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Abstract

Dioscorea japonica has been used not only in traditional Chinese nieglidut also in
modern medicine to treat for uncontrollable urioafidiabetes and chronic diarrhea. In this
study, the effect of glycoprotein isolated fr@njaponica (DJ) on the expression of TNF-
o, IL-1B, COX-2 and INOS was assessed in RAW 264.7 cells.aldneinduced the
expression of TNFr and COX-2 genes, but neither induced the NO prii@lucior iNOS
gene expression. ILElgene expression was induced only in a higher cdratéon (25
pg/ml) of DJ. Western blot, RT-PCR and ELISA reveéatbat DJ in combination with
INF-y showed a strongly synergistic induction on NOS dhd[3 gene expression.
Electrophoretic mobility shift assay showed thatdladhe and in combination with IFi-
could activate NB/Rel in a slightly synergistic manner. In additid») alone strongly
induced p44/42™ and SAPK/JNK phosphorylation but not 38 phosphorylation. In
contrast, DJ in combination with IFiNsynergistically activated p38*, but only slightly
activated p44/42"™ and SAPK/JNK. The specific p38 inhibitor SB2035&0tly inhibited
NO production and iNOS gene expression. These iddteate that DJ stimulates RAW
264.7 cells through increasing gene expressiorN$-d@, IL-13 and COX-2, which can be
regulated by p44/4%™ and SAPK/JNK pathways, and that DJ in combinatidth |FN-
yinduce strongly NO production and iNOS gene expoess a synergistic manner, which
can be mediated by p38*. It could be implicated that DJ could be used ms$mamune
modulator.

Key words:Dioscorea japonica; Macrophages; TN IL-13; COX-2; iINOS; IFNy;

MAPKs
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INTRODUCTION

Dioscorea species are plants that have been used not onlyaiitional Chinese
medicine, but also in modern medicine as a majarrcgo of steroid precursors. The
previous studies have been revealed that plantisi®fjenus possess immunomodulatory
activity in vitro on the viability, cell-mediated cytotoxicity andtérferony (INF-y)
secretion of splenic lymphocytes [1]. Phytocheminaéstigations have demonstrated that
steroid saponins are active principlesDibscorea species [2]. Among thes®jioscorea
japonica, widely distributed in East Asia, has long beerdug ethnomedicine for the
treatment of poor appetite, chronic diarrhea, aathdry coughs, frequent or uncontrollable
urination, diabetes, and emotional instability [2gre, | attempted to study the effect of DJ
on the innate immunity by observing the inflammugtoytokine expression imacrophage
cells.

Macrophages play major roles in both innate aoguiged immunity. They can be
stimulated by cytokines, such as INer microbial components, such as LPS [3, 4]. For
innate immunity, macrophages phagocytise and Kikrobes, release inflammatory
mediators such as NO by the action of INOS. Fou@sed immunity, macrophages serve
as antigen presenting cells and release cytokinels as tumor necrosis factor (TN#};
interleukin (IL)-1, IL-6, and IL-12 to regulate tHanctions or development of helper T
cells [5]. Activated macrophages inhibit the growtha variety of tumor cells and foreign
organisms, such as microorganisms [6].

It has been repored that NO is involved in the lgyitofunction of macrophages. NO is

a highly reactive free radical and plays as an mamb second messenger molecule in



many cell types. It regulates many physiological pathophysiological processes as well
as in the maintenance of neuronal communicatiosgular regulation and immune system
[7]. Stimulation of murine macrophages by variotimsli like LPS and INFy, induces the
expression of iINOS, which results in high-level Nftoduction from L-arginine and
molecular oxygen [7]. NO, in turn, participates the inflammatory response of
macrophages such as major cytotoxic mediator amibitnthe growth of invading
microorganisms and tumor cells [8, 9]. The KB/Rel family of transcription factors is
composed of pleiotropic regulators of many genesliuged in immune and inflammatory
responsesgspecially the iINOS expression [5, 8]. The promaiérthe murine gene
encoding INOS contains tweB-binding sites, located at 55 and 971 base p&pd (
upstream of the TATA box, respectively [#rotein binding to th&B site is necessary to
confer inducibility by LPS [10]. In unstimulatedlise NF«B resides in the cytoplasm as a
dimmer of protein components known as Rel familymers (p50, p65 etc.) which is
bound to an inhibitor KB). Upon stimulation or activationkB is phosphorylated and
released from the complex, after that the compledetgoes proteolytic degradation and
the Rel proteins migrate to the nucleus and bindht cognate sites in the promoter
regions of the genes for many inflammatory cytokjmesulting in their transcription [10,
11].

