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ABSTARCT

Veratric acid,a simple benzoic acid,is known to exertseveral

pharmacologicaleffectsincluding anti-oxidation,anti-inflammationand

anti-hyperlipidemia.This study was focused on inhibitory effects of

veratricacidonnitricoxide(NO)productioninLPS-inducedRAW264.7

cells.VeratricacidsignificantlysuppressedmRNA andproteinlevelsof

iNOS resultinginthedecreaseofNO productioninadose-dependent

manner.LPS-inducedeffectsonPI3K subunits,includingp85,p110α and

p110β,and Aktwerereduced by veratricacid.Also,veratricacid

effectively decreased p300 acetylation and ATF-2 phosphorylation of

whatwereconsistentlyregulatedbyLY294002,aspecificPI3K inhibitor.

Moreover,LPS-inducedHDAC3expression andhistoneH4acetylation

weresuppressed by veratricacid andLY294002.Ourfinding indicate
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thatinhibitory effects ofveratric acid on iNOS expression require

regulationofPI3K/Aktsignalinginducingrecoveryofthebasallevelof

histoneH4acetylationthroughsuppressionLPS-inducedHATactivityof

p300andATF-2,andHDAC3expression.
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INTRODUCTION

Macrophages are important for numerous inflammatory responses,

includingtissuerepairandremovalofpathogens,andhostdefense[9].

Theirarecellularresponsestooccur,variousmolecularevents,suchas

interactionsbetweenpathogenrecognitionreceptors,including Toll-like

receptor,and ligand [37].The responses are released inflammatory

substances,including cytokines,chemokinesand nitricoxide(NO)in

macrophages [12].Above all,synthesis of NO is catalyzed from

L-argininebynitricoxidesynthases(NOS),hasatleastthreeisoform:

endothelialNOS (eNOS),neuronalNOS (nNOS)and inducible NOS

(iNOS)[10,25,30].NOsynthesizedbyiNOSisplaythecriticalrolesin

thepathogenesisofinflammation[35].Especially,synthesizedNO shown

regulation oftheimmunedefenseagainstpathogensduring theearly

phaseofinflammatoryresponse[2].Duringinflammatoryresponses,NO

is related as an inflammatory regulator, inducing vasodilation,

non-specificimmuneresponse,theresolutionoftheinflammation.The

regulatoryroleofNOingeneexpressionandenzymeactivityisattained

through both autocrineand paracrineroutes[5].In thehostdefense

mechanism,inflammatoryagents,microbialinvasion,andinjuryactivate

suchpro-inflammatorycytokinesasTNF-α,IL-1β andIL-6.Although

the pro-inflammatory cytokines are necessary for inducing defense



- 2 -

mechanisms, the overexpression and abnormal regulation of

pro-inflammatory cytokines damagethehosttissues and perturb the

immunesystem [21].NO isrelatedtothereductionofpro-inflammatory

proteins and mRNAs by down-regulating NF-κB binding to the

promoterregion ofpro-inflammatory cytokine genes [42].Thus,the

regulation of NO production can be a treatment for neutralizing

excessiveinflammatoryresponses.

Several studies have presented that inflammatory response also

activatesthephosphoinositide3-kinase(PI3K)/protein kinaseB (Akt)

pathwayinmonocytesandmacrophages[8,13,22].PI3K aredivided

intothreegroupsaccording totheirsubstrateandstructureproperty.

