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In Vitro 3D Liver Co -Cultures for Toxicogenomic Assessment of Chemically Induced Liver Cancer

Pearson, Cecelia I.1; Applegate, Dawn R.%; New, Liguo!; Thomas, Russell S.2; Brennan, Richard4; Roter, Alan H.3; Su, Stephen V.1; Naughton, Brian A.1

1. RegeneMed Inc, San Diego, CA 2. The Hamner Institutes for Health Sciences, Research Triangle Park, NC 3. Entelos, Inc., Foster City, CA 4. GeneGo, Inc., Encinitas, CA

OBJECTIVE The traditional method of evaluating
carcinogenic activity and chronic toxicity of a
specific chemical has been the two-year animal
bioassay. Lower cost, higher throughput models
are needed. Organotypic 3D liver co-cultures can
sustain liver specific function in vitro for months.
Chemically induced transcriptional profiles have
been derived from these 3D liver co-cultures to
provide an in vitro alternative to predict the
hepatocarcinogenic potential of compounds in the
standard two-year animal bioassay. Microarray
data was generated from cultures exposed to 12
toxicants representing five different compound
classes to assess the ability of 3D liver to reflect in
Vivo transcriptional responses.
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Figure 1 : 3D Liver Tissue Co-Culture Process
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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). Rats and liver tissues In vitro were
exposed to 12 different compounds to assess their
response by gene expression. RNA was isolated
from livers from rats exposed to the compounds or
from 3D in vitro liver tissues and gene expression
changes relative to vehicle-treated rat livers or 3D
liver tissues were calculated as log10 ratios. Data
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comparison, including two-dimensional primary
hepatocytes (2D in vitro) treated with similar
compounds as well as in vivo experiments treated
with the same or similar compounds. Fold-changes
were analyzed using the MultiExperiment viewer
(www.tm4.org/mev/) and DrugMatrix software.

Most 3D In vitro, in vivo, and 2D in vitro PPARalpha
treatments upregulate genes in fatty acid metabolism

(0]
>
=

—~—
Fatty acid beta oxidation
pathway genes

EMAEZHUH XVHG IRU

RegeneMed InVivo
RegeneMed 3D

Figure 3: The gene expression changes induced by PPARalpha agonists from 3D in vitro
treatments, in vivo treatments from RegeneMed and DrugMatrix, and 2D in vitro treatments
from DrugMatrix were clustered across the genes from the fatty acid beta oxidation pathway
from DrugMatrix.
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Figure 5. The gene expression changes induced by AhR agonists in the AhR signaling
response pathway were clustered across the genes in the DrugMatrix pathway.

3D in vitro treatments match DrugMatrix Drug
Signatures

PXR «pI
Inflammation -1 =i
PPAR =¥

Inflammation -2 =Pl

Figure 7. All RegeneMed 3D in vitro and in vivo experiments were scored against a
panel of DrugMatrix Drug Signatures (biomarkers for specific pathologies). The posterior
probability scores for each treatment and signature combination were clustered
together. A score above 0.5 (red color) is considered a positive match.

12 compounds tested in vivo and in 3D in vitro

™ PPARalpha agonists ™ CAR/PXR agonists
™Clofibrate ™Phenobarbital
™A\yeth-16463 ™PCB-153

™ Inflammatory agents ™Aroclor1260
™_PS ™ AhR agonists
™TI'NFalpha ™Aroclor1260
™L-6 ™ICDD

™ Hypoxia inducers ™Beta-naphthoflavone
™Phenylhydrazine

™Cobalt chloride

In vivo, 3D in vitro and 2D in vitro experiments
cluster separately
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Figure 2: Unsupervised two-dimensional clustering of log10 ratios for the top 1000 most
variable genes across the Regenemed rat in vivo data set and the RegeneMed 3D in
vitro, in vivo and DrugMatrix 2D in vitro treatments with compounds in three of the five
same classes (AhR agonists, PPARalpha agonists, and CAR/PXR agonists, plus
TGFbetal). Distance metric: euclidean distance; linkage method: average linkage
clustering. Red = Upregulation, Black = No change, Green = Downregulation.
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Differential regulation of particular xenobiotic genes by
PXR agonists in 3D in vitro cultures is similar to in vivo

Varying differences in
regulation between 3D
in vitro and in vivo

Similar regulation of
9 genes between 3D
in vitro and in vivo

N TN

I |

induced in 2D
thanin 3D
and in vivo
.DrugMatrix 2D

. DrugMatrix InVivo
RegeneMed InVivo
RegeneMed 3D

Figure 4. The gene expression changes induced by Phenobarbital, PCB-153, Aroclor1260 in 3D in
vitro cultures and in vivo, and dexamethasone in vivo and 2D in vitro treatments from DrugMatrix

were clustered across the xenobiotic metabolism genes.

3D in vitro inflammatory treatments are most similar to
6 hr in vivo treatments across the TNF inflammatory
response pathway genes

1 I
6

<+—RegeneMed IL-6 in vivo
<— DrugMatrix IL-6 in vivo

1— DrugMatrix IL-6 in vivo

3D in vitro and in vivo
experiments

IL-6 in vivo and other in
Vvitro responses are
less robust

DrugMatrix 2D
DrugMatrix InVivo
RegeneMed InVivo

RegeneMed 3D

Figure 6: The gene expression changes across the genes in the TNF inflammatory response
pathway are clustered across the 3D in vitro treatments, in vivo treatments, and representative
similar in vivo treatments from DM.

RESULTS & CONCLUSIONS: Baseline gene
expression analysis indicated that 3D liver cultures,
native liver, and primary hepatocytes are distinct
transcriptionally from each other when assessed
using unsupervised analytical methods. However,
the differential regulation of pathways known to be
regulated by these compounds was similar between
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agonists clofibrate and Wy-14643 upregulated
genes in the fatty acid beta oxidation pathway;
CAR/PXR agonist Phenobarbital upregulated Cyp3A
and Cyp2B; and AhR agonist TCDD upregulated
CyplAl and other AhR-responsive genes.
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an acute phase response in 3D cultures similar to
that induced in vivo. 3D treatments were tested with
a library of classifiers that can predict a variety of
hepatotoxicities and which were derived from in vivo
JHOQH H[SUHVVLRQ GDWD )RU H]JI
treatments scored positive against a peroxisome
proliferator classifier, and Phenobarbital scored
positive against a PXR activation classifier. The
functional and transcriptional studies indicate that
3D liver replicates in vivo function and is currently
being tested for hepatocarcinogenicity (Poster
#1967-632)
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