (Fig. 15A).

We performed reporter gene analysis using a lusker
plasmid containing the NEKB binding sequence to determine
whether the transcriptional inhibition of the iINQ@ne by 2’, 8-
biapigenin is related to NkB activation. LPS treatment (18 h)
caused a 4.2-fold increase in XB-reporter activity (Fig. 15B), and
the pretreatment of cells with 10 or 30 of 2’, 8"-biapigenin
significantly suppressed LPS-inducible MB-reporter activity (Fig.
15B).

Because p65 is a major component of dB-activation by
LPS in macrophages, we also examined p65 trangocaito the
nucleus by subcellular fractionation and immunobkmalysis.
Nuclear p65 protein levels were increased from 30 tm 1 h after
treating Raw264.¢ells with LPS (lug/ml) and peaked 30 min after

LPS treatment. However, pretreatment with 2', &gigenin (30
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uM) almost completely blocked the LPS-induced nuclea
translocation of p65 (Fig. 15C). These data shoat the inhibition
of INOS gene expression by 2’, 8"-biapigenin wase dio the

transcriptional inhibition of the INOS gene througk-kB pathway.
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Fig. 11 Effect of taiwaniaflavone on LPS-induced NFxB activation.
(A) Inhibitory effect of taiwaniaflavone ofNOS gene transactivation.
Induction of luciferase activity by LPS in RAW264célls transiently
transfected with pGL-miNOS1588 construct, whichteored a 1588
bp INOS promoter sequence, was confirmed usingraniometer. A
dual luciferase reporter gene assay was performetysed cells co-
transfected with pGL-miNOS1588 (firefly luciferaseand pRL-SV
(Renilla luciferase)(in the ratio of 50:1) after exposurd.RS (lug/ml)
and taiwaniaflavone (10 and 8®1) for 18 h. Reporter gene activations
were expressed as changes relativR®euailla luciferase activity. The
results shown represent the means8 SD of four aEpaxperiments
(significant versus the control, p= 0.01; signiWcant versus the LPS-
treated group, ##< 0.01). (B) NFxB reporter gene analysis. Cells
were transfected with the pN#B-Luc plasmid, and reporter gene
analysis was performed as described in (A). Dapeesent the means
8SD of 4 separate experiments (significant versescontrol, ap <
0.01; significant versus the LPS-treated groyp<#.05, ## < 0.01).
(C) AP-1 reporter gene analysis. Cells were tramste with pAP-1-
Luc plasmid, and reporter gene analysis was peddras described in
(A). Results represent the means8 SD of four sepaaperiments
(significant versus the control, pe 0.01).
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Fig. 12. (A)Effects of taiwaniaflavone on p65 nuclear translod#on.
RAW264.7 cells were treated with ilg/ml LPS for 30min or for 60
min with/without 30 uM taiwaniaflavone, and the protein levels of
nuclear p65 was determined immunochemically uspegidic antibody.
(B) Effects of taiwaniaflavone on the phosphorgatdegradation of I-
kBa and on the phosphorylation of IKKB. To determine kBa levels,
cell lysates were obtained 15 min after exposuRA¥W264.7 cells to
LPS (1ug/ml). GAPDH levels were measured with duplicatet bising
same samples. The levels of phosphorylateBd-and phosphorylated
IKK a/IKK B were determined using specific antibodies. Thelkwf
actin and IKKx were measured as internal loading controls.
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Fig. 13. Effects of 4-Hydroxykobusin on the Transcriptional
Activities of INOS Promoter and AP-1 Minimal Promoter. (A)
Inhibitory effect of 4-hydroxykobusin on the tranBaation ofiNOS
gene. Induction of luciferase activity by LPS ire tRAW264.7 cells
transiently transfected with pGL-miNOS1588 congtruavhich
contained -1588 bp INOS promoter sequences, wdsmmea using a
luminometer. A dual luciferase reporter gene asgay performed on
the lysed cells co-transfected with pGL-miNOS1588refly
luciferase) and pRL-SVRenilla luciferase) (in a ratio of 100:1) after
exposure to LPS (iy/ml) and 4-hydroxykobusin (30 and 1QM)

