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EEExxxppprrreeessssssiiiooonnnaaannndddccchhhaaarrraaacccttteeerrriiizzzaaatttiiiooonnnooofffaaammmiiinnnoooaaaccciiidddtttrrraaannnssspppooorrrttt
sssyyysssttteeemmm LLLiiinnnHHHTTTBBB---444111hhhuuummmaaannnsssaaallliiivvvaaarrryyyggglllaaannnddd

eeepppiiidddeeerrrmmmoooiiidddcccaaarrrccciiinnnooommmaaaccceeellllllsss

PPPaaarrrkkk,,,NNNooo---SSSeeeuuunnnggg
AAAdddvvviiisssooorrr:::PPPrrrooofff...KKKiiimmm,,,SSSuuu---GGGwwwaaannn,,,DDD...DDD...SSS...,,,MMM...SSS...DDD...,,,PPPhhh...DDD...

DDDeeepppaaarrrtttmmmeeennntttooofffDDDeeennntttiiissstttrrryyy,,,
GGGrrraaaddduuuaaattteeeSSSccchhhoooooolllooofffCCChhhooosssuuunnnUUUnnniiivvveeerrrsssiiitttyyy

Aminoacidsarerequired forprotein synthesisand energy sourcesin all
living cells.Theamino acid transportsystem L isa majornutrienttransport
system thatisresponsibleforNa+-independenttransportofneutralaminoacids
including severalessentialaminoacids.Thesystem L isdivided into2major
subgroups,theL-typeaminoacidtransporter1(LAT1)andtheL-typeaminoacid
transporter2 (LAT2).In malignanttumors,the LAT1 is highly expressed to
supporttheircontinuous growth and proliferation.Although the salivary gland
squamouscellcarcinomashasan extremely poorprognosis,theexpression and
characterizationofaminoacidtransportersforsupplyingnutritiontocellsinthe
salivaryglandtumorsincludingthesalivaryglandsquamouscarcinomascellsare
not known at all. In the present study, the expression and functional
characterizationofaminoacidtransportsystem Lwere,therefore,examinedinthe
HTB-41humansubmaxillarysalivaryglandepidermoidcarcinomacells.

Theexpressionsandfunctionsofthesystem Laminoacidtransportersinthe
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HTB-41cellswereinvestigatedusingRT-PCRanalysis,westernblotanalysisand
aminoacidtransportmeasurements.

RT-PCR analysisandwesternblotanalysishaverevealedthattheHTB-41
cellsexpressedtheLAT1togetherwithitsassociatingproteinheavychainof4F2
antigen (4F2hc)in the plasma membrane,whereas the HTB-41 cells did not
express the LAT2. The uptakes of [14C]L-leucine by HTB-41 cells were
Na+-independentand completely inhibited by asystem L selectiveinhibitor,2-
aminobicyclo-(2,2,1)-heptane-2-carboxylic acid (BCH). The affinity of
[14C]L-leucineuptakeandtheinhibitionprofileof[14C]L-leucineuptakebyvarious
L-aminoacidsintheHTB-41cellswerecomparablewiththosefortheLAT1
expressedin oocytes.Themajorityof[14C]L-leucineuptakeis,therefore,
mediatedbyLAT1intheHTB-41cells.IntheMTT assay,theBCH inhibitedthe
growthoftheHTB-41cellsinthetime-andconcentration-dependentmanners,
indicatingthatthegrowthinhibitionofHTB-41cellsbyBCH isinducedbythe
blockingofneutralaminoacidtransportmediatedbyLAT1.

Theseresultssuggestthatthetransportsofneutralaminoacidsincluding
severalessentialaminoacidsintotheHTB-41humansubmaxillarysalivarygland
epidermoidcarcinomacellsaremediatedbyLAT1.Therefore,theHTB-41cellis
proposedtobeanexcellenttoolforexaminethepropertiesofLAT1.Moreover,the
specificinhibitionofLAT1intumorcellsincludingthesalivaryglandtumorcells
mightbeanew rationaleforanti-tumortherapy.

...................................................................................................................................................................

Key Words:Amino acid transport system L,LAT1,LAT2,Salivary gland
carcinomacells,Essentialaminoacids,Anti-tumortherapy
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ⅠⅠⅠ...IIINNNTTTRRROOODDDUUUCCCTTTIIIOOONNN

Aminoacidsareindispensableforproteinsynthesis,whichisessentialforcell
growthandproliferationinbothnormalandtransformedcells(1,2).Aminoacid
transportacrosstheplasmamembraneismediated viaaminoacid transporters
locatedontheplasmamembrane(1,2).Amongtheaminoacidtransportsystems,
theaminoacidtransportsystem L,whichisaNa+-independentneutralaminoacid
transportsystem,isamajorrouteforproviding living cells,aswellastumor
cells,with neutralamino acids including severalessentialamino acids (1,3).
Becauseofitsbroadsubstrateselectivity,system L aminoacidtransportersare
regarded asthedrug transporterswhich transportnotonly naturally occurring
aminoacidsbutalsoaminoacid-relateddrugssuchasL-dopa,atherapeuticdrug
forParkinsonism;melphalan,ananticancerphenylalaninemustard;triiodothyronine
andthyroxine,twothyroidhormones;gabapentin,ananticonvulsant(1,4-9).

