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Abstract

TTThhheeeeeeffffffeeeccctttooofffHHHeeellliiicccooobbbaaacccttteeerrrpppyyylllooorrriiiiiinnnfffeeeccctttiiiooonnn
ooonnnsssooonnniiiccchhheeedddgggeeehhhooogggsssiiigggnnnaaalllpppaaattthhhwwwaaayyysssiiinnn

gggaaassstttrrriiiccceeepppiiittthhheeellliiiaaalllccceeellllllsss

YeunJungChoi

DepartmentofMedicalScience
TheGraduateSchool,YonseiUniversity

(DirectedbyProfessorYongChanLee)

Aberrantactivation ofhedgehog (Hh)signaling pathway leadsto
pathologicalconsequencesinavarietyofhumantumors.Sonichedgehog
(Shh)isimplicatedinstem/progenitorcellrestitutionofdamagedgastric
mucosaduringchronicinfectionwithHelicobacterpylori(H.pylori).H.
pyloriwithvariousvirulencefactorscausemucosaldamageandmay
participatein gastriccarcinogenesis.Theaim ofthisstudy wasto
examinethechangesinShhsignalpathwaysingastricepithelialcellsin
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responsetoH.pyloriinfection.WealsoassessedtheinfluenceofcagA
andcagEgenesofH.pyloriontheShhexpressionbygastricepithelial
cells.RealtimeRT-PCR,immunoblotandimmunohistochemicalstains
wereperformedtoanalyzetheexpression,localizationandtranscriptional
regulation ofShh,Patched1 (Ptc1)and Glioma-associated oncogene
(Gli1).H.pyloristrains60190(cagPAIpositive),8822(cagPAInegative),
andgeneknock-outmutantsH.pyloristrainsofcagA andcagE were
used.AGSandMKN45cellswereusedasforgastricepithelialcells.
Paraffin-embeddedtissuesfrom resectedhumangastriccancerswere
usedtoevaluatetheexpressionofShhandrelatedsignalproteinsin
vivo.OverexpressionofShhingastricepithelialcellswithH.pylori
infection was confirmed by immunoblot and realtime RT-PCR.
Furthermore,cagA positive strains showed higher level of Shh
expression.Gli1mRNA,thetranscriptionaltargetoftheHhpathway,
wereoverexpressedincellsinfectedwithH.pyloricomparetouninfected
control,implying thatH.pyloriinfection induced the Hh pathway
activationingastricepithelialcells.TheShhpositiveimmunoexpressionin
H.pylori-infected gastric cancer tissue was higher than those of
uninfectedgastriccancertissuewhiletheimmunostainingofShhcorrelated
withtumordifferentiationapartfrom thestatusofH.pyloriinfection.In
conclusion,Shh expression correlates with the status ofH.pylori
infectionandH.pylorimayactivatetheShhsignalpathwaysthrough
theup-regulationofShhingastricepithelialcells.

�������������������������������������������������������������������

Keywords:Gastriccancer,Hedgehogsignalpathway,Helicobacterpylori
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TTThhheeeeeeffffffeeeccctttooofffHHHeeellliiicccooobbbaaacccttteeerrrpppyyylllooorrriiiiiinnnfffeeeccctttiiiooonnn
ooonnnsssooonnniiiccchhheeedddgggeeehhhooogggsssiiigggnnnaaalllpppaaattthhhwwwaaayyysssiiinnn

gggaaassstttrrriiiccceeepppiiittthhheeellliiiaaalllccceeellllllsss

YeunJungChoi

DepartmentofMedicalScience
TheGraduateSchool,YonseiUniversity

(DirectedbyProfessorYongChanLee)

III...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

TheHedgehog(Hh)signaling pathwayisintimatelylinkedtocell
growth and differentiation,with physiological roles in embryonic
pattern formation,adulttissuehomeostasisand pathologicalrolesin
tumorinitiationandgrowth.(1)Intheadult,Hhsignalingremainsactive
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in some organs where ithas been implicated in the regulation of
stem-cell maintenance and proliferation.(2) The contribution of Hh
pathwaytothedevelopmentandhomeostasisofgastricglandhasbeen
reported.(3)MammalianHhproteinsincludesonicHh(Shh),indianHh(Ihh),
anddesertHh(Dhh).Hhligandsundergopost-translationalmodifications,
including autocatalytic cleavage and coupling of cholesterol to the
amino-terminalpeptide,which isthefragmentthatpossesses allthe
signaling activity.(1) In the absence ofHh signaling,patched family
receptors(Ptch1/PtchandPtch2)inhibitthesmoothened(Smo)signal
transducer.(4)HhbindingtoPtchremovestheinhibitoryeffectandallows
Glito enterthe nucleus and actas a transcriptionalactivator.Hh
signaling activationleadstoGli-dependenttranscriptionalactivationof
targetgenes,suchasGli1,Ptch1,cyclinD2(CCND2),ForkheadBoxM1
(FoxM1)andJagged-2(Jag2).(5)Hhsignalingtargetsincludegenesthat
areimportantforcellproliferationandgrowth.Shhisup-regulatedina
variety ofhuman tumors,such asgastriccancer,pancreatic cancer,
esophagealcancer,andprostaticcancer.Shhup-regulationthroughthe
aberrant activation of Hh signaling pathway may leads to
carcinogenesis.(6)