Amongthem groups,classIA PI3Ksareinvolvedinreceptor-mediated

signalingintheimmunesystem,composedofaheterodimerbetweena

p110catalyticsubunitandap85regulatorysubunit[39].Thiskinase

catalizethephosphorylationofPI(4,5)P2 tothelipidsecondmessenger

PI(3,4,5)P3 (PIP3).Sequently,interaction ofphosphoinositide-dependent

proteinkinase1(PDK-1)andAkttoPIP3occurstothephosphorylation

of Akt. The phosphorylation of Akt is down-regulated by the

phosphatase and tensin homologue (PTEN),which changes PIP3 to

PI(4,5)P2 [4].Severalstudies reported that activation of PI3K by

expressionofthecatalyticallyactivep110subunitinhibitstheproduction

ofNO andexpressionofiNOSandthusimportanttotheproductionof

NOandinductionofiNOSinthePI3K/Aktpathway[29].
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Corehistonemodificationsarereportedtoplay an importantrolein

regulationoftranscriptionandchromatinstructure[20].Theacetylation

andmethylationisregulatedbyhistoneacetyltransferases(HATs)and

histonedeacetylases(HDACs),twoconservedhistoneenzymes,associate

theadditionandremoval,respectively,ofacetylgroupsonhistonelysine

residues [31, 36]. HATs is composed into three families: the

GCN5-related N-acetyltransferase (GNAT) family, represented by

generalcontrolnonderepressible 5 (GCN5)and p300/CBP associated

factor(PCAF);thep300/CBPfamily,includingp300andCREB-binding

protein(CBP);andtheMYST family,whichincludesTAT-interacting

protein 60(Tip60)[11].In humans,HDACsareclassified intothree

categories:theclassIRPD3-likeproteins(HDAC1,HDAC2,HDAC3,and

HDAC8);theclassIIHDA1-likeproteins(HDAC4,HDAC5,HDAC6,

HDAC7,HDAC9,and HDAC10);and theclassIIISIR2-likeproteins

(SIRT1,SIRT2,SIRT3,SIRT4,SIRT5,SIRT6,andSIRT7)[43].HATs

andHDACsareinvolvedinthegenomemodificationofacetylgroupson

histonesand,inaddition,somealsomodifyotherfactors.Throughtheir

interaction with sequence-specific transcription factors,they are also

targetedtospecificpromoters,wherethey locally modify histonesor

transcriptionfactorsandthusregulategenetranscription.Becauseofthe

importance ofhistone modification in chromatin function,HATs and

HDACsareclosely linked totheinduction ofpro-inflammatory gene

expression,and thus are supposed as a target for treatment of
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inflammatorydisoders[11,23,38].

Thesimplephenolicveratricacid isoneofthemajorbenzoicacid

derivativesfrom Sparassiscrispa and italso havebeen reported to

anti-hyperlipidemiaandanti-oxidation[14,33].Futhermore,veratricacid

is known to have anti-inflammatory effect by inhibition of iNOS

expression through inactivation of MAPKs and NF-κB in

LPS-stimulated RAW264.7 cells [7]. In the present study, we

investigatedthedown-regulating effectsofveratricacidon PI3K/Akt

pathwayandhistonemodification,resultingininhibitoryeffectofiNOS

expressioninLPS-stimulatedRAW264.7cells.
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Fig.1SimplifiedconceptualmodelofthemainstepsinNOsynthesis

and thereby expressed thenormaland abnomalregulatory effectsof

pro-inflammatorycytokines.
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MATERIALSANDMETHODS

ChemicalsandReagents

Veratric acid,LPS (Escherichia coli0111:B4),Griess reagent and

Tween-20werepurchasedfrom SigmaAldrich (St.Louis,MO,USA).

Skim milkpowderwaspurchasedfrom Bioshop(Burlinton,ON,Canada).

PI3K inhibitorLY294002werepurchasedfrom CaymanChemical(Ann

Arbor,MI,USA).

Cellculture

RAW264.7mousemacrophagecellswerepurchasedfrom theAmerican

TissueCultureCollection(ATCC,Manassas,VA,U.S.A).Thecellwere

growninDulbecco’sModifiedEagle’sMedium (DMEM)containing4.5

g/LglucosewithL-glutamine(Cellgro,Mediatech,Inc.,Manassas,VA,

USA)supplementedwith10% FBS(Cellgro)and1% (v/v)penicillin(100

U/ml)/streptomycin (100 μg/ml)(PPA Laboratories GmbH,Pasching,

Austria).Thecellswereincubatedinhumidifiedconditionof5% CO2at

37℃.

