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Abstract:BackgroundandAim:Elucidatingthemolecularandcellularmechanisms
underlyingexocrinepancreaticregenerationrepresentsakeystepindeveloping
treatmentforexocrinepancreaticinsufficiency.Theaimofthisstudywastoinvestigate
thelocalizationofHedgehog（Hh）signalingpathwaycomponentsduringexocrine
regenerationinL-arginine-inducedacutepancreatitisinrats.Acutepancreatitiswas
inducedbysingleintraperitonealinjectionofL-arginine（450mg/100g）.Beforesacrifice,
5-bromo-2’-deoxyuridinewasintravenouslyinjectedtolabelproliferatingcellsinexocrine
regeneration.LocalizationoftheHhreceptorsSmoothened（Smo）andPatched1（Ptch1）
andoftheHhtranscriptionfactorglioblastoma（Gli）2andpancreaticprogenitormarker
pancreaticandduodenalhomeoboxfactor-1（Pdx1）wasassessedbyimmunostaining.
ProliferationofPdx1-positivecellstoformtubularcomplexesandreplacenecrotictissue
occurredbyday3afterL-arginineinjection;acinarcellproliferationwaspredominant
whilethenumberoftubularcomplexesdecreasedonday5,andexocrineregeneration
wasalmostcompleteonday14.Inthecontrolpancreata,Smo,Ptch1,andGli2were
localizedtoisletandductalcells.Duringexocrineregeneration,theseproteinswerealso
localizedtotubularcomplexes.TheseresultssuggestthattheHhpathwayplaysan
importantroleinregulatingPdx1-positiveprogenitorcellactivityduringexocrine
regeneration.
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Introduction

Themechanismsinvolvedinexocrineregenerationinresponsetoacutepancreatitisorotheracute
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pancreaticinjuryinhumansarenotfullyunderstood.However,previousstudiesbasedonanimal
modelshaveprovidedincreasingevidencethatexocrineregenerationintheadultpancreascanbe
inducedinresponsetoacutepancreaticinjury,althoughthenormaladultpancreashasalowrateofcell
turnover１‐３）.Themajormechanisminvolvedinexocrineregenerationoftheadultpancreasisself-
duplicationofacinarcells.Previousstudiesusingvariousmodelsofacutepancreaticinjuryhave
proposedthatexocrineregenerationmayalsoinvolvetheproliferationanddifferentiationof
stem/progenitorcells４‐８）.Understandingthemechanismsthatdrivetheproliferationanddifferentiation
oftheseprogenitorcellsrepresentsakeystepingeneratinganewtherapythatinvolvestheuseofstem
cellsforexocrineinsufficiencycausedbyacutenecrotizingpancreatitisorchronicpancreatitis.
Thereareseveralcandidatemarkersforprogenitorcellsthatparticipateinexocrineregeneration,

acommonlyusedmarkerbeingpancreaticandduodenalhomeoboxfactor-1（Pdx1）.Pdx1,amember
ofthelargefamilyofhomeodomain-containingproteins,isatranscriptionfactorexpressedinembryonic
pancreaticprogenitorcellsthatsubsequentlygiverisetodifferentiatedacinar,islet,andductalcells.
Pdx1isinvolvedinthedifferentiationofembryonicpancreaticprogenitorcellsandisessentialfor
pancreaticdevelopment９）.Intheadultpancreas,Pdx1expressionisrestrictedtoβcellsandisrequired
formaintainingmatureβ-cellfunction.PreviousstudieshaveshownstrikingproliferationofPdx1-
positivecellsandnewlyformedduct-likestructurescalledtubularcomplexesduringexocrine
regenerationandhavesuggestedthatPdx1-positivecellswithinthetubularcomplexesarethe
progenitorsofacinarcells.However,theoriginofpancreaticacinarcellsremainscontroversial,with
putativepancreaticstemcells,ductalprogenitors,acinartransdifferentiation,orcirculatingprogenitors
allhavingbeensuggestedassources１０‐１３）.
TheHedgehog（Hh）signalingpathwayplaysanimportantrolebyregulatingcriticalcellfate