Most cellular responses to extracellular stimué arediated by cascades of kinase and
phosphatase. One of the most important kinase i@t inflammatory cells is MAPKS,
which are strongly conserved through evolution,gesging their vital role in intracellular

signaling. p38 and p44/42 MAPKs are serine thremriimases that are located in the



cytoplasm until activates by dual phosphorylatienbwth Tyr and Thr residues. p38
have the Thr-Gly-Tyr dual phosphorylation motif,dap44/42™ are phosphorylated at
Thr-Glu-Tyr motif [12]. The activation of p38® through various pathways has been
demonstrated to be essential for IB-1IL-6, TNF-a, COX-2 and iINOS expression.
Especially, p38 kinase is played a key role in lilR$isced signal transduction pathways
leading to cytokine synthesis [13, 14he activation of p3%8™ was proved to involve in
iINOS expression in TNE- and IL-1-stimulated mouse astrocytes as well a&$-
stimulated mouse macrophages [15, 16].

In this study, | investigated the active effectgbfcoprotein DJ on the expression of
inflammatory mediators (IL{3, TNF-a, COX-2), which may be mediated by p44/%,
and SAPK/INK kinase phosphorylation in macrophafjedso assessed the synergistic
activation of DJ and IFN-on the NO production as well as INOS expressioRAW
264.7 cells, which is mediated by P38, but not p44/4%™ or SAPK/INK kinase
phosphorylation. | considered if DJ could affectsmme modulatory immune responses

through the signaling pathways.



MATERIALSAND METHODS

2.1. MATERIALS
21.1.DJ

Glycoprotein was isolated fronD. japonica and characterized by Dr. DC Lee,
Department of Biotechnology, Chungbuk Provinciall&€pe of Science and Technology.
The morlecular weight of DJ is around 23kDa. Puegewwas used as a solvent for DJ.
LPS from Salmonella typhosa and IFNy were purchased from Sigma (MO, USA).
SB203580 was purchased from Calbiochem (CA, USA).
2.1.2. RT-PCR assay

Tri-zol reagent Invitrogen (CA, USA), chloroforand isopropanol, Merk (Darmstadt,
Germany), 10X TBE, and 10X DNA dye, 5 mg/ml bromepabl blue, 50% glycerol, 100
mM Tris, 20 mM NaCl and 1 mM EDTA were purchasaahirBiorad (CA, USA).
2.1.3. Antibodies

Anti-iINOS/NOS |l (125 kDa)3-actin antibody (45 kDa), p38 antibody and phospho-
p38 MAP Kinase (Thr180/Tyrl82) antibody (43 kDa@4p2 kinase antibody and
phospho-p44/42 MAPKinase (Thr202/Tyr204) antibody; (42 kDa), JNK and phospho-
SAPK/INK (Thr183/Tyr185) antibody (46/54 kD#)-1[3 Antibody (17, 31 kDa), and goat
anti rabbit IgG-HRP antibody were obtained fromlGgnaling Biotechnology, Inc (MA,

USA) and Santa Cruz Biotechnology, Inc (CA, USA).



2.1.4. SDS-PAGE and Western Bl ot

Materials Sources
40% Acrylamide/Bis solution Bio-Rad
Tris-HCI Sigma
Glycine Sigma
TEMED Amresco
SDS Sigma
Methanol Burdick & Jackson
Difco™ skimmilk Becton, Dickinson
Hybond™-ECL™ Nitrocellulose membrane Amersham Biosciences
B- Mercaptoethanol Sigma
NacCl Amresco
Tween -20 Sigma
BSA Sigma
NaHPO, Amresco
Whatman paper Whatman
Enhanced chemilumenescent detection Kit Piercekfieot
Films Fuijifilm
Developer and rapid fixer Vivid



215 EMSA

Hypotonic buffer (A): 10 mM HEPES (pH 7.9), 10 mM KCI, 1mM DTT, OrdM
EDTA, 0.1 mM EGTA and 0.5 mM PMSF.

Hypertonic buffer (B): 20 mM HEPES (pH 7.9), 0.4 M NaCl, 1 mM EDTA, IVm
EGTA, 1 mM DTT and 1 mM PMSF.

Gd shift binding 5x buffer: 20% Glycerol, 5 mM MgCI2, 2.5 mM EDTA, 2.5 mM
DTT, 250 mM NacCl, 50 mM Tris-HCI (pH 7.5) and 0.28&/ml poly(dl-dCjpoly(dIl-dC).