for 18 h. The cells were preincubated with 4-hygkmbusin for 10
min before LPS exposure. The activation of the repogene was
calculated as a relative change in Renilla luciferase activity. Data
represents the meansSD of 3 separate samples (significant versus
the control, **p<0.01; significant versus the LPS-treated group,
“p<0.01). (B) AP-1 reporter gene analysis. Cellsewgansfected
with the pAP-1-Luc plasmid, and reporter gene asialywas
performed as described in panel (A) the data shewapresentative
of the means + SD of 5 separate samples (signifivarsus the

control, **p<0.01; significant versus the LPS-trsigroup/p<0.05).
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(C) Cells were transfected with the pNF-kB-Luc phés, and
reporter gene analysis was performed as describéidei legend of
(A). Data represents the means _+S.D. of 4 sepasamaples
(significantversus the control, *p<0.01; significantversus the LPS-

treated group, *1<0.01).
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Fig. 14Effect of 4-Hydroxykobusin on the LPS-Inducible NFkB
Activation.(A) Effect of 4-hydroxykobusin on the LPS-induced
nuclear translocation of p65. RAW264.7 cells warated with 1
pug/ml of LPS for 15 min or 30 min in the presenceabsence of
100 uM 4-hydroxykobusin, and nuclear p65 protein was
immunochemically detected using antip65 antibo@y. Effect of 4-
hydroxykobusin on LPS-inducible I|-kBa phosphorygati The
phosphorylation of I-kBa was immunochemically assds5 min
after 1 ug/ml LPS exposure to RAW264.7 cells. The cells were
preincubated with 10QM 4- hydroxykobusin for 10 min. (C) Effect
of 4-hydroxykobusin (3-10QuM) on COX-2 expression. COX-2
protein levels were monitored 18 h after treatirdiscwith LPS

(1 pg/ml).
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Fig. 15. Effects of 2’, 8"-biapigenin on LPS-inducible NFxB
activation. (A) Inhibitory effect of 2’, 8"-biapigenin on iINOg§ene
transactivation. Induction of luciferase activity bPS in Raw264.7
cells transiently transfected with a pGL-miNOS1588nstruct
containing -1588 bp INOS promoter sequences, wendirmed
using a luminometer. A dual luciferase reporter ggassay was
performed on lysed cells co-transfected with pGIN®E1588
(firefly luciferase) and pRL-SVRenilla luciferase) (in a ratio of
50:1) after exposure to LPS (/ml) and 2’, 8”-biapigenin (10 and
30 uM) for 18 h. Reporter gene activation is expressagusRenilla
luciferase activity. Data represents the meanSD of 4 separate
experiments (significant versus the controlp£9.01; significant
versus the LPS-treated groupp<0.01). (B) NFxB reporter gene
analysis. Cells were transfected with pkB-Luc plasmid, and
reporter gene analysis was performed as descnibpdriel (A). Data
represent the means SD of 4 separate experiments (significant
versus the control, 1<0.01; significant versus the LPS-treated
group, 'p<0.05, #p<0.01). (C) Effect of 2’, 8-biapigenin on p65
nuclear translocation. Raw264.7 cells were treatia 1 pg/ml LPS

for 30 min or 1h with or without 3QuM 2’, 8"-biapigenin, and
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nuclear p65 protein was immunochemically detectg&dguanti-p65

antibody.
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7. 3. Inhibition of COX-2 induction and PGE2 produdion by

Taiwaniaflavone, 4-hydroxykobusin and 2, 8"-biapigenin

There are two NkB consensus sequences in the promoter
region of the COX-2 gene, and COX-2 gene expressialependent
on NF«B activation (Schmedtje et al., 1997; Newton et #997).
Thus, we also investigated whether taiwaniaflavioigbits COX-2
induction and PGE2 synthesis in LPS-stimulated oywiges (Fig.
16A). Western blot analysis showed that exposureetié to LPS (1
ug/ml) for 24 h increased COX-2 protein levels (Ri§A). Moreover,
taiwaniaflavone at 30 or 10QM significantly reduced COX-2
expression level (Fig. 16A). Since PGE2 is one l¢ tstable
autacoids produced by COX-2 in activated macroph@&Géen et al.,
2003), we examined PGE2 levels in culture mediunhekVcells
were exposed to fg/ml LPS for 24 h, PGE2 levels increased. And,
the enhanced PGE2 production was significantly wishied in cells
pretreated with 30 or 100M taiwaniaflavone prior to LPS treatment
(by 54 and 82 %, respectively) (Fig. 16B).