Cellviabilityassay

Cellviability wasmeasured using theMTT assay.RAW264.7cells

wereseededin96-wellplateat1x10
5
cells/well.After24hincubation,
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cellsweretreatedwithveratricacid(100,200μM)andculturedfor24h.

Afterwards,10 μlofWST-1® (DaeilLabservice,Seoul,Korea)was

addedtoeachwellandafter3hincubationat37℃ forMTT-formazan

formation.Absorbanceat460 nm wasmeasured with ELISA reader

(MolecularDevices,Sunnyvale,CA,USA).

NitricOxide(NO)assay

TheRAW264.7cells(5x10
5
cells/well)wereculturedin24-wellplates

for24h.Thecellswerepretreatedwithveratricacid(100,200μM)for

1h,andweretheninducedwithLPS (100ng/ml)intheabsenceor

presenceofveratricacid for24h.NO in theculturemedium was

measuredasanindicatorofNOproduction,usingGriessreagent.Briefly,

100μlofculturesupernatantwasmixedwithsamevolumeoftheGriess

reagent,and theabsorbancewasdetermined at540nm by using a

ELISAreader.

Reversetranscriptionpolymerasechainreaction(RT-PCR)

TotalRNA wasisolatedusingaRNeasykit(QIAGEN)from cells.The

RNA wasreversetranscribedusingaAccuPower® RT premix(Bioneer,

Daejeon,Korea)containingM-MLV reversetranscriptaseusing1μgof

totalRNA.TheiNOS,GAPDH andHDACsgeneswereamplifiedfrom

thecDNAbyPCR.Theprimers(sense/antisense)were

iNOS,5’-ATGTCCGAAGCAAACATCAC-3’and 5’-TAATGTCCAGGAAGTAGGTG-3’;
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GAPDH,5’-AGGCCGGTGCTGAGTATGTC-3’and5’-TGCCTGCTTCACCACCTTCT-3’;

HDAC1,5’-CGCATGACTCACAATTTGCT-3’and5’-AAACACCGGACAGTCCTCAC-3’;

HDAC2,5’-AGACTGCAGTTGCCCTTGAT-3’and5’-TTTGAACACCAGGTGCATGT-3’;

HDAC3,5’-CACCTTTTCCAGCCAGTCAT-3’and 5’-GTAGCCACCACCTCCCAGTA-3’.

PCRproductswereelectrophoresedinanagarosegel.

Isolationofcytosolicandnuclearproteinextracts

Nuclear extraction ofRAW264.7 cells was conducted by NE-PER

Nuclear and cytoplasmic extraction reagents according to the

manufacturer’sinstruction(Pierce,Rockford,IL,USA).Briefly,RAW264.7

cellswereplatedin100mm dishes,treatedwithveratricacid,stimulated

with LPS for1h,scraped into3mlofcold PBS,andpelletedby

centrifugation.The cellpellets were resuspended in ice-cold CER I

buffer,andincubatedonicefor10min.Thecellswerethenmixedwith

ice-cold CER IIbuffer,and centrifuged at16,000g for5 min.The

supernatantwastransferred to apre-chilled tube(cytosolicfraction).

The insoluble fraction was resuspended in ice-cold NER buffer,

incubatedonicefor40min,andcentrifugedat16,000gfor10min.The

supernatant(nuclearfraction)wasusedforanalyzingthenuclearprotein

expression.

