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Introduction

The mechanismsunderlying biliary epithelial cell (BEC)repopulation and repair following hepatic injury are crucial for understanding both liver
regeneration and the origins of diseasessuch as cholangiocarcinoma(CCA) Experimental data has shown that under certain circumstances,
specifically following up-regulation of the Notch signalling pathway, hepatocytescan transdifferentiate into BEC& The underlying mechanisms
driving this cell fate transition are poorly understood In particular, it is unknown whether all hepatocytesacrossthe liver lobule have inherent
capacityfor this plasticity or whether liver zonation playsarole in determining suchchangesn cell identity.
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T e : Hypothesis:
e Metabolic zonation is a key determinant of hepatocyte plasticity
Biliary Epithelial Cell @\EL
Hepatooyte = i A Determine whether hepatocytereprogramming is zone-dependentby

comparing periportal (Gls2) and pericentral (GS) hepatocyte

Figure I Micro-architectureof the Liver Representativél&E-stained liver demonstratingthe responseso NICDI Akt in VIVO.

microscopistructureof the hepaticlobuleswhich are composedf severabportal triads comprising

bundle®fbileductuleandbranchesfthehepatiarteryandportalveinradiateoutfroma centralvein A L . : : :
Thelobuleis subdividednto 3 zonestheperiportazonel, midlobularzone?, andpericentraroned. The A Determineif hepatocytezonationis maintainedin culture andwhether

functional characteristicef hepatocyteare definedby their zonal origin (Schematicreatedwith  liver cell reprogrammingcanbemodelled exviva
BioRendetom)

NICD1/AKT Upregulation Induces Hepatocyte-Derived Biliary Neoplasm Formation

This study used hydrodynamic tail vein injection (HTVI, Figure 2a)? to deliver NICD1L and AKT to hepatocytesvia the SleepingBeautytransposon
system Four weekslater, transducedhepatocytesshowed striking plasticity, converting from large multinucleate polygonal cells into condensec
columnar mononuclearcellsthat formed lumen-like bile ductule structures ( FigureZ2b-1) and expressediliary markerssuchascytokeratin 19(K19.
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Figure2: HepatocytdsormBiliary NeoplasmBollowingTheUpregulatiorof NICDVAKT SignallingVia HTVL (a) Schematiof hydrodynamitail veininjection,in whicha rapid bolusof plasmidsolution
transientlyincreasegenousindsinusoidapressureenablingplasmiduptakeby hepatocytdSchematicreatedvith BioRenderom) (b) Representativ&E-stainedvholeliver sectionfrom C57BI6/J wild-

typemiced weeksafterNICDIAkt HTVI,showingnultiplehepatocytelerivediliary neoplasmiellowoutlines) (c) High-magnificatiorH&E-stainedmage®findividualneoplastitesiongdasheautlines)
(d) DAB stainedsectiongemonstratingncreaseduclearKi-67 immunoreactivityn biliary neoplasmsomparedvith IgGisotypecontrol{dasheabutlines) (e) Immunofluorescestainingconfirmingdual
expressioof Myctagged\NICDL and HA-taggedAkt within HTVEinducedbiliary neoplasmgf) Immunofluorescestainingshowingcalocalizationof HA-taggedAkt with the maturebiliary epithelialcell
markercytokeratird9(K19 in biliary neoplasms

Zonated Lineage Tracing Gls2CreERMT/mG and GSCreERMT/mG Mouse Models

Two tamoxifen-inducible, zone specificlineagetracing modelswere generatedby crossingGI2CreERor GSCreERnice with the mT/mG reporter.
Cre activation switches membrane fluorescencefrom Tomato (red) to GFP(green) in GI2+ periportal or GS+pericentral hepatocytes,enabling
permanentlabelling of zonelandzone3cells.

Figure 3: CrerecombinationEfficiencyOf Membranous
Green FluorescentProtein In Gl2creERMT/mG And
GScreERT/mG MouseModels(a) Schematishowinghe
tamoxiferinducecrerecombinatiomducingmembranous
Tomato expressionin the absenceof tamoxifen and
membranou$sFPexpressiom the presencef tamoxifen
(Schematicreatedvith BioRenderom) (b) Representative
DABstainedlivers demonstratingGl®-, GS, and GFR
expressionn GIZCreERMT/MG and GSCreERT/mG
mousdivers(c) Representatiiexmunofluoresceistaining
demonstratinghe coexpressionf GI2 + mGFPin the
GI2CreERMT/mG and GS + mGFPin the GSCreER
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NICD1/AKT-Induced Biliary Neoplasms Originate from Gls2-Expressing Hepatocytes

