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Abstract:Theprimaryfunctionofthegastrointestinal（GI）tractistoextractdietary
nutrients.Therefore,theGItractmusthaveaneffectivesurveillancesystem that
continuouslymonitorstheluminalcontentsforbeneficialorharmfulcompounds.Recent
studieshaveshownthatspecializedcellsintheintestinalmucosacansensechangesin
theluminalcontents.ThesechangesdirectlyinfluencefundamentalGIfunctionssuchas
iontransport,motility,andlocalbloodflowviahormonaland/orneuronalpathways.
Recently,thegutchemosensorysystemontheregulationofiontransporthasreceived
increasingattention,asfailureofthissystemcausesdysfunctioninhosthomeostasis,as
wellasGIdisorders.Moreover,regulationofiontransportinthecoloniscriticalforhost
defenseandforelectrolytesbalance. Thisreviewsummarizestheroleofthegut
chemosensoysystem,focusingonepithelialiontransportinthecolon.
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Introduction

Thegastrointestinal（GI）tractisdesignedprimarilytoobtainingenergysourcesfromthediet.
Duringtheenzymaticdigestionoffoodmoleculesknownashydrolysis,waterisneededtosplitlarge
moleculesintosmallerones.Underphysiologicalconditions,approximately8Loffluidissecretedinto
thesmallintestineperday.However,85to90％ ofthesecretedfluidisreabsorbedinthesmall
intestine,withapproximately10-15％ ofremainingfluidnormallypassingthroughtheileocecalvalve
intothelargeintestinedaily１）.Theremnantsofdigestionthatenterthelargeintestineincludewater,
somenutrients,andindigestibledietaryfibers.Themainfunctionsofthecolonaretosalvagethe
remainingfluidandelectrolytesfromthesmallintestine,aswellastodehydrateandstorefeces.
Moreover,colonicepitheliaareabletosecretefluidasahostdefensemechanism.
Inthecolon,approximately100trillionentericbacteria（gutmicrobiota）arepresentinthelumen

andthegutmicrobiotaiscomposedofover400differentspecies２）.Indeed,withinthisvastecosystem,
thegutmicrobiotacontinuouslyproduceslargequantitiesofbioactivechemicalsassuggestedbytheir
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genomesequencesandconfirmedbyananalysisusingBasicLocalAlignmentSearchTool（BLASTP）３）.
Thesebioactivechemicalshaveaprofoundinfluenceonmanyaspectsofhumanhealthbecausethegut
microbiotaisabletoproducebothbeneficialandharmfulsubstances,whichmustbedistinguishedby
thehostcolon.
Oneofthemostimportanthost-defensemechanismsofthecolonistoflushoutharmfulmaterials

byfluidsecretion,mainlythroughCl－ secretion.Infact,largeintestinehasalargecapacityfor
secretion;largeamountsoffluidsarehandledbythecoloninthecaseofsecretorydiarrheasor
reabsorptivestatesonadailybasis１）４）.
Regulationofcoloniciontransportisregulatedbyvariousregulatoryfactorswhicharederived

fromentericnervoussystem（ENS）andentericendocrinecells（EEC）andviaremotepathwaysthat
originateinthecentralnervoussystem,includingneuralandendocrinemediators５）６）.Inadditionto
theseregulatorysystems,recentstudieshaveshownthatbioactivesubstancesproducedbythegut
microbiotacontributetotheregulationofepithelialiontransportthroughthegutchemosensory
system７）.
Thisreviewaimstosummarizerecentfindingsoncolonicanionsecretioninresponsetogut

chemosensorysystem.

Colonicchemosensing‐anoverview

Thepresenceofagutchemosensorysystemisevidentbecausethesametastetransduction
moleculesinthetastebudsoflingualpapillae,suchasα-gustducin,arealsopresentinhumanand
rodentintestinalmucosa８）９）.Severaltypesofreceptorshavebeenidentifiedintheintestinalepithelia,
includingolfactoryreceptors（ORs）,sweetandumamireceptors,bittertastereceptors（T2Rs）,
metabolicglutamatereceptors,calciumsensingreceptor,andfreefattyacidreceptors（FFARs）７）.The
chemicalsensorofthegutchemosensorysystemconsistsmainlyofGproteincoupledreceptors

（GPCRs）.ManyoftheGPCRsareexpressedonECCalthoughbrushcellsandenterocytessense
luminalcontentsaswell.