We investigated whether 2’, 8"-biapigenin affect$3-

mediated PGE2 synthesis in macrophages (Fig. 1WAjen cells
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were exposed to lg/ml LPS for 24 h, PGE2 levels showed about 4-
fold increase compared with the controls. Moreoveis enhanced
PGE2 production was significantly diminished in thedls pretreated
with 100uM 2', 8"-biapigenin (68 % inhibition).

To determine whether the decreased PGE2 produlotidi,
8"-biapigenin could be related with the expressdiCOX-2 protein,
we performed Western blot analysis using COX-2 iigeantibody.
The stimulation of Raw264.7 cells with LPS for 24lko induced the
expression of COX-2 protein (Fig. 17B), and 10M 2’, 8-
biapigenin significantly reduced COX-2 protein |svéHowever, low
concentrations (3, 10 or 3@M) of 2’, 8"-biapigenin did not affect

COX-2 expression (Fig.174B).
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Fig. 16. Effect of taiwaniaflavone on COX-2 expression.(A)
Inhibition of LPS-inducible COX-2 protein expressio by
taiwaniaflavone (3-10QM). COX-2 protein levels were monitored
24 h after treating cells with LPS (y/ml). Relative COX-2 protein
levels were determined by measuring immunoblot batehsities by
scanning densitometry. Data represent means+Sihreé tseparate
experiments (significant compared to LPS aloneR<®.01). (B)
Effect of taiwaniaflavone on LPS-induced PGE2 piddun in
macrophages. RAW264.7 cells were incubated witig/inl LPS for
24 h and amounts of PGE2 in medium was determisedyuPGE2-
specific ELISA assays. The results shown repredenineans+SD of

4 different samples.
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Fig. 17. Effects of 2’, 8"-biapigenin on COX-2 expression (A)

Effects of 2’, 8"-biapigenin on LPS-induced PGEZguction in
macrophages. Raw264.7 cells were incubated witky/inl LPS for
24 h and the amount of PGE2 in medium was detenyePGE2-
specific ELISA. Data represent the means + SD oftliflerent
samples (significant compared to control group, p<®.01;

significant compared to LPS aloriép<0.01). (B) Inhibition of LPS-
inducible COX-2 protein expression by 2’, 8"-biagmgn (3 — 100
uM). COX-2 protein levels were monitored 24 h afterating cells
with LPS (1pg/ml). Relative COX-2 protein levels were deterndine
by measuring immunoblot band intensities by scapdiensitometry.
Data represent the means = SD of three separateriexnts

(significant compared to LPS alone p&0.01).
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8. Discussion of Phytochemiclas’ therapeutics
The  productions of  proinflammatory  cytokines,
prostaglandins, and NO by activated macrophagesgitical roles
in severe inflammatory diseases such as sepsiarémitis (Szabo et
al., 1998; Martel-Pelletier et al., 2003). Hencle tinhibition of
proinflammatory cytokines and INOS/COX-2 gene espren in
inflammatory cells, such as macrophages, may offiernew
therapeutic strategy against inflammation. As altes our on-going
screening of anti-inflammatory agents from plantg became
interested in the effect of taiwaniaflavone and &-biapigenin on
NF-kB- mediated iINOS/ COX-2 expression induced by LPSthe
same way lignan, 4-hydroxykobusin froBeranium thunbergii
inhibits INOS expression in macrophages, suggestingt 4-
hydroxykobusin is a naturally-occurring iNOS inhdyi We showed
that 1G value of 4-hydroxykobusin on the nitrite produatiis ~30
M. Park et al. recently reported that a lignanptq F isolated
from Arctium lappa more potently inhibited NO production @&
9.5 M) in comparison to 4-hydroxykobusin (Park ket 2007). The
potency discrepancy between lappaol F and 4-hydabysin would

be due to the structure difference. Because lagpaoklassified as a
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di-lignan, lappaol F may metabolized to two diffgre&eompounds
containing active lignan moiety.