Recently,thesystem L-typeaminoacidtransporters1and 2(LAT1and
LAT2),thefirstandsecondisoformsofsystem L aminoacidtransportsystem,
wereisolated(10-12).Theyarepredictedtobe12-membrane-spanning proteins
thatmediate Na+-independentamino acid exchange (10-12).They require an
additional single-membrane-spanning protein,a heavy chain of 4F2 antigen
(4F2hc), for their functional expression in the plasma membrane (10-16).
LAT1/4F2hcorLAT2/4F2hcformsaheterodimericcomplexviaadisulfidebond,
respectively.LAT1mRNA isonlyexpressedinrestrictedorganssuchasbrain,
spleen,placentaandtestis(10,11,16,17).However,themRNAsofLAT2and4F2hc
are ubiquitously expressed in allnormalembryonic and normaladulttissues
(10-12,16).Inaddition,LAT1ishighlyexpressedinmalignanttumorspresumably
to supporttheir continuous growth and proliferation (10,11,18,19).The LAT1
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preferslargeneutralaminoacidsforitssubstrates(10,11,20),whiletheLAT2
transportsnotonlylargeneutralaminoacids,butalsosmallneutralaminoacids,
in a fashion thatappears to have broader substrate selectivity than LAT1
(12,21-23).

Asmentionedabove,ithasbeenproposedthatthemanipulationofsystem L
activityinparticularthatofLAT1couldhaveanti-tumortherapeuticimplications.
TheinhibitionofLAT1activityintumorcellscouldsuppressthegrowthoftumor
cellsbydeprivingofessentialaminoacids(9).WhentheLAT1activityintumor
cellsiscompletelyblocked,thegrowthandproliferationofnormalcellscouldbe
possibleduetothepresenceofLAT2.

Up to now,thefunctionalpropertiesofamino acid transportersincluding
LAT1andLAT2havebeenstudiedformerlybyinjectingcRNAsofaminoacid
transporters into oocytes (10-12,20).However,the oocytes
experimental system is not well suited for the exact investigation the
characteristicsofmammalianaminoacidtransportersandmakesmanydemandsof
time and money.So,itis essentialfor the developmentofmammalian cell
experimentalsystem fortheresearchofaminoacidtransportersincludingLAT1
andLAT2.

Salivaryglandtumorsareamorphologicallyandclinicallydiversegroupof
neoplasms,whichmaypresentconsiderablediagnosticandmanagementchallenges
tothepathologistorsurgeon(24).Salivaryglandtumorsarerarewithanoverall
incidencein theWestern world ofabout2.5- 3.0per100,000peryear(25).
Among salivaryglandtumors,thesalivary glandsquamouscellcarcinomasare
morerare(25).However,althoughthistumorhasanextremelypoorprognosis,
unlikemostothersalivaryglandmalignancies,survivalat5yearsisprognostically
significant(25).Furthermore,the expression and functionalcharacterization of
amino acid transporters such as the system L amino acid transporters for
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supplying nutrition tocellsin thesalivary gland tumorsincluding thesalivary
glandsquamouscarcinomascellsarenotknownatall.

Inthepresentstudy,therefore,theexpressionsandfunctionalcharacterization
ofsystem L aminoacid transporterswereinvestigated in theHTB-41human
submaxillarysalivaryglandepidermoidcarcinomacells.
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ⅡⅡⅡ...MMMAAATTTEEERRRIIIAAALLLSSSAAANNNDDD MMMEEETTTHHHOOODDDSSS

111...MMMaaattteeerrriiiaaalllsss

[14C]L-leucinewaspurchasedfrom PerkinElmerLifeSciencesInc.(Boston,
MA, USA). Affinity-purified rabbit anti-LAT1, anti-LAT2 and anti-4F2hc
polyclonalantibodies were supplied by Kumamoto ImmunochemicalLaboratory,
Transgenic Inc. (Kumamoto, Japan). Anti-rabbit-horseradish peroxidase
conjugated-secondaryantibodyandenvision(+)rabbitperoxidasewerepurchased
from Jackson ImmunoResearch Laboratories Inc.(WestGrove,PA,USA)and
DAKO (Glostrup, Denmark), respectively. 2-Aminobicyclo-(2,2,1)-heptane-2-
carboxylicacid(BCH)andotherchemicalswerepurchasedfrom Sigma(StLouis,
MO,USA).

222...CCCeeellllllllliiinnneeeaaannndddccceeellllllcccuuullltttuuurrreee

HTB-41humansubmaxillarysalivaryglandepidermoidcarcinomacellswere
providedbyAmericanTypeCultureCollection(ATCC,Rockville,MD,USA).The
HTB-41cellsweregrowninmodifiedMcCoy'smediawith1.5mM L-glutamine
adjustedtocontain2.2g/Lsodium bicarbonatewith10% FBSinaccordancewith
ATCC'sinstruction.Thecellsweremaintainedasmonolayersinplasticculture
plateat37oCinahumidifiedatmospherecontaining5% CO2.