Westernblotanalysis

Forisolationofcelllysates,RAW264.7cellsweretreatedwithveratric

acidfor1h,andinducedwithLPSforindicatedtime.Afterstimulation,
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cellswerelysedusinglysisbuffer(50mM Tris-Cl[pH7.5],150mM

NaCl,1mM DTT,0.5% NP-40,1% TritonX-100,1% Deoxycholate,0.1%

SDS,1mM PMSF,1mM EDTA,1μM Aprotinin,1μM Leupeptin,and

1μM PepstatinA)(Intronbiotechnology,Seongnam,Korea).Theprotein

concentration was determined using aProtein Quantification Kit(CBB

solution®)(DojindoMolecularTechnologies,Rockvile,MD,USA)with

bovine serum albumin (BSA)as standard.Equalvolume ofisolated

proteinswereseparatedon12% SDS-polyacrylamidegelelectrophoresis

(SDS-PAGE)andthentransferredtoanitrocellulosemembrane(PALL

LifeSciences,Pensacola,MI,USA).themembranewasblockedwith5%

skim milkinphosphatebufferedsalineTween(PBST,135μM NaCl,2.7

mM KCl,4.3mM NAPO4,1.4mM KH2PO4,and0.5% Tween-20)for1

h.After blocking,the membrane was incubated with the primary

antibodiesand washed threetimeswith PBST.Themembranewere

incubated with horseradish peroxidase-conjugated anti-rabbitIgG or

anti-mouse IgG as secondary antibodies (1:10000, Cell Signaling

Technology,Beverly,MA,USA)and were washed three time with

PBST.Theimmunoreactiveproteinswerevisualized by an enhanced

chemiluminescent(ECL)detectionsolution(AbFrontier,Gyeonggi,Korea)

Immunofluorescentstaining

Cellsgrownoncoverglass-bottomdishes(SPL Lifesciences,Gyeonggi,

Korea)wereincubatedandtreatedwith200μM oftheveratricacidfor
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1 h and stimulated LPS for3 h.Afterstimulated,the cells were

pretreatedwithDAPI(4,6-diamidino-2-phenylindole,Roche,Indianapolis,

IN,USA)for15min at37℃ andthen fixedwith4% formaldehyde

(Sigma,St.Louis,MO USA)andblockedfor1hin5% mouseand

rabbitnormalserum (SantaCruzBiotechnologyInc.,SantaCruz,CA,

USA)for1h.Theblocked cellswereincubated with 0.1 μg/mlof

primaryantibody(p-Akt)for1handthenincubatedwithanti-rabbit

IgG taggedwithAlexaFluor488(CellSignalingTechnology)for1h

andwerewashedwithPBS.Stainedcellsweremountedontheslides

withProlongGoldAntifadeReagent(Invitrogen,Eugene,OR,USA)and

obseevedinafluorescentNikonECLIPS 50imicroscopeequippedwith

charged-couple device (CCD)camera (Nikon,Tokyo,Japan).Images

werecaptured andprocessedwith aHigh-ContentAnalysisSoftware

(CambeidgeHealthtechIndtitute,Needham,MA,USA).

Statisticalanalysis

Thedataareexpressedasthemeanvalues±standarderrorsofthe

mean(SEM)oftriplicateexperiments.Eachuntreatedcontrolgroupand

LPS-stimulatedgroupwasmeasuredforstatisticallysignificantvalues

byt-tests.ANOVA posthoctestsandDunnett’smultiplecomparison

tests were used for evaluating the differences between the

LPS-stimulatedgroupandveratricacidandLPS-treatedgroup.p-value

lessthan0.05wereconsideredstatisticallysignificant.
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RESULTS

Inhibitory effects ofveratric acid on NO production and iNOS

expressioninLPS-stimulatedRAW264.7cells

WST-1assay wasusedtoanalyzetheviability ofRAW264.7cells

treatedwithveratricacidat50,100and200μM.Thecellviabilitywas

measured by WST-1
®
solution.The effects ofveratric acid on the

decreasingNO,theproductionofNO wasdeterminedbyGriesssolution

andtheexpressionof iNOS wasevaluatedbyRT-PCR andwestern

blotanalysis.Accordingtothisresults,veratricacidshownnocytotoxity

effects and attenuation the NO production and iNOS expression in

dose-dependentmanner(Fig.2).
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Fig.2EffectsofveratricacidoncellviabilityandNO productionin