decisions,including proliferation,apoptosis,migration,and differentiation during embryonic
development,adulttissuehomeostasis,andregenerationofmanyorgans;activationofthispathwayis
widelyobservedinmanycancers１４‐２０）.Inmammals,thereare3typesofHhligands:Sonichedgehog
（Shh）,Indianhedgehog（Ihh）,andDeserthedgehog（Dhh）.Hhsignalingisinducedbyligandbinding
tothePatched1（Ptch1）Hhreceptorontargetcells,withthesubsequentreleaseofSmoothened（Smo）
leadingtoactivationoftheglioblastoma（Gli）1andGli2transcriptionfactorsandupregulationofGli
targetgenes２１）２２）.Thus,cellsthatexpressSmo,Ptch1,andGli2areHh-responsive.
Hhsignalingplaysanimportantroleinembryonicpancreaticdevelopmentandpancreaticcancer.

AfewstudieshavedescribedtheinvolvementofHhsignalinginexocrinepancreaticregeneration.
Fendlichetal.reportedthatHhsignalingwasupregulatedaftertheinductionofcerulein-inducedacute
pancreatitisandshowedthatinhibitionofHhsignalingbypharmacologicalandgenetictechniques
resultedinimpairedexocrineregeneration,suggestingthatHhsignalingisrequiredforexocrine
regeneration２３）.However,thesestudiesdidnotevaluatethelocalizationofHh-responsivecellsindetail,
andtheinvolvementofHhsignalinginexocrineregenerationhasnotbeeninvestigatedinother
experimentalmodelsofacutepancreaticinjury.
Mostpreviousstudiesonthemechanismofexocrineregenerationhaveusedexperimentalmodels

ofacutepancreaticinjury,includingcerulein-inducedacutepancreatitis,partialpancreatectomy,andthe
duct-ligationmodel１）２４）.TheL-arginine-inducedacutepancreatitismodelisanexperimentalacute
necrotizingpancreatitismodelthatisinducedbyintraperitonealadministrationofL-argininetoratsand
mice.Inthismodel,selectivedamagetopancreaticacinarcellleadstotheiralmostcompletedepletion,
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followedbyacinarcellregeneration.Thisisthereforeausefulmodelforevaluatingthemolecular
mechanismthatunderliesexocrineregeneration２５‐２９）.
Theaimsofthepresentstudywere（1）tocharacterizetheinvolvementofPdx1-positive

progenitorcellsinexocrineregenerationbymonitoringthecellproliferationoftubularcomplexesand
Pdx1immunolocalizationand（2）tocharacterizeHh-responsivecellsbyimmunolocalizationoftheHh
signalingcomponentsduringexocrineregenerationfollowingL-arginine-inducedacutepancreatitisin
rats.TheseapproacheswereusedtoinvestigateapossiblelinkbetweenHhsignalingandPdx1-
positiveprogenitorcellsinexocrineregeneration.

MaterialsandMethods

Animals
MaleWistarrats（OrientalYeast,Chiba,Japan）weighing200-230gwereprovidedwithwaterand

laboratorychowadlibitum.ExperimentalprotocolswereapprovedbytheAnimalCareCommitteeof
KyotoPrefecturalUniversityofMedicine.
InductionofExperimentalAcutePancreatitis
Toinduceacutepancreatitis,ratsweregivenasingleintraperitonealinjectionofL-arginine