10% NP40; 5% PAGE (0.5x TBE, 40% polyacrylamide, 10% APS, 1% TEMED)
and sephadex G50.

Lysis buffer: 50 mM HEPES, 150 mM NaCl, 5 mM EDTA, 1% (v/v) fom X-100, 20
mM NaF, 50 mM PMSF, 1 mM N¥O,, 100ug/ml leupeptin, and 1Qg/ml aprotinin.
2.1.6. Céll culture

RAW 264.7 cells (murine mouse macrophage lingevpeirchased from American Type
Culture Collection (MD, USA). Cells were maintainedDMEM supplemented with 10%
FBS, 2 mM L-glutamine, 100 U/ml penicillin, and u@/ml streptomycin. Cells were then

cultured in the presence of 5% ¢& 37C.

2.2. METHODS
2.2.1. NO measurement

Nitrite accumulation was used as an indicator of pi@duction in the medium as
previously described [17]. RAW 246.7 macrophagésogkre plated at 3.5 x 1@ells/ml

in 96-well culture plates and stimulated with DJ 10, 25, and 5@ig/ml) in the presence



or absence of IFN-for 24 h. The supernatants were mixed with an leeplame of Griess
reagent (1% sulfanilamide, 0.1% naphthylethylermadia dihydrochloride, and 2%
phosphoric acid) and incubated at room temperdiurel0 min. NaNQ@ was used to
generate a standard curve. Nitrite production weasured by an optical density at 540 nm.
2.2.2. Determination of IL-18and TNF-a levels

RAW 264.7 cells were plated at 3.5 x°1€ells/ml in 24 well culture plates and
stimulated with DJ (1, 10, and 2&g/ml) in the presence or absence of N[0
ng/ml)for 24 h. Cells were harvested and added with [1I06,0 and subjected to three
freeze/thaw cycles to liberate intracellular TMFandIL-13. The IL-13 and TNFe levels
were determined by using ELISA kit DuoSELISA Development System, R&D Systems,
(MN, USA) according to the manufacturer’s instroati
2.2.3. Determination of protein concentration

The Bio-Rad protein assay kit was used for the tification of protein. The standard
curve was set up with BSA dilution in water as financentration of: 0, 1.25, 2.5, 3.5, 5,
and 10ug/ul. The absorbance was measured at 690 nm.
2.2.4. SDS-PAGE and Western blot

At various time points after indicated treatmeRBW 264.7 cells were collected and
washed with 1X PBS. Cells were lysed for 30 mitysis buffer. Cell debris was removed
by centrifugation (13,000 rpm, 15 mirf,@). Samples were boiled for 10 min. The boiled
samples were loaded onto a 10% SDS-PAGE gel, aurephoresed at 100 V for one
hour. Protein was transferred into nitrocellulosentbrane and reacted with various

primary antibodies against different proteins. Athmunoblots were stained with



horseradish peroxidase-linked secondary antibodiesl visualized by enhanced
chemiluminescence reagent.
2.2.5. RT-PCR assay

Total cellular RNA was isolated from RAW 264.7llseusing Trizol according to
manufactures protocol. The complimentary DNA strand (cDNA) wagithesized using
Superscript 1l reverse transcriptase enzyme. Revéranscription polymerase chain
reaction (RT-PCR) was used to analyze the expresgimRNA for iINOS, TNF«, IL-1[3,
COX-2 andp-actin. Sequences of forward and reverse primasildOS; 5'-CTG CAG
CAC TTG GAT CAG GAA CCT G-3', 5-GGG AGT AGC CTG TGGCA CCT GGA A-
3. TNF-a: 5-CCT GTA GCC CAC GTC GTA GC-3', 5-TTG ACC TCA&CG CTG
AGT TG-3'. IL-18 5-TGC AGA GTT CCC CAA CTG GTA CAT C-3, 5-GTG CG®
CCT AAT GTC CCC TTG AAT C-3'.COX-2: 5°-TTT GTT GAG TCA TTC ACC AGA
CAG AT-3’, 5’-CAG TAT TGA GGA GAA CAG ATG GGA TT-3! Factin: 5-TGG AAT
CCT GTG GCATCC ATG AAA C-3', 5-TAA AAC GCA GCT C& TAACAG TCC G-
3.

