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Supplemental Figure S1. Gene set enrichment analysis of CD133+ and CD133- hBEC isolated from 
healthy and steatotic livers (related to Figure 2). 

(A) Table of MSigDB Hallmark gene sets found to be significantly depleted in CD133+ hBEC isolated 
from healthy livers (associated with genes downregulated in CD133+ hBEC) by gene set enrichment 
analysis (GSEA). Table presents gene set size, enrichment score (ES), normalized enrichment score 
(NES), nominal p-value and FDR (q-value). Gene sets with FDR less than the default GSEA FDR threshold 
of 0.25 are deemed significant. 

(B) Enrichment plots of GSEA results for selected significant Hallmark gene sets. Genes associated with 
inflammatory response are downregulated in healthy CD133+ hBEC compared to healthy CD133- 
hBEC. 

(C) Table of MSigDB Hallmark gene sets found to be significantly depleted in CD133+ hBEC isolated 
from steatotic livers (associated with genes downregulated in CD133+ hBEC isolated from steatotic 
livers) by gene set enrichment analysis (GSEA). Table presents gene set size, enrichment score (ES), 
normalized enrichment score (NES), nominal p-value and FDR (q-value). Gene sets with FDR less than 
the default GSEA FDR threshold of 0.25 are deemed significant. 

(D) Enrichment plots of GSEA results for selected significant Hallmark gene sets. Genes associated with 
inflammatory response are downregulated in steatotic CD133+ hBEC compared to healthy CD133+ 
hBEC. 



  



Supplemental Figure S2. Stability analysis: hBEC phenotype and CD133+ expression in culture and 
comparative analysis of EpCAM+ hBEC (Sampaziotis et al., 2021) and EpCAM+CD133+ hBEC (related 
to Figure 2). 

(A) Proportion of EpCAM+CD133+ cells vs EpCAM+ cells that have detectable expression of markers 
associated with progenitor cell response. The straight line at y=x represents equal proportions of 
EpCAM+ and EpCAM+CD133+ hBEC. 

(B) Fold change in proportion of expressing cells for EpCAM+ hBEC (blue) and EpCAM+CD133+ hBEC 
(red). 

(C) Proportion of EpCAM+CD133+ cells vs EpCAM+ cells that have detectable expression of markers 
associated with proliferation and positive regulation of proliferation. 

(D) Proportion of EpCAM+CD133+ cells vs EpCAM+ cells that have detectable expression of markers 
associated with cholangiocyte proliferation. 

(E) Proportion of EpCAM+CD133+ cells vs EpCAM+ cells that have detectable expression of markers 
associated with hepatocyte proliferation. 

(F) Heatmap of normalised expression values across genes associated with cholangiocytes, 
hepatocytes or progenitor cell populations. These markers were analysed in hBEC isolated from two 
donor livers maintained in 3D in vitro culture conditions. P0 represents freshly isolated hBECs. Darker 
blue represents higher normalised gene expression. 

(G) Heatmap of normalised expression values across genes associated with stem cell, cholangiocyte 
and hepatocyte proliferation. 

(H) Flow cytometry analysis of CD133 expression in BEC freshly isolated from three livers (HL4, HL5 
and HL6) and subsequently cultured in 2D. The histograms indicate that the high levels of CD133 
expression seen in freshly isolated EpCAM+CD24+ cells are retained following in vitro culture with 
analyses at passage 0 and passage 2 for each liver. 

(I) Analysis of EpCAM+CD133+ vs EpCAM+CD133- hBEC profile using the publicly available single cell 
transcriptomic data from Sampaziotis, et al. (Science, 2021). Proportion of EpCAM+CD133+ cells vs 
EpCAM+CD133- cells that have detectable expression of markers associated with positive regulation 
of cell population proliferation (GO:0008284) and general cell population proliferation (GO:0008283). 
The straight line at y=x represents equal proportions of EpCAM+CD133+ and EpCAM+CD133- BEC. 

(J) Proportion of EpCAM+CD133+ cells vs EpCAM+ cells that have detectable expression of markers 
associated with cholangiocyte proliferation (GO:1990705). 

(K) Proportion of EpCAM+CD133+ cells vs EpCAM+ cells that have detectable expression of markers 
associated with hepatocyte proliferation (GO:0072574). 

  



  



Supplemental Figure S3. Clonal density analysis in CD133- and CD133+ hBEC. Immunohistological 
characterisation of CD133+ hBEC (related to Figure 2). 

(A) ViaFlo 96/384 Electronic Channel Pipette set up. Below, lateral view of a 96 well plate after plating 
the Matrigel that encapsulates single hBEC. 

(B) Close view of one well at day 26 after plating one single CD133+ hBEC. Scale bar=100 µm. Right, 
digital magnification of the organoid formed. 

(C) Bright field of CD133- and CD133+ clonal density assay at different time points (day 12, 19 and 26) 
after plating one single hBEC. Scale bars=100 µm. 

(D) Organoid size (in µm2) over the course of days for the CD133- (red) and CD133+ (blue) hBEC 
populations. p=0.3759 (Mean±SEM), Student’s t-test (N=3 technical replicates per group). 

(E) Increase in size (expressed as percentage) of the CD133- and CD133+ hBEC organoids over the 
course of the experiment (26 days). p=0.6679 (Mean± SEM), Student’s t-test. (N=2 for CD133- and N=5 
for CD133+). 

