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Introduction
The mechanismsunderlying biliary epithelial cell (BEC)repopulation and repair following hepatic injury are crucial for understandingboth 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 BECs1. 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 zonationplaysarole in determining suchchangesin cell identity .

1 2 3

Figure 1: Micro-architectureof the Liver. RepresentativeH&E-stained liver demonstratingthe
microscopicstructureof the hepaticlobuleswhich are composedof severalportal triads comprising
bundlesofbileductulesandbranchesofthehepaticarteryandportalveinradiateoutfromacentralvein.
Thelobuleissubdividedinto3zones,theperiportalzone1, midlobularzone2, andpericentralzone3. The
functional characteristicsof hepatocytesare definedby their zonal origin (Schematiccreatedwith
BioRender.com).

Hypothesis: 
Metabolic zonation is a key determinant of hepatocyte plasticity

Aims:
ÅDeterminewhether hepatocytereprogramming is zone-dependentby

comparing periportal (Gls2 ) and pericentral (GS) hepatocyte
responsesto NICD1/Akt in vivo.

ÅDetermineif hepatocytezonationis maintainedin culture andwhether
liver cell reprogrammingcanbemodelledexvivo.

NICD1/AKT-Induced Biliary Neoplasms Originate from Gls2-Expressing Hepatocytes

NICD1/AKT Upregulation Induces Hepatocyte-Derived Biliary Neoplasm Formation
This study usedhydrodynamic tail vein injection (HTVI, Figure2a)2 to deliver NICD1and AKT to hepatocytesvia the SleepingBeautytransposon
system. Four weekslater, transducedhepatocytesshowedstriking plasticity, converting from large multinucleate polygonal cells into condensed
columnarmononuclearcellsthat formedlumen-like bile ductulestructures(Figure2b-f) andexpressedbiliary markerssuchascytokeratin 19(K19).

Figure2: HepatocytesFormBiliary NeoplasmsFollowingTheUpregulationof NICD1/AKT SignallingVia HTVI. (a) Schematicof hydrodynamictail veininjection,in whicha rapid bolusof plasmidsolution
transientlyincreasesvenousandsinusoidalpressure,enablingplasmiduptakebyhepatocytes(Schematiccreatedwith BioRender.com). (b) RepresentativeH&E-stainedwhole-liversectionsfromC57Bl6/Jwild-
typemice4 weeksafterNICD1/Akt HTVI,showingmultiplehepatocyte-derivedbiliary neoplasms(yellowoutlines). (c)High-magnificationH&E-stainedimagesofindividualneoplasticlesions(dashedoutlines).
(d) DAB-stainedsectionsdemonstratingincreasednuclearKi-67 immunoreactivityin biliary neoplasmscomparedwith IgGisotypecontrols(dashedoutlines). (e) Immunofluorescentstainingconfirmingdual
expressionof Myc-taggedNICD1andHA-taggedAkt within HTVI-inducedbiliary neoplasms. (f) Immunofluorescentstainingshowingco-localizationof HA-taggedAkt with thematurebiliary epithelialcell
markercytokeratin19(K19) in biliaryneoplasms.

3D-Cultured Hepatocytes Maintain Functionality and Zonation

(a)

(b)

(c) (d)

Zonated Lineage-Tracing Gls2CreER-mT/mG and GSCreER-mT/mG Mouse Models
Two tamoxifen-inducible, zone-specific lineage-tracing modelswere generatedby crossingGls2CreERor GSCreERmice with the mT/mG reporter.
Cre activation switches membranefluorescencefrom Tomato (red) to GFP(green) in Gls2+ periportal or GS+pericentral hepatocytes,enabling
permanentlabelling of zone1andzone3cells.

Figure 3: Cre-recombinationEfficiencyOf Membranous
Green FluorescentProtein In Gls2creER-mT/mG And
GScreER-mT/mG MouseModels. (a) Schematicshowingthe
tamoxifen-inducedcre-recombinationinducingmembranous
Tomato expressionin the absenceof tamoxifen and
membranousGFPexpressionin the presenceof tamoxifen
(Schematiccreatedwith BioRender.com). (b) Representative
DAB-stainedlivers demonstratingGls2-, GS-, and GFP-
expressionin Gls2CreER-mT/mG and GSCreER-mT/mG
mouselivers(c) Representativeimmunofluorescentstaining
demonstratingthe co-expressionof Gls2 + mGFPin the
Gls2CreER-mT/mG and GS + mGFP in the GSCreER-
mT/mG mousemodels7 post-tamoxifengavage. (d) Cre
efficiencyin Gls2CreER-mT/mGandGSCreER-mT/mGmice
7 daysposttamoxifendosing,expressedasthepercentageof
DAB-positiveareapersample(n = 5 perstrain; 25technical
replicates). Recombinationefficiencywascalculatedas: mean
mGFP+ area÷ meanGls2+/GS+area× 100. Dataareshown
asmean± SD(ns=notsignificant).
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It was evident that the overexpressionof NICD1/AKT induced phenotypic remodelling in the mGFP-marked Gls2-expressing periportal hepatocytes,
whilst inducing the expressionof Sox9, anearlytranscriptional regulatorof BEClineagecommitment (Figure4a-b).