In the present study, we found that taiwaniaflavoriebits
the activities of inducible forms of COX and NOSnracrophages,
and that taiwaniaflavone and2’, 8"-biapigenin prolyaact at the
transcriptional level. A reporter gene analysimgaNOS promoter,
showed that the LPS-inducible transactivation ef itHOS gene was
significantly suppressed by taiwaniaflavone, and &-biapigenin
thus indicating these natural compounds targetrtrescription step.
The promoter regions of the INOS and COX-2 genesgaio NFxB
binding sites (Schmedtje et al., 1997; Xie et 4893). Moreover,
NF-«B is known to be an essential transcription regulaf these
two genes (Diaz-Guerra et al., 1996; Lee et alQ320Hence, by
using a reporter gene assay using ¥Fminimal promoter and the
immunochemical detection of nuclear p65, we founkat t
taiwaniaflavone2’, and 87"-biapigenin potently supgses NFRB
activity. We further revealed that 4-hydroxykobusiainly acted on
the transcriptional process d{OS gene. A reporter gene analysis
usingiNOS promoter, showed that the LPS-inducible transatitwm

of theiNOS gene was significantly suppressed by 4-hydroxykohu
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thus indicating the lignan targets the transcriptibiNOS gene.

The NFxB heterodimer of p65 and p50, is located in the
cytoplasm as an inactive complex bound t&Bl- which is
phosphorylated and subsequently degraded, anddisenciates to
produce activated NkB. In the present study, we found that the
phosphorylation and degradation afB; which are required for p65
activation, were abolished in cells treated witlw#miaflavone. The
phosphorylation of kB bound to NFB is considered to be
mediated by IKK at two conserved serines within Ni¢erminal
domain of IxB_Karin et al., 2000). And, it has been reported that
some natural flavonoids suppress the activity ofB-kinase (Pan et
al., 2000; Yang et al., 2001), for example a gre=m polyphenol,
epigallocatechin-3-gallate, was found to directlpchk I-xB kinase
activity in an intestinal epithelial cell line (Ygret al., 2001). In this
study, we found that phosphorylation of IKK/IKK  waalso
blocked by taiwaniaflavone. Since IKK complex candxtivated by
a variety of upstream kinases such asdBFnducing kinase, protein
kinase C and the tyrosine kinase family (Haydeal €2004; Huang
et al., 2003; Trushin et al., 2003), taiwaniaflavomay also act on the

upstream kinases of IKK complex and the exact nubdedarget(s)
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affected by taiwaniaflavone remains to be iderdifie

Recentin vitro andin vivo studies have suggested that the
inhibition of COX-2 and iINOS enzymes has an antcicengenic
effect (Watanabe et al., 2000; Lynch et al., 20@hinese herbs
including Sellaginella genus plants have been used as alternative
anti-cancer agents in East Asia (Lee et al., 1988 et al., 1989).
Hence, the present data provide a possible meditabasis for the
anti-tumor or chemopreventive effect 8éllaginella extracts. The
productions of excessive proinflammatory mediatprestaglandins,
and NO, through NkB pathway play an important role in severe
inflammatory disease (Southan et al., 1988) thus the inhibition of
proinflammatory mediators in inflammatory cells wieneficially
suppress excessive inflammatory reaction. In thiglys we also
found that 2’, 8"-biapigenin inhibited the LPS-inmhd production of
nitric oxide and PGEZ2 in macrophages by blockingd®Factivation.
Thus, the inhibition of this transcription factoy &', 8"-biapigenin or
Sdlaginella extracts offers a possible therapeutic approackhéo
treatment of severe inflammatory diseases.