monohydrochloride（450mg/100gbodyweight;NacalaiTesque,Kyoto,Japan）asa22.5％solutionin
0.1MNaCl.Controlratswereinjectedwithanequalvolumeof0.15MNaCl.Theratsweresacrificed
underanesthesiabyintraperitonealinjectionofsodiumpentobarbital（40mg/kgbodyweight;Sigma-
Aldrich,St.Louis,MO）.L-arginine-treatedratsweresacrificedon3,5,or14daysafterinjection.The
controlratsweresacrificedimmediatelyafterinjection（day0）.Onehourbeforesacrifice,5-bromo-
2’-deoxyuridine（BrdU）（20mg/kgbodyweight;Sigma-Aldrich）wasinjectedintravenouslyintocontrol
andarginine-treatedrats.Theirpancreatawereexcisedshortlyafterdeathandwereimmediatelyfixed
in4％neutral-bufferedparaformaldehydeforimmunohistochemicalanalysis.
Immunohistochemistry
Paraffin-embeddedsections（4-μm thick）werepreparedusingstandardmethodology. After

deparaffinization,antigenretrievalwasperformedbyheatingthesectionsto95°Cfor10mininREAL
targetretrievalsolution（Dako,Glostrup,Denmark）.ForBrdUstaining,thesectionswerethen
incubatedin2NHCLatroomtemperaturefor90min.Forimmunostaining,endogenousperoxidase
activitywasblockedbyincubationfor30minin0.3％ hydrogenperoxideinmethanol.Thesections
werethenincubatedwiththeprimaryantibodiesinphosphate-bufferedsalineovernightat4°C.The
primaryantibodieswereanti-BrdU（347580;BectonDickinson,LincolnPark,NJ;1：100）,anti-Pdx1

（NKR059;Transgenic,Kobe,Japan;1：250）,anti-Gli2（GTX27195,Genetex,Irvine,CA;1：250）,anti-
Smo（sc-6366;SantaCruzBiotechnology,SantaCruz,CA;1：250）,andanti-Ptch1（sc-6149;Santa
CruzBiotechnology;1：250）.Thesectionswerethenincubatedwiththesecondaryantibodiesfor30
minatroomtemperatureandvisualizedusingdiaminobenzidinetetrahydrochloride.Thesecondary
antibodieswereHistofineSimpleStainRatMAXPeroxidase（mouse）forBrdU,RatMAXPeroxidase

（rat）forPdx1andGli2staining,andRatMAXPeroxidase（goat）forSmoandPtch1（Nichirei,Tokyo,
Japan）.Thesectionswerecounterstainedwithhematoxylinusingstandardmethodology.Theprimary
antibodieswereomittedinthenegativecontrols.Thenegativecontrolsshowednoimmunoreactivity.
BrdULabelingIndex
ThepercentageofBrdU-positivenucleiwasquantifiedintubularcomplexesandacinarcells.For
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eachtimepoint,sectionstakenrandomlyfrom 5L-arginine-injectedand5controlanimalswere
examinedat200×magnification.Atleast150nucleiwerecountedforeachexperimentalcondition.
StatisticalAnalysis
Datawereexpressedasthemeans±SEM.Statisticalanalyseswereperformedusingone-way

analysisofvariancefollowedbyDunnett’spost-hoctestusingJMP11software（SASInstitute,Cary,
NC）.P-valuesof＜0.05wereconsideredstatisticallysignificant.

Results

HistologicalChangesinthePancreasinL-Arginine-InducedAcutePancreatitis
Onday3,necrotictissueswerereplacedbythecharacteristicfeaturesofexocrineregeneration,

includingtheformationofduct-liketubularcomplexes,whichappearedascylindricaltubescontaining
flattenedcuboidalcellssurroundingalargelumen（Fig.1Band1C）.Onday14,acinarcellregeneration
wasnearlycompleteandonlyafewtubularcomplexeswereobserved（Fig.1D）.
ProliferatingCellsinL-Arginine-InducedAcutePancreatitis
BrdUlabelingwasperformedtoevaluatethecellproliferationoftubularcomplexesandacinarcells