Equal amounts of RNA were reverse-transcribeal @@NA using oligo(dT15) primers.
PCR was performed with cDNA and each primer. Sasplere heated to 9€ for 5 min
and denaturated at 98 for 1 min, annealing of each primer during 1 ram follows:
iNOS, TNFa and IL-18: 57°C, COX-2: 58C, andB-actin: 53 C, polymerization at 7&
for 1 min and 25 cycles of each. At the last cyalePCR products were subjected to final
extension at 72 for 7 min. The amplified products were mixed wiih X DNA dye and

separated by DNA electrophoresis on 1% agaroseagehining 0.2% ethidium bromide.



The iNOS, TNFg, IL-13, COX-2, and3-actin primers produce amplified products at 311
bp, 374 bp, 387 bp, 371 bp, and 349 bp, respegtivel
2.2.6.EMSA

RAW 264.7 cells were grown at 5 x°Ills/ml in petri-dish and then treated with DJ
for 2 h in the presence or absence of NENNuclear extracts were prepared as earlier
described [18]. Briefly, cells was washed with PB®n resuspended and lysed by 400
of hypotonic buffer (A) and were allowed to swatl ize for 15 min. 2%l of 10 % NP-40
was added then centrifugated at 12@@8r 1 min after vigorous vortexing for 10 s. The
supernatant was removed and the nuclear pelleteximacted with 5Qul of hypertonic
buffer (B) by shaking at’4C for 15 min. The extract was centrifuged at 12 §@r 1 min.
The supernatant was fozen at®&for further use. The double-stranded oligonuales
were end-labeled withy{*’P]-ATP. Nuclear extracts (Ag) was incubated with in the gel
shift binding 5 X buffer for 10 min and then addgéP]-labeled DNA probe in each
reaction according to the manufactarerotocol (Gel shift assay system, Promega Kit,
USA). DNA binding NFkB probe was separated from free probe using a 5%
polyacrylamide gel in 0.5 X TBE buffer. Gel waseadtiand subjected to autoradioghraphy.
2.2.7. Satistic analysis

The mean_+SD was determined for each treatment group invangiexperiment.
Treatment groups were compared to the vehicle abuosing the Dunnett’s two-tailed t-

test [19].



RESULTS
Part |: Macrophage activation by DJ
3.1.1. Effect of DJ on nitrite production and iNOS expression

The treatment of RAW 264.7 cells with DJ alone dather induced NO production
(Fig. 1A) nor iNOS gene expression (Fig. 1B and The similar results were also
observed in peritoneal macrophages (data not shownaddition, the morphology of
RAW 264.7 macrophage cells was not changed aféatrirent of DJ (Fig. 1D). LPS is
used as a positive control for reaction. Confi<actin was constitutively expressed and
was not affected by DJ treatment. These resulisatet that DJ alone could not activate

mouse macrophages to induce iNOS gene expression.

-10 -
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Fig. 1. Effect of DJ on NO production and INOS gengressiorin RAW 264.7 cells.
Cells were cultured at 3x1@ells/ml and then treated with DJ (1, 10, ancughnl) for 24

h (A), 8 h 8) and 16 h € and D). The culture supernatants were analyzed for NO
production A). INOS andp-actin mRNA expression was analysed using RT-PCGRyas
producing 311 bp and 349 bp respectiveB).( Cell lysates were subjected to
immunoblotting for protein productions of iINOS afehctin (C). The morphology of
RAW 264.7 cells in the treatment with DJ (Microseofens LCAch.20X/0.40 php
Olympus CKX41) D). Each value shows the meanStD. of triplicate determinations.

One representative of three experiments is shown.

-12 -



3.1.2. Effect of DJ on gene expression of some cytokines

In RT-PCR assay, DJ itself could stimulate macagghcells to induce TN&-and COX-
2 gene expression in a concentration-dependent enaAh the higher concentration (25
pg/ml), DJ could induce IL{3gene expression (Fig. 2A). The activation of R-Gene
was the same pattern as iINOS expression. In ELIBNEF-0 and IL-13 were also
obviously produced in a concentration-dependentmaarfFig. 2B and C). The same

results were observed in peritoneal macrophagesiéta not shown).
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Fig. 2. Effect of DJ on gene expression of somelagesin RAW 264.7 cells. Cells were
maintained at 3 x fGells/ml and then incubated with DJ (1, 10, angu@Anl) for 8 h @)
and for 24 h B and C). IL-13, COX-2, TNF&, and B-actin mRNA expression was
analysed using RT-PCR, producing 387 bp, 371 bp,[g¥and 349 bp, respectivelf)(
The supernatants containing TNFfrom culture media and RAW 264.7 cells were
harvested and subjected to mearure TNFB) and IL-13 (C) by ELISA kit. One

representative of three experiments is shown.
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3.1.3. The activation of NF-«B/Rel by DJ