Conversely,GS-expressing pericentral hepatocytes exhibited no detectableparticipation in biliary neoplasmformation despiteconfirmed plasmid
uptake (Figure 5b). Interestingly, GS+hepatocyteswere observedto be in direct contact with NICD1/AKT-driven neoplasms,yet lineage-traced
recombinedcellsremainedabsentfrom theselesions,suggestingstrict lineagerestriction despitemicroenvironmentalproximity (Figure5c-d).

Figure4: Gls2-expressingHepatocytesContributeto NICD1/Akt-InducedNeoplasms. (a) Timelineof tamoxifenandNICD1/Akt HTVI in Gls2CreER-mT/mGmice(n=4) (Schematiccreatedwith BioRender.com).
(b) DAB-stainedlivers7 dayspost-HTVIshowingbiliary neoplasmnumberanddistribution(redhighlights). (c) mGFPDAB4 weekspost-HTVIshowingalteredmorphologyand lumenformationin recombined
hepatocytes. (d) mGFPandSox9 immunofluorescence4 weekspost-HTVIshowingGls2-lineagecontributiontoSox9 biliary-likestructures. (e)Volcanoplotofdifferentiallyexpressedgenesin mGFPhepatocytesfrom
plasmidbackbone- versusNICD1/Akt-treatedmice(DESeq2; adjustedp< 0.05; |ƒƨůɓa;| > 1). (f) GeneOntology(GO)enrichmentofdifferentiallyexpressedgenes(adjustedp< 0.05), filteredtoGOtermsoccurringin
>5%ofgenes. Bubblesizereflectsthenumberofgenesperterm; colour(cyanʖmagenta)reflectsq-value. BP=BiologicalProcesses; MF=MolecularFunctions.
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Figure6: PrimaryMurineHepatocyteSpheroids(PMHS)Maintain FunctionalityandZonationExVivo. (a) Confocal,phalloidin-stained,andH&EimagesofPMHS24 hourspost-isolation.(b) Albuminsecretion
fromPMHSat 24ʖ96hoursbyELISA(n=6; ng/mL). (c)Cyp3a11activityin lysedPMHS(RLU/hepatocyte; n=8), analysedbyrepeated-measuresone-wayANOVAwithöǪƏŖȈʡǖtest,mean± SD(p 0̝.05; p 0̝.01; p˔
0.001; p 0̝.0001). (d) PeriodicAcid-SchiffstainingofH69, HEPG2, andPMHSspheroidsculturedfor3ʖ12days. (e)QuantificationofPASglycogenin PMHSovertime,supportingmaintainedfunction; Friedman
testwithBǪƝƝʡǖtest,mean± SD,n=25(p < 0.0001). (f) DAB-stainedPMHSculturedfor3ʖ12daysin hepatocytemedia± dexamethasone(Dex) or CHIR99021, showingGls2 andGSexpression. (g) Gls2 expression
and(h) GSexpressionin PMHSundereachculturecondition(with orwithoutDexandCHIR99021) over3ʖ12days,mean± SD,n=5biologicalreplicateswith 3technicalreplicateseach.

Figure5: GS-expressingHepatocytesResistNICD1/Akt-drivenPhenotypicChanges. (a) Timelineof cornoil and NICD1/Akt HTVI in GSCreER-mT/mGmice(n=4) (Schematiccreatedwith BioRender.com).
(b) Immunofluorescenceconfirmingplasmiduptake(HA, magenta)in GS cells(green)(c) GS cellsnear HA neoplasticlesionswith K19 biliary regions(yellow).(d) mGFPDAB in NICD1/Akt-treated
GSCreER-mT/mGmice(n=5) showingunchangedmorphologyof recombinedhepatocytes(biliary neoplasmsin black). (e)Volcanoplotofdifferentiallyexpressedgenesin mGFPhepatocytesfrombackbone- versus
NICD1/Akt-treatedmice(DESeq2; adjustedp < 0.05; |ƒƨůɓa;| > 1). (f) GOenrichmentof differentiallyexpressedgenes(adjustedp < 0.05), filteredfor GOtermsoccurringin >5% of genes. Bubblesizereflectsthe
numberofgenesperterm; colour(cyanʖmagenta)reflectsq-value. BP=BiologicalProcesses; MF=MolecularFunctions.
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