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«“Virtual Tissues”

- Two Specific Applications (EPA)
—Liver: Hepatotoxicity
—Embryo: Eye Development

—QOther examples: cancer, lung, immune system, skin
/ wound healing, heart, brain, etc.

«Challenges
«Workshop on v-Tissues 2009

- Office of Research and Development
National Center for Computational Toxicology



(o) . .
“EPA  virtual Tissues

onmental Protection
C

Uni
Envir
Agency

g

Models of organs / tissues

Application focus:

» Clinical outcomes: disease progression, therapeutic
Intervention, chemical-induced toxicity, etc.

 Translation: E.qg. in vitro to in vivo, rodents to humans
s Others ?

Biological scope
 Histopathology gold-standard for disease
« Cell behaviour key to normal / abnormal states

« Molecular pathways - cellular phenotypes - tissue
outcomes

- Office of Research and Development
National Center for Computational Toxicology
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What chemicals
are we exposed
to?

£
:[Ac\)r;,;ct’?e chemicals At what dose Is
toxicity observed?
Where do they cause
Toxicity ?
What are the

mechanisms of toxicity?

Who is susceptible?
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EPA Current Approach for Toxicity Testing
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In vivo testing
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- 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
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Future of Toxicity Testing
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Transforming Environmental

Health Protection

Francis . Collins,"" George M. Gray2' John R Bucher®*

Protection

screening (HTS) and other auto-

n 2005, the US. En
IAgency{EPA},wi\hs\q;pm from the US,
National Toxicology Program (NTP),
fimded a project at the National Research
Council (NRC} to developa long-range vision
for toxicity testing and a swategic plan for
implementing that vision. Both agencies
wanted future toxicity testing and assessment
paradigms to meet evolving regulatory needs.
Challenges inchude the larae mumbers of sub-
stances thatneed to be tested and how to incor-
porate recent advances in molecular toxicol-
ogy, computational sciences, and information
technology: to rely increasingly on human as
opposed to animal data; and to offer increased
efficiency in design and costs (/-9). In
response, the NRC Committee on Toxicity
Testing and Assessment of Environmental
Agents produced two reports that reviewed
current toxicity testing, identified key issues,
and a vision and i i

mated screening assays into its testing
program. In 2003, the EPA esmblished the
National Center for Ci ional Toxi-

Wi propose a shift from primarily in vivo animal
studies to in vitro assays, in vivo assays with
lower organisms, and computational madeling
for toxicity assessments,

tion, usually between 2 and 104 M, and ler-
ate high false-negative rates. In contrast, in
the EPA, NCGC, and NTP combined effort,

cology (NCCT). Through these initiatives,
NTP and EPA, with the NCGC, are promot-
ing the evolution of toxicology from a pre-
dominantly cbservational science at the
level of disease-specific models in vivo to a
predominantly predictive science focused
on broad inclusion of target-specific, mech-
anism-based, biological observations in
vitro (1, 4) (see figure, below),

Toxicity pathways. In vitro and in vivo
tools are being used to identify cellular
responses after chemical exposure expected
to result in adverse health effects (7). HTS
methods are a primary means of discovery
for drug development, and screening of
>100,000 compounds per day is routine (§).

strategy to create a major shift in the assess-
ment of chemical hazard and risk (6, 7).
Although the NRC reports have lzid outa solid
theoretical rationale, comprehensive and rig-
orously gathered data (and comparisons with
historical animal data) will determine whether
the hypothesized improvements will be real-
ized in practice, For this purpose, NTIL ERA,
and the National Instinites of Health Chemical
Genomics Center (NCGC) (organizations
with expertise in experimental toxicology,
computational toxicology, and high-through-
put technologies, respectively) have estab-
lished a col laborative research program,

EPA, NCGC, and NTP Joint Activities

In 2004, the NTP released its vision and
roadmap for the 21st century (1), which
established initiatives to integrate high-
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However, drug-discovery HTS methods tra-
ditionally test compounds at one concentra-

Standard rodent
taxicological tests
10-100/year

Human experience
1-3 studfesyear

taxicology. Th prop

all ds are tested at as many as 15
concentrations, generally ranging from ~5
nM o ~100 1M, to generate a concentration-
response curve (9). This approach is highly
reproducible, produces significantly lower
false-pasitive and false-negative rates than
the traditional HTS methods (9), and facili-
tates multiassay comparisons. Finally, an
informatics platform has been built to com-
pare results among HTS screens; this is
being expanded to allow comparisons with
historical toxicologic NTP and EPA data
(htp:/ncge nih.gov/publopenhts), HTS datz
collected by EPA and NTP, as well as by
the NCGC and other Molecular Libraries
Initiative centers (hitp://mli.nih.gov/), are
being made publicly available through Web-
based databases [e.g., PubChem (hitp:/
pubchem.ncbi.nim nih.govy]. In addition,

Biochemical- and cell-hased
in vitro sssays

Critical toxicity pathways

test whether high-throughput and computa tional tox-
icology approaches can yield data predictive of results from animal toxicity studies, will allow prioritization
of chemicals for further testing, and can assist in prediction of risk to humans,

SCIENCE  wwwsdiancemag.org

Downloaded from wwiw. sciencemag org on February 15, 2008

Cancer
ReproTox
DevTox
NeuroTox
PulmonaryTox

ImmunoTox

Office of Research and Development
National Center for Computational Toxicology

www.epa.gov/ncct/toxcast
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measees — 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.qg., 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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SEPA Why Liver ?