RAW264.7cells.(A)TheviabilityofRAW264.7cellsinducedbyveratric

acid (50,100and 200 μM)wasdetected by MTT reagent.(B)NO

production were pretreated (100 and 200 μM)for 1 h before the

stimulation with LPS (100 ng).(C)The expression ofiNOS was

determinedatthelevelofproteinandmRNAusingwesternblotanalysis

andRT-PCR,respectively.Thedataarerepresentativeof3independent

experimentsandexpressedasmean±SD.
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RegulatoryeffectofveratricacidonPI3K subunitsexpressionand

PDK1andAktphosphorylationinLPS-stimulatedRAW264.7cells

Up-regulation ofNO production activated to the PI3K and Aktin

macrophages[32].Therefore,weinvestigatedeffectsofveratricacidon

the regulation ofactivation ofPI3K/Akt.First,we confirmed that

phosphorylationofp85andregulatorysubunitofPI3K atproteinlevel.

These results shown, veratric acid regulated the inhibition of

LPS-inducedp85phosphorylationandtheincreasep110α expressionand

reductionp100β expressionindose-dependentmanner.(Fig.3A,3B,3C).

Weexamined regulatoryeffectsofveratricacidinLPS-stimulatedPI3K

activationbyPDK1andAktanditshowsreductionofPDK1andAkt

phosphorylation (Fig.3D).Veratric acid prevented Akttranslocation

whetherornotwhichisinvestigatedbyimmunofluorescentstaining(Fig.

3E,3F).Theseresultsindicatedthatveratricaciddown-regulationon

LPS-stimulatedRAW264.7cells.



- 14 -

Fig.3EffectsofveratricacidonLPS-inducedPI3K/Aktpathwayin

RAW264.7cells.Thecellspretreatedwithveratricacid(100and200μ

M)for1hbeforetheinductionofLPS(100ng/ml)for30min.(A)The

expression ofp85in RAW264.7cellswasdeterminedatthelevelof

proteinusing western blotanalysis.(B)RAW264.7cellsweretreated

withveratricacid(100and200μM)for1h,andthenwerestimulated

withLPS(100ng/ml)for8h.Theproteinexpressionofp110isoforms

wasdetectedbywesternblotanalysis.(C)Theintensityofthedetected

p110isoformswasquantifiedusingImageJ.(D)Cellsweretreatedwith
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veratricacid(100and200μM)for1h,afterwhichLPS(100ng/ml)for

30min.ThephosphorylationanddephosphorylationofPDK1andAkt

weredetectedbywesternblotanalysis.(E)Immunofluorescentstaining

ofp-Aktwithap-Aktantibodyandananti-rabbitIgG taggedwith

AlexaFlour488afterfixation(green).Thenucleiwerecounterstained

byDAPI(blue).(F)Thepixelintensityofimmunostainedp-Aktinthe

nucleusareawasquantifiedusingImageJ.Thevalueswerenormalized

to100% fortheexpressionoftheuntreatedgroup.Eachvaluerepresents

the mean ± SD forthree separate experiments.
+
P < 0.01 versus

LPS-treated group,
*
P < 0.01 versus veratric acid and LPS-treated

group.
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HATsis reduced by veratricacid in LPS-stimulated RAW264.7

cells

AktphosphorylationenhancedtheHAT activityofp300,itsincreased

acetylation ofhistone H3 orH4 [34,41].Also,activation ofHAT

representedphosphorylation-inducedconformationalchangethatexposes

thecatalyticdomain ofATF-2[19].Wedetermined whetherveratric

acidcontrolstheactivationandexpressionofHAT,suchasp300and

ATF-2 in LPS-stimulated RAW264.7 cells.Expression ofp300 and

ATF-2 was increased by LPS,butdecreased by veratric acid in

dose-dependentmanner(Fig.4A).Thus,weexaminedregulatoryeffects

ofveratricacidonacetylationofp300andphosphorylationofATF-2.

