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Learning Objectives

After this session, you should be able to:

● Understand the key research applications for human hepatic organoids and possible experimental 
endpoints
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1. Key Downstream Applications

2. Application Highlights

● Hepatotoxicity

● Disease Modelling

● Gene Editing

Outline
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Section 1   |   Overview of Downstream Applications
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Applications for Hepatic Organoids

Investigate

● Liver development and function in healthy conditions 

● Study mechanisms of disease (disease modelling)

Personalised Medicine

● Patient-specific drug screening 

● Gene therapy (gene editing)

Biobanking

● Regenerative medicine (transplants)

● Drug screening (patient-derived organoids)

● Toxicology studies (drug-induced liver Injury/DILI)

Figure adapted from Prior et al. Gut 2019

A B
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https://gut.bmj.com/content/68/12/2228
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Section 2   |   Application Highlights
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Application 1: Hepatotoxicity
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Drug or its metabolites may be toxic to the liver

Drug-Induced Liver Injury (DILI)

Weaver et al. Nature Reviews Drug Discovery 2016Prop
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https://pubmed.ncbi.nlm.nih.gov/31748707/
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Target Discovery & 
Validation

Lead 
Identification Lead Optimization Preclinical Clinical Development

Robust Human Disease Models
Evaluate Efficacy

High-Fidelity Healthy Human Tissue Models
Predict Toxicity and Absorption Properties

Challenges in Drug Discovery

Fewer than 10% of compounds entering Phase I trials are successful in making it to market

75 - 80% of failures are due to problems with efficacy and/or safety

More predictive methods in discovery and preclinical phases stand to de-risk programs before they move 
to the clinic, including patient stratification to inform trial cohort selection 
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Evaluation of Drug-Induced Phospholipidosis

LAMP-2 Staining Lamellar bodies

Hepatic Organoids as a Model for Hepatotoxicity

Lee et al. Int J Mol Sci. 2020

Cell Viability Changes

Prop
ert

y o
f S

TEMCELL
 Tec

hn
olo

gie
s

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7216064/
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Hepatic Organoids as a Model for Hepatotoxicity

Shinozawa et al. Gastroenterology 2021Prop
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878295/
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Schematic of drug screening and cell viability assay protocol 

Cytotoxicity Screening Using Hepatic Organoids Cultured in 
HepatiCult™ (Human)

Scientific Poster
HepatiCult™ for Human Hepatic 
Organoids: A Validated Culture 
System for Drug Toxicity Screening

Protocol
How to Perform Cytotoxicity 
Screening Using Hepatic 
Organoids Cultured in HepatiCult™ 
(Human)

A

B
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https://cdn.stemcell.com/media/files/poster/SP00269-HepatiCult_for_Human_Hepatic_Organoids.pdf
https://cdn.stemcell.com/media/files/poster/SP00269-HepatiCult_for_Human_Hepatic_Organoids.pdf
https://cdn.stemcell.com/media/files/poster/SP00269-HepatiCult_for_Human_Hepatic_Organoids.pdf
https://www.stemcell.com/technical-resources/methods-library/cell-culture/endodermal-cells/liver-cell-culture/performing-toxicity-screening-hepaticult.html
https://www.stemcell.com/technical-resources/methods-library/cell-culture/endodermal-cells/liver-cell-culture/performing-toxicity-screening-hepaticult.html
https://www.stemcell.com/technical-resources/methods-library/cell-culture/endodermal-cells/liver-cell-culture/performing-toxicity-screening-hepaticult.html
https://www.stemcell.com/technical-resources/methods-library/cell-culture/endodermal-cells/liver-cell-culture/performing-toxicity-screening-hepaticult.html
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High sensitivity to toxic effects; IC50 values < 200 μM Moderate sensitivity to toxic effects; IC50 values 100 - 400 μM

Low sensitivity to toxic effects; high IC50 values of > 400 μM

Scientific Poster
HepatiCult™ for Human Hepatic Organoids: A Validated 
Culture System for Drug Toxicity Screening

Cytotoxicity Screening Using Hepatic Organoids
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https://cdn.stemcell.com/media/files/poster/SP00269-HepatiCult_for_Human_Hepatic_Organoids.pdf
https://cdn.stemcell.com/media/files/poster/SP00269-HepatiCult_for_Human_Hepatic_Organoids.pdf


14

Summary of drug toxicity effects in human hepatic proliferative (OGM) and mature (ODM) organoids, HepG2 cells, and PHH.

Cytotoxicity Screening Using Hepatic Organoids

Scientific Poster
HepatiCult™ for Human Hepatic Organoids: A Validated 
Culture System for Drug Toxicity Screening
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https://cdn.stemcell.com/media/files/poster/SP00269-HepatiCult_for_Human_Hepatic_Organoids.pdf
https://cdn.stemcell.com/media/files/poster/SP00269-HepatiCult_for_Human_Hepatic_Organoids.pdf
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Hepatotoxicity testing using 2D and 3D hepatic models 

Objective: Assess effects of compounds with known hepatotoxicity on 2D HLCs and differentiated HLC-derived organoids 

Day 
12

OGM ODM

Day 
13

Day 
14

Day 
15

Drug 
treatment

Hepatotoxicity 
assay

Experimental Setup: 

STEMdiff™ Hepatocyte Kit

Day 
18

Day 
20

Day 
21

HPs/HLCs

Ketoconazole

Rifampicin

Troglitazone

HPs = hepatic progenitor cells; HLCs = hepatocyte-like cells; 
OGM = Organoid Growth Medium; ODM = Organoid Differentiation Medium 