aftertheinductionofpancreatitis.Inthecontrolpancreata,veryfewBrdU-labeledacinarcellswere
detected（Fig.2A）.Inall,0.18％±0.01％ofacinarcellswereBrdU-positiveinthecontrolgroup（Fig.
3B）.Incontrast,onday3afterL-arginineinjection,manycellswithinthetubularcomplexeswere
BrdU-positive（17.81％±3.18％;Fig.2Band3A）andthepercentageofBrdU-labeledacinarcellshad
slightlyincreasedto6.16％±1.05％（Fig.2Band3B）.Onday5,BrdU-labeledacinarcellswere
significantlyincreasedcomparedwiththecontrolgroup（23.00％±3.79％vs.0.18％±0.01％,P＜0.05;
Fig.2Cand3B）,whereasfewertubularcomplexescontainedBrdU-labeledcells（3.81％±0.53％;Fig.
2Cand3A）.Onday14,farfeweracinarcellswerelabeledwithBrdU（2.00％±0.80％;Fig.2Dand
3B）.
ImmunohistochemicalAnalysisofPdx1inL-Arginine-InducedAcutePancreatitis
Inthecontrolpancreata,Pdx1wasdetectedinthenucleusofisletandductalcellsbutnotinacinar

cells（Fig.4A）.Onday3afterL-arginineinjection,Pdx1wasdetectedinthenucleusoftubular
complexesandinthenucleusofisletandductalcells（Fig.4B）;onday14,itwasdetectedinthe
nucleusoftheremainingtubularcomplexesandinthenucleusofisletandductalcellsbutnotinacinar
cells（Fig.4C）.
ImmunohistochemicalLocalizationofHhSignalingComponentsinL-Arginine-InducedAcute
Pancreatitis
Inthecontrolpancreata,Gli2wasdetectedmainlyinthenucleusofisletandductalcells,withweak

staininginsomeacinarcells（Fig.5A）.Onday3afterL-arginineinjection,Gli2wasdetectedinthe
nucleusoftubularcomplexesandinthenucleusofisletandductalcells,whereasonday14,itwas
detectedinthenucleusoftheremainingtubularcomplexes,isletandductalcells,andsomeacinarcells
（Fig.5Band5C）.Inthecontrolpancreata,Smowasdetectedinthecytoplasmofisletcellsbutnot
acinarcellsandductcells（Fig.6A）.Onday3afterL-arginineinjection,Smowasdetectedinthe
cytoplasmoftubularcomplexesandisletcells,withweakcytoplamicstaininginductalcells（Fig.6B）.
Onday14afterL-arginineinjection,Smowasdetectedinthecytoplasmofisletcells,withweak
cytoplasmicstainingintubularcomplexesandductalcells（Fig.6C）.Inthecontrolpancreata,Ptch1was
detectedinthecytoplasmofisletandductalcellsbutnotinacinarcells（Fig.7A）.Onday3andday
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Fig.1.HistologicalprogressionofexocrineregenerationinL-arginine-inducedacutepancreatitis.（A）Pancreatictissue
injectedwithsalineasacontrol.（B）Onday3,necroticcellswerereplacedbytubularcomplexes.（C）Tubular
complexesappearedascylindricaltubeswithflattenedcuboidalcellssurroundingalargelumen.（D）Onday14,
acinarcellregenerationwasnearlycompleteandtherewerefewertubularcomplexes.Hematoxylinandeosin
staining.Scalebar,100μm（A,B,andD）;200μm（C）.

Fig.2.ChangesinpancreaticBrdUimmunostaininginL-arginine-inducedacutepancreatitis（scalebar＝100μm）.
（A）Incontrolpancreata,veryfewBrdU-labeledacinarcellsweredetected.（B）Onday3afterL-arginineinjection,
manytubularcomplexcellswerepositiveforBrdUstaining.（C）Onday5,manyacinarcellswerepositivefor
BrdU,whereasfewertubularcomplexcellswerepositiveforBrdU.（D）Onday14,afewBrdU-labeledacinar
cellsweredetected.



14afterL-arginineinjection,Ptch1wasdetectedinthecytoplasmoftubularcomplexesandinthe
cytoplasmofisletandductalcells（Fig.7Band7C）.

