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OBJECTIVE Many non-genotoxic compounds are tested 
�I�R�U���F�D�U�F�L�Q�R�J�H�Q�L�F���S�R�W�H�Q�W�L�D�O���X�V�L�Q�J���W�K�H���³�J�R�O�G���V�W�D�Q�G�D�U�G�´���W�Z�R���\�H�D�U��
rodent bioassays. Because of its high cost and lengthy time, 
many chemicals of concern have not been tested. Moreover, 
while rodent carcinogens are generally considered human 
carcinogens, there are exceptions. Less costly, high throughput 
assays are needed. A three-dimensional (3D) in vitro 
organotypic liver co-culture provides a physiologically relevant 
model of intact liver by culturing all hepatic cells on a 3D 
scaffold. These co-cultures form a tissue that maintains liver 
functions including cytochrome P450 induction for months. To 
test their potential in carcinogenicity assessment, 3D co-
cultures were exposed to Phenobarbital, a non-genotoxic 
hepatocarcinogen, for three weeks and assayed for cell 
proliferation and gene expression. 

METHODS Rat liver tissue co-cultures were grown in 
transwell plates by seeding all of the cells of the native liver on 
a three-dimensional interconnecting porous scaffold, enabling 
cell-cell interaction and cell conformation to induce expression 
of extracellular matrix proteins and cytokines, recreating liver 
tissue structure and function in vitro (Figure 1). 3D liver tissues 
in vitro were exposed to Phenobarbital to assess cellular 
proliferation and their response by gene expression. RNA was 
isolated from 3D in vitro liver tissues and gene expression 
changes relative to vehicle-treated 3D liver tissues were 
�F�D�O�F�X�O�D�W�H�G���D�V���O�R�J�������U�D�W�L�R�V�����'�D�W�D���I�U�R�P���(�Q�W�H�O�R�V�¶���'�U�X�J�0�D�W�U�L�[��
database were used for comparison. Fold-changes were 
analyzed using the software from GeneGo, DrugMatrix, and 
MultiExperiment Viewer (www.tm4.org/mev/).

Figure 1 : 3D Liver Tissue Co-Culture Process
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RESULTS AND CONCLUSIONS 
Cell proliferation measured by tritiated thymidine uptake occurred in mouse, rat, and human co-cultures, although the time course differed between species. 3D 
cultures are currently being monitored for progression to preneoplastic lesions. Microarray data showed upregulation of Cyp2B and Cyp3A transcripts and other 
CAR/PXR-inducible transcripts within the first 24 hours of exposure, and maintained expression for at least 3 days. Transcriptional profiles of cell cycle pathways 
indicated cell cycle progression and DNA replication at early time points in male rats, whereas by 18 days, cell cycle arrest and oxidative stress were observed. 
Remodeling of the male 3D co-cultures by day 18 was indicated by up-regulation of genes associated with nervous system development and cell differentiation, and 
down-regulation of collagens, CAR/PXR-inducible genes, and acute phase response genes. These functional and transcriptional studies indicate that 3D liver 
mirrors known in vivo effects leading to tumor formation, such as CAR activation, cell proliferation, and oxidative stress, providing a much-needed in vitro model 
suited for HTS assessment of hepatocarcinogenic potential. 

Phenobarbital upregulates Cyp2B and Cyp3A 
transcripts and other CAR/PXR-inducible 
transcripts

Figure 2: Gene expression changes induced by 2mM phenobarbital for 24 hours in rat 
male 3D liver cultures are visualized on the Xenobiotic Metabolism pathway from 
DrugMatrix.

Phenobarbital promotes DNA replication at early 
time points in male rat 3D liver cultures
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Figure 4:
24 hr and 48 hr 3D male cultures upregulate primase2 and DNA polymerase, showing 
potential DNA replication 
18d male 3D cultures show marked downregulation of Mcm genes, which regulate 
helicase activity, indicating cell cycle arrest

3D female cultures are generally quiet
In vivo conditions show upregulation of Mcm, favoring DNA replication
Yellow = upregulation; black = no change; blue = downregulation

DNA Replication pathway (Affymetrix)

Phenobarbital upregulates genes in the cell cycle 
at early time points but downregulates them at 
later time points in 3D liver cultures
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Figure 3: 3D rat male liver cultures upregulate Cdc25a and Ccnb at 24 and 48 hours, 
but are unchanged or downregulated at 18 days, as shown in the cell cycle pathway 
and bar graphs from GeneGo. Red = upregulation; Blue = downregulation

Figure 5:
�‡ Early male culture profiles favor cell cycle progression (24 and 48 hrs)
�‡ Early female culture profiles are mixed �±genes upregulated that inhibit or promote cell cycle 

progression (data not shown)
�‡ Male 18d culture profile favors cell cycle arrest and stress response
�‡ In vivo profiles at 3 days are quiet overall: few cells are proliferating (data not shown)

G1/S Transition Part 1

Phenobarbital promotes G1/S progression at early time 
points in 3D liver cultures

G1/S Transition Part 2
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Figure 6:
Upregulation of genes in S phase at 24h and 48h in male 3D cultures indicate potential 
DNA replication
Downregulation of same genes at 72h and 18d indicates potential cell cycle arrest
Female cultures show similar but more subtle trend

Cell cycle status in phenobarbital 
treatments in rat 3D liver cultures
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from Mizuno et al. 2009, A 
signature-based method for 
indexing cell cycle phase 
distribution from microarray 
profiles, BMC Genomics 10:137. 
Each column represents a 
subset of genes representing a 
cell cycle phase. Each row 
represents an individual 
phenobarbital treatment relative 
to control. For each treatment 
the average log10 ratio of genes 
in each cell cycle subset was 
computed and represented as a 
colored block. Yellow = 
upregulation; black = no change; 
blue = downregulation
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Table 2: Genes that were upregulated or downregulated greater than four-fold across three 
phenobarbital-treated 3D liver cultures from rat male (0.5 mM, 1 mM, 2 mM)  at 18 days were 
analyzed for statistically enriched gene ontology terms (DAVID analysis at 
http://david.abcc.ncifcrf.gov/).

Phenobarbital induces potential remodeling of 3D liver 
cultures by day 18 

Phenobarbital induces proliferation over time in 
3D liver cultures

Table 1: Tritiated thymidine incorporation with culture age after exposure to 
phenobarbital is shown for 3D liver cultures from male mouse. Rat, mouse, and 
human, both males and females (different mechanisms), show similar results. 
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