Functionally Relevant hPSC-Derived Hepatocytes and Hepatic Organoids
for Hepatotoxicity and Liver Biology Modeling
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INTRODUCTION

Functionally relevant human hepatocyte models are essential for drug safety and efficacy screening, cell therapy, and the study of liver biology and
diseases. Conventional systems for liver studies present challenges, including limited human relevance of rodent models, rapid de-differentiation of primary
human hepatocytes in culture, and a lack of metabolic maturity in immortalized cell lines such as HepG2 and Huh7. To address these challenges, we
developed specialized media to generate functionally relevant human pluripotent stem cell (hPSC)-derived hepatocyte models. STEMdiff™ Hepatocyte Kit
is a serum-free differentiation system that supports efficient and reproducible generation of hepatocyte-like cells (HLCs) from hPSCs over 21 days. HLCs can
be used to establish hPSC-derived hepatic organoids using STEMdiff™ Hepatic Organoid Growth Medium. These expandable organoids are compatible
with long-term expansion and further maturation using STEMdiff™ Hepatic Organoid Differentiation Medium, and are also available as cryopreserved
Human iPSC-Derived Hepatic Organoids for simplified use in downstream applications. HLCs and differentiated hPSC-derived hepatic organoids exhibit
mature hepatic functions and can model specific short- and long-term hepatotoxicity, demonstrating the utility of the STEMdiff™ Hepatocyte Kit,
STEMdiff™ Hepatic Organoid Media, and Human iPSC-Derived Hepatic Organoid workflows in liver modeling and drug screening applications.
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FIGURE 1. Differentiation and Culture Protocols for hPSC-Derived HLCs and Hepatic Organoids

On day 0, single-cell suspensions of hPSCs maintained in mTeSR™1, mTeSR™ Plus, eTeSR™, or TeSR™-AQOF were seeded onto Laminin-521-coated
tissue culture plates, and maintained in TeSR™ medium supplemented with 10 uM Y-27632 for the first 24 hours. hPSCs were differentiated by
performing sequential full-medium changes using STEMdiftf™ Definitive Endoderm (DE) Medium 1 on day 1, STEMdiff™ DE Medium 2 on days 2, 3,
and 4, STEMdiff™ Hepatic Progenitor Medium on days 5, 6, 7, and 9, and STEMdiff™ Hepatocyte Medium on days 10, 12, 14, 16, 18, and 20, to
yield hepatocyte-like cells (HLCs). To generate proliferating hPSC-derived hepatic organoids, day 21 HLC monolayers were mechanically dissociated,
replated in Corning® Matrigel® domes, and maintained in STEMdiff™ Hepatic Organoid Growth Medium (OGM). Organoids were also established
by recovering cryopreserved Human IPSC-Derived Hepatic Organoids in OGM. Proliferating organoids were serially passaged as fragments in OGM
every 6 - 8 days. To further differentiate the organoids, organoid fragments were seeded in OGM, and after 7 days of expansion, cultures were
maintained in STEMdiff™ Hepatic Organoid Differentiation Medium (ODM) for 10 or more days.

RESULTS

Day 21 HLCs

FIGURE 2. HLCs Exhibit Mature Hepatic
Marker Expression Reproducibly Across
hPSC Lines

(A) Day 21 HLCs exhibited expected polygonal
morphology, low nucleus-to-cytoplasm ratios,
instances of binucleation (white arrowheads), and
uniform expression of mature hepatocyte marker
ALB (green), and tight junction marker EPCAM
(red), all characteristic features of hepatocytes.

(B - C) HLCs were generated using three human
induced pluripotent stem cell (hiPSC) lines and two
human embryonic stem cell (hnESC) lines and
analyzed by flow cytometry on day 21. On average,
(B) 66 = 8.1% of cells, or (C) 1.65 x 10° cells per
well of a 24-well plate expressed mature hepatocyte
markers ALB and ATAT (mean £ SD, n=2 -9).
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Consistent with Hepatic Maturation
when Further Differentiated
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(A) Proliferating HLC-derived hepatic organoids
underwent a change in morphology when
differentiated further using STEMdiff™ Hepatic
G LAV " v il R Y ODM, resulting in a compact and dense phenotype
that was often accompanied by thickened epithelia