333...RRReeevvveeerrrssseeetttrrraaannnssscccrrriiippptttiiiooonnn---pppooolllyyymmmeeerrraaassseeeccchhhaaaiiinnnrrreeeaaaccctttiiiooonnn(((RRRTTT---PPPCCCRRR)))aaannnaaalllyyysssiiisss

TotalRNA was prepared from HTB-41 cells maintained in the growth
medium at 37oC by RNA preparation kit (Isogen,Nippon-Gene,Japan) in
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accordancewiththemanufacturer'sinstruction.
ForRT-PCRanalysis,thefirst-strandcDNA waspreparedfrom HTB-41cell

total RNA using SuperScript First-Strand Synthesis System for RT-PCR
(InvitrogenLifeTechnologiesInc.,CA,USA)withanoligodT primer,andused
asatemplateforPCR amplification.ThePCR amplificationwasperformedusing
TaqpolymeraseAmplitaqGold(RocheMolecularSystems,Inc.,Germany)inthe
followingprotocol:94oCfor12min,followedby25cyclesof94oCfor30sec,60oC
for30secand72oC for45secandafinalextensionstepof72oC for10min.A
pair of primers, 5'-TTCATCGCAGTACATCGTGG-3' (491-510 bp) and
5'-CCCAGGTGATAGTTCCCGAA-3' (1008-1027 bp), was used for PCR
amplificationofhumanLAT1.A pairofprimers,5'-AGCCCTGAAGAAAGAGAT
CG-3'(811-830bp)and5'-TGCATATCTGTACAATCCCC-3'(1321-1340bp),was
used for PCR amplification of human LAT2. A pair of primers,
5'-TCGATTACCTGAGCTCTCTG-3'(551-570bp)and5'-GGGATTTTGTATGC
TCCCCA-3'(1041-1060bp),wasusedforPCRamplificationofhuman4F2hc.

444...WWWeeesssttteeerrrnnnbbbllloootttaaannnaaalllyyysssiiisss

Protein samplesfrom HTB-41cellswereprepared asdescribed elsewhere
(26,27),withminormodifications.Briefly,HTB-41cellswerewashedwithPBS
and prepared by centrifugation 5 min at1000 × g.The HTB-41 cells were
homogenizedin9volumesofhomogenizationbuffer(50mM Tris-HCl,pH 7.5,25
mM KCl,1mM MgCl2,1mM phenylmethylsulfonylfluoride,250mM sucrose)
with15strokesofDouncehomogenizer.Thehomogenatewascentrifugedfor10
minat8,000×g,andthesupernatantwascentrifugedfurtherfor1hat100,000×
g.Aftercentrifugation,themembranepelletwasresuspendedinresuspendbuffer
(50mM Tris-HCl,pH 7.4,100mM KCl,5mM MgCl2,250mM sucrose).The
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proteinsampleswereheatedat100oCfor5minintheSDSsamplebuffer(60mM
Tris-HCl,pH 6.8,4% SDS,25% glycerol,0.1% Bromophenolblue)inthepresence
of5% 2-mercaptoethanolandsubjectedtoSDS-polyacrylamidegelelectrophoresis.
The separated proteins were transferred electrophoretically to a Hybond-P
polyvinylidene difluoride transfer membrane.The membrane was treated with
non-fatdried milk and diluted anti-LAT1 (1:1000),LAT2 (1:1000)and 4F2hc
(1:1000)affinity-purifiedantibodies(26,27)andthenwithhorseradishperoxidase-
conjugatedantirabbitIgGasasecondaryantibody.Thesignalsweredetectedwith
anECLplussystem (Amersham PharmaciaBiotech,NJ,USA).

555...UUUppptttaaakkkeeemmmeeeaaasssuuurrreeemmmeeennntttsss

Tocharacterizethefunctionoftheendogenouslyexpressedsystem Lamino
acid transporters in the HTB-41 cells,uptake experiments were performed as
described elsewhere (28).The HTB-41 cells were maintained in the growth
medium at37oC.Thecellswerecollectedandseededon24-wellplates(1X 105

cells/well)in fresh growth medium.Theuptakemeasurementswereperformed
whenthecellswereapproximately85-95% confluenton24-wellplates.

Aftertheremovalofthegrowthmedium,thecellswerewashed3timeswith
thestandarduptakesolution(125mM NaCl,4.8mM KCl,1.3mM CaCl2,1.2mM
MgSO4,25mM HEPES,1.2mM KH2PO4,5.6mM Glucose,pH 7.4)orNa+-free
uptakesolution(125mM choline-Cl,4.8mM KCl,1.3mM CaCl2,1.2mM MgSO4,
25mM HEPES,1.2mM KH2PO4,5.6mM Glucose,pH 7.4),andpreincubatedfor
10minat37oC.Then,themedium wasreplacedbytheuptakesolutioncontaining
[14C]L-leucine.The uptake was terminated by removing the uptake solution,
followedbywashingthreetimeswithice-colduptakesolution(28).Then,thecells
weresolubilizedwith0.1M NaOH andtheradioactivitywascountedbyliquid
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scintillationspectrometry.Thevaluesareexpressedaspmol/mgprotein/min.For
themeasurementoftheuptakeof[14C]L-leucine,fourtosixwellsofHTB-41cells
wereusedforeachdatapoint.Toconfirm thereproducibilityoftheresults,three
orfourseparateexperimentswereperformedforeachmeasurement.Resultsfrom
therepresentativeexperimentsareshowninfigures.