Short-chainfattyacidreceptors

Short-chainfattyacids（SCFAs）arepredominantfreefattyacidsinthecontentofthelarge
intestine,presentat～100mM andmainlyconsistofacetate,propionate,andbutyrate.Theyare
producedasaresultofbacterialfermentationofspecificdietaryfibersindigestiblebytheupperGItract.
SCFAsarenotonlyimportantnutrients,butalsoactassignalingmoleculesthataffectvariousfunctions
inthehostdependingontheircarbonchainlengths.
In2003,twoorphanGPCRs,FFAR2（GPR43）andFFAR3（GPR41）,werediscoveredtobe

receptorsforSCFA１０‐１２）.TheydifferintheirspecificityforSCFAsofdifferentcarbonchainlengths.We
havepreviouslyreportedthatFFAR2orFFAR3isexpressedincolonicepithelia,particularlypeptideYY

（PYY）andglucagon-likepeptide1（GLP-1）-containingL-typeenteroendocrinecellsinhuman１３）,
guinea-pigs１４）,andrats１５）.
LuminalapplicationofSCFAs,propionateorbutyratebutnotacetateinducesCl－/HCO３

－secretion
inthemiddleanddistalcolonandrectum１６）１７）.Ontheotherhand,propionateandbutyratedonotevoke
Cl－/HCO３

－ secretionintheproximalcolon.Pretreatmentofthemucosalsurfacewithprocaineor
superficialmucosaldamagewithhypertonicsodiumsulfateorxyloseinhibitsthepropionate-induced
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secretionby90％１６）１７）.Thus,propionate-inducedCl－/HCO３
－ secretioniscausedbytheactivationof

SCFAsreceptorslocatedonmucosalepithelialcells.WithrespecttotheinvolvementofSCFA
receptors,FFAR3maybeinvolvedinthesecretoryprocesssinceacetate,thepreferredligandof
FFAR2,hasnoeffectonmucosalCl－/HCO３

－secretionindistalcolonofrats１６）.

Bittertastereceptors（T2R）

Thefivebasictastesrecognizedbyhumansandmanyotheranimalsarebitter,sweet,sour,salty
andumami１８）.Bitterchemicalsaredetectedbyasmallfamilyofreceptors（T2R）thatarestructurally
relatedtorhodopsin‐thenumberrangesfrom3to49,dependingonthespecies１９）.Theabilitytosense
bittertastehasevolvedtoallowanimalstodetecttoxinsintheenvironmentthatareprimarilyproduced
byplants.Thus,abittertastesignalsthepresenceoftoxicsubstances,allowingthehosttoavoid
harmfulmaterials２０）.ThemRNAexpressionofhumanT2R-1,T2R-4,T2R-38aswellastheirrat
orthologsT2R-1,T2R-16andT2R-26,isdetectedinthecolonicmucosabyreal-timePCR（RT-PCR）２１）.
However,unlikeFFAR2-andFFAR3-expressingcells,celltype（s）expressingbittertastereceptors
havenotbeenidentified.
Recently,wehaveshownthattheintroductionofabittercompound,6-n-propyl-2-thiouracil（6-

PTU）atconcentrationsgreaterthan10－４Mtothemucosaincreasedshort-circuitcurrent（Isc）inboth
humanandratcolonsinaconcentration-dependentmanner２１）.MultipleT2Rfamilymembers（atleast
T2R-1,-4,and-38）inhumansareknowntodetect6-PTU２２）２３）.Humantastetestsandbrief-access
mousestudieshaveshownthattheminimaleffectiveconcentrationof6-PTU is～10－４M２１）２４）２５）.
Therefore,humanandratT2R-expressingcellsinthecolonareactivatedbyasimilarconcentrationof
6-PTU,suggestingthattheyhaveasimilarabilitytosensebitterness.Basedonthesefindings,itis
speculatedthatthephysiologicalfunctionofbittertastereceptorslocatedinthecolonistodetect
chemicalcompoundsderivedfrombacterialmetabolismtodistinguishbetweenbeneficialorharmful
substancestohost.TheincreaseinIscinducedby6-PTUwasreducedbybasolateralNa＋-K＋-2Cl－

cotransporter（NKCC1）inhibitor,bumetanide,andluminalcysticfibrosistransmembraneconductance
regulator（CFTR）inhibitor,NPPB. NPPB-sensitiveCl－ channel,CFTR locatedattheapical
membrane,alsosecretesHCO３