(F) CD133+ cells expanded in Matrigel culture and immunostained for cholangiocyte marker EpCAM 
(green) and proliferative marker PCNA (red). 

(G) Immunostaining for cholangiocyte marker K19 (green) and proliferative marker Ki67 (red). 

(H) Immunostaining for hepatocyte markers Albumin (green) and HNF4α (red). 

(I) Immunostaining for stem cell marker STEM121 (green). 

(J) Immunostaining for tight junction protein ZO1 (red). 

(K) Immunostaining for human antimitochondrial antibody (hAMA, red). 

For F-K, scale bars=60 µm. 

  



 



Supplemental Figure S4. Assessing the bipotential capacity of hBEC in vitro (related to Figure 2). 

(A) Venn diagram indicating the proportion of hBEC that show detectable expression of markers of 
mature cholangiocytes (SOX9, Aquaporin1 [AQP1], HNF1B), hepatocytes (Albumin, CYP2C9 and TTR) 
or both. Transcriptomic data extracted from the single cell data of Sampaziotis et al., (Science 2021) 
filtered to EpCAM+CD24+CD133+ population. 

(B) hBEC organoids cultured in 3D-Matrigel spheres in standard expansion media (Control) and 
differentiation media (Diff), immunostained for markers of cholangiocytes (EpCAM, HNF1β) and 
hepatocytes (CYP2D6, HNF4α). Scale bars = 120 µm. 

(C) Gene expression of genes associated with mature cholangiocytes and hepatocytes in hBEC cultured 
in 3D-Matrigel spheres in standard expansion media (Ctrol) and differentiation media (Diff). All results 
displayed as relative fold increase compared to controls and normalised to GAPDH. * denotes p <0.05, 
** p <0.005, *** p <0.001 (Mean±SEM), Student’s t-test. (N=4 donor livers). 

(D) Albumin (ALB) ELISA for hBEC in standard expansion media (Ctrol) and differentiation media (Diff). 
* denotes p <0.05, (Mean±SEM), Student’s t-test. (N=4 donor livers). 

  



 



Supplemental Figure S5. hBEC transplanted in the IRI immunocompromised model (related to Figure 
5). 

(A) H&E staining of lung and spleen of hBEC transplanted mice (intrasplenic injection) show no 
abnormalities. SB=250 µm. Below, STEM121 immunostaining shows no presence of hBEC in lung or 
spleen upon transplantation. SB=120 µm. (N=6). 

(B) Immunohistochemistry for GFP-positive hBEC (green) adopting biliary. Scale bars = 60 µm. 

(C) Immunofluorescence for Keratin 19 (grey) and GFP-hBEC (green) showing homing of hBEC towards 
the native biliary tracts. White arrows indicate some sections of the host murine biliary tracts. Scale 
bars = 60 µm. 

(D) Immunofluorescence for marker of proliferation KI67 (red) and GFP-hBEC. White arrows indicate 
presence of proliferating hBEC. Scale bars = 60 µm. 

(E) Immunofluorescence for marker of proliferation PCNA (red) and GFP-hBEC. White arrows indicate 
presence of proliferating hBEC. Scale bars = 60 µm. 

(F) hBEC present markers of cholangiocytes/hepatocytes depending on the engraftment area in the 
IRI model. Immunofluorescence for GFP-positive hBEC and CYP2D6 in distal parenchymal areas in the 
IRI model. Scale bars = 60 µm. 

(G) Immunofluorescence for GFP-positive hBEC and HNF4α near the host biliary tract in the IRI model. 
Scale bars = 60 µm. 

  



  



Supplemental Figure S6. Cytokine analysis in blood and liver, mRNA expression and extrahepatic 
findings upon hBEC transplantation (related to Figure 5). 

(A) Cytokine analysis in blood in PBS control (grey) and hBEC transplanted mice (red). Results 
expressed as pg per ml of blood. Right, differentially expressed statistically significant cytokines. 

(B) Cytokine analysis in liver in PBS control (grey) and hBEC transplanted mice (red). Results expressed 
as pg per mg of tissue. 

(C) mRNA expression of human genes of interest in whole liver of PBS control and hBEC-transplanted 
mice. * denotes p <0.05, (Mean±SEM), Student t-test (N≥6). 

(D) mRNA expression of murine genes of interest in whole liver of PBS control and hBEC-transplanted 
mice. * denotes p <0.05, ** denotes p <0.005, *** denotes p <0.001 (Mean±SEM), Student t-test, 
(N≥6). 

(E) p21 immunohistochemistry in the Krt19CreERMdm2fl/fl Rag2-/- Il2rg-/- (plus DDC diet) murine model 
of biliary disease indicate presence of senescence markers in the extrahepatic areas. Scale bars, left, 
120 µm; right 60 µm.  

(F) GFP-positive hBEC engraft in the common bile duct upon transplantation in the model. Scale bars 
are indicated in the figure. 

  



  



Supplemental Figure S7. Isolation procedure for large sections of liver (related to Figure 6). 

(A) Equipment setup in a class 2 biosafety hood for hBEC isolation from fresh liver in sterile conditions, 
from left to right: fluid warmer, peristaltic pump, cannulas and sieve. 

(B) Perfusion and processing of the liver: 

1 represents early stages of perfusion while 2 is an advance stage after 2 hours of perfusion. 

3, 4 cannulas detached and liver transferred to a disposable kidney dish.  

5-8 disaggregation of the tissue. 

9, transference to gentleMACS C-tubes (Miltenyi Biotec). 