It was evidentthat the overexpressiorof NICDI/AKT induced phenotypic remodelling in the mGFRmarked Gls2-expressing periportal hepatocytes,
whilst inducing the expressionof S0)9, an earlytranscriptional regulator of BEClineagecommitment ( Figure4da-b).
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Figure4: Gl-expressinglepatocyteSontributeto NICDI/Akt-Induced\Neoplasmga) Timelineof tamoxiferand NICDYAkt HTVIin GI2CreERMT/mGmice(n=4) (Schematicreatedvith BioRendetom)
(b) DAB stainedivers7 dayspostHTVIshowingoiliary neoplasnmumberand distribution(red highlights) (¢) mGFPDAB4 week$ostHTVIshowingalteredmorphologynd lumenformationin recombined
hepatocyte@) mGFRandSo® immunofluorescend@veekpostHTVIshowingsl-lineagecontributionto So® biliary-like structureqe) Volcanglotofdifferentiallyexpressagenesh mGFPhepatocytdsom
plasmidbackboneversudNICDI/Akt-treatednice(DESe#; adjustegh <0.05; |[f 2 u|E B. (f) GeneOntologyGO)enrichmenbfdifferentiallyexpressagenegadjusteg < 0.05), filteredto GOtermsoccurringn
>5% ofgenesBubblesizaeflectthenumbemfgeneperternt colour(cyarbmagentajeflectsr-value BP=BiologicaProcessddF=MoleculaFunctions

Conversely,GSexpressing pericentral hepatocytes exhibited no detectableparticipation in biliary neoplasmformation despite confirmed plasmid
uptake (Figure 50). Interestingly, GS+hepatocyteswere observedto be in direct contact with NICDI/AKT-driven neoplasms,yet lineagetraced
recombinedcellsremainedabsentfrom theselesions,suggestingstrict lineagerestriction despitemicroenvironmental proximity (F/guresc-a).
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Figure5: GSexpressingiepatocyteResistNICDIY Akt-driven Phenotypi€hanges(a) Timelineof cornoil and NICDVAkt HTVIin GSCreER1T/mG mice(n=4) (Schematicreatedwvith BioRenderom)

(b) Immunofluorescencenfirmingplasmiduptake (HA, magenta)in GS cells(green)(c) GS cellsnear HA neoplastidesionswith K19 biliary regions(yellow)(d) mGFPDAB in NICDIAkt-treated
GSCreERT/mGmice(n=5) showingunchangeaorphologwyfrecombinetiepatocytgdiliary neoplasmis black) (e) Volcanglot of differentiallyexpressegenesn mGFP hepatocytdsombackboneversus
NICDI/Akt-treatedmice(DESeR; adjustec < 0.05; |f e U|b 8. (f) GOenrichmenof differentiallyexpressegenegadjusted < 0.05), filteredfor GOtermsoccurringn >5% of genesBubblesizereflectghe

numbelofgeneperterm colourcyarbmagentajeflectgl-value BP=BiologicaProcess@dF=MoleculafFunctions

3D-Cultured Hepatocytes Maintain Functionality and Zonation
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Figure6: PrimaryMurine Hepatocyt&pheroid@MHS)Maintain Functionalityand ZonationExViva (a) Confocalphalloidinstainedand H&E imageof PMHS24 hourspostisolation(b) Albouminsecretio
fromPMHSat 24596 hoursby ELISAN=6; ng/mL). (c) CyBallactivityin lysed®MHSRLU/hepatocyte=8), analysetyrepeatedneasuresnewayANOVAwith & O © et hdant SD(p. 0.05;p. 0.0Lp.
0.00%; p. 0.0001). (d) PeriodiAcid SchiffstainingofH69, HEP@, and PMHSspheroidsulturedior 3512days (e) Quantificationof PAS glycogem PMHSovertime, supportingnaintainedfunction Friedman
testwith B O N &t mmeant SD,n=25(p <0.0001). (f) DAB stainedPMHSculturedfor 3512daysin hepatocytmediat dexamethasoiiBey or CHIR9021 showindGl® and GSexpressiolfg) Gl expressio
and(h) GSexpression PMH3undereaclculturecondition(with orwithoutDexandCHIRB9021) over3d12daysmeant SD,n=5biologicafeplicatesvith 3technicateplicatesach
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