Gastric canceris frequently associated with chronic Helicobacter
pylori (H. pylori) infection and is one of the most common
malignancies in theworld.(7) Accumulation ofgeneticalterations or
epigenetic changes caused by genetic predisposition,life style,and
persistentmucosaldamageassociatedwithchronicH.pyloriinfection
mayeventuallyleadstogastriccancer.(4),(8)H.pyloristrainscanbe
dividedintotwomajorsubpopulationesbasedontheirabilitytoproducea
120-145 kDa immunodominant protein,cytotoxin-associated gene A
(CagA)antigen.(9)Clinically,infectionwiththecagA-positiveH.pylori
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strain has been associated with higher degree ofgastric mucosal
inflammationaswellassevereatrophicgastritisandhasbeensuggested
toplayanimportantroleinthedevelopmentofgastriccancer.(10)

H.pyloriinduced nuclearfactor κB (NF-κB)activation in MKN45
gastricepithelialcellsthroughtheligationoftoll-likereceptor(TLR)2
andTLR5,butnotTLR4.(11)NF-κB,atranscriptionalregulator,controls
expression ofnumerous genes involved in inflammation and immune
response processes, including proliferation, invasion and adhesion,
angiogenesis,and apoptosis.(12) Ithasalso been reported thatNF-κB
activationup-regulatesexpressionofShh,resultinginactivationofHh
signalingincancer.(13)

ThisstudyexaminedthechangesinShhsignalpathwaysingastric
epithelialcellsinresponsetoH.pyloriinfection.Wecheckedwhether
H.pyloriinfectioncouldleadtoenhancedHhpathwayactivationin
gastriccancercellsandthiswasassociatedwithcagApositivestrains.
Wethen examined therole ofNF-κB pathway activation on Shh
expressioninvariousgastriccancercellsinfectedwithH.pylori.
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IIIIII...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDDMMMEEETTTHHHOOODDDSSS

111...CCCeeellllllaaannndddHHH...pppyyylllooorrriiicccuuullltttuuurrreeeaaannndddiiinnnfffeeeccctttiiiooonnn...

AGS (ATCC CRL 1739)and MKN45 (KCLB No.80103)gactric
epithelialcells,weremaintainedinRPMI1640medium (Gibco,Grand
Island.NY)supplementedwith10% fetalbobineserum (Gibco)and1%
penicillin-streptomcinsulfate(Gibco).Allculturesweremaintainedat
37°C incubatorsupplemented with 5% CO2.H.pyloristrainswere
cultured on blood agar plate containing 5% sheep blood at37°C
incubatorwithgaspak(BD,Sparks,MA).Wecultured8822(PAI-
negative strain)and 60190 (PAI-positive strain)along with △cag
(cagA knock-outisogenic mutant)strains(14) (kind giftfrom Prof.
RichardM.Peek.Jr.,VanderbitUniv.).ForH.pyloriinfectionwith
gastricepithelialcells,H.pyloristrainswereculturedfor24-36hr.
CulturedH.pyloriwereharvestedinPBS(pH 7.4)andaddedtothe
serum-starvedhostcellsatamultiplicityofinfection(M.O.I)of50.

222...RRReeeaaagggeeennntttsss

TheSmo-specificinhibitorcyclopamine(Calbiochem,LaJolla,CA)
wasdissolvedinDMSO.ProteasomeinhibitorMG-132(Sigma-Aldrich,
St.Louis,MO)andpyrrolidinedithiocarbamate(PDTC)(Sigma-Aldrich),
aspecificinhibitorofNF-κB,wereusedattheconcentrationspreviously
described.(15)
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333...TTTiiissssssuuueeesssaaammmpppllleeesssaaannndddIIImmmmmmuuunnnooohhhiiissstttoooccchhheeemmmiiissstttrrryyy...

Surgicalspecimens were obtained from 20 patients with gastric
cancer.Tissuesectionsinmicroslidesweredeparaffinizedwithxylene,
hydratedinserialdilutionsofalcohol,andimmersedin3% H2O2 to
quenchendogenousperoxidaseactivity.Followingantigenretrievalin
citratebuffer(pH 6.0),thetissuesectionswereincubatedwithprotein
blockingagent(Immunotech,Coulter,Inc.,Marseille)toblocknonspecific
antibodybinding for20minatroom temperatureandthenincubated
overnightat4°C withanoptimaldilutionofaprimarypolyclonalgoat
antibody againsthuman Shh (H-160,SantaCruz),Ptc1(G-19,Santa
Cruz),Gli1(H-300,SantaCruz).AfterwashingwithPBSthreetimes,
thesectionswereincubated with thebiotinylated secondary antibody
(goat anti-rabbit IgG, Immunotech, Coulter, Inc., Marseille) and
streptavidin conjugatedtohorseradish peroxidase(Immunotech)for20
minatroom temperature,followedbyPBSwash.Thechromogenwas
developedfor5min with liquid3,3′-diaminobenzidine(Immunotech).
Next, slides were counterstained with Meyer's hematoxylin, then
dehydrated,andmountedwithhistochoicemountingmediaforexamination.
A totalof100-150 cancercells were counted in each section.For
immunostainingofShh,cancercellsshowingnodetectablecytoplasm
staining were given�negative�and strong cytoplasm staining were
given�positive'.ForimmunostainingofGli1,cancercellsshowingno
detectablenuclearstaining weregiven�negative�andstrong nuclear
stainingweregiven�positive'.
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444...IIImmmmmmuuunnnooobbblllooottttttiiinnnggg...