Similarly,p300acetylationandATF-2phosphorylationwasinhibitedby

veratricacidindose-dependentmanner.WesuspectedwhetherPI3K/Akt

pathway is associated to the p300 and ATF-2,because we treated

specificPI3K inhibitor,LY29004,inLPS-stimulatedRAW264.7cells.As

expected,alike reduced activation of p300 and ATF-2 in veratric

acid-treatedcells(Fig.4C).Thesedatasuggestthatveratricacidwas

down-regulatedLPS-inducedHATactivityofp300andATF-2.
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Fig.4EffecsofveratricacidontheexpressionandactivationofHATs

in LPS-stimulated RAW264.7 cells.The cells were pretreated with

veratricacid(100and200μM)for1handthenLPS(100ng/ml)for1

h.Effectsofveratricacidon(A)expressionofp300andATF-2,(B)

acetylation ofp300and phosphorylation ofATF-2and (C)inhibitory

effects ofLY294002 in HATs activation weredetected western blot

analysis.ThepixelintensitywasquantifiedusingImageJ.Eachvalue

representsthemean± SD forthreeseparateexperiments.
+
P < 0.01

versus LPS-treated group,
*
P < 0.01 versus veratric acid and

LPS-treatedgroup.
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HDAC expression is down-regulated by veratric acid in

LPS-stimulatedRAW264.7cells

Theregulation ofHATsforHDACscan mediated geneexpression

including inflammatory genes[27].Weobjectedtodeterminewhether

veratricacidcanregulateHDACsexpressionatmRNA andproteinlevel

detectedbyRT-PCR andwesternblotanalysis.Fig.5A isshownthat

veratricacidonlyreducedHDAC3expressionindose-dependentmanner.

TheFig.5Bisshow thatveratricacidinhibitstheHDAC3expressionin

LPS-stimulatedRAW264.7cellsastheLY294002.Theseresultsimply

thatHDAC3expressioninhibitoryeffectsofveratricacidcanregulate

thePI3K/Aktpathway.
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Fig. 5 Effects of veratric acid on the HDACs expression in

LPS-stimulatedRAW264.7cells.RAW264.7cellsweretreatedveratric

acid(100and200 μM)orLY294002(20μM)for1h,andthenwere

stimulatedwithLPS(100ng/ml)for8h.TheexpressionofHDACswas

detectedatthelevelofmRNA andproteinusingRT-PCRandwestern

blotanalysis,respectively.TheintensityweredetectedbyImageJ.Each

valuerepresentsthemean±SD forthreeseparateexperiments.+P <

0.01versusLPS-treatedgroup,
*
P<0.01versusLY294002,veratricacid

andLPS-treatedgroup.
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HistoneacetylationisinhibitedbyveratricacidinLPS-stimulated

RAW264.7cells

Inhibition ofPI3K leading to attenuate in HAT activity,p300 and

ATF-2[16].Weexaminedtheacetylationlevelsofhistoneforidentify

wetherthecontrolofHATsandHDACsbyveratricacid.Theveratric

acid reduced the LPS-stimulated acetylation of histone H4 in

dose-dependentmanner,buthistoneH3isnotchanged(Fig.6A).Thus,

we compared with the acetylation of histone H3 and H4 in the

LY294002-treated or veratric acid-treated cells using western blot

analysis.Expectably,veratricacidisdown-regulatedtheacetylationof

histoneH4astheLY294002(Fig.6B).Theourresultssuggestedthat

veratric acid is regulation ofPI3K/Aktpathway via attenuation of

LPS-stimulatedhistoneH4acetylation.
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Fig.6EffectsofveratricacidonhistoneacetylationinLPS-stimulated