The and valuesweredeterminedusingEadie-Hofsteeplotsbasedon
the[14C]L-leucineuptakesmeasuredfor1minat1,3,10,30,100,300and1000
μM fortheHTB-41cells.The valuesforBCH ontheL-leucinetransport
weredeterminedonthe1 μM [14C]L-leucineuptakemeasuredfor1mininthe
presenceof0,1,3,10,30,100,300,1000and3000 μM BCH.Tomeasurethe
valuesforBCH,theuptakeratesof[14C]L-leucineweremeasuredfor1minat
variousconcentrationsof[14C]L-leucine(1,3,10,30,100,300and1000 μM)with
orwithouttheadditionof100 μM BCH.The valuesweredeterminedbydouble
reciprocalplotanalysiswhere1/uptakerateof[14C]L-leucinewasplottedagainst
1/L-leucine concentration.The values were calculated from the following
equation when competitive inhibition was observed: = concentration of
inhibitor/(( ofL-leucine with inhibitor/ ofL-leucine withoutinhibitor)-1)
(20,27).Fortheinhibitionexperiments,theuptakeof30 μM [14C]L-leucineuptake
wasmeasuredinthepresenceorabsenceofthe3mM non-labeledL-aminoacids
andBCH.

666...MMMTTTTTT aaassssssaaayyy

TheMTT assaywasperformedaccordingtoapreviouslydescribedmethod
(29),withminormodifications.TheHTB-41cellswereseededataconcentration
of5X 103cells/wellina24-wellplate.After24hgrowth,thecellsweretreated
withBCH atvariousconcentrationsandincubationtimes.Then,cellviabilitywas
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assessedusingMTT assay.Briefly,thecellsweregrowninthemedium inthe
absenceorpresenceofBCH forvariousincubationtimes.Followingtheculture,
0.5 mg/mlofMTT was added to each well.After4 h incubation at37oC,
isopropanolwith0.04M HClwasaddedtoeachwelltodissolveprecipitates.Then,
theabsorbancewasmeasured at570nm using aspectrophotometer(Ultrospec
2000;Amersham PharmaciaBiotech,NJ,USA).Threeorfourseparateexperiments
wereperformedforeachconcentration/exposuretimecombination.

777...DDDaaatttaaaAAAnnnaaalllyyysssiiisss

Allexperimentswereperformedatleastintriplicate.Resultswerepresented
asmean±S.E.M.StatisticalsignificancewasanalyzedusingStudent'st-testfor
twogroupsandonewayanalysisofvarianceformulti-groupcomparisons.P<0.05
wasconsideredstatisticallysignificant.
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ⅢⅢⅢ...RRREEESSSUUULLLTTTSSS

111...DDDeeettteeeccctttiiiooonnnooofffsssyyysssttteeemmm LLLaaammmiiinnnoooaaaccciiidddtttrrraaannnssspppooorrrttteeerrrsssiiinnnHHHTTTBBB---444111ccceeellllllsss

In theRT-PCR analysis,thePCR productsforLAT1and itsassociating
protein 4F2hcweredetectedin theHTB-41cells,whereastheLAT2wasnot
detectedinHTB-41cells(Fig.1).Westernblotanalysiswasperformedonthe
membranefractionsprepared from HTB-41cells.Theantibodiesraised against
LAT1and4F2hcrecognizedthe40kDaproteinbandand85kDaproteinband
underthereducingcondition,respectively(Fig.2).TheproteinbandofLAT2did
notrecognizeonthemembranefractionspreparedfrom HTB41cells(Fig.2).The
resultsfrom theRT-PCR andwesternblotanalysesindicatethatLAT1butnot
LAT2ispresenttogetherwith4F2hcinHTB-41cells.

222...PPPrrrooopppeeerrrtttiiieeesssooofff[[[111444CCC]]]LLL---llleeeuuuccciiinnneeeuuuppptttaaakkkeeebbbyyyHHHTTTBBB---444111ccceeellllllsss

Thepropertiesof[14C]L-leucinetransportwereexaminedinHTB-41cells.As
showninFig.3A,thelevelof[14C]L-leucineuptake(30 μM)byHTB-41cells
measuredinthestandarduptakesolution(Na)wasnotalteredbyreplacingNaCl
oftheuptakesolutionwithcholine-Cl(Choline),indicatingthatL-leucineuptake
byHTB-41cellsisprimarilyNa+-independent.Inthesubsequentexperiments,the
transportmeasurements were performed under Na+-free conditions.When the
uptakemeasurementswereperformedonice,the[14C]L-leucineuptakewasnot
detected,confirmingthatthe[14C]L-leucineuptakebyHTB-41cellswasdueto
thetransporter-mediatedtransport(Fig.3A).AsshowninFig.3B,theuptakeof
[14C]L-leucine(30 μM)wasalmostcompletelyinhibitedby3mM BCH,aspecific
inhibitorofsystem Laminoacidtransporters,indicatingthatthesystem Lamino
acidtransportersareresponsibleforthe[14C]L-leucineuptakeintheHTB-41cells.
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FFFiiiggg...111...DDDeeettteeeccctttiiiooonnnooofffLLLAAATTT111,,,LLLAAATTT222aaannnddd444FFF222hhhcccbbbyyyRRRTTT---PPPCCCRRR iiinnnHHHTTTBBB---444111hhhuuummmaaannn
sssuuubbbmmmaaaxxxiiillllllaaarrryyy sssaaallliiivvvaaarrryyy ggglllaaannnddd eeepppiiidddeeerrrmmmoooiiiddd cccaaarrrccciiinnnooommmaaa ccceeellllllsss...ThePCR products
weresubjected to electrophoresison a1.2% agarosegeland visualized with
ethidium bromide.TheLAT1-specificPCR product(536bp),LAT2-specificPCR
product(529bp)and4F2hc-specificPCR product(509bp)wereobtainedfrom
HTB-41cells.
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FFFiiiggg...222...WWWeeesssttteeerrrnnnbbbllloootttaaannnaaalllyyysssiiisssooofffLLLAAATTT111,,,LLLAAATTT222aaannnddd444FFF222hhhccciiinnnHHHTTTBBB---444111ccceeellllllsss...
Westernblotanalyseswereperformedonthemembranefractionspreparedfrom
HTB-41cellsinthepresenceof2-mercaptoethanolusinganti-LAT1,anti-LAT2
andanti-4F2hcantibodies.ForLAT1,LAT2and4F2hc,the40kDa-,47kDa-
and85kDa-proteinbandsdetected,respectively.
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FFFiiiggg...333...[[[111444CCC]]]LLL---llleeeuuuccciiinnneee uuuppptttaaakkkeee bbbyyy HHHTTTBBB---444111 ccceeellllllsss...(((AAA))) lon dependence of
[14C]L-leucinetransport.[14C]L-leucine(30 μM)uptakemeasuredinthestandard
uptakesolution (Na)wascomparedwiththatmeasuredintheNa+-freeuptake
solution (Choline).The[14C]L-leucinetransportmeasurementwas performed at
37℃ and on ice.(((BBB)))Inhibition of[14C]L-leucinetransportby BCH,aspecific
inhibitorofaminoacidtransportsystem L.The[14C]L-leucine(30μM)uptakewas
measuredinthepresence(BCH)orabsence((-))of3mM BCH.
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Todeterminethetime-courseof[14C]L-leucineuptakebyHTB-41cells,the