Preparedcellswereharvestedafterwashingwithphosphatebuffered
saline.Collectedcellswerelysedwithbuffer(50mM Tris-Cl(pH 7.5),
150mM NaCl,1mM EDTA (pH 8.0),1% TritonX-100,1mM PMSF,
1mM Na3VO4,proteaseinhibitorcocktail(Roche,Molecularbiochemical
Indianapolis,IN)).Sameamountofproteinwasboiledat95°C after
adding SDS samplebuffer(62.5mM Tris-Cl(pH 6.8),2% sodium
dodecylsulfate,10% glycerol,β-mercaptoethanol,0.002% bromophenol
blue).Sampleswereloadedin12% SDS-PAGEforShhand8% SDS
PAGE for Ptc1 and Gli1 and transferred to PVDF membrane
(Amersham Biosciences,PisctawayNJ).Rabbitanti-Shh,anti-Gli1and
goatanti-Ptc1(SantaCruz)wereusedastheprimarylabelingantibodies
andtheappropriatehorseradishperoxidase–conjugatedantibodies(Santa
Cruz)wereusedassecondaryantibodies.Anenhancedchemiluminescence
detection system (ECL-Plus,iNtRON,Seoul,Korea) was used for
detection.

555... RRReeevvveeerrrssseee tttrrraaannnssscccrrriiippptttiiiooonnn---PPPCCCRRR aaannnddd rrreeeaaalll---tttiiimmmeee rrreeevvveeerrrssseee
tttrrraaannnssscccrrriiippptttiiiooonnn---PPPCCCRRRaaannnaaalllyyyssseeesss...

TotalRNA wasextractedfrom culturedcellsusingaRNeasyminikit
(Qiagen,Tokyo,Japan).The RNA wasreversetranscribedusingoligo
(dT)12-18 primersandsuperscripTM Ⅱ reversetranscriptase(Invitrogen,
Carlsbad,CA).PCR wasdonewithPCR Maxikit(iNtRON,Sungnam,
Korea)accordingtothemanufacturer'sinstructions.Theamplifications
weredonebydenaturationat95°Cfor5min,followedby30cyclesof
30seceachat95°C,57°C,and72°CforShhandPtc1,30cyclesof30
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seceachat95°C,59°C,and72°CforGli1and18cyclesof30seceach
at95°C,60°C,and72°C forβ-actin.Thefollowingprimerpairswere
used: β-actin,5'-TTG CCG ACA GGA TGC AGA AGA-3'and
5'-AGG TGG ACA GCG AGG CCA GGA T-3';Shh,5'-GAG ATG
TCT GCT GCT AGT CC-3'and5'-GTT TCT GGA GAT CTT CCC
TT-3';Ptc1,5'-ATG CTG GCG GGA TCT GAG TTC GAC T-3'
and5'-GGG TGT GGG CAG GCG GTT CAA G-3';Gli15'-TAT
GGA CTT CCCACCTACTG-3'and5'-AAT GTT CAA GTCGAG
GACAC-3'.
The realtime RT-PCR analysis was carried outwith a PCR

mixturecontaining1µmol/LofeachprimerandSYBR Greenmaster
mix (AppliedBiosystems,FosterCity,CA).Theamplificationswere
conducted at95°C for10secand 60°C for60secusing theABI
PRISM 7000QuantitativePCR system (AppliedBiosystems(16)).Each
sample was examined in triplicate and the amounts ofthe PCR
products produced were normalized with respectto β-actin as an
internalcontrol.

666...SSStttaaatttiiissstttiiicccaaalllaaannnaaalllyyysssiiisss

Statisticalanalyses were conducted using Studentt-testforreal
time PCR and Pearson's chi-square testforimmunohistochemistry.
p-values<0.05wereregardedasstatisticallysignificant.Allstatistical
analyseswereperformedusingSPSSsoftware(SPSS12.0,Chicago).
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ⅢⅢⅢ...RRREEESSSUUULLLTTTSSS

111...SSShhhhhheeexxxppprrreeessssssiiiooonnncccooorrrrrreeelllaaattteeedddwwwiiittthhhHHH...pppyyylllooorrriiiiiinnnfffeeeccctttiiiooonnniiinnngggaaassstttrrriiiccc
cccaaannnccceeerrrccceeellllllsss...