NF-«kB/Rel was activated by DJ in a time-dependent marfRey. 3A). The DNA
binding activity was determined 30 min after treatn This binding activity was strong
around 1 to 2 hours and then reduced. In addit@d, activated NFB/Rel in a
concentration-dependent manner. Both AP-1 and @dtrhoderate basal binding activity

and were not influenced by the DJ treatment (F@). 3

-16 -
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Fig. 3. The activation of NkB/Rel by DJin RAW 264.7 cells. Cells were maintained at (5
x 10°) cells/ ml and then treated with only DJ (@/ml) as a function of timeA) and
treated in each concentration (1, 10, andugbnl) for 2 h 8 and C). Nuclear extracts
were isolated and analyzed for the determinatioNekB activity (A andB), AP1, and

Oct (C). One representative of two experiments is shown.
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3.1.4. The activation of p38, p44/42 and JNK by DJ

MAPKSs is known to be activated by phosphorylatiomhaeonine and tyrosine residues.
Accordingly, when immunoblot analysis using p384#2, and SAPK/JNK antibodies
against phosphorylated tyrosine was performed, ptagfation of p38 was slightly
induced by DJ alone, whereas the phosphorylatiop4df42 MAPKs and especially of

SAPK/JINK was markedly induced (Fig. 4).
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Fig. 4. Effect of DJ on the phophorylation of pp&4/42, and SAPK/INK in RAW 264.7
cells. Cells (3.5 x T0cells/ml) were incubated with DJ (1, 10, andi2gml) for 2 h. Cell
lysates were subjected to immunoblotting for p38l/p2 and SAPK/JNK protein levels as
well as phosphorylations. In the condition of semstarvation, the expression of these are

the same, (data not shown). One representativecoéxperiments is shown.
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Part I1: Synergistic macrophage activation by DJ and | FN-y

3.2.1. The synergistic effect of DJ and IFN-y on NO production and iNOS gene

expression

It was reported that IFN-interacts synergistically with LPS to induce tremiygtion of
iINOS [23, 24]. | tried to assess the effect of DJX0, and 25%g/ml) in the presence of
IFN-y (10 ng/ml) in RAW 264.7 cells. There was increasekedly in the NO production
(Fig. 5A). The similar results were also observeghéritoneal macrophages (the data not
shown). In the presence of IRN-DJ stimulated macrophages to induce NOS gene
expression in a concentration-dependent manner @Bgand C). Controp-actin was
constitutively expressed and was not affected bylxh and IFNy treatment. These results
reflected that the increseased production of NO mvadiated by the expression of iINOS
gene. This seems the same the behavior of LPSaattesynergistically with IFN-to
induce NOS gene expression as reported befdoephology of RAW 264.7 cells was
changed after treatment DO in the presence of IFN{Fig. 6). These were also reflected
by iINOS immunostaining (Fig. 7). Immunoreactivity iNOS was localized along the
margin of the cytoplasm of control sample. Aftecubation with DJ in the presence of
IFN-y, the expression of INOS was strongly increasetthéncytoplasm of activated RAW
264.7 cells. This indicated that the increase of W& derived from the induction NOS
production. These data showed that DJ synergistagly with IFNy in the activation of

macrophages to induced iINOS gene expression in@otration-dependent manner.
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Fig. 5. The synergistic effect of DJ and If#n the NO production and iNOS gene
expression in RAW 264.7 cells. Cells were maintaiae3 x 16 cells/ml and then treated
with DJ (1, 10, and 2fg/ml) in the absence and presence of {H0 ng/ml) for 24 hA),

8 h B) and for 16 hC). The culture supernatants were analyzed for N#dlymtion A).
LPS (200 ng/ml) was used as the positive contMD$ andf-actin mRNA expression
was analysed using RT-PCR assay, producing 31Indi49 bp respectivel\Bj. Cells
lysates were then subjected to immunoblotting M©$ andB-actin protein production
(C). Each value shows the mears+D. of triplicate determinations. One represéviabf

three experiments is shown.
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Fig. 6. The synergistic effect of DJ and IlfNon the morphology of RAW 264.7 cells.
Cells were treated DJ (1, 10 and PB/ml) in the presence of IFN-(10 ng/ml).
Microscope lens LCAch.20X/0.40 php Olympus CKX4lowkd the changes in

morphology of RAW 264.7 cells in a concentratiompeledent manner.
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iINOS immunostaining