levelof[14C]L-leucine(30 μM)uptakewasmeasuredfor0.5,1,2,2.5,5,10,15

and 20min.Theuptakeof[14C]L-leucinewastime-dependentand exhibited a

lineardependence on the incubation time up to 1 min (Fig.4).So allthe

subsequentuptakemeasurementswereconductedfor1minandthevaluesare

expressedaspmol/mgprotein/min.AsshowninFig.5,the[14C]L-leucineuptake

wassaturableandfollowedMichaelis-Mentenkineticswitha valueof47.7±

5.2μM (mean±S.E.M.ofthreeseparateexperiments)for[14C]L-leucineuptake.

333...IIInnnhhhiiibbbiiitttiiiooonnnooofff[[[111444CCC]]]LLL---llleeeuuuccciiinnneeeuuuppptttaaakkkeeebbbyyyBBBCCCHHH iiinnnHHHTTTBBB---444111ccceeellllllsss

InordertoexaminewhichBCH concentrationinteractswiththeL-leucine

uptakemechanism in theHTB-41cells,the[14C]L-leucine(1 μM)uptakewas

measuredinthepresenceofvariousBCH concentrations(0,1,3,10,30,100,300,

1000and3000 μM)andtheuptakeratewasmeasuredatvarious[14C]L-leucine

concentrations(1,3,10,30,100,300and1000 μM),withorwithouttheadditionof

100 μM BCH.As shown in Fig.6,the BCH (1 - 3000 μM)inhibited the

[14C]L-leucine(1 μM)uptakeinaconcentration-dependentmannerwithan

valueof65.3± 5.2 μM (mean± S.E.M.ofthreeseparateexperiments).Inthe

HTB-41cells,theinhibitionof[14C]L-leucineuptakebyBCH wasshowntobe

competitiveinadoublereciprocalplotanalysiswitha valueof41.1±3.8 μM

(mean±S.E.M.offourseparateexperiments)(Fig.7).
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FFFiiiggg...444...TTTiiimmmeee---cccooouuurrrssseeeooofff[[[111444CCC]]]LLL---llleeeuuuccciiinnneeeuuuppptttaaakkkeeebbbyyyHHHTTTBBB---444111ccceeellllllsss...TheHTB-41
cells were incubated in the Na+-free uptake solution containing 30 μM
[14C]L-leucinefor0.5,1,2,2.5,5,10,15and20min.
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FFFiiiggg...555...CCCooonnnccceeennntttrrraaatttiiiooonnn---dddeeepppeeennndddeeennnccceeeooofff[[[111444CCC]]]LLL---llleeeuuuccciiinnneeeuuuppptttaaakkkeeebbbyyyHHHTTTBBB---444111ccceeellllllsss...
Theuptakeof[14C]L-leucinebyHTB-41cellswasmeasuredfor1minandplotted
againstL-leucineconcentration.TheL-leucineuptakewassaturableandfittothe
Michaelis-Mentencurve( =47.7 μM).TheinsetshowsanEadie-Hofsteeplot
ofL-leucineuptakethatwasusedtodeterminethekineticparameters.
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FFFiiiggg...666...CCCooonnnccceeennntttrrraaatttiiiooonnn---dddeeepppeeennndddeeennntttiiinnnhhhiiibbbiiitttiiiooonnnooofff[[[111444CCC]]]LLL---llleeeuuuccciiinnneeeuuuppptttaaakkkeeebbbyyyBBBCCCHHH
iiinnnHHHTTTBBB---444111ccceeellllllsss...The[14C]L-leucineuptake(1 μM)wasmeasuredfor1minin
thepresenceofvariousBCH concentrationsinHTB-41cells,andwasexpressed
asapercentageofthecontrolL-leucineuptakeintheabsenceofBCH.
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FFFiiiggg...777...DDDooouuubbbllleeerrreeeccciiippprrrooocccaaalllpppllloootttaaannnaaalllyyysssiiisssooofffiiinnnhhhiiibbbiiitttooorrryyy eeeffffffeeeccctttooofffBBBCCCHHH ooonnnttthhheee
[[[111444CCC]]]LLL---llleeeuuuccciiinnneeeuuuppptttaaakkkeeeiiinnnHHHTTTBBB---444111ccceeellllllsss...The[14C]L-leucineuptakes(1,3,10,30,
100,300and 1000 μM)weremeasured in theNa+-freeuptakesolution in the
presence(filledtriangle)orabsence(filledcircle)of100μM BCH inHTB-41cells.