Applications Using hPSC-Derived Hepatic Cells
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(mean±SD)
n = 4-7 technical replicates per dose, 

1-2 PSC lines and 3 PHH donors
Average IC50 Values (µM)

LESS TOXICMORE TOXIC

HLCs = hepatocyte-like cells; ODM = Organoid Differentiation Medium; PHHs = primary human hepatocytes 

57

hPSC-derived hepatic cells are sensitive to compound-induced hepatotoxicity
Applications Using hPSC-Derived Hepatic Cells
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● Liver toxicity is a major cause of clinical drug attrition and acute liver failure

● All drugs (modality- and indication-agnostic) are tested for hepatotoxicity

● Compatibility of hepatic organoids (generated using HepatiCult™) with hepatotoxicity testing:
○ Hepatic organoids show amenability/compatibility with hepatotoxicity testing
○ Seven drugs were tested for IC50 values and compared to published IC50 values for HepG2 cell lines and 

primary human hepatocytes (PHH)
○ Differentiated (ODM) organoids showed higher sensitivity to tested drugs, suggesting an effect on more 

mature cell populations

Hepatic Organoids as a Model for Hepatotoxicity
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Application 2: Disease Modelling
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19Image adapted from Nature Oct 2015 illustration and Inspero webinar

Dead hepatocytes are broken 
down resulting in accumulation 
of scar tissue → impairs liver 
function. This can lead to liver 
failure and increased risk of liver 
cancer

NAFLD: Nonalcoholic fatty liver disease
NASH: Nonalcoholic steatohepatitis 

NAFLD- hepatocytes 
accumulate excess fat (diet, 
diabetes), a process known as 
steatosis

NASH develops if the 
accumulated fat cause stress 
and injury to hepatocytes. This 
results in hepatocytes swelling 
and eventual death causing 
inflammation

Disease Modelling (NAFLD and NASH) 
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Researchers at the University of Pennsylvania have generated  organoids from NASH patient liver tissue

● Used protocol described in Huch et al., 2015 (HepatiCultTM is based on this technology) 

● NASH patient derived liver organoids are able to replicate in vivo pathology better than mouse models

Hepatic Organoids for Disease Modelling (NASH) (NASH)

McCarron et al. Hepatology, 2021 Prop
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https://pubmed.ncbi.nlm.nih.gov/33901295/
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NASH Patient-Derived Liver 
Organoids Exhibited:

● Decreased albumin 
production 

● Increased free fatty acid 
induced accumulation

● Increased CYP metabolism

● Increased apoptosis

Significance:

● NASH organoids 
recapitulated key diseases 
characteristics

● Avenues for drug/therapy 
development

Figures adapted/modified from 
McCarron et al. Hepatology 2021

Albumin Production
Lipid Accumulation

CYP3A4 Apoptosis

Hepatic Organoids for Disease Modelling (NASH)
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https://pubmed.ncbi.nlm.nih.gov/33901295/
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hepatocellular carcinoma (HCC)
hepatocellular-cholangiocarcinoma (CHC) 
cholangiocarcinoma samples (CC)

B

Hepatic Organoids for Cancer Modelling
A

Broutier et al. Nature Medicine 2017 Prop
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5722201/
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● Liver tumoroids allow the identification of patient-specific drug sensitivities and recapitulate multiple cancer subtypes

● Primary liver cancer (PLC) derived organoids present opportunities for drug testing, therapeutic development and advances in personalized 
medicine approaches

Hepatic Organoids for Cancer Modelling
C D

Broutier et al. Nature Medicine 2017 Prop
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5722201/
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Hepatic Organoids for Modelling Disease Progression

Shen et al. Acta Pharmacologica 2022Prop
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https://pubmed.ncbi.nlm.nih.gov/35508720/
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Hepatic Organoids for Modelling Disease Progression

A

B

Shen et al. Acta Pharmacologica 2022Prop
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https://pubmed.ncbi.nlm.nih.gov/35508720/
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Application 3: Gene Editing
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Hepatic Organoids for Gene Editing Applications

Artegiani B et al. Cell Stem Cell 2019

Significance:

Model liver oncogenic process in specific human 
tissues using organoids and CRISPR-Cas9 gene 
editing approach.
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https://pubmed.ncbi.nlm.nih.gov/31130514/
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Characterization of WT and knockin lines

Hepatic Organoids for Gene Editing Applications

A

B

C

Gene editing workflow

Hendriks et al. Nat Protoc 2021 Prop
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https://pubmed.ncbi.nlm.nih.gov/33247284/
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 Experimental Workflow for Hepatic Organoid Genome Editing

CRISPR-Cas9 Editing of Human Hepatic Organoids

Protocol

CRISPR-Cas9 Genome Editing of 
Human Liver Organoids
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https://www.stemcell.com/technical-resources/crispr-cas9-genome-editing-of-liver-organoids-using-arcitect-and-hepaticult.html
https://www.stemcell.com/technical-resources/crispr-cas9-genome-editing-of-liver-organoids-using-arcitect-and-hepaticult.html
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Summary
● Hepatic organoids can be used for a wide variety of applications, including hepatotoxicity/cytotoxicity, disease modelling, and gene 

editing applications

● Hepatic organoids can be derived from patients with inherited liver disease:
○ Opportunity to establish drug-screening platforms and toxicity assays for personalized medicine
○ Understand the signaling pathways involved in the underlying disease

● Genome editing technologies coupled with the hepatic organoid culture platform:
○ Reintroduction of genetically corrected stem cells into affected patients 
○ Provides experimental platform for mechanistic studies of cancer gene function in a human context
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Thank You
Scientists Helping Scientists™   |   WWW.STEMCELL.COM
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