RAW264.7cells.Thenuclearproteinwereisolatedfrom thecellstreated

withveratricacid(100and200μM)orLY294002(20μM)for1h,and

thenwerestimulatedwithLPS(100ng/ml)for1h.Histoneacetylation

wasdetected attheprotein levelusing western blotanalysis.Pixel

intensityweredetectedbyImageJ.Eachvaluerepresentsthemean±

SDforthreeseparateexperiments.
+
P <0.01versusLPS-treatedgroup,

*
P<0.01versusLY294002,veratricacidandLPS-treatedgroup.
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DISCUSSION

Veratric acid was reported anti-oxidant,anti-inflammation [7]and

anti-hyperlipidemiaeffects[33].Also,veratricacidhasinhibitoryeffects

MAP kinasesand transcription factorssuch asSTAT1,STAT3and

NF-κB, thus down-regulated iNOS expression in LPS-stimulated

RAW264.7cells[7].WestudytheeffectsofveratricacidonAkt,PI3K

subunit including p85 and p110, and histone acetylation in

LPS-stimulatedRAW264.7cells.

In previous studies demonstrated thatNO plays a criticalrole in

immuneresponseandhostdefenseandisproducedbyiNOSthroughthe

recognitionofmicrobialmolecularpattern[2].Therefore,theseresults

meansthatveratricacid hasa anti-inflammatory effectby negative

regulation ofiNOS expression.Ourresultsshowed thatveratricacid

down-regulratedNO production viatheinhibition ofiNOS expression

(Fig.2).Moreover,NO production is interrelate PI3K.Macrophages

deficientforclassIA PI3K aredecreasedinNO production[32].The

PI3K catalyticsubunitp110β-deficientRAW264.7cellswasunableto

activateAkt[40].Ourstudieddemonstratedthatveratricacidreduced

thephosphorylation ofLPS-inducedp85,PDK-1,Aktandp110β and

whereas up-regulated the p110α (Fig.3A,3B,3D).Taken together,

veratricacidhasinhibitoryeffectofiNOSexpressionthatdecreasesthe

phosphorylation ofAktby p85 and regulation ofp110 subunit in
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LPS-stimulatedRAW264.7cells.

Furthermore,Aktphosphorylation wasregulated ofHAT activity of

p300.HDACinhibitorsstimulateAktphosphorylationofp300,recruitment

ofp300 to the chromatin,and modulation ofits HAT activity in

non-small-celllung cancercelllines [26].Similarly,in the present

studiesshownthatsignificantlyreductionofp300acetylationinveratric

acid-treatedcells,thuswesuggestthatveratricacidmayimpairthe

p300acetylationthroughdown-regulationofPI3K/Aktpathway(Fig.4).

ATF-2wasshowntointeractandcooperatewithp300[18].Moreover,

ATF-2phosphorylationatThr71isassociatediNOSexpressionviaits

HAT function[3].Fig.4demonstratedthattreatmentofveratricacid

was weakened LPS-induced ATF-2 phosphorylation.These results

indicated,veratric acid is criticalroles the PI3K/Akt-mediated iNOS

expression by p300 acetylation and ATF-2 phosphorylation in

LPS-stimulatedRAW264.7cells.

ClassIHDACs,includingHDAC1,-2and–3,isinterrelateexpression

ofpro-inflammatory products,suchasiNOS,IL-1β andTNF-α [24].

Aboveall,HDAC3iscloselyrelatedtoregulationofPI3K/Aktpathway.

DepletionofHDAC3byRNA interferencesignificantlydown-regulated

TGF-β-inducedAktphosphorylation[1].Also,deacetylationofTNF-α

-inducedRelA,NF-κBp65subunit,byHDAC3controlsthetranslocation

betweennucleusandcytoplasm [6].Ourresultsdetectedthatinhibitory

effect of veratric acid on the HDAC3 expression (Fig.4).Thus,
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inhibitionofHDAC3expressionbyveraticacidmaynegativeregulator

ofiNOSrelatedtoimpairofAktphosphorylation.

