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Liver organoids are miniature three-dimensional (3D) cell culture systems that serve as a valuable model for studying liver cell 
biology. Liver organoids retain many features of in vivo hepatocytes and can recapitulate donor heterogeneity. They serve as a 
proliferative and physiologically relevant alternative to conventional two-dimensional cell culture for screening and the study of 
hepatic development, regeneration, detoxification, metabolism, and disease. We have developed the HepatiCult™ Organoid 
Kit (Human) and associated protocols as a novel cell culture system to support a complete hepatic organoid culture workflow. 
This includes robust organoid establishment from fresh or cryopreserved normal liver tissue in HepatiCult™ Organoid Initiation 
Medium (OIM), long-term expansion and scale-up of established organoids in HepatiCult™ Organoid Growth Medium (OGM), 
and differentiation of expanded organoids in HepatiCult™ Organoid Differentiation Medium (ODM) to generate mature 
organoids that exhibit some in vivo hepatocyte functionality. Organoids cultured in HepatiCult™ OGM can be adapted to a 
range of culture protocols including 2D monolayer cultures and suspension cultures containing dilute Corning® Matrigel®. They 
also remain viable following cryopreservation and retain their capacity for propagation and maturation, thereby offering 
flexibility and convenience when working with tissue-derived samples.
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FIGURE 1. Protocol for the Initiation, Expansion, and Differentiation of Tissue-Derived Human Hepatic 
Organoids from Liver Tissue Using the HepatiCult™ Organoid Kit
Human liver tissue was first minced mechanically and then enzymatically digested for up to 1 hour at 37°C using 
Collagenase IV to isolate ductal material. This material was embedded in 30 µL Corning® Matrigel® domes in warmed 24-well 
tissue culture-treated plates. HepatiCult™ OIM was then added to each well once the Matrigel® domes had solidified, to 
support organoid establishment over the course of 2 weeks. Medium changes were performed 3 times per week. Organoids 
were dissociated and passaged every 4 - 10 days as organoid fragments, with seeding densities optimized for every donor 
sample. Organoids were expanded in HepatiCult™ OGM for up to 4.5 months using an average split ratio of 1:29, and  medium 
changes were performed 3 times per week. To generate organoids comprising mature hepatic cell types, organoid fragments 
were first seeded following the normal passaging protocol. After 5 days of expansion in HepatiCult™ OGM, organoids were 
then maintained in HepatiCult™ ODM for 10 days. Three additional medium changes using HepatiCult™ ODM were performed 
during this time, after which organoids were harvested and used in downstream analyses and assays.

FIGURE 4. Immunocytochemistry Analysis of Hepatic Organoids Cultured in HepatiCult™ OGM and 
Differentiated in HepatiCult™ ODM in 3D, and Hepatic Organoid-Derived Monolayers Established in 
HepatiCult™ OIM
Representative organoids in OGM at passage (p) 4 - 14 express hepatic transcription factor HNFα (p4 shown), ductal progenitor 
marker SOX9 (p14 shown), epithelial marker EPCAM, and proliferation marker Ki67 (p9 shown) (n = 2 - 5). Organoids 
differentiated in ODM at p2 - 10 express mature hepatic markers ALB (p7 shown) and CYP3A4 (p2 shown), while retaining some 
expression of ductal marker CK19 (p10 shown) (n = 2 - 5). Some expression of mature hepatic marker A1AT is also observed in 
hepatic organoid-derived monolayers established in HepatiCult™ OIM.

FIGURE 6. Organoids Differentiated in HepatiCult™ ODM Mimic Hepatocyte Functionality
Hepatic organoids differentiated in HepatiCult™ ODM secrete significantly more of the serum protein albumin into the cell culture 
supernatant than undifferentiated organoids maintained in HepatiCult™ OGM, as detected by ELISA. This represents an 
average > 2000-fold increase (n = 3). Additionally, differentiated organoids exhibit significantly higher baseline activity levels for 
the detoxification enzyme CYP3A4 than differentiated organoids, representing a > 20-fold increase (n = 3). Albumin production 
and CYP450 activity are hallmark functions of hepatocytes in vivo and differentiated hepatic organoids can mimic these functions 
in vitro. Error bars = SEM. Unpaired t-test used for statistical testing.

FIGURE 5. Gene Expression Analysis of Hepatic 
Organoids Cultured in HepatiCult™ OGM and 
Differentiated in HepatiCult™ ODM
Analysis of gene expression in organoids cultured in 
HepatiCult™ OGM versus organoids differentiated in 
HepatiCult™ ODM by qPCR shows comparable 
expression of epithelial marker EPCAM, hepatic 
transcription factor HNF4α, and membrane protein 
markers MRP4, MRP2, NTCP, and LDLR. Expression 
of stem cell marker LGR5, as well as ductal markers 
CK19, CK7, and SOX9, are downregulated, while 
mature hepatic markers ALB, CYP3A4, and ASGR1 
are upregulated in differentiated organoids, indicating 
the presence of hepatocytes in these organoids. 
Relatively high MRP2 and LDLR expression levels in 
OGM organoids suggest these organoids may be 
mature enough for specific downstream applications, 
bypassing the need for further differentiation. Columns 
represent biological replicates at passage 4.

FIGURE 2. Hepatic Ductal Material Embedded and Cultured in HepatiCult™ OIM Yields Organoids 
Within 14 Days
HepatiCult™ OIM robustly supports the generation of organoids from ductal material derived from less than 1 g of tissue. Ducts, 
smaller ductal fragments, and single cells can all give rise to organoids that expand over a 2-week period. A serum-free 
establishment strategy is similarly robust in generating organoids from tissue-derived ductal material (data not shown).

FIGURE 3. Hepatic Progenitor Organoids Exhibit Characteristic Hepatic Cell Morphology and can be Expanded 
Efficiently in HepatiCult™ OGM
Established hepatic progenitor organoids display the typical polygonal morphologies and arrangements of hepatic cells. 
Binucleation (indicated by white arrowheads) is also observed. Organoids derived from a range of tissue samples exhibit 
exponential growth over several passages (passage 4 and 11 are shown) in HepatiCult™ OGM. Cultures were split every 
4 - 10 days using an average 1:29 split ratio (n = 5). Cultures initiated in both OIM and serum-free (SF) conditions retain their 
capacity to propagate and can be scaled up with ease for banking, generating > 1x106 cells within 3 passages.

Human hepatic organoids can be efficiently established from normal liver tissue samples in HepatiCult™ Organoid 
Initiation Medium

Hepatic organoids can be expanded long-term in  HepatiCult™ Organoid Growth Medium. These organoids 
express epithelial, proliferation, ductal, and hepatic progenitor markers as detected by qPCR and 
immunocytochemistry

Hepatic organoids can be further differentiated to generate mature hepatic organoids that express hepatocyte 
markers, as assessed by qPCR and immunocytochemistry, and mimic hepatocyte functionality as assessed by 
albumin ELISA and CYP3A4 activity assays
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