1/[L-Leu] (1/µM)

-0.2 0.0 0.2 0.4 0.6 0.8 1.0

1/
V

 (
pm

ol
/m

g 
pr

ot
ei

n/
m

in
)

-0.002

-0.001

0.000

0.001

0.002

0.003

0.004

0.005

0.006

0.007

BCH  0  µM
BCH  100  µM



- 18 -

444...IIInnnhhhiiibbbiiitttiiiooonnnooofff[[[111444CCC]]]LLL---llleeeuuuccciiinnneeeuuuppptttaaakkkeeebbbyyyvvvaaarrriiiooouuusssaaammmiiinnnoooaaaccciiidddsssiiinnnHHHTTTBBB---444111
ccceeellllllsss

In ordertoexaminewhich variousL-aminoacidsinteractwith L-leucine
uptakemechanism intheHTB-41cells,the[14C]L-leucine(30 μM)uptakewas
measured in thepresenceof3mM nonlabeled L-aminoacidsin theNa+-free
uptakesolution.The[14C]L-leucineuptakewasstronglyinhibitedbytheL-isomers
ofmethionine,leucine,isoleucine,valine,phenylalanine,tyrosine,tryptophan and
histidine (Fig.8).In the HTB-41 cells,threonine,cysteine,asparagine and
glutamine exhibited weaker inhibitory effects on [14C]L-leucine transport and
glycine,alanine,serine,aspartate,glutamate,lysine,arginine,prolineandcystine
have notrevealed any inhibitory effects on [14C]L-leucine transport(Fig.8),
consistentwiththepropertiesofLAT1expressedin oocytes(10,11,20).

555...GGGrrrooowwwttthhhiiinnnhhhiiibbbiiitttiiiooonnnooofffHHHTTTBBB---444111ccceeellllllsssbbbyyyBBBCCCHHH

ToanalyzetheeffectofBCH ontheviabilityofHTB-41cells,thecellswere
treatedwithBCH atvariousconcentrationsandincubationtimes,thentheMTT
assaywasperformed.From 3to50mM treatmentofBCH,thegrowthinhibition
ofHTB-41cellsdependedontheBCH treatmenttime(Fig.9).WhentheBCH
treatedtothecellsat1,3,10,20and50mM,theBCH inhibitedtheproliferation
ofHTB-41cellsinadose-dependentmanner(Fig.10).
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FFFiiiggg...888...IIInnnhhhiiibbbiiitttiiiooonnnooofff[[[111444CCC]]]LLL---llleeeuuuccciiinnneeeuuuppptttaaakkkeeebbbyyyaaammmiiinnnoooaaaccciiidddsssiiinnnHHHTTTBBB---444111ccceeellllllsss...
The [14C]L-leucine (30 μM)uptake was measured in the presence of3 mM
nonradiolabeledindicatedL-aminoacidsandsystem LspecificinhibitorBCH inthe
Na+-freeuptakesolution.
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FFFiiiggg...999...TTTiiimmmeee---dddeeepppeeennndddeeennnttteeeffffffeeeccctttooofffBBBCCCHHH ooonnnttthhheeeccceeellllllvvviiiaaabbbiiillliiitttyyyiiinnnHHHTTTBBB---444111ccceeellllllsss...
TheHTB-41cellsweretreatedwith0,3,10,20and50mM BCH for0-3days.
ThecellviabilitiesweredeterminedbytheMTT assays.Thepercentageofcell
viabilitywascalculatedasaratioofA570nmsofBCH treatedcellsanduntreated
controlcells.Eachdatapointrepresentsthemean±SEM ofthreeexperiments.
**P<0.01vs.controland ***P<0.001vs.control(thecontrolcellsmeasuredinthe
absenceofBCH).

Time (days)

0 1 2 3

C
el

l v
ia

bi
lit

y 
(%

 o
f c

on
tr

ol
)

0

20

40

60

80

100

120

 BCH   3 mM 
 BCH 10 mM 
 BCH 20 mM 
 BCH 50 mM 

**

***

***

******

******

***

***

***



- 21 -

FFFiiiggg...111000...CCCooonnnccceeennntttrrraaatttiiiooonnn---dddeeepppeeennndddeeennnttteeeffffffeeeccctttooofffBBBCCCHHH ooonnn ttthhheee ccceeellllllvvviiiaaabbbiiillliiitttyyy iiinnn
HHHTTTBBB---444111 ccceeellllllsss...TheHTB-41cellsweretreated with variousconcentrationsof
BCH orwithoutBCH for3days.ThecellviabilitiesweredeterminedbytheMTT
assays.ThepercentageofcellviabilitywascalculatedasaratioofA570nmsof
BCH treatedcellsanduntreatedcontrolcells.Eachdatapointrepresentsthemean
±SEM ofthreeexperiments.*P<0.05vs.controland ***P<0.001vs.control(the
controlcellsmeasuredintheabsenceofBCH).
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ⅣⅣⅣ...DDDIIISSSCCCUUUSSSSSSIIIOOONNN