Phosphorylationofp300byAktmediatestwoeffects.Itsincreasedthe

recruitmentofp300totheICAM-1promoterand theacetylation of

histone H3 or H4 at ICAM-1 promoter.The acetylation process

mediatedbytheHATactivityofp300[16].TheHATactivityofATF-2

have key roles thatlysine acetylate atH2B,and H4.Furthermore,

histone H4K8 and H4K12 acetylation is related to regulation of

inflammatorygenesinA549cells[17].ThehistoneH3K14andH4K8

hyperacetylationisincresestheIL12α,IL13andTLR13andup-regulates

the IL12α and TLR13 in E.coliinfected mice mammary tissue,

respectively [28].In addition,acetylated histone H4 to influence the

activityofiNOSgenethroughPI3K/p70s6pathwayinmesanginalcells.

Moreover,LY294002blockediNOSexpressioninmurinemacrophagesin

responsetoLPS orcytokines[44].A similareffectofLY294002on

iNOSexpressionwasdetectedinvescularsmoothmusclecells[15].Our

presentstudydemonstratedthatacetylationofhistoneH4wasreduced

by veratric acid,the similarto LY294002 (Fig.6).Therefore,these

resultssuggestthatveratricacid regulatestheiNOS expression via

modulationofhistoneH4acetylation.

OurresultsshownthatdecresesAktphosphorylationbyp85andp110β 

inveratricacid-treatedcells.Veratricacidtreatmentwasdown-regulated

the HAT activity through reduction ofp300 acetylation and ATF-2
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phosphorylation,andsuppressedHDAC3expression,therebyinhibitedthe

actylation of histone H4.These results was also presented that

regulation ofprotein expression and activation by veratric acid in

LPS-stimulated RAW264.7 cells is similar effects by LY294002.In

conclusion,ourstudydemonstratedthattheinhibitoryeffectsofveratric

acidonPI3K/Aktpathwayexpecteddown-regulationofiNOSexpression

byinhibitionofhistoneH4acetylationthroughsuppressionofHAT and

HDACactivity.Thus,theseresultssuggestthatveratricacidmaybea

potentialanti-inflammatoryreagentviaregulationofiNOSexpression.
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국문초록

베라트릭 산은 간단한 구조의 benzoicacid중 하나로서,항산화,항염증,항

고지혈증 등을 포함하는 약리학적 효과를 가지는 것으로 알려져 있다.본

연구는 LPS에 의해 자극된 RAW264.7세포주에서 베라트릭 산이 nitric

oxide(NO)생성을 억제하는지에 확인하기 위하여 진행하였다.베라트릭 산

은 농도 의존적으로 iNOS의 mRNA와 proteinlevel을 억제하였고,이로 인

해 NO의 생성이 감소하는 것을 확인할 수 있었다.또한 베라트릭 산을 처

리한 경우,LPS에 의해 유도된 효과가 PI3K subunit들과 Akt에 미치는 영

향을 감소시켰다.그리고 베라트릭 산은 PI3K inhibitor인 LY294002와 유사

하게 p300의 아세틸화와 ATF-2의 인산화를 효과적으로 억제하였다.마찬

가지로 LPS에 의해 유도된 HDAC3의 발현과 histoneH4의 아세틸화 역시

억제하였다.이러한 결과는 베라트릭 산이 LPS에 의해 유도된 p300과

ATF-2의 HAT activity와 HDAC3의 발현을 억제하여 histoneH4아세틸

화를 기본적인 수준으로 회복시키고,이를 통해 iNOS 발현에 필요한

PI3K/Aktsignaling을 조절을 억제하는 효과를 가진다는 것을 나타낸다.
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