Control IFN- y+ DJ

Fig. 7. Immunohistochemical staining of INOS in RAR$4.7 cells. Cells (5 x %0
cells/ml) were incubated with DJ (2&/ml) for 24 h on cover slide in 12 well platesli€e

were subjected to immunohistochemical staining gigin antibody specific for murine

iNOS.
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3.2.2. The synergistic effect of DJ and | FN-yon gene expression of some cytokines

It was reported that INOS gene expression is ireahn anti-tumor activity and
inflammatory mediate processing in macrophages 224, 1 used RT-PCR and ELISA to
assess the effect of DJ in the presence of\llEid-gene expression of some cytokines in
RAW 264.7 cells. DJ was strongly synergistic withNk to induce IL-B mRNA
expression in a concentration-dependent manner 8Riy This was also notabled in the
production of IL-BB measured by ELISA (Fig. 8B). At 2&/ml, the synergistic interaction
of DJ and IFNy to produce IL-B is very strong. The similar results were obserived
peritoneal macrophage cells (data not showfile DJ was just slightly synergistic with

IFN-y to induce TNFa and COX-2 gene expression (Fig. 8A and C).

-24 -



- 1 10 25 - 1 10 25 DJ(ug/ml)
- - - - + + + + IFN-y (10 ng/ml)

B 2500

2000
1500 A
1000 A

500

Mouse IL-1B Conc (pg/ml)

2000

16004

12004

800

4004

Mouse TNF-a conc (pg/ml)

DJ concentration (ug/ml). IFN-y: 10ng/ml

- 25 -



Fig. 8. The synergistic effect of DJ and IfgNon gene expression of some cytokines in
RAW 264.7 cells. Cells were maintained at 3.5 X dglls/ml and then treated with DJ (1,
10, and 25ug/ml) in the presence or absence of NFKEO ng/ml) for 8 hA) and 24 h B
andC). mRNA expression was analyzed for IB-(387 bp), COX-2 (371 bp), TN&-(374
bp), andB-actin (349 bp) using RT-PCR assa&).(Cells were harvested and subjected to
mearure IL-B (B) and TNFe contained in the supernatants of the culture medra also

measured by ELISA kit&). One representative of three experiments is shown
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3.2.3. The synergistic activation of DJ and | FN-yon NF-kB/Rel

The nuclear translocation and DNA binding of KB/Rel are known to be preceded by
the phosphorylation and degradationtddi. The DNA binding of NFkB/Rel is known to
be preceded by the nuclear translocation ofkBFRel. To investigate whether NéB/Rel
was activated by DJ and IFN-EMSA was performed. DJ and IFN¢10 ng/ml) was
slightly synergistic to activate NkB/Rel in a time-dependent manner (Fig.)9However,
when DJ (1, 10, and %g/ml) was treated on RAW 264.7 cells in the preseamrcabsence
of IFN-y for 2 h, DJ was not significantly synergistic wiliN-y in the activation NF-
KB/Rel in a concentration-dependent maner (FB). The effect of DJ in the presence of
IFN-y on the AP-1 and Oct whose binding motifs are i phomoter of iINOS gene was
also assessed. both of AP-1 and Oct had moderatd banding activity and was not

influenced by co-treatment of DJ and IFNFig. 9C).
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Fig. 9. The synergistic activation of DJ and IifNn NFkB/Rel in RAW 264.7 cells. Cells
were maintained at 5 x 1@ells/ml and then treated with DJ (i§/ml) in the presence of
IFN-y (10 ng/ml) in the indicated timé}, and treated with a dose (1, 10, andugbnl) in
the presence or absence of IFNer 2 h 8 andC). Nuclear extracts were isolated and

analyzed for the activity of NKB (B), AP1, and OctQ).
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3.2.4. The synergistic effects of DJ and | FN-yon the phosphorylation of p38™™, p44/42

and SAPK/INK

Co-treatment of DJ and IFstrongly induced p38 phosphorylation in a conediun-
dependent manner, but slightly induced p4%#2and SAPK/JNK phosphorylation in
RAW 264.7 cells (Fig. 10). These data suggestetiDiamight be synergistic with IFM-

in the activation of p38 is the same on INOS geqmeassion partern.
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Fig. 10.The synergistic effects of DJ and IRNosn the phosphorylation of p38, p44/42
and SAPK/IJNKin RAW 264.7 cells. Cells (3.5 x 1@ells/ml) were treated with DJ (1, 10,
and 25ug/ml) in the presence or absence of N0 ng/ml) for 20 min. Cell lysates were
subjected to immunoblotting for p38, p44/42, andK JMoteins as well as phosphorylated
forms. In the serum starvation condition, their reggions were the same (the data not

shown). One of three representative experimergsos/n.
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3.2.5. The effect of p38inhibitor SB203580 on iNOS gene expression in RAW 264.7 cdlls