To examine whether H. pylori infection was associated with
expressionofShhmRNAandprotein,weperformedinvitroexperiments
withthreehumangastriccancercelllines,AGSandMKN74.Wefirstly
examinedwhetherH.pyloriinfectionalteredShhexpressioninthesecell
lines.Weinfectedthesecelllineswith8822(PAI-negativestrain),60190
(PAI-positivestrain)andisogenicmutants△cagA for6or24hrto
induceShhexpression.TheexpressionofShhmRNA wasexaminedby
real-timereversetranscriptionPCR orRT-PCR ingastriccancercells.
On the whole,H.pyloriinfection increased the expression ofShh
mRNA,and60190infectionenhancedtheexpressionShhmRNA more
significantlythan8822and△cagA(Fig.1,2).
Toconfirm thattheShhproductionrelatedtoH.pyloriinfectionin

gastriccancercells,weperformedimmunoblottinganalysis.H.pylori
infection increased Shh levels in AGS and MKN45 cells (Fig.3).
Furthermore,infectionbycagA positivestrainsshowedhigherlevelof
Shhexpressionwheninfected(Fig.3).Thesefindingsindicatedthat
H.pyloriinfectionaffectedShhmRNA expressionandenhancedShh
proteinproductioninthesecelllines.
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Fig.1.ShhmRNA correlatedpositivelywithH.pyloriinfectioningastric
cancercells.AGS andMKN45cellswereinfectedbyH.pyloriCagA
positive (60190) and negative (△cagA,8822) strains for 6 hr and
RT-PCR wereperformed.β-actinservedasaninternalcontrol.60190
significantlyenhancedexpressionShhmRNA.
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Fig.2.Shh mRNA levelpositively correlated with H.pyloriinfection in
gastric cancer cells.Shh mRNA expressions by AGS cells were
examined by real-time RT-PCR. Relative Shh mRNA level after
normalization to the corresponding β-actin mRNA expression were
shown.H.pyloriincreasedShhmRNA levelsinAGScell.Furthermore,
cagA positivestrainsshowed greaterlevelofShh mRNA expression
when infected.Columns,mean ofthe three independentexperiments;
bars,SD.
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Fig.3.Immunoblotting ofShhexpressionintwogastriccancercelllines.
AGSandMKN45cellswereinfectedwith8822,60190and△cagA for6
or 24 hr to induce Shh expression.H.pylori infection increased
expression ofShh protein,and 60190 other than 8822 and △cagA
significantly increasedtheexpression ofShhprotein ingastriccancer
cellswheninfected.

222...OOOvvveeerrreeexxxppprrreeessssssiiiooonnnooofffSSShhhhhhiiinnnddduuuccceeedddbbbyyyHHH...pppyyylllooorrriiillleeedddtttoooeeennnhhhaaannnccceeeddd
HHHhhhpppaaattthhhwwwaaayyyaaaccctttiiivvvaaatttiiiooonnniiinnngggaaassstttrrriiiccccccaaannnccceeerrrccceeellllll...

Weexaminedtheligand-dependentHhpathwayactivationingastric
cancercells.ThegastriccancercellswereinfectedwithH.pylorito
overexpressShh,andtheGli1expression,atranscriptionaltargetofthe
Hh pathway,wasthen monitored by RT-PCR and immunoblotting.(16)

RT-PCRrevealedthatcellsinfectedwithH.pyloriexpressedhigherlevel
ofGli1mRNAthanuninfectedcontrol(Fig.5)andImmunoblottingshowed
that60190strainsignificantlyinducedgreatermagnitudeofGli1proteinin
AGScells(Fig.6).
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Fig.5.EffectsofH.pyloriinfectionon Gli1mRNA expression.AGS and
MKN45cellswereinfectedwithH.pylorifor6hr.RT-PCRanalysisof
theexpressionofGli1mRNA wereperformed.H.pyloriincreasedGli1
mRNA levelsinthesecells.Furthermore,cagA positivestrainsshowed
higherlevelofGli1mRNA expressionwheninfected.H.pyloriinfection
inducedGli1mRNA expressionimplyingenhancedHhpathwayactivation
ingastriccancercells.

These data suggested thatoverexpression ofShh enhanced Hh
pathwayactivationwithinthegastriccancercells.
Toconfirm theseresults,wetreatedAGScellwithcyclopamineto

suppress Smo (Fig.7).Immunoblotting revealed that cyclopamine
significantlysuppressedtheexpressionofGli1protein(Fig.7).These
dataagainconfirmedthatH.pylori-inducedShhexpressionactivated
theHhpathwayingastriccancercells.
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Fig.6.EffectsofH.pyloriinfectiononGli1proteinexpression.AGS cells
wereinfectedwith8822, 60190and△cagA for6or24hrtoinduceGli1
expression. Gli1 protein by immunoblotting in AGS cells. 60190
significantlyinducedgreateamountofGli1proteinexpressioncompareto
8822 and △cagA.H.pyloriinfection induced Gli1 protein implying
enhancedHhpathwayactivationingastriccancercells.

Fig.7. InhibitionofH.pylori-inducedGli1proteininAGScells.AGScells
wereinfectedwithH.pylorifor12hraftertheywerepretreatedwith
cyclopamine for 6 hr. Immunoblotting was done with anti-Gli1.
CyclopaminedosedependentlyinhibittheexpressionofGli1proteingastric
cancercellswheninfectedbyH.pylori.