－.Thus,the6-PTU-inducedincreaseinIscisduetothesecretionof
Cl－andHCO３

－inthecolon.
Withrespecttothephysiologicalsignificanceofbitterreceptors,bittertastant-inducedanion

secretioninthecolonisanimportantmechanismtoflushoutnoxiousagentsfromthecoloniclumen.
Normally,bittercompoundsinthelargeintestinearemostfrequentlybileacidsandmetabolites
derivedfromthebileacidsutilizedbygutmicrobiota.Assecondarybileacidspromotetumors２６）,bitter
sensinginthelargeintestinemaybeanecessarymechanismforhostdefense.

OdorantReceptors（OR）

ThecolonicmucosaofbothhumansandratsexpressORmRNA,andluminalodorantsinduce5-
hydroxytriptamine（5-HT）secretioninisolatedduodenalenterochromaffin（EC）cellsandcelllines２７）２８）.
Volatileodorants,suchasterpenoidsderivedfromfivecarbonisopreneunits,arewidelyproducedby
plants,insects,andbacteria,includingmembersofthegutmicrobiota２９）.Indeed,variousvolatile
compoundsaredetectedinhumanfeces３０）.Therefore,itislikelythatodorantsaresynthesizedinthe
coloniclumenandmonitoredbymucosalchemosensors.
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Recently,wehaveshownthatluminalapplicationofthymol,amajorodorantcomponentinedible
herbs,inducesCl－/HCO３

－ secretioninaconcentration-dependentmannerinbothhumanandrat
colons３１）.Aspretreatmentofthetissueswithaneuralblockade,tetrodotoxin（TTX）ornon-selective
cyclooxygeneaseinhibitor,piroxicamdidnotinhibitthisresponse,itissuggestedthatthymol-induced
anionsecretionisindependentoftheneuralandprostaglandins（PG）synthesispathways.
Thymol-inducedanionsecretioninthedistalcolonisreducedbyatransientreceptorpotentialA1

（TRPA1）blocker,HC-030031３１）.Furthermore,TRPA1mRNAisdetectedintheisolatedmucosaof
humansandrats３１）３２）.SeveralodormoleculesareknownligandsofnotonlyGPCRs,butalsotheTRP
channel.ThymolactivatesTRPvanilloid3（TRPV3）andTRPA1inacellexpressionsystem３３）３４）.Inthe
GItractithasbeenreportedthatTRPA1activityisinvolvedinthecontrolofsmallintestinalmotility
throughthereleaseof5-HTfromECcells３５）.Therefore,itisreasonabletospeculatethatthymol-
inducedelectrogenicanionsecretionismediatedbytheTRPA1channelsinthecolonaswell.
Asbacteriacansynthesizeisopreneunit３６）,productionofactiveodormoleculessimilartothymol

maybepossibleinthemammaliancolon. Thus,colonicmucosaispotentiallyexposedtohigh
concentrationsofvariousvolatileodorants.Becauseirritantodors,similartobittertastants,aredanger
signalsforthehost,ORscanplayanimportantroleinhostdefenseonthecolonicluminalsurface.For
OR-expressingcells,Braunetal.haverecentlyshownthatECcellsinhumanileumexpress4olfactory
receptors（OR73,hOR17-7/11,OR1G1,andhOR17-210）bylasermicrodissectionandRT-PCR２７）.
However,littleisknownaboutORlocalizationorOR-expressingcelltypesinthecolon,thoughOR1G1
andTRPA1arepresentinbothhumanandratcolonicmucosabyRT-PCR３１）.Therefore,furtherstudies
shouldbecarriedouttoidentifythespecificsensorcellsexpressingORsandTRPA1.Currently,itis
unclearwhetherOR1G1isdirectlyinvolvedinthymol-inducedanionsecretionandwhetherORsare
linkedtoTRPA1.