The finding that DJ was strongly synergistic witfNky to activate p38®* suggested
that p38 kinase pathway would be involved in ngrgéneration induced by co-treatment
of DJ and IFNy. Accordingly, to verify this finding, we pretreat& AW 264.7 cells with
SB203580, the specific inhibitor for P38 as a bicyclic imidazole compound [25], for 30
min before the co-treatment of DJ and IFNind monitored NO production. Both NO
production and iINOS expression were partly inhibitey SB203580 (Fig. 11). These
results indicate that the p38 kinase pathway isomamt in the regulation of INOS

expression in RAW 264.7 cells activated by the eattnent of DJ and IFN-
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Fig. 11. The effect of p38 inhibitor SB203580 orOfl gene expression in RAW 264.7
cells. Cells were pretreated with SB203580 (B0) for 30 min and then treated with DJ
(20 pg/ml) and IFNy (10 ng/ml) for 24 hA) and 16 hB). The culture supernatants were
analyzed for NO productiomAj. LPS (200 ng/ml) was used as the positive contell
lysates were then subjected to immunoblotting fier protein productionB). One of two

representative experiments is shown.
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DISCUSSION

The treatment of DJ alone induced significantly T&Bnd COX-2. However, DJ could
not induce NO production and iNOS expression (Eig.IL-1B induction was required
higher concentration (2g/ml) of DJ (Fig. 2 andC). Moreover, DJ itself can activate
NF-kB/Rel in the RAW 264.7 cells (Fig. 3). Normally, N@oduction is a precursor for
the production of cytokines. The activated-macrggsaproduce NO to response to pro-
inflammatory stimuli and then the resulting exc@ssounts of NO lead to increased
production of inflammatory cytokines [13, 14]. Howee, according to the results, DJ

directly induced some cytokines without NO produoietin the activated-RAW 264.7 cells.

The MAPK pathways have the key roles in the regutatof cell proliferation,
differentiation, development, inflammation, surdiv@nd migration [26]. DJ alone affected
on the phosphorylation of p44/42 and SAPK/INK icoacentration-dependent manner in
RAW 264.7 cells while it was just slightly affected the phosphorylation of p3%* (Fig.

4). It has been reported that some components Xample polysaccharide (PCSC)
stimulate RAW 264.7 murine macrophages to actidde<B/Rel family [13]. In this study,
DJ-stimulated RAW 264.7 cells significantly induceslF-o, COX-2 and activated NF-
kB/Rel transcription factors, which were possiblydiaged by p44/42* and SAPK/INK

activation, but not by p38™ activation.

The synergistic activation of DJ and IFNA RAW 264.7 cells was remarked through
the INOS and some cytokines gene expression. Edlyeaqp38 kinase pathway was
involved in the regulation of INOS expression in\RA264.7 cells activated by the co-

treatment of DJ and IFN-
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Although DJ was slightly synergistic with IFNto activate NF«B/Rel (Fig. 9), NO
production and INOS gene expression were strongtyeased (Fig. 5, 6 and 7) in a
concentration-dependent manner. DJ was slightlgrgystic with IFNy to induce TNFa
and COX-2 expression, but strongly synergistic WiEN-y to induce IL-B gene
expression (Fig. 8). It has been examined theabl@4/42 and p38™in the expression
of NO and iINOS expression by LPS in primary gliell€[31]. It has also reported recently
that p38°* augmented iNOS induction by LPS, but that p4Z”%2vas not involved [20].
Moreover, MAPKs are important regulators of iNOS-NRpression byo-treatment of
IFN-y and LPS [23]. The p38 kinase is an important mediaf stress-induced gene
expression [12]. And p38 kinase activation is rezpiito transduce signals leading to NF-
KB/Rel activation and NO production in PCSC-stimethimurine macrophages [13]. In
this study, only DJ treatment cannot activate naltages to induce NO production as well
as iINOS gene expression. Moreover, DJ itself seémde no effect on p3&*
phosphorylation (Fig. 4). The phosphorylation o85%, NO production and iNOS gene
expression in RAW 264.7 cells were derived from gkieergistic activity by co-treatment
of DJ and IFNy. This is matched with many reports that ¥88phosphorylation involved
in the signaling pathway stimulating NdB/Rel, which is major activating promoter of

iINOS and some cytokines gene expression.

