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Introduction

The mechanisms underlying biliary epithelial cell (BEC) repopulation and repair following hepatic injury are crucial for understanding both liver
regeneration and the origins of diseases such as cholangiocarcinoma (CCA). Experimental data has shown that under certain circumstances,

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

It was evident that the overexpression of NICD1/AKT induced phenotypic remodelling in the mGFP-marked Gls2-expressing periportal hepatocytes,
whilst inducing the expression of Sox9, an early transcriptional regulator of BEC lineage commitment (Figure 4a-b).
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capacity for this plasticity or whether liver zonation plays a role in determining such changes in cell identity.
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Figure 4: Gls2-expressing Hepatocytes Contribute to NICD1/Akt-Induced Neoplasms. (a) Timeline of tamoxifen and NICD1/Akt HTVI in Gls2CreER-mT/mG mice (n=4) (Schematic created with BioRender.com).

NICDI/ AKT UPregﬂlaﬁon Indllces HepatOCYte-Del‘ived Bﬂial'y Neoplasm Formation (b) DAB-stained livers 7 days post-HTVI showing biliary neoplasm number and distribution (red highlights). (c) mGFP DAB 4 weeks post-HTVI showing altered morphology and lumen formation in recombined

hepatocytes. (d) mGFP and Sox9 immunofluorescence 4 weeks post-HTVI showing Gls2-lineage contribution to Sox9" biliary-like structures. (e) Volcano plot of differentially expressed genes in mGFP* hepatocytes from
This study used hydrodynamic tail vein injection (HTVI, Figure 2a)? to deliver NICD1 and AKT to hepatocytes via the Sleeping Beauty transposon Q| plasmid backbone- versus NICD1/Akt-treated mice (DESeq2; adjusted p < 0.05; [log2FC| > 1). (f) Gene Ontology (GO) enrichment of differentially expressed genes (adjusted p < 0.05), filtered to GO terms occurring in

system. Four weeks later, transduced hepatocytes showed striking plasticity, converting from large multinucleate polygonal cells into condensed >5% of genes. Bubble size reflects the number of genes per term; colour (cyan—magenta) reflects q-value. BP = Biological Processes; MF = Molecular Functions.

columnar mononuclear cells that formed lumen-like bile ductule structures (Figure 2b-1) and expressed biliary markers such as cytokeratin 19 (K19). Conversely, GS-expressing pericentral hepatocytes exhibited no detectable participation in biliary neoplasm formation despite confirmed plasmid
@) (o Rl | e - amn uptake (Figure 5b). Interestingly, GS+ hepatocytes were observed to be in direct contact with NICD1/AKT-driven neoplasms, yet lineage-traced
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recombined cells remained absent from these lesions, suggesting strict lineage restriction despite microenvironmental proximity (Figure 5c-d).
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Figure 2: Hepatocytes Form Biliary Neoplasms Following The Upregulation of NICD1/AKT Signalling Via HTVI. (a) Schematic of hydrodynamic tail vein injection, in which a rapid bolus of plasmid solution 5
transiently increases venous and sinusoidal pressure, enabling plasmid uptake by hepatocytes (Schematic created with BioRender.com). (b) Representative H&E-stained whole-liver sections from C57Bl6/] wild- Figure 5: GS-expressing Hepatocytes Resist NICD1/Akt-driven Phenotypic Changes. (a) Timeline of corn oil and NICD1/Akt HTVI in GSCreER-mT/mG mice (n=4) (Schematic created with BioRender.com).
type mice 4 weeks after NICD1/Akt HTVI, showing multiple hepatocyte-derived biliary neoplasms (yellow outlines). (c) High-magnification H&E-stained images of individual neoplastic lesions (dashed outlines). (b) Immunofluorescence confirming plasmid uptake (HA, magenta) in GS* cells (green) (c) GS' cells near HA™ neoplastic lesions with K19" biliary regions (yellow).(d) mGFP DAB in NICDI1/Akt-treated
(4) DAB-stained sections demonstrating increased nuclear Ki-67 immunoreactivity in biliary neoplasms compared with IgG isotype controls (dashed outlines). (¢) Immunofluorescent staining confirming dual GSCreER-mT/mG mice (n=5) showing unchanged morphology of recombined hepatocytes (biliary neoplasms in black). (e) Volcano plot of differentially expressed genes in mGFP" hepatocytes from backbone- versus

expression of Myc-tagged NICDI and HA-tagged Akt within HTVI-induced biliary neoplasms. (f) Immunofluorescent staining showing co-localization of HA-tagged Akt with the mature biliary epithelial cell
marker cytokeratin 19 (K19) in biliary neoplasms.

NICD1/Akt-treated mice (DESeq2; adjusted p < 0.05; [log2FC[ > 1). (f) GO enrichment of differentially expressed genes (adjusted p < 0.05), filtered for GO terms occurring in >5% of genes. Bubble size reflects the
number of genes per term; colour (cyan—magenta) reflects q-value. BP = Biological Processes; MF = Molecular Functions.

Zonated Lineage-Tracing Gls2CreER-mT /mG and GSCreER-mT /mG Mouse Models 3D-Cultured Hepatocytes Maintain Functionality and Zonation
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Two tamoxifen-inducible, zone-specific lineage-tracing models were generated by crossing Gls2CreER or GSCreER mice with the mT/mG reporter. (a) (®) s (© _ — ()  Lepoooecuuered oo i (2 = oo
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