- 16 -

333...HHH...pppyyylllooorrriii---iiinnnddduuuccceeedddSSShhhhhhcccooorrrrrreeelllaaattteeedddwwwiiittthhhaaarrreeeddduuuccctttiiiooonnniiinnnttthhheeellleeevvveeelllooofff
PPPtttccc111ppprrrooottteeeiiinnn...

Weexamined whetherHh signaling hastheparadoxicaleffectof
bothblockingPtcproteinfunctionandactivatingptcgeneexpression.
We,unexpectedly observed thatH.pyloriinfection had opposing
effectsonPtc1.Ptc1expressionwasreducedinAGScellinfectedwith
H.pyloriand60190strainwassufficienttoreducePtc1expression
(Fig.8-10).TheseobservationssuggestthatH.pylori-inducedShh
causeddownregulationofPtc1proteiningastriccancercells.

Fig.8.H.pylori-inducedShhcorrelatedwithareductioninthelevelofPtc1
mRNA.AGScellswereinfectedbyH.pyloriCagA positive(60190)and
negative(△cag,8822)strainsfor6hrandRT-PCR wereperformed.β

-actin served as an internal control. H. pylori starin of 60190
significantlyreducedexpressionPtc1mRNA.Ptc1mRNA reductionwas
dependentonCagA proteiningastriccancercells.
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Fig.9.RealtimeRT-PCR mRNA expression ofPtc1.AGS cellswere
infectedbyH.pyloriCagA positive(60190)andnegative(△cag,8822)
strainsfor6hrandRealtimeRT-PCR wereperformed.RelativePtc1
mRNA levelafternormalization to the corresponding β-actin mRNA
expressionwereshown.H.pylori(cagA positivestrain)infectionreduced
Ptc1mRNA levelsinAGScell.Columns,meanofthethreeindependent
experiments;bars,SD.
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Fig.10.ImmunoblottingofPtc1expressioninAGS cells.AGS cellswere
infected by H.pyloristrains for8 hrand 24 hrand analyzed by
immunoblotting with anti-Ptc1.H.pylorireduced expression ofPtc1
protein and moreover 60190 significantly reduced expression ofPtc1
proteiningastriccancercells.HeLacellisapositivecontrol.

444...HHH...pppyyylllooorrriiiiiinnnddduuuccceeeSSShhhhhhppprrrooottteeeiiinnniiisssrrreeelllaaattteeedddtttoooNNNFFF---κκκκBBBpppaaattthhhwwwaaayyy...

H.pylorihas been demonstrated to induce chemokine and NF-κB
activation through TLR2 and TLR5.(12) We questioned whether H.
pylori-inducedoverexpressioninShhproteinwouldbeblockedbyNF-κB
inhibition.AGScellswerepretreatedwiththeNF-κB inhibitor,MG-132
(Sigma-Aldrich,St.Louis,MO),beforeinfectionwithH.pylorifor6
hours.TheexpressionofShhproteinwasanalyzedbyimmunoblotting
(Fig.11).MG-132treatmentresultedinanearcompleteinhibitionofShh
protein expression.These results indicate thatH.pylori-induced Shh
expressioninAGScellsismediatedthroughNF-κBactivation.Toconfirm
theseresults,AGScellsweretreatedwithH.pylorifor6hrafterthey
were pretreated with another specific NF-κB inhibitor, pyrrolidine
dithiocarbamate(PDTC)for6hr(Fig.12).(17)WhentreatedwithH.pylori
in the presence ofPDTC,levels ofShh were reduced.These data
suggestedthattheH.pylori-inducedShhproteinexpressionwasmediated
throughNF-κBpathwayingastriccancercells.
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Fig.11.LevelofH.pylori-inducedShhproteindosedependentlydecreased
withNF-κB inhibitioninAGS cells.AGS cellswereinfectedwithH.
pylorifor12hrafterthey were pretreated with MG-132for1hr.
Immunoblotting was done with anti-Shh.When the concentration of
MG-132washigherthan2 μM MG-132couldinhibit expressionofShh
proteininducedbyH.pylori.

Fig.12.LevelofH.pylori-inducedShhproteindosedependentlydecreased
withNF-κB inhibitioninAGS cells.AGS cellswereinfectedwithH.
pylorifor6 hrafterthey were pretreated with PDTC for6 hr.
Immunoblotting was done with anti-Shh.When the concentration of
PDTC washigherthan50 μM PDTC couldinhibit expressionofShh
proteininducedbyH.pylori.
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555...SSShhhhhheeexxxppprrreeessssssiiiooonnncccooorrrrrreeelllaaattteeedddpppooosssiiitttiiivvveeelllyyywwwiiittthhhHHH...pppyyylllooorrriiiiiinnnfffeeeccctttiiiooonnniiinnn
ssspppeeeccciiimmmeeennnsssooofffhhhuuummmaaannngggaaassstttrrriiiccccccaaannnccceeerrrsss...