However, the involvement of p38 kinase and iINOSresgion is controversial. It has
been reported that selective p38 kinase inhibitB2B580 has no effect on iNOS
expression in LPS-induced RAW 264.7 cells [33]. AB203580 has no effect on IFN-

VTNF-0-induced iNOS expression in mouse macrophages [B#]contract, using
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dominant negative p38 kinase mutants, the involveroé p38 kinase activation in iNOS
induction by IL-P3 was proved in rat mesangial cells [35]. It wa® alemonstrated that
p38 kinase activation is involved in iINOS expressin TNFa and IL-13-stimulated
mouse astrocytes, as well as in LPS-stimulated enxmecrophages [9]. In this study, NO
production, the expression of INOS and IB-genes in RAW 264.7 cells was mediated by
p38™* through the activation of NKB/Rel. These findings indicate that p38 kinase
pathway is an important mediator of INOS productigrthe co-treatment of DJ and IRIN-
In the presence of IFM-DJ strongly induced the p38 activation in RAW Zbdells (Fig.
11). Especially, SB203580 blocked partly the NOdpiciion and iNOS expression by co-

treatment of DJ and IFNin RAW 264.7 cells (Figl2).

The induction of NOS by LPS in RAW 264.7 cells ihwgs the binding of NkB
heterodemers p50/c-Rel and p50/RelA to the KBFsite at -85 to -75 in the INOS
promoter [8]. It has been reported that both LP8 Bd are large-size molecules and
cannot penetrate into cells. In the case of LP&ntblecule binds to CD14 and activated
signal transduction systems, such as PKC and PRAZZ]. Through a series of signaling
pathways, #B and inhibitor of NF«B/Rel are phosphorylated and degraded, and NF-
KB/Rel proteins are converted to an active formdiivate the transcription of INOS gene.
The activation of NFB/Rel has an important regulatory role in the mammuno-
regulatory genes that are involved in immune affidnmmatory responses, such as some
cytokines and iINOS geri8, 29]. Especially the NFB/Rel activation in LPS-stimulated
macrophages induces NOS gene expression and sdoiéneg were been known [28].

Expression of iNOS generally requires exposure a@fscto immune or inflammatory
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stimuli [17]. This phenomenon was demonstrated withuse peritoneal macrophages
treated with bacterial LPS, in which NO productiwas enhanced synergistically by the
addition of IFNy [4, 30]. And NO is related to cytolysis functiohroacrophages against a
variety of tumors, the increased synthesis of N@hminterfere with the growth of tumors
[31]. NO production is the first signaling of iINO§ene expression. The expression of
iINOS is regulated largely at the transcriptionalelehas been formally demonstrated in
mouse macrophages [7], where it has also been shiosinthe synergistic interaction
between LPS and IFM-in the induction of iINOS is itself largely trangitional [32].
Moreover, co-treatment of LPS and IRNnduction of iNOS is modulated by p44/42,
SAPK/JINK, and p3%™ in mouse macrophages [23]. Since the macrophagetan by
the co-treatment of DJ and IFNwas quite similar to that by the co-treatment BSLand
IFN-y, | supposed that co-treatment of DJ and iFdmehow followed the same signaling
pathway as LPS and IFdid in immune cells, however, there were somerdpsmncies

observed between them.

In summary, these results suggested that DJ aetiR&AW 264.7 cells to produce some
cytokines such as TN&; IL-1[3, COX-2 through the activation of NkB/Rel transcription
factors, which could be modulated by p44/42, SARIK/but not p38°*. The production
of NO and iNOS gene expression were assessed.e@uoAgnt of DJ and IFM-activated
synergistically to induce NOS gene expression if\R264.7 cells, which could be
mediated by p38™ phosphorylation. Most of mechanisms behind thiddgjical effect
involve in the activation of NikB/Rel transcription factors. The main of this ststipwed

a potentiality for anti-tumor activity by glycopeih in macrophages.
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CONCLUSION

DJ stimulates RAW 264.7 cells through increasing tleression of inflammatory
mediators (IL-B, TNF-a, COX-2), which could be regulated by p44®% and
SAPK/INK pathways. The synergistic activation bytmatment of DJ and IFNin
macrophages induced strongly NO production and ilg&% expression, which could be

mediated by p38"™ pathway.

This effect of DJ on macrophages could be usedtiatying the inflammatory mediator

regulatory mechanism.
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