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ABSTRACT

TheTraf2－andNck－interactingkinase（TNIK）isadownstream effectorofaRas－1ike

SmallGproteinRap2identifiedbyus．VerylittleisknownaboutTNIK’srolesin physi0－

10glCalor pathologlCalcellular pr・OCeSSeS．ToexaminetheeffectofactivatedTNIKincan－

CerCells，OVer－eXPreSSionofTNIKwasinducedbytheuseofTetOffsysteminasquamous

cellcarcinomacellline．GlobalproteinexpressionprofilingwascarriedoutbyEttanTMtwo－

dimensionalfluorescencedifferencegelelectrophoresis（2TDDIGE）．Proteinswereidenti－

fied by matrix－aSSistedlaser desorptionionization time－Of－flight（MALDI－TOF）mass
SPeCtrOmetry．Bycomparlngthecells with or without over－eXPreSSed TNIK，2－D DIGE

revealedup－regulationofthree proteins and down－regulation of six proteins byTNIK．

Peptidemass fingerprintingwith MALDI－TOFmass spectrometryidentified five out of

these nine proteins：isovaleryl coenzyme－A dehydrogenase（up－regulated　2．46－fold，

P＜0．05）；RhoGDPdissociationinhibitoralpha（down－regulated2．35－fold，Pく0．05）；StOmatin－1ike

PrOtein　2（down－regulated1．57－fold，P＜0．05）；ribosomal protein，mitochondrial，S22

（down－regulated1．78－fold，P＜0．05）；Ornithineaminotransferase（down－regulated1．34－fold，

P＜0．05）．Three down－regulatedproteins，Rho GDPdissociationinhibitoralpha，StOmatin－

1ike protein2，and ornithine aminotr・ansferase were candidates for cancer prognostic

marker or target proteins for chemotheraputic drug development．旦yuhyuMbd．J，26
（鋸の∬～145，2007
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INTRODUCTION

Rap2isasmallGproteinhomologoustoRas，

aprototypicaloncogeneproductl）．MembersofRas

familyplaycrucialrolesinregulationofvariousce1－

1ularprocesses such as cellgrowth，differentiation

anddeath．Thefamilyconsistsofsubfamiliessuch

asRas，Rap，Ral，etc．TheRapsubfamilyistheclos－

est relative of the Ras subfamily．Rap subfamily

containsRaplandRap2，Whichareabout60％iden－

ticaltoeachother・．Rapl’sfunctionisoftenanalo－

gous to that ofRas，butit sometimes counteracts

Ras function，because they shareidentical amino

acid sequenceintheireffector－bindingregl0n．For

instance，RaplinteractswithRaf－1，adownstream

effectorofRas．However，RapIcannotactivateRaf－

1forcomplexreasons，andasaresult，1eadstosup－

PreSSionofRas一mediatedactivationofextracellular・

Signal－aCtivated kinase（ERK），the growth－related

mitogen－aCtivatedproteinkinase（MAPK）．Onthe

Other hand，Raplinteracts with and activates an－

OtherRaseffector，B－raf，mOreefficientlythanRas

andplaysamaJOrrOleinregulationofERKinsome

Celltypes．

IncontrasttoRas／Rap1，1ittlehadbeenknown

aboutRap2’sroleincellularslgnaling．Theeffector－

binding reglOn Of Rap2differs from thosein Ras

andRaplbyasingleaminoacid：Rap2hasPheat
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amino acid position　39，but Ras／Rapl have Ser．

ThisdifferencemightsuggestthatRap2hasitsspe－
Cific downstream effectors．In our previous study，

therefore，Rap2TSPeCificinteracting proteins were

SearChedfromratbrainbyafocusedproteomic ap－

PrOaCh：the combination of Rap2－affinity column

Chromatographyandproteinidentificationbymass

SPeCtrOmetry．A protein of155kDa wasisolated

andidentifiedasTraf2－andNck－interactingkinase

（TNIK）2）．TNIK belongs to the Ste20group of

kinases that act upstream of c－Jun N－terminal

kinase（JNK），aStreSS－relatedMAPK3）．Inaddition，

WehaveisolatedanotherSte20groupkinase，HPK／

GCK－11ike kinase（HGK），also known as MAPK

kinasekinasekinase4（MAP4K4），aSanOtherRap2－

SPeCificinteracting pr・Otein by the yeast two－hybrid

screening4）．Thus，itturnedoutthatRas／Rapland

Rap2，Withdifferenteffector－bindingreglOnatPOSi－

tion39，aCtuPStreamOfdifferenttypesofMAPKs，

namely，ERKandJNK，reSPeCtively．

Ste20group members share similar kinase

domainstothatofSTE20，ayeaStMAP4K3）．The
group consists of two families．The first family，