To examine whether H. pylori infection was associated with
expression of Hh pathway in vivo,we stained a series of 20
paraffin-embedded surgicalspecimens,including 10specimensofwell
differentiatedcarcinomas(H.pylori-positivegroupandnegativegroup)
and10specimensofpoorlydifferentiatedcarcinomas(H.pylori-positive
groupandnegativegroup).ExpressionsofShhandGli1wereexamined
immunohistochemically.Shhligandwasexpressedmainlyinthecytoplasm
(Fig.13)andGli1wasstronglyexpressedinboththecytoplasm and
nucleiofgastriccancercells(Fig.14).H.pylori-positivegroupshowed
higherShhpositivestainingratiosthanH.pylori-negative(Table1.).The
percentageofcellswithnuclearstainingofGli1showedsimilarresults
(Table2.).Inaddition,thestainingratiosofwelldifferentiatedcarcinomas
werehigherthanthoseofpoorlydifferentiatedcancerandthisassociation
wasstatisticallysignificant(18).A strongpositivecorrelationwasdetected
betweenShhstainingratioandGli1.Thesedatasuggestedthat1)there
wasacorrelationbetweenH.pyloriinfectionandShhexpression,and2)
overexpressionofShhinducedbyH.pyloriinfectionmayinduceenhanced
Hhpathwayactivationingastriccancertissues.
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Fig.13.ExpressionsofShhingastriccancertissues.Shhproteinwasdetectedby
immunohistochemistrywithanti-Shhingastriccancertissues.Shhligandwas
expressed mainlyinthecytoplasm ofgastriccancercells.H.pylori-negative
tissue was less intense than H.pylori-positive.Shh expression in well
differentiatedcancerwasstrongerthanthatinpoorlydifferentiatedcancer.
Magnification:×400
WDHp+:WelldifferentiatedandH.pyloripositive.
WDHp-:WelldifferentiatedandH.pylorinegative.
PDHp+:PoorlydifferentiatedandH.pyloripositive.
PDHp-:PoorlydifferentiatedandH.pylorinegative.
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Fig.14.Expressions ofGli1 in gastric cancertissues.Gli1 protein was
detectedbyimmunohistochemistrywithanti-Gli1ingastriccancertissues.
Gli1wasstronglyexpressedinboththecytoplasm andnucleiofgastric
cancer.H.pylori-negativetissuewaslessintensethanH.pylori-positive.
Gli1 expression in welldifferentiated cancerwas strongerthan thatin
poorlydifferentiatedcarcinomas.Magnification:×400
WDHp+:WelldifferentiatedandH.pyloripositive.
WDHp-:WelldifferentiatedandH.pylorinegative.
PDHp+:PoorlydifferentiatedandH.pyloripositive.
PDHp-:poorlydifferentiatedandH.pylorinegative.
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Table 1.Relationship between Shh expression levels and H.pyloriand
differentiation.

ForimmunostainingofShh,cancercellsshowingnodetectablecytoplasm staining
weregiven�negative�andstrongcytoplasm stainingweregiven�positive'.

p<0.05,p-valuescalculatedusing:chi-squareanalysis.
WD:welldifferentiated +:H.pyloripositive
PD:poorlydifferentiated. -:H.pylorinegative

Table 2.Relationship between Gli1 expression levels and H.pyloriand
differentiation.

ForimmunostainingofGli1,cancercellsshowingnodetectablenuclearstaining
weregiven�negative�andstrongnuclearstainingweregiven�positive'.

p<0.05,p-valuescalculatedusing:chi-squareanalysis.
WD:welldifferentiated +:H.pyloripositive
PD:poorlydifferentiated. -:H.pylorinegative
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ⅣⅣⅣ...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

It was recently reported that aberrant activation of Hedgehog
signalingpathwayleadtopathologicalconsequencesinhumangastric
cancer,pancreaticcancer,esophagealcancer,prostatecancer,smallcell
lung cancer,basalcellcarcinoma,medulloblastoma and glioma.(6, 19,

20-22)TheShh-Smo-Gli1pathwayhasapivotalroleinthegrowthof
gastriccancercellsandthestimulationofHhsignalingbyShhligand
occurs in an autocrine/paracrine manner in gastric cancer cells.(16)

However,themolecularmechanismsunderlyingthisabnormalactivation
remainunclear.Cyclopamine,asteroidalalkaloidthatinteractsdirectly
withSmotoinhibitsHh signaling,effectively retardsthegrowth of
various tumors, including gastric carcinoma, indicating that Hh
signalingisinvolvedintumorgrowth.(19,23-25)Nevertheless,itremains
unclearhow the blockade ofHh signaling leads to tumorgrowth
suppressioningastriccancer.Ifso,itisimportanttoelucidatethe
identitiesofthemoleculesthatregulateexpressionofShh.Ourdata
thatH.pyloriinfectionisoneofthemechanismsresponsibleforShh
overexpressionseem tohavebroadmeaning.
H.pyloriprimarily infects individuals during childhood,and can