Ithas been known thatthe system L amino acid transporters play an
importantrolein theproliferation and continuousgrowth oftumorcells(1,2).
However,theexpression andfunctionalcharacterization ofthesystem L amino
acidtransporterinthesalivaryglandtumorcellshavenotbeenclarified.Inthe
presentstudy,therefore,theexpressionsofthesystem Laminoacidtransporters
andthepropertiesofL-leucinetransportwereexaminedintheHTB-41human
submaxillarysalivaryglandepidermoidcarcinomacells.

ByRT-PCR analysis,theHTB-41cellswereshowntoexpressLAT1,an
isoform ofsystem Laminoacidtransporter,togetherwithitsassociatingprotein
4F2hc,butdonotexpresstheothersystem L isoform LAT2(Fig.1).In the
westernblotanalysisonthemembranefractionpreparedfrom HTB-41cells,the
proteins forLAT1 and 4F2hc were detected,butnotLAT2 (Fig.2).In the
previousstudy,itwasreportedthattheKBhumanoralcancercellsexpressLAT1
and4F2hc,butnotLAT2,andthatthetransportofneutralaminoacidsintothe
KB cells ismediated mainly by LAT1 (26).In addition,theLAT1 is highly
expressedinmalignanttumors,presumablytosupporttheircontinuousgrowthand
proliferation(10,11,18,19).Astheresultsinthisstudycorrespondwiththatofthe
previousstudy (26),itcan beconcludedthattheHTB-41human submaxillary
salivaryglandepidermoidcarcinomacellsexpresstheLAT1with4F2hc,butnot
LAT2.

The [14C]L-leucine uptake measured in the HTB-41 cells was
Na+-independentandwasalmostcompletelyinhibitedbytheselectiveinhibitorof
the system L amino acid transporters,BCH (Fig.3).This suggests thatthe
majorityofL-leucineuptakebyHTB-41cellsismediatedbyaminoacidtransport
system L.Because,asalreadymentioned,theHTB-41cellsexpressLAT1,the
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LAT1isproposedtoberesponsiblefortheL-leucineuptakebytheHTB-41cells.
In this study,to determine the time-course of[14C]L-leucine uptake by

HTB-41cells,thelevelofuptakewasmeasuredfor0.5-20min.Theuptakeof
[14C]L-leucine(30 μM)wastime-dependentandexhibitedalineardependenceon
theincubationtimeupto1min(Fig.4).Therefore,alltheuptakemeasurements
wereconductedfor1min.

The[14C]L-leucineuptakebytheHTB-41cellswassaturableandfollowed
Michaelis-Mentenkinetics(Fig.5).The valueoftheHTB-41cellsforthe
[14C]L-leucineuptakewasapproximately 48 μM.The valueoftheHTB-41
cellswasrelativelyhigherthanthoseforthehumanLAT1(20 μM)(11)andrat
LAT1(18 μM)(10,20)expressedinthe oocytes.Thisdifferencemaybe
due to the differentcellsystems and conditions used.In spite ofthis small
difference,the valuefortheHTB-41cellswassimilartothoseofhumanand
ratLAT1sexpressedinthe oocytes(10,11,20).Inaddition,whenthe
valuesoftheHTB-41 cells(48 μM)and KB cells(65 μM)(26),asalready
mentioned,for[14C]L-leucineuptakecompared,the valueoftheHTB-41cells
wasapparentlymoresimilartothoseofhumanandratLAT1sexpressedinthe

oocytes.ThisresultalsosuggeststhatthemajorityofL-leucineuptake
byHTB-41cellsismediatedbyLAT1.

BCH isanaminoacid-relatedcompoundthathasbeenusedasaselective
inhibitorofthesystem L amino acid transporters,including LAT1 and LAT2
(1,30).AlthoughBCH istheselectiveinhibitorofsystem L,BCH alsoinhibitsthe
transportofaminoacidsmediatedbyaNa+-dependentneutralandbasicamino
acidtransporter,ATB0,+ (31).IntheNa+-freecondition,however,BCH selectively
inhibitsthesystem L-mediatedtransportofaminoacids(1,30,31).Inthisstudy,
BCH completelyinhibitedthe[14C]L-leucineuptakemeasuredintheHTB-41cells
(Fig.3,Fig.6andFig.7).The[14C]L-leucineuptakebytheHTB-41cellswas
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inhibitedbyBCH inaconcentration-dependentfashion(Fig.6).Theinhibitionwas
showntobecompetitivewitha valueof41 μM intheHTB-41cells(Fig.7).
The valuefortheinhibitionof[14C]L-leucineuptakebyBCH wasverysimilar
tothe valuefor[14C]L-leucineuptakeintheHTB-41cells.