® hESC (passage 9 shown, representative of passages 1 - 15).
O hipsc (B) Organoids expanded and differentiated across
10 passages were characterized by gPCR and gene
expression levels were normalized to the
housekeeping gene TBP. Fetal hepatocyte marker
AFP was significantly downregulated, and mature
3 e hepatic marker ALB was upregulated in the
2000 4 : HLC-derived differentiated organoids (hODM)

; i - compared to 2D HLCs (mean + SD, n =2 experiments).
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FIGURE 4. Differentiated HLC-Derived Hepatic Organoids Exhibit Mature Hepatic Functionality That Can Be Modulated by
Specific Inducers and Inhibitors

(A) Albumin levels were measured in cell culture supernatants and lysates collected at different time points during HLC-derived organoid
differentiation using STEMdiff™ Hepatic ODM. The amount of total albumin produced increased in a time-dependent manner and was highest at the
end of the differentiation (Day 10 in STEMdiff™ Hepatic ODM). CYP3A4 activity in differentiated HLC-derived hepatic organoids, measured using the
P450-Glo™ CYP3A4 Assay and Screening System, was (B) inhibited by ketoconazole and (C) induced by calcitriol in a dose-dependent manner
following 72 hours of exposure (mean = SD, n = 2). ****p <0.0001, ***p =0.001, **p = 0.007, *p = 0.015 by ordinary one-way ANOVA.
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FIGURE 5. HLC-Derived Hepatic Organoids Model Compound-Induced Hepatotoxicity and Distinguish Between Related
Compounds with Different DILI Severities

Differentiated HLC-derived organoids showed high, moderate, or low dose-dependent sensitivity to (A) ketoconazole, (B) rifampicin, and
(C) acetaminophen, respectively. HLC-derived hepatic organoids also exhibited dose-dependent sensitivity to (D) troglitazone and
nefazodone and were less sensitive to their related compounds pioglitazone and buspirone, respectively. These results align with
previously reported drug-induced liver injury (DILI) severity classifications' for these compounds (mean + SD, n = 3). Dose-response curves
were modeled using four-parametric nonlinear regressions.
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FIGURE 6. HLC-Derived Hepatic Organoids Enable
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fialuridine in a phase Il clinical trial>. Organoids received
repeated drug treatments every 2 - 3 days to stimulate
chronic drug exposure. Viability assessments every 7 days demonstrated that fialuridine treatments resulted in progressive and time-dependent
hepatotoxicity, most evident following 14 and 21 days of drug exposure. Meanwhile, its stereoisomer FIRU did not substantially impact organoid
viability. Data is presented as mean = SD (n = 3). Dose-response curves were modeled using four-parametric nonlinear regressions.
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FIGURE 7. HLC-Derived Hepatic Organoids Respond to Bile Efflux Inhibitors and Distinguish Between Cholestatic and
Non-Cholestatic Compounds

Differentiated HLC-derived organoids were evaluated for functional bile transport activity using 5-chloromethylfluorescein diacetate (CMFDA), in the
presence of a DMSO vehicle control, compounds that inhibit bile efflux, or a non-cholestatic control. (A) Organoids were able to cleave cell permeant,
non-fluorescent CMFDA to produce membrane-impermeable fluorescent 5-chloromethylfluorescein (5-CMF), as shown by green fluorescence in cells.

(B) In the presence of cyclosporin A and troglitazone, 5-CMF efflux was decreased, as indicated by the significant increase in green fluorescence intensity
relative to the vehicle control, correlating with intracellular 5-CMF retention. In the presence of pioglitazone, intracellular green intensity was comparable to
the vehicle control. Data represents mean + SD, n = 2 experiments; 4 technical replicates per condition. ****p <0.0001, **p = 0.001 by one-way ANOVA.

SUMMARY

e STEMdiff™ Hepatocyte Kit supports the efficient generation of hPSC-derived hepatocyte-like cells that exhibit mature hepatic
phenotypes and functionality.

e Hepatocyte-like cell-derived hepatic organoids can be established from fresh HLCs or recovered from cryopreserved Human iPSC-Derived
Hepatic Organoids, using STEMdiff™ Hepatic Organoid Growth Medium. They are compatible with long-term expansion and can be
further differentiated to increase hepatic maturity.

e Differentiated hPSC-derived hepatic organoids enable short- and long-term hepatotoxicity assessments.

e Differentiated hPSC-derived hepatic organoids can distinguish between related compounds with differing DILI severities, and can be
used to model effects on bile acid efflux transporters.
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