The iINOS gene promoter contains several homologous

consensus sequences as binding sites for transarigactors
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including NFxB and AP-1 (Cieslik et al., 2002; Lee et al., 2003)
Since NF- B and AR are believed to be essentially required for
INOS gene transcription, (Cho et al.,, 200e et al., 1993; Diaz-
Guerra et al., 1996yve performed reporter gene analyses using NF-
kB and AP-1 minimal promoters. Reporter gene asshgsved that
4-hydroxykobusin inhibited activation process ofttbd&NF«B and
AP-1. We further found that 4-hydroxykobusin conelg blocked

the nuclear translocation of p65 and the lignan wHective at
blocking the phosphorylation of KB  protein. These results
combined with the data from NEB reporter gene assays suggested
that the phosphorylation ofdB is a pharmacological targef 4-
hydroxykobusin. Since #B is serially phosphorylated by diverse
upstream kinases such axB- kinase, NF«B-inducing kinase,
protein kinase C and the tyrosine kinase familygyten et al.,2004;
Huang et al., 2003; Trushin et al., 2003) the pmesmolecular
target(s) of the lignan for the blocking of NB- seem to be one of
the upstream kinases. It has been reported that a
dibenzylbutyrolactone lignan, arctigenin concomiitannhibits the
activation of NFkB and AP-1 in LPS-treated macrophages (Cho et

al., 2002, 2004). In this study, we also showed 4Raydroxykobusin
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acted on the activation of both NdB and AP-1. Cho et al. revealed
that MAP kinases and their upstream kinases MKKiewehibited
by arctigenin and suggested that AP-1 inhibition drgtigenin
resulted from its kinase blocking activity Cho et 2004). Therefore,
the inhibitory effect of 4-hydroxykobusin on AP-ttiity also may
be related with its actions on the upstream kirgsegulating MAP
kinases. The exact molecular target(s) affected-hydroxykobusin
remains to be identified.

We recently showed that 7, 7’-dihydroxyburseherfriom
Geranium thunbergii inhibited LPS-inducible iINOS expression
(Pokharel et al., 2007). The inhibitory potencydeliydroxykobusin
against iINOS induction was very similar to that @f 7'-
dihydroxybursehernin (Complete inhibition was seed00 M of
both the lignans). However, the mechanism of iN@8hitory action
by 7, 7’-dihydroxybursehernin is distinct from thaby 4-
hydroxykobusin. The pharmacological target of 7,- 7
dihydroxybursehernin is physical binding of MB-to DNA. Thus,
both the lignans irGeranium thunbergii have identical functions to
control transcription ofNOS gene, but their mechanistic bases would

be different. It was also found that INOS inhibjtoactivity of
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kobusin was almost comparable to that of 4-hydrokyisin (data
not shown). Hence, the existence of hydroxyl group 4-
hydroxykobusin may not be critical to its NO blaogiactivity.

In this study, we found that tawaniaflavone wasesahtimes
more potent to inhibit INOS expression than COXPression. The
expression of both INOS and COX-2 genes is depenaieriNF«B
activation (Schmedtje et al., 1997; Newton et B997). However,
other cis-acting elements such as C/EBP  binding €§RE and
NF-IL6 site are also involved in the transcriptibnegulation of the
COX-2 gene (Billack et al., 2002; Gorgoni et al002). Although
NF- B-binding in the promoter region of COX-2 gene cam b
blocked by taiwaniaflavone, other cis-acting eletsefe.g. CRE)
may be still active.

NF-xB activation is controlled by cellular redox sté@ius
et al., 1999; Kratsovnik et al., 2005). A varietiyamtioxidants such
as ascorbic acid and tocopherol inhibit-E (Tan et al., 2005)
and oxygen-derived radicals are directly couplethwhe NFxB
activation process (Brar et al., 2002). 2’, 8”"-bggmin, a structurally
similar bi-flavonoid, has an anti-oxidant functig@ouladis et al.,

2002), and it has also been reported that the abofioid
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amentoflavone isolated fron® tamariscina directly scavenges
superoxide anion (Huguet et al., 1990). Hencegffieient blocking
of NF«B activation by 2’, 8"-biapigenin might be assoetwith its
potential antioxidant effects.