Discussion

Inthepresentstudy,wedemonstratedthatexocrineregenerationafterL-arginine-inducedacute
pancreatitiswasinitiatedbyPdx1-positiveprogenitorcellproliferationfortubularcomplexformation,
acinarcellproliferation,andacinarcell-mediatedregenerationcoincidentwiththedisappearanceof
tubularcomplexes.WealsodemonstratedthatexpressionoftheseHhsignalingcomponentswas
almostcompletelyrestrictedtoisletandductalcellsinthecontrolpancreata;however,expressionof
theseproteinswasalsoobservedintubularcomplexesduringexocrineregeneration,indicatingthatthe
Pdx1-positiveprogenitorcellswithintubularcomplexesareHh-responsive.
Previousstudiesinvariousrodentexperimentalmodelsofacutepancreaticinjuryhavesuggested

thatPdx1-positiveprogenitorcellsformingtubularcomplexeshavestemcell-likepropertiesthatallow
themtodifferentiateintoacinarcellsbasedonthefollowing:1）thecoincidenceoftheproliferation
ofacinarcellsandthedisappearanceoftubularcomplexes;2）thecontinuumofdifferentiationfrom
tubularcomplextoacinarcells;and 3）expressionofmarkersofotherembryonicpancreatic
progenitorcells,suchasTcf2andSox9,Hnf1b,andFoxa2４）１２）１３）.Wefirstexaminedtheproliferationof
Pdx1-positiveprogenitorcellsthatoccurredduringexocrineregeneration.Ourresultsindicatedthat
exocrineregenerationafterL-arginine-inducedacutepancreatitiswasinitiatedbytheappearanceand
proliferationofPdx1-positiveprogenitorcellstoformtubularcomplexesandacinarcellsandthe
coincidenceoftheprogressionofacinarcellproliferationandthedisappearanceoftubularcomplexes.
TheseresultsindicatethatexocrineregenerationinL-arginine-inducedacutepancreatitisinvolvesboth
transientlyproliferatingPdx1-positiveprogenitorcellproliferationtoformtubularcomplexesandacinar
cellproliferation,supportingpreviousnotionsthatPdx1-positiveprogenitorcellsmayhavethepotential
todifferentiateintoacinarcells.
ElucidatingthemechanismthatregulatesPdx1-positivecellsinexocrineregenerationmayprovide

animportantbasisforunderstandinghowPdx1-positiveprogenitorcellsproliferateanddifferentiate
intonewacinarcells.Hhsignalingregulatestheregenerationofmanyorgansandtissuesthroughits
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Fig.3.BrdUlabelingindicesfortubularcomplexes（A）andacinarcells（B）inL-arginine-induced
acutepancreatitis.Datarepresentthemean±SEM（n＝5ineachgroup）.＊P＜0.05vs.
controls（day0）.
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Fig.4.ImmunohistochemicalanalysisofPdx1expressioninL-arginine-inducedacutepancreatitis（scalebar
＝100μm）.Incontrolpancreata（A）,Pdx1wasexpressedinisletandductalcells.Duringexocrine
regeneration,Pdx1wasalsoexpressedintubularcomplexesonday3（B）andday14（C）afterL-
arginineinjection.

Fig.5.ImmunohistochemicalanalysisofGli2expressioninL-arginine-inducedacutepancreatitis（scalebar＝
100μm）.Incontrolpancreata（A）,Gli2wasexpressedinisletandductalcellsandweaklyexpressedin
afewacinarcells.Duringexocrineregeneration,Gli2wasalsoexpressedintubularcomplexesonday3
（B）andday14（C）afterL-arginineinjection.
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Fig.6.ImmunohistochemicalanalysisofSmoexpressioninL-arginine-inducedacutepancreatitis（scalebar＝
100μm）.Incontrolpancreata（A）,Smowasexpressedinisletcells.Duringexocrineregeneration,
Smowasalsoexpressedintubularcomplexesonday3（B）andday14（C）afterL-arginineinjection.