p21－aCtivated kinase（PAK）family contains C－

terminal catalytic and N－terminal regulatory do一

mains，Whilethesecondfamily，thegerminalcenter

kinase（GCK）family contains N－terminal kinase

and C－terminal regulatory domains．TNIK and

HGK／MAP4K4belong to thelatter，and their C－

terminalregulatorydomainisthebindingsitefor

Rap2．TNIK and HGK／MAP4K4are about90％

identicalin their・kinase and r・egulatory domains，

butidentitydropstoabout50％inintermediated0－

main between the kinase and the regulatory d0－

mains．Onereasonforthisdropisthepresenceof

thr・ee alternatively spliced modules（amino acids

447－475，537－591and795－8020fhumanTNIK），and

thelargest human TNIKisoform consists of1360

aminoacids．TNIKisnamedafteritsabilitytoin－

teractwithadaptorproteinsTraf2andNckatthis

intermediate domain5）．However，nO eVidence has

been reported so far that Traf20r Nck activates

TNIK，thusRap2istheonlyknownupstreamacti－

vatorofTNIK．

RegardingJNKactivationbyTNIK，SOmeCOn－

troversyexistsastowhetherGCKfamilymembers

Shouldbetermed“MAP4K”ornot，Sincetheyappear

toactivateMAP3Kswithoutphosphorylatingthem．

Rather，the members help formation of MAP3K

Oligomers：the C－terminal regulatory domains of

the GCK family members have an ability to

Oligomerize and at thesametimeserveasbinding

SitesforMAP3Ks．Thus，formationofGCKfamily

memberoligomersthroughtheC－terminalregulaT
torydomainsinturnleadstoformationofMAP3K

Oligomers，Withinwhichtrans－Phorphorylationand

activationofMAP3Ktakeplace：kinasedomainof

the family members are notnecessary3）．ConsisT

tent with this，Simple artificialover－eXPreSSionof

theGCKfamilymemberscanactivateJNK3）：thisis

also the case for TNIK，and over－eXPreSSion of a

kinase－deficientmutantTNIKcanleadtoactivation

ofJNK5）．

Verylittleis known about TNIK’s rolesin

PhysiologlCal or pathological cellular processes．

Oneobviousapproachtoaddressthisissue，Which

isnotinthescopeofthisstudy，istosubjectcells

WithactivatedorinactivatedTNIKtoavarietyofcell

biologlCalassays．However，this kind ofhypothesis－

drivenapproachcouldoverlooksomethingthatiscom

pletelyunexpected．Onenon－hypothesis－drivenapproach

istheproteomicappr・OaCh6）．Recently，thestrategyof

COmbining EttanTM two－dimensional fluorescence

difference gel electrophoresis（2－D DIGE）system

（GEHealthcare）withmatrix－aSSistedlaserdesorption／

ionizationtime－Of－flight（MALDI－TOF）massspec－
trometryhasbecomeoneofstandardstrategiesfor

proteomicanalysis7）．The2－DDIGEsystemhascir－

CumVented thelimitations of previous stain－based

two－dimensional electrophoresis system．In this

SyStem，PrOteinsinthecontrolandtestsamplesare

labeledwithdiffer・entfluor・esCentCyDyesTMsuchas

Cy3andCy5．Thisallowstw0－dimensionalsepara－

tionofthecontrolandtestsamplepalrOnthesame

gel，enablingperfectprotein spot matching．AIso，

1ineardynamicrangesforfluorescentdyesar・efive

Ordersofmagnitude，allowlngVeryaCCuratequanti－

tativecomparisons．Proteinspotsshowingquanti－

tative differences are examined by MALDI－TOF

mass spectrometry，and pr・Oteins containedin the

SPOtSareidentified．

In the present study，We have attempted to

examine TNIK’s rolein cancer cells by the above

PrOteOmicapproach：Wehaveexaminedtheeffectof

OVer－eXPreSSed TNIK on globalprotein expression

profileinacancercelllineinuitro．Wehavechosen

amousesquamouscellcarcinomacelllinePam212，

Whichfor・mStumOrSinmiceaftersimplesubcutane－

ousimplantation9），allowinglnUiuotestofinuitro

findings．




