In summary, the present study, suggests that téflavone
isolated fromS. tamariscina inhibits the expressions and activities of
inducible isoforms of COX and NOS in macrophagese Ppotent
COX-2 and iNOS inhibitory effects of taiwaniaflav®are associated
with NF«B inactivation via the blockade ofkB  phosphorylation.
Since NF- B is one of the transcription factors thequlate the
transcriptions of many genes associated with inftation, inhibition
of this transcription factor with taiwaniaflavondfeys a possible
approach to the treatment of severe inflammatoseaties.In the
same way, 2’, 8"-biapigenin inhibits the expressand activity of
the inducible isoforms of COX and NOS in macroplsaddis potent
inhibitory effect of 2’, 8"-biapigenin may be assmed with the
putative anti-inflammatory and anti-carcinogenic feefs of
Sllaginella extracts. The present study showed that 4-
hydroxykobusin isolated fror. thunbergii inhibits the expressions

and activities of inducible NOS in macrophages. IN@S inhibitory
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effects of 4-hydroxykobusin are associated with hbdiF«B
inactivation via the blockade ofkB phosphorylation and AR
inactivation. Since NF- B and AP are critical transcription factors
that regulate the transcriptions of many genes cassal with
inflammation, inhibition of these transcription fars with 4-
hydroxykobusin offers a possible approach to teatiment of severe

inflammatory diseases
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9. Conclusion.

1. We can conclude that, Pinl is up-regulated in tl@ndrocytes,
lymphocytes and fibroblasts of RA lesions of Clieicted RA
mice and the Pinl overexpression results in theadton of
proinflammatory proteins including COX-2, iINOS, TNfand
IL-13. Pinl-dependent COX-2 expression is associatedu thit
simultaneous activations of NéB, C/EBP and CREB.

2. Although RA is one of the most frequent inflammgtdiseases,
the molecular pathogenesis of this disease hadeen totally
clarified. Data presented here indicate that Psihduced in the
lesion area of Cll-mediated arthritis and playsey kole in the
excess production of proinflammatory mediators udeig
Prostaglandins, NO, TN&-and IL-13. Several mechanisms may
be involved in the overproduction of these multipi®teins in
response to Pinl overexpression. Pimhy serve as a new
therapeutic target of RA.

3. Juglone (a well known Pinl inhibitor) treatmenticeently
suppressed RA progress in Cll-induced RA model aigb
inhibited the basal COX-2 expression in primary rahocytes

isolated from human RA patient. These results inthbt Pinl
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could be a potential pharmacological target of RAgpess in

clinics.

. Taiwaniaflavone isolated fromS. tamariscina inhibits the

expressions and activities of inducible isoform€£aiX and NOS
in macrophages. The potent COX-2 and iNOS inhipitffects
of taiwaniaflavone are associated with KB-inactivation via the
blockade of IkBa phosphorylation. Since NkB is one of the
transcription factors that regulate the transavipdiof many genes
associated with inflammation, inhibition of thisamscription
factor with taiwaniaflavone offers a possible agmto to the
treatment of severe inflammatory diseases.

. 2’, 8"-biapigenin inhibits the expression and aiyivof the
inducible isoforms of COX and NOS in macrophagéss potent
inhibitory effect of 2’, 8”-biapigenin may be assed with the
putative anti-inflammatory and anti-carcinogenicfeefs of
SHlaginella extracts.

. 4-hydroxykobusin isolated fromG. thunbergii inhibits the
expressions and activities of inducible NOS in ropbages. The
INOS inhibitory effects of 4-hydroxykobusin are asigated with

both NFxB inactivation via the blockade of kB«
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phosphorylation and AP-1 inactivation. Since KB-and AP-1
are critical transcription factors that regulate transcriptions of
many genes associated with inflammation, inhibitithese
transcription factors with 4-hydroxykobusin offees possible

approach to the treatment of severe inflammatsgaties.
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