Fig.7.ImmunohistochemicalanalysisofPtch1expressioninL-arginine-inducedacutepancreatitis（scalebar
＝100μm）.Incontrolpancreata（A）,Ptch1wasexpressedinisletandductalcells.Duringexocrine
regeneration,Ptch1wasalsoexpressedintubularcomplexesonday3（B）andday14（C）afterL-
arginineinjection.



effectsonstem/progenitorcells１８）２８）.Previousstudiesusingacerulein-inducedacutepancreatitismouse
modelshowedthattheblockingofHhsignalinginhibitedacinarcellregenerationbutdidnotinhibitPdx-
1-positiveprogenitorcellproliferationintubularcomplexes,suggestingthatHhsignalingisinvolved
inPdx1-positiveprogenitorcelldifferentiationwithintubularcomplexesduringexocrineregeneration２３）.
TogainsomeinsightintoapossiblelinkbetweenHhsignalingandPdx1-positiveprogenitorcellsin
exocrineregeneration,weaimedtoidentifyandlocalizeHh-responsivecellsusingadifferentrodent
modelofacutepancreaticinjury.OurresultsindicatedthatHhsignalingisactivatedintubular
complexesduringexocrineregeneration,underscoringtheimportanceofHhsignalingincontrolling
Pdx1-positiveprogenitorcellstoformtubularcomplexesduringexocrineregeneration,althoughwedid
notinvestigatethefunctionofHhsignalingintheregenerationofPdx1-positiveprogenitorcellsin
detail.FurtherresearchisneededtoelucidatetherolesofHhsignalinginregulatingcellfatedecisions
inacinarcellregeneration,suchasHhtargetgeneresponses,whichmayplayimportantrolesin
regulatingtheproliferationordifferentiationofPdx1-positiveprogenitorcells.
Previousstudieshaveproposedthatthemechanismsunderlyingexocrineregeneration

recapitulatesomeaspectsofembryonicpancreaticdevelopment.ManystudieshavereportedthatPdx1-
positiveprogenitorcellswithintubularcomplexeshavecharacteristicssimilartoembryonicpancreatic
progenitorcellsduringearlypancreaticdevelopment,e.g.,thelossofmatureacinarcellmarkerssuchas
amylase,co-expressionofembryonicpancreaticprogenitorcellmarkers,andactivationofother
embryonicsignalingpathwayssuchastheNotchandWntsignalingpathways１０）３０）３１）.Hhsignalingisalso
essentialforembryonicpancreaticdevelopment. Duringtheearlystages,Hhsignalingmust
specificallybedownregulatedinembryonicpancreaticprogenitorcellsfornormaldevelopmentto
occur３２）３３）.Incontrast,atlaterstagesofpancreaticdevelopmentandinadults,Hhsignalingisactivated
inisletandductalcells３４）.Previousstudiesoncerulein-inducedacutepancreatitishaveindicatedthat
ablockadeofHhsignalingresultsintheinhibitionofexocrineregeneration,suggestingthepositiverole
ofHhsignalinginexocrineregeneration,incontrasttoitsnegativeroleinpancreaticdevelopment２３）.
OurstudyindicatedthatPdx1-positiveprogenitorcellswithintubularcomplexesduringexocrine
regenerationareHh-responsive,incontrasttotheexclusionofHhsignalinginembryonicpancreatic
progenitorcells.Theseresultsprovideadditionalinsightsintothedifferencesbetweenthemolecular
mechanismsbywhichHhsignalingregulatesexocrineregenerationandembryonicpancreatic
development.ThereisaccumulatingevidencethattightregulationofHhsignalingisessentialforadult
tissueregenerationafteracuteinjury.ThisprocessinvolvesHhsignalingbeingtransientlyand
reversiblyactivatedafteracuteinjury,withtheexpansionofHh-responsivecells,aswellasthelossof
Hh-responsivecellswhenrecoveryiscompleted１８）.Incontrast,chronicorpersistentinjuryresultsin
aprolongedincreaseinHhsignaling,leadingtoHh-responsivecellproliferationforaslongastheinjury
persistsandfinallyresultinginirreversibleactivationofthesignalingpathway,whichleadstocancer
formation２８）.Inthisstudy,wedemonstratedthattransientactivationofHhsignalinginexocrine
regenerationischaracterizedbyatransientexpansionofHh-responsivecellstoformtubularcomplexes
andreductionofHh-responsivecellsasregenerationprogresses,suggestingthattransientactivation
andtightcontrolofHhsignalingisimportantinexocrineregeneration.Ontheotherhand,constitutive
anduncontrolledHhpathwayactivationhasbeenimplicatedinthedevelopmentofchronicpancreatitis
andpancreaticcancer３５‐３８）.Inchronicpancreatitis,thepancreaticparenchymaisdestroyedandreplaced
bypersistenttubularcomplexes. Thesetubularcomplexesinchronicpancreatitisalsoexpress
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embryonicpancreaticprogenitormarkers（includingPdx1）andexhibitactivationofHhandNotch
signaling,showingmorphologicalandmolecularcharacteristicssimilartothoseoftubularcomplexes
inacutepancreaticinjury.However,aberrantactivationofHhsignalingintubularcomplexesduring
chronicinflammation,whichcanbeinducedthroughNK-κBactivationduringinflammation,mayhave
aroleinthepathogenesisandprogressionofchronicpancreatitis,furthercorrelatingwithpancreatic
cancerdevelopment３９）.Furtherstudiesarerequiredtoelucidatethemechanismsunderlyingthetight
regulationofHhsignalinginexocrineregenerationwithoutuncontrolledactivationthatpossibly
correlateswiththedevelopmentofpancreaticcancer.

