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Outline

• “Virtual Tissues”
• Applications to Environmental Chemicals

–Liver: Hepatotoxicity 

–Embryo: Eye Development

• Other Applications: modeling disease/therapeutic 
intervention in other organs 

•Challenges 
•Workshop on v-Tissues 2009
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Virtual Tissues

Models of organs / tissues

Application focus:
• Clinical outcomes: disease progression, therapeutic 
intervention, chemical-induced toxicity, etc.  

• Translation: E.g. in vitro to in vivo, rodents to humans
• Others ?

Biological scope
• Histopathology gold-standard for disease
• Cell behaviour key to normal / abnormal states
• Molecular pathways cellular phenotypes tissue 
outcomes
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EPA: Chemical Risk Assessment

At what dose is 
toxicity observed?

Are the chemicals 
toxic? 

Where do they cause
Toxicity ?

What are the 
mechanisms of toxicity?

Who is susceptible?

What chemicals 
are we exposed 
to?

dose

tox
ici

ty
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Current Approach for Toxicity Testing

Cancer

ReproTox

DevTox

NeuroTox

PulmonaryTox

ImmunoTox

in vivo testing

$Millions
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Too Many Chemicals Too High a Cost

Cancer

DevTox

NeuroTox

ReproTox

ImmunoTox

PulmonaryTox
Millions $

Putting Numbers on the Problem

1

10

100

1000

10000

100000

D ata Collect ion

IR IS
TR I
Pesticide A ct ives
CCL 1& 2
Pesticide Inerts
H PV
MPV  Current
MPV  H istorica l
TS CA  Inventory

11,000

90,000

…and not enough data.



Office of Research and Development
National Center for Computational Toxicology

“…to integrate modern computing and information technology with 
molecular biology to improve Agency prioritization of data 
requirements and risk assessment of chemicals”

www.epa.gov/ncct

Computational Toxicology
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Future of Toxicity Testing

Bioinformatics/
Machine Learning

in silico analysis

Cancer

ReproTox

DevTox

NeuroTox

PulmonaryTox

ImmunoTox

HTS 
-omics

in vitro testing

$Thousands

EPAs Contribution:  The ToxCast Research Program
www.epa.gov/ncct/toxcast
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Future of Toxicity Testing
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Modeling Toxicologic Processes

• Computational modeling & simulation of key aspects of 
biology that are difficult to analyze empirically 

• Knowledgebases to integrate data with models in liver 
biology (v-Liver™) and in fetal development (v-Embryo™)

• Multi-scale/level models to simulate key events during 
chemical toxicity (e.g., liver toxicity, birth defects)

• Goal: Eludicate ‘toxicity pathways’ through which 
chemical perturbations at a molecular level invokes 
dose-dependent tissue damage
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Why Liver ? 
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IRIS Oral RfD Cr it ical Effects
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EPA Integrated Risk Assessment System (IRIS)
(Oral RfDs, Non-cancer endpoints)

www.epa.gov/iris
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Virtual Tissues: Simulation of Dose-
dependent Lesions

Environmental
Chemicals

Cell
Responses

Cellular
Organization

Tissues
Alteration

Molecular
Pathways
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Tissue Context: Hepatic Lobule

Heterogeneous structure
5 Cell types organized in a 

network around sinusoids
-Adaptation to gradients=> zones
-Zones are functionally different
-Injury can be zonal

Necrosis
Agent

1 2
- -

-
+
-

+
-
+

3

Aflatoxins +

Acetminophen +
Fe2 (SO4 )3 -
Beryllium -

Zimmerman 1978
Meeks, Harrison & Bull, 2000  | jhu.edu

1. Peritportal 3. Centrolobular

2. Midzonal

s Portal triads: 
hepatic  venule, 
hepatic arteriole 

and bile duct 

Central 
vein 

Hepatocytes 
Sinusoids 
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Cellular Organization

Hepatocytes
Kupffer cells

Endothelial cells
Stellate cells

Pitt cells Sasses, et. al. 1992
Meeks, Harrison & Bull, 2000

Liver section

X15,000



Office of Research and Development
National Center for Computational Toxicology

Complex Cell-Cell Interactions

Zimmerman 1978
Meeks, Harrison & Bull, 2000  | jhu.edu

Hepatocytes

Stellate
Cells

Kupffer
Cells

Endothelial
Cells

Pit
Cells

TGFβ, 
PDGF

TGFβ

IL-1, TNFα
Leukotriene A4
T3, T4

IL-12, 
PGE2

IGF-1

VEGF

IL-6, NO,
Prostaglandins

TGFβ

In vitro culture conditions
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Trump, McDowell & Arstila, 1980
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Tissue Change Due to Cell Alteration

Swelling Steatosis, Macrovesicular Steatosis, Microvesicular

Necrosis

Fallsehr, et. al. World J Gastroenterol  2005 March 7;11(9):1303-1306
Jean-Paul Duong Van Huyen, et. al. Modern Pathology (2006) 19, 1277–1288.0
Uskoković-Marković, et. al. J Pharm Pharmaceut Sci 10(3):340-349, 2007
library.med.utah.edu/WebPath

Hyperplasia Carcinoma
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v-Liver™ - Project  Overview

Apoptosis

Proliferation

Preneop Neop

Necrosis

I. Molecule Cell Response II. Cell Tissue Change

PoC: Nuclear receptor-mediated liver cancer
Short-term (1-2 y)
KB development and data acquisition
Cell-level model development
Tissue-level model prototype

Long-term (3-5 y)
Expand mechanistic detail in models
Integrate Cell-level and tissue-level models
Evaluate against new chemicals

Hepatocyte

Molecular
Processes
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Multi-disciplinary Team: Cross-EPA/ORD 
& External

NCCT

NCEA

NHEERL

NERL

ToxCast™
AcTOR
vEmbryo
Systems Models

RTP: PB/PK

Exposure 
Modeling

in vivo / in vitro models
Genomics, proteomics
Nuclear Receptors
Xenobiotic Metabolism
Carcinogenesis
PB/PK modeling

STAR

GOVEDU

COM
UNC
UMDNJ

NCBO
SBML
Physiome
HepatoSys
MIT

NIEHS
EC

In vitro technology
Modeling simulation
Assays

OPPTS

Risk Assessment
Chemicals
Toxicity
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CAR

RXRα

RX
Rα

CA
R

CYP2BGST MRP*

Tissue
Responses

Molecular 
Sensing

Cellular
Signaling

Environmental
Chemicals

Virtual
Tissues

Molecular
Networks

Cellular
Networks

Knowledgebase
Toxicity

Pathways

Dose-Response

Overall Approach
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Agent-Based Liver PK Modeling

Yan and Hunt, 2007
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Agent-Based Cancer Modeling

Anderson et al. Caell. 2006 Dec 1;127(5):905-15. Alexander Anderson
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Virtual Tissues: Challenges

• Biology:  levels & linkage between levels
–Molecular events and processes
–Cellular events and processes
–Tissue events and processes 

• Representation qualitative information: events and 
processes

• Representing quantitative information: 

• Simulating dynamics

• Experimental approaches for gathering data
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v-Tissues 2009

• Focused meeting on specific topics of broader interest 
to the community

• Follow-up discussion at MSM meeting in August
• Organize workshop on Virtual Tissues April 20~23 , 
2009 in Research Triangle Park, NC

• Auspices of EPA & EU-US Joint Task Force on 
Biotechnology 
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