EPA Integrated Risk Assessment System (IRIS)
(Oral RfDs, Non-cancer endpoints)
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SEPA Virtual Tissues: Simulation of Dose-

e roen - (jependent Lesions

Environmental _ Molecular _,  Cell Cellular . Tissues
Chemicals Pathways Responses Organization Alteration

- Office of Research and Development
National Center for Computational Toxicology



EPA  Tissue Context: Hepatic Lobule

Environmental Protection

Agency
Portal triads:
hepatic venule, - Ce_zntral
hepatic_arteriole \ : 2 ; vein
Heterogeneous structure | -~
5 Cell types organized in a Fiaiae
network around sinusoids """ T S Nnsn i
. . O of
-Adaptation to gradients=> zones ¥
E':" 4 3 ':"a'[:' -::'E.’
-Zones are functionally different : ‘:
-Injury can be zonal :
Necrosis o’
Agent 1 2 3 1. Peritportal 3. Centrolobular
Acetminophen - -+ oC
Fe, (SO, ), L.
Beryllium - + -
Aflatoxins + -+

2. Midzonal

- Office of Research and Development
National Center for Computational Toxicology Zimmerman 1978
Meeks, Harrison & Bull, 2000 | jhu.edu
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Liver section

X15,000

Hepatocytes
Kupffer cells
Endothelial cells
Stellate cells

Office of Research and Developmen
- National Center for Computational Toxicology P|tt Ce”S Sasses, et. al. 1992
Meeks, Harrison & Bull, 2000
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VEGF
Hepatocytes
IL-1, TNFa
Leukotrienie A,
Stellate
Cells
IL-12,
PGE
Pit Endothelial IL-6, NO,
Cells Cells Prostaglandins
In vitro culture conditions
- Office of Research and Development
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Injury Result of Dynamic Processes
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Trump, McDowell & Arstila, 1980




SEPA  Tissue Change Due to Cell Alteration
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Swelling

) Fallsehr, et. al. World J Gastroenterol 2005 March 7;11(9):1303-1306
- ﬁff'.ce (’IfCResea][ Chca“d De"?'opme“.t | Jean-Paul Duong Van Huyen, et. al. Modern Pathology (2006) 19, 1277-1288.0
ational Center for Computational Toxicology Uskokovic-Markovic, et. al. J Pharm Pharmaceut Sci 10(3):340-349, 2007
library.med.utah.edu/WebPath
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Molecular
Processes

v-Liver™ - Project Overview

ll. Cell > Tissue Change

Proliferation ]

v

Apoptosis

—>[ Preneop ]—>[ Neop ]

/

Short-term (1-2 v)

KB development and data acquisition
Cell-level model development
Tissue-level model prototype

Office of Research and Development
National Center for Computational Toxicology

Necrosis

A

PoC: Nuclear receptor-mediated liver cancer

Long-term (3-5 )

Expand mechanistic detail in models
Integrate Cell-level and tissue-level models
Evaluate against new chemicals



SEPA Multi-disciplinary Team: Cross-EPA/ORD
Eremena poecion & EXTErNal

Agency

Risk Assessment

Chemicals
Toxicity RTP: PB/PK
ToxCast™ @
AcTOR
vEmbryo @
Exposure

Systems Models

Modeling

Genomics, proteomics
Nuclear Receptors
Xenobiotic Metabolism
Carcinogenesis
PB/PK modeling

@ in vivo / in vitro models
@ NIEHS @

EC
UNC
UMDNJ In vitro technology
Modeling simulation
Assays

- Office of Research and Development
National Center for Computational Toxicology
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Overall Approach
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Chemicals Sensing Signaling Responses
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“EPA  Agent-Based Liver PK Modeling
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EPA  Agent-Based Cancer Modeling
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Anderson et al. Caell. 2006 Dec 1;127(5):905-15.

Alexander Anderson
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 Biology: levels & linkage between levels
—Molecular events and processes
—Cellular events and processes
—Tissue events and processes

« Representation gqualitative information: events and
processes

« Representing quantitative information:
 Simulating dynamics
« Experimental approaches for gathering data

- Office of Research and Development
National Center for Computational Toxicology



SEPA v Tissues 2009

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

e 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

- Office of Research and Development
National Center for Computational Toxicology