The[14C]L-leucineuptakebytheHTB-41cellswasmarkedlyinhibitedby
theL-isomersofonly thelargeneutralamino acids(Fig.8).Theprofilesof
inhibitionof[14C]L-leucineuptakebyL-aminoacidsintheHTB-41cellsare,thus,
in principle,comparabletothepreviousreportsforhuman LAT1(11)and rat
LAT1(10,20)expressedin oocytesandthoseperformedfortheprofiles
ofinhibition of[14C]L-leucine uptake by L-amino acids in KB cells (26).As
alreadymentioned,theLAT1isthepredominantsystem Laminoacidtransporter
inHTB-41cells.Takentogether,itisconcludedthatthemajorityof[14C]L-leucine
uptakeismediatedbyLAT1withitsassociatingprotein4F2hcintheHTB-41
cells.TheseresultsalsosuggestthattheHTB-41cellsystem isanexcellenttool
toinvestigatethetransportpropertiesofvariouscompoundsviaLAT1.

Inthisstudy,withtheeffectofBCH,thetransportof[14C]L-leucineinthe
HTB-41cellswasinhibited.So,theMTT assaywasconductedtoconfirm how
suchintracellularaminoacidchangesaffectedtotheHTB-41cellgrowth.InMTT
assay forinhibitory effectin cellgrowth,theBCH inhibited theHTB-41cell
growthinthetime-anddose-dependentmanners(Fig.9andFig.10).Thisresult
corresponded with theresultsofseveralcompounds([6]-paradol,norcantharidin
andbaccatin)havingantitumoreffectthatsuppressedthecancercellgrowthinthe
time-andconcentration-dependentmanners(29,32,33).TheLAT1isupregulatedin
tumorcellstosupporttheircontinuousgrowthandproliferation(10,11,18,19).The
LAT1wasmainlyexpressedintheHTB-41cells,too,andthenneutralamino
acidsweretransportedforcellgrowthandproliferation.However,theblockadeof
LAT1byBCH intheHTB-41cellsmayinduceintracellulardepletionofneutral
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aminoacidscontainingessentialaminoacidsbeingnecessaryforcellgrowth.As
theresults,itwasthoughtthattheinhibitionofHTB-41cellgrowthwasinduced.

Inthepresentstudy,theexpressionsofthesystem Laminoacidtransporters
andthepropertiesoftheL-leucinetransporthavecharacterizedintheHTB-41
cells.Theresultssuggestedthatthetransportofneutralaminoacids,including
severalessentialaminoacids,intotheHTB-41mediatemainlybyLAT1andalso
proposed thattheHTB-41 cellsystem isan excellenttoolto investigatethe
characterizationofLAT1.TheLAT1isupregulatedintumorcellstosupporttheir
continuousgrowth and proliferation (10,11,18,19),and isamajorroutethrough
which theHTB-41cells,gatheruplargeneutralaminoacidstosupporttheir
continuousgrowthandproliferation.AlthoughtheLAT1activityintumorcellsis
completelyblocked,thegrowthandproliferationofnormalcellsispossiblebecause
theLAT2ispresent.Therefore,thespecificinhibitionofLAT1wouldbeanew
rationaleforthesuppression oftumorcellgrowth including thesalivary gland
tumorcellgrowth.

Overall,theresultsofthepresentstudy demonstratethatthemajority of
transportofneutralaminoacidsintotheHTB-41human submaxillary salivary
glandepidermoidcarcinomacellsismediatedbyLAT1withitsassociatingprotein
4F2hc.Conclusively,these facts propose thatthe HTB-41 cellsystem is an
excellentcellsystem toinvestigatethecharacterizationofLAT1andtheLAT1
wouldbeanew targettoinhibitthesalivaryglandtumorcellgrowth.
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박박박 노노노 승승승

조조조선선선대대대학학학교교교 대대대학학학원원원 치치치의의의학학학과과과
(((지지지도도도교교교수수수:::김김김 수수수 관관관)))

사람 타액선 편평상피암세포주 HTB-41에서 아미노산 수송계 L의 발현 및 이들
수송계 L을 통한 이미노산 수송특성을 밝히기 위하여,HTB-41세포에서 RT-PCR,
analysis,westernblotanalysis,uptake실험 및 MTT 분석을 시행하였다.

HTB-41세포에서 아미노산 수송체 LAT1및 그 보조인자 4F2hc의 발현은 확인
할 수 있었으나,LAT2의 발현은 관찰할 수 없었다.HTB-41세포에서 L-leucine수송
은 Na+-비의존적이었으며,아미노산 수송계 L의 선택적 억제제인 BCH에 의해 완전히
차단되었다.HTB-41세포에서 [14C]L-leucine의 수송친화력은 oocyte에서
시행한 LAT1의 수송친화력과 유사하였으며,아미노산들에 의한 [14C]L-leucine의 수송
억제는 oocyte에서 시행한 LAT1의 실험결과와 유사하였다. BCH는
HTB-41세포의 성장을 시간-및 농도-의존적으로 억제하였다.

본 연구의 결과로 사람 타액선 편평상피암세포주 HTB-41에서는 중성아미노산 수
송계 L중에서 주로 LAT1을 통해 L-leucine을 포함한 중성아미노산의 수송이 이루어
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지고 있다는 것을 확인 할 수 있었으며,BCH는 이 LAT1을 차단하여 중성아미노산들
의 세포 내 고갈을 유도함으로서 HTB-41세포성장의 억제를 유도하는 것으로 사료된
다.또한 본 연구의 결과로 LAT1의 연구에 HTB-41세포 유용성의 제시 및 이
LAT1의 억제제를 이용하여 타액선 암세포의 성장억제에 관한 또 하나의 방향성을 제
시할 수 있을 것으로 사료된다.
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