causegastricdiseasessuch aschronicatrophicgastritisand peptic
ulcerslaterinlife.(8)Recentepidemiologicalstudieshaveindicatedthat
H.pyloriisinvolvedinthedevelopmentofgastricadenocarcinoma.A
large-scaleprospectivestudyrevealedthattheriskfordevelopmentof
gastriccarcinomawasmuchgreaterintheH.pylori-infectedpopulation
than in the H.pylori-uninfected population.(26) However,molecular
mechanismsbywhichH.pyloritriggerstheprocessleadingtogastric
carcinomaremainlargelyunknown.
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WefocusedontheroleofH.pyloriinfectioninShhexpressionin
gastriccancerforthefollowing reason.Chronicpersistentinfection
withH.pylorioverafew decadesleadstochronicatrophicgastritis,
andthentogastriccancer.(7)H.pyloriwithCagA virulencefactors
causesmucosaldamage,and following repairin thestomach.Shh,
ensuringstem/progenitorcellrestitutionofdamagedgastricmucosa,is
implicated in therepairprocessduring chronicpersistentH.pylori
infection.OurdatashowedthatCagA positivestrainsshowedhigher
levelofShhexpressionwheninfected.ThevastmajorityofH.pylori
strains contain the cag pathogenicity island (cag-PAI),a 40 kb
genomicfragmentcontaining31genes.ThisstretchofDNA codesfor
typeIV secretion(TFSS)apparatususedtoinjectbacterialproteins
suchasthe120kDproteinCagA intohostepithelialcells.A seriesof
invitroreportshavenow establishedthatinjectionofCagA intohost
cellsleadstophosphorylationofCagA byhostcellkinases(suchas
c-Src),resultinginactivationofSHP-2tyrosinephosphataseandMAP
kinase signaling pathways.(27) CagA is an important mediator for
cagPAI-dependentinductionofpotentproinflammatoryresponsesduring
H.pyloriinfection.TransfectedandtranslocatedCagA from asubsetof
H.pyloristrains are able to induce IL-8 release through NF-κB
activation.(28)

NF-κBisatranscriptionfactorthatisinvolvedininflammation,(29)cell
proliferation,(30)angiogenesis,(31)andapoptosis.(32)NF-κB isconstitutively
activatedingastriccarcinomaandNF-κB activationisrelatedtothe
invasiveabilityofcarcinomacells.(33)Inmostunstimulated,normalcells,
NF-κBispresentinthecytoplasm asaninactiveheterodimercomposed
ofthep50,p65,and IκBα subunits.Afteractivation,IκBα undergoes
phosphorylation and ubiquitination dependent degradation by the
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proteasome.Consequently,nuclearlocalization signals on the p50-p65
heterodimerareexposed,leadingtonucleartranslocationandbindingtoa
specific consensus sequencethatactivates genetranscription,including
genesencoding inflammatorycytokines,chemokines,growthfactors,cell
adhesionmolecules,andcytokinereceptors.(34)NF-κBactivationisoneof
themechanismsunderlyingShhoverexpressioninpancreaticcancerand
thatproliferation ofpancreatic cancercells is accelerated by NF-κB
activationinpartthroughShhoverexpression.(13)ToexaminewhetherH.
pyloriinduceShhproteinviaactivationofNF-κB,weusedproteasome
inhibitorMG-132andPDTC.PDTCisaspecificinhibitorofNF-κBand
belongstoanantioxidant.Itfunctionsthroughtwopathways,oneis
inhibiting NF-κB p65protein activation,anotherisreducing NF-κB
nucleitranslocationbyinhibitingdegradationofκBinhibitorymolecule.
WhentheconcentrationofMG-132washigherthan2 μM,MG-132
couldinhibit expressionofShhproteininducedbyH.pylori.and50μ

M PDTC couldinhibit expressionofShhprotein viaactivation of
NF-κB.Togetherwiththeseresults,ourdataraisedapossibilitythat
CagA inducedShhproteinthroughNF-κBactivation.
TheHhsignalingpathwayisataleoftwotransmembraneproteins

Patched (Ptc1),a twelve-pass membrane protein binds Hedgehog
ligand.Smoothened(Smo),aseven-passmembraneproteinisasignal
transducer.IthadbeenshownthatShhcorrelatedwithareductionin
thelevelofPtc1protein.Intheabsenceofligand,Ptcinteractswith
and inhibits Smo, either directly or indirectly. This repression
culminates in a transcription factor acting as a transcriptional
repressor.ThetranscriptionfactoriscalledCubitusinterruptus(Ci)in
DrosophilaandGliinvertebrates.CellsthatreceivetheHhsignal,in
contrast,expressthesegenesbecausePtccannotfunction.Therelative
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levelsofopposingHhandPtcactivitiesthuscontrolwhereandwhen
targetgenesareexpressed.Interestingly,ptcitselfisnearlyalwaysinduced
byHh.(35)Therefore,Hhsignalinghastheparadoxicaleffectofbothblocking
Ptcproteinfunctionandactivatingptcgeneexpression.Shhelevatesptc1
expressioninmosttissues,confirmingthatptc1isanexcellentindicatorof
Hhsignaling.(36)Conversely,persistentandhigh-levelPtcexpressionfrom a
transgeneexpressed throughouttheneuraltubeinhibitstranscription of
endogenousptc1.(37)OurdatashowedthatPtc1proteinandmRNA were
reducedinAGS cellinfectedwith 60190.Thedetailedmechanismsthat
down-regulationofPtcexpressionbyH.pyloriinfectionremainstobe
investigated.
In thepresentstudy,weshowed thattheexpression ofShh in

