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Antibodies
Antibodies used

No statistical analysis was used to predetermine sample size. Sample size was determined based on previous studies on the same subject.
Sample size was at least n=3 biological replicates for all experiments.

Data has only been excluded in FLIPR assay in case datasets were affected by machine error and over saturation of signal as they are not
representative of a biological response.

Multiple cell lines have been examined and experiments were repeated successfully a minimum of three times.

There was no randomization for the experiments as it did not involve clinical studies.

The design of experiments did not require blinding as the outcome was not dependent on the judgment of the investigators and could not be
influenced by prior knowledge of the groups.

Primary Antibodies used in this study:

mouse anti-CFTR (24-1) (R and D; MAB25031) 1/200

mouse anti-CFTR (13-1) (R and D; MAB1660) 1/200

rabbit anti-CK7 (Abcam; ab68459) 1/200

mouse anti-acetylated alpha tubulin (Sigma-Aldrich; T7451) 1/800

rabbit anti-ZO-1 (Thermo Fisher; 40-2200) 1/400

rabbit anti-ARL13b (Proteintech;17711 1-AP) 1/600

rabbit anti-CK19 (Abcam; ab52625) 1/400

mouse anti-CK19 (DAKO; M0888) 1/20

rabbit anti-mouse-CK19 (Abcam; ab133496) 1/400

mouse anti-mitochondria (113-1) (Millipore; MAB1273) 1/100

mouse anti-AFP (DAKO; A0008) 1/2000

mouse anti-SOX9 (Abcam; ab76997) 1/400

goat anti-ASBT (C14) (Santa Cruz; sc27493) 1/50

rabbit anti-SCTR (Sigma; HPA007269) 1/50

rabbit anti-SLC4A2 (Sigma; HPA019339) 1/50

rabbit anti-TGR5 (Invitrogen; PA5-270765) 1/100

goat anti-ALB (Bethyl; A80-129A) 1/200

mouse anti-DHIC5-4D9 (gift from Oregon Stem cell Institute) 1/20, The antibody is also commercially available from Sigma
(MABS2040)
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Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

mouse anti-CD117 (BD pharmingen; BD340529) 1/50

mouse anti-CD184 (BD pharmingen; BD555976) 1/50

mouse anti-CD326 (eBioscience; 12-9326-73) 1/200

mouse anti-SSEA4 (BD Horizon; 561156) 1/100

mouse anti-TRA-1-60 (Biolegend; 330605)1/100

mouse anti-OCT3/4 (BD pharmingen; 560791) 1/100

mouse anti-SOX2 (BD pharmingen; 561556) 1/100

mouse anti- NANOG (BD pharmingen; 561506) 1/100

mouse anti-alpha-actin (Sigma: A5044) 1/5000 WB

rabbit anti-calnexin (Sigma: C4731) 1/5000 WB

Secondary Antibodies:

IgG donkey anti-mouse Alexa488 (Invitrogen; A21202) 1/400

IgG donkey anti-rabbit Alexa555 (Invitrogen; A31572) 1/400

IgG donkey anti-mouse Alexa555 (Invitrogen; A31570) 1/400

IgG donkey anti-rabbit Alexa488 (Invitrogen; A21206) 1/400

IgG donkey anti-goat Alexa488 (Invitrogen; A11055) 1/400

IgG donkey anti-goat Alexa647 (Invitrogen; A21447) 1/400

IgM goat anti-mouse APC (Jackson ImmunoResearch; 115-136-075) 1/200

All commercial antibodies were validated by both manufactures and independent laboratories. Additional validation was performed
by using negative controls and control tissue samples. The antibodies of DHIC5-4D9 was obtained from Oregon Stem Cell Institute
and validated described in our previous publications (Dorrell et al. Stem Cell Res. 2008 Sep;1(3):183-94. doi: 10.1016/
j.scr.2008.04.001, Galivo et al. Stem Cell Res. 2015 Jul; 15(1): 172–181. doi: 10.1016/j.scr.2015.06.004, Ogawa et al. Nat. Biotechnol.
2015 Aug;33(8):853-61. doi: 10.1038/nbt.3294).

OP9 jagged1 was obtained form Dr. Juan Carlos Zúñiga-Pflücker (Sunnybrook Health Sciences Centre, Toronto). GCaMP3 cell
line was obtained from Dr. Michael Laflamme (McEwen Stem Cell Institute, Toronto). iPSC-lines were obtained through the
CFIT Program (https://lab.research.sickkids.ca/CFIT, SIckKids Research Ethics Board, Approval #44783) at SickKids in Toronto.
H9 ES cell is commercially available and purchased from WiCell (Madison WI, USA).

All cell lines were authenticated by providers. H9 and GCaMP3 were also authenticated in the following reference (H9:
Ogawa et al. Nature Biotechnology 2015 doi: 10.1038/nbt.3294. GCaMP3: Shiba et al. Nature 2012 doi: 10.1038/
nature11317, Zhu et al. Methods Mol Biol. 2011 doi: 10.1007/978-1-4939-1047-2_20). The lines generated at CCRM (Centre
for Commercialization of Regenerative Medicine, Toronto) were authenticated by STR (Identity), G-banding (Karyotype), PCR
and Sanger sequencing for targeted locus and off-target analysis. Data and Authentication Information of these iPSC-lines
were shown in Supplementary Information.

All cell lines tested negative for mycoplasma.

No commonly misidentified cells were used.

The animals used for injury modeling in this study were TK-NOG mice (Hasegawa et al. Biochem Biophys Res Commun 2011
doi:10.1016/j.bbrc.2011.01.042, Higuchi et al. Hepatol Res. 2016 doi: 10.1111/hepr.12644). Ganciclovir (GCV; 10 mg/kg ) was
administered into adult 7-8 week-old male TK-NOG mice 7 to 10 days prior to the transplantation inducing significant liver damage.
The level of serum ALT activity in TK-NOG mice was closely monitored. The NSG mouse line was purchased from the Jackson
Laboratory (Bar Harbor, ME) and 8-10 week-old male NSG mice were used for transplantation. Day 55 monolayer cholangiocytes
were dissociated by trypsin-EDTA and one million cells were injected into spleen of TK-NOG mice (CIEA) (n=10) or kidney subcapsular
of NSG mice (Toronto) (n=10). All mice were housed under 12 light/ 12 dark cycle, temperatures of 22±2 Celusius with 50±10%
humidity.

This study did not involve wild animals.

This study did not involve field-collected samples.

All animal experiments were carried out under procedural guidelines, severity protocols and with ethical approval from the

Central Institute for Experimental Animals (CIEA) in Japan, and University Health Network Animal Care Committee (Toronto).