Conclusions

WedemonstratedthatexocrineregenerationafterL-arginine-inducedacutepancreatitisinvolves
Pdx1-positiveprogenitorcellproliferationtoformtubularcomplexesandthattransientactivationofHh
signalingischaracterizedbytheexpressionofHhcomponentsintubularcomplexesduringexocrine
regeneration.ThesefindingssuggestthatHhsignalingplaysanimportantroleincontrollingPdx1-
positiveprogenitorcellfunctionduringexocrineregeneration,afindingthatneedstobeexplored
further.
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〈和文抄録〉

膵腺房細胞再生におけるヘッジホッグシグナル伝達系の局在の評価

鈴 木 教 久

京都府立医科大学大学院医学研究科消化器内科学

急性膵障害後の膵腺房細胞の再生過程で増殖するPdx1陽性細胞が，腺房細胞へと分化する前駆細
胞の可能性が示唆され，このメカニズムを解明することが慢性膵炎などの膵外分泌腺機能不全に対す
る再生医療を開発する上で有用であると考えられる．本研究ではラットアルギニン急性膵炎モデル
を用いて，腺房細胞再生過程におけるヘッジホッグシグナル伝達系（以下Hh系）とPdx1陽性細胞
の関連を評価した．アルギニン投与後3日目に膵炎発症に伴う腺房細胞の壊死消失，Pdx1陽性細胞か
らなるTubularcomplexの出現増殖を認めた．投与後5日目に腺房細胞の増殖が優位になる一方，
Tubularcomplexの減少を認め，投与後14日目には腺房細胞の再生はほぼ終了する．Hh系のレセプタ
ーであるSmoとPtch1，転写因子であるGli2は，正常膵ではラ氏島と導管に発現を認めたが，アル
ギニン投与後3日目及び14日目にはTubularcomplexにも発現を認めた．本研究において，Hh系が
Pdx1陽性細胞を制御することにより膵腺房細胞の再生に関与している可能性が示唆された．

キーワード：ヘッジホッグシグナル伝達系，膵腺房細胞の再生，急性膵炎，膵前駆細胞，Pdx1．
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