gastricepithelialcellsinfectedbyH.pyloriwasincreasedwhichwere
confirmedbyimmunoblotandrealtimeRT-PCR.Also,CagA positive
strainsshowedhigherlevelofShhexpressionbyH.pyloriinfected
gastric cancer cells.Gli1 mRNA and protein were increased in
expressionincellsinfectedwithH.pyloriimplyingtheactivationof
Shh signalpathway in gastric cancer cells.H.pylori infection
contributesto Hh pathway activation through up-regulation ofShh
expression in gastric cancer cells. We demonstrated a positive
correlationbetweenH.pyloriinfectionandShhexpressioninclinical
tissuesamples.CellsinfectedwithH.pyloriexpressedhigherlevelsof
ShhandGli1thantheuninfectedcontrolcells.Thesefindingindicate
that H.pylori-induced overexpression of Shh activated the Hh
pathway in gastriccancercellsin aligand-dependentmanner.The
reduction in Shh protein expression by inhibitors ofNF-ĸB signal
pathway suggest the possible role of NF-ĸB pathway in Shh
expressionbyH.pyloriinfectedgastriccancer.
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Inconclusion,ShhexpressioncorrelateswiththestatusofH.pylori
infectionandH.pylorimayactivatetheHhsignalpathwaysthrough
up-regulationofShhingastricepithelialcells.CagA mayinfluencethe
expressionofShhingastricepithelialcells.ThisnovelfindingthatH.
pyloriinfectioninfluencesShhexpressionimprovesourunderstanding
ofthemechanism ofHhsignalingactivationingastriccancer.
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Abstract(InKorean)

위암상피세포에서 Helicobacterpylori감염에
따른 Sonichedgehog신호 조절

<지도교수 이 용 찬>

연세대학교 대학원 의과학과

최 연 정

최근 암의 발생과정은 분화가 끝난 세포에서 생기는 것이 아니라 각 장
기에 위치한 성체 줄기세포에서 생긴다는 보고들이 나오면서 정상적인 분
화에 관여되는 신호전달체계에 관심을 가지게 되었으며,여러 연구들을
통하여 정상적인 분화에 관여되는 신호전달과정이 발암과정에 관여됨이
보고 되었다.이중 대표적인 것이 Hedgehog(Hh)신호전달과정이다.만
성적인 자극이 발생,분화에 관여하는 신호체계를 비정상적으로 자극한다
는 개념에서 발암과정에 관여된다는 관점이나,실제로 이의 기전자체를
조사한 연구들은 거의 없다.따라서 이번 연구과제에서는 위의 대표적 만
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성자극중의 하나인 Helicobacterpylori(H.pylori)감염이 위암발생에 있
어 Hh신호전달과정에 미치는 영향을 밝힘으로써 성체 줄기세포에서의
암기원에 대한 기전 연구에 일익을 담당하고자 하였다.위암상피세포주
AGS,MKN45각각에 여러 종류의 H.pylori감염시켰다.H.pylori균주
로는 60190(cagPAIpositive),8822(cagPAInegative)그리고 60190균
주에 cagA,cagE 유전자를 각각 knock-out시킨 변이된 균주도 사용하
였다.H.pylori감염 후 위암상피세포주에서 Shh,Ptc1과 Gli1의 전사수
준에서의 조절과 단백질의 발현정도를 관찰하기 위해 RealtimeRT-PCR
과 westernblotting을 수행하였다.invivo연구로는 H.pylori감염이 확
인된 위암환자에서 추출한 위점막조직을 이용하여 면역화학염색 실시하였
고,H.pylori감염여부에 따른 발현의 변화를 분석하였다.Western
blotting과 RealtimeRT-PCR의 결과를 통해 H.pylori감염이 Shh의 발
현을 증가시키는 것을 알 수 있었다.게다가 cagA positive균주가 Shh의
발현을 더욱 증가시키는 것이 관찰되었다. Hh 신호전달과정에서
transcriptionaltarget인 Gli1의 단백질과 mRNA가 H.pylori감염시킨 후
증가하였다.이는 위암상피세포에서 H.pylori감염이 Hh신호전달과정을
활성화 시킨다는 것을 의미한다.invivo연구에서 위암환자로부터 얻은
위점막조직의 면역화학염색 결과,H.pylori감염 된 환자의 조직에서 H.
pylori감염이 되지 않은 환자의 조직보다 Shh와 Gli1의 발현이 높았다.
이번 연구의 결과로 H.pylori감염과 Shh발현은 상호연관성이 있는 것
으로 밝혀졌다.H.pylori감염은 위암상피세포주에서 Shh발현을 증가시
킴으로서 Hh신호전달과정을 활성화 시킨다.그리고 H.pylori의 중요
단백인 CagA가 위암상피세포주에서 Shh발현에 영향을 미친다는 것을
알 수 있었다.
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핵심되는 말 :위암,Hedgehog신호조절,Helicobacter.pylori
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