TRPchannels

TheTRPchannelmember,TRPA1（alsoknownasANKTM1）,wasfirstidentifiedasacold-
sensitivecationchannelinmurinesensoryneuronsandisthoughttohavearoleinnociception３７）.Since
multipleenvironmentalirritantscanactivateTRPA1,TRPA1mayfunctionasachemosensorintheGI
tractaswell.
Todate,28mammalianTRPchannelshavebeenclonedandcharacterized.TRPA1expressionin

thecolonhasbeendemonstratedinhumans,mice,ratsanddogsbynorthernblotanalysisandRT-
PCR３７‐３９）.AsdescribedinthesectionOdorantReceptors,luminalthymol-inducedanionsecretion
involvesTRPA1.ThefunctionofTRPA1inthetransepithelialiontransportsystemwasexamined
usingapotentTRPA1agonistallylisothiocyanate（AITC）３１）.
Inhumanandratlargeintestines,theadditionofAITCtotheluminalsideinducedanincreasein

Isc３１）.IncreasesinIscinducedbytheactivationofTRPA1aredependentonCl－uptakebyNKCC1and
onexcretionofCl－/HCO３

－byCl－channelsattheapicalmembrane.
ThefunctionofprostaglandinE２（PGE２）intheGItracthasbeenwellstudied,especiallyinrelation

toitsreceptors,EP１,EP２,EP３andEP４.AselectiveEP4agonist（ONO-AE3-208）significantly
reducedAITC-inducedanionsecretion,whereastheEP１/２antagonistAH6809didnotaffecttheresponse
toAITC,indicatingthatEP4isinvolved inAITC-inducedanionsecretioninbothhumanandrat
colons３１）.
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IthasbeenreportedthattheactivationofTRPA1inhibitsspontaneouscontractionsandtransitby
directactivationofmyentericneurons４０）.ThereforeTRPA1agonistinducedcolonicCl－secretionwith
inhibitionofcolonictransitseemstophysiologicallyregulatethemovementofluminalcontentinthe
colon.Inaddition,TRPA1mayalsoplayaroleinflushingoutnoxiouschemicalsviainducingmassive
fluidsecretion.

Conclusion

Ascolonicmucosaiscontinuouslyexposedtonoxiouschemicals,includingtoxiccompoundssuch
asbacterialmetabolitesandproductsofoxidativestress,inadditiontofoodderivatives,the
chemosensorysysteminthegutiscriticalfordistinguishingbeneficialandharmfulsubstancesinthe
gutlumen.Therefore,properfluidsecretioninthecolonisimportanttoflushawaynoxiouschemicals,
whilemaintaininghosthomeostasis.Avarietyofsensoryreceptorsexpressedinthecolonicmucosa
serveimportantfunctions,atleastinanionsecretion.However,specificmechanismsinvolvedinanion
secretioninducedbythegutchemosensorysystemarelargelyunknown.Therefore,morestudiesare
requiredtodefinetheinvolvementofthegutchemosensorysystemincoloniciontransport.
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〈和文抄録〉

大腸での化学物質受容とイオン輸送制御

桑 原 厚 和

静岡県立大学食品栄養科学部・環境生理学研究室

消化管の基本的な役割は食物から栄養素を吸収することである．従って，消化管内には，管腔内に
存在する化学物質を生体にとり有用なものと有害なものとを取捨選択して取り込むための化学物質
受容機構が存在する．最近の研究から粘膜上皮に存在する特殊な細胞群がこの受容機構に関与して
いることが明らかとなってきた．消化管管腔内の化学物質の組成や濃度の変化は直ちに消化管の基
本的機能である運動や分泌あるいは血流に影響する．さらに，このような消化管に存在する化学物質
受容機構の破たんは局所的な消化管の機能障害ばかりでなく宿主の基本的な恒常性維持機構にも影
響する．消化管でのイオン輸送を伴う水分泌は電解質の制御や生体防御機構にとっても極めて重要
である．本総説では，大腸での化学物質受容機構に焦点を当て，この受容機構がどのようにイオン輸
送制御に関与しているかについて，我々の最近の知見を交えて解説した．

キーワード：化学物質受容機構，イオン分泌，大腸，生体防御．
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