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Omics Technologies Promises
* More sensitive biomarkers of exposure
« More precise biomarkers of effect
« Identify pre-toxicological changes
« Identify omic profiles associated with toxic responses
« Identify molecular mechanistic steps
« Elucidate complete toxicologic pathways
« Categorize chemicals by polyomic profiles
« Identify fundamentally similar modes of toxicity

Fundamental Question

How do the new possibilities promised by omics
technology meet the needs of risk assessment?
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Example of Mis-Matched Thinking:

Toxicogenomics is the study of the structure and
transcriptional output of the entire genome as it relates
and responds to adverse xenobiotic exposure.

Risk Assessment is the process of defining adverse
effects and estimating the probability of their occurrence
in a population, including levels of exposure at which the
probability is de minimus.

Solutions Require Tighter Thinking:
Ashby J. 2000. Toxicol Lett 112-113: 3-8.
“Toxicology is entering a new phase wherein powerful
model sy will b ilable to predict toxicity
and to study mechanisms of action. For these new
h to achi their p I, it will be y
for tox:cologlsts to pose precise questions, and to
design experiments to answer those questions
unequivocally.”
Understanding Mode and Mechanism for Risk
Assessment: Omic Profiling
Morgan et al. 2002. HERA 8(6): 1339-1353.

“With respect to risk assessment, it is important to
distinguish “mechanism of action” from “mode of
action.” Transcript profiling can certainly aid in the
latter, but the former is absolutely dependent on “one
gene at a time” bioch

biology to determine the role of transcnptlonal responses
in altering phenotype.”

Definitions & Concepts
Borgert et al. 2004. Toxicol Appl Pharmacol 201: 85-96.

+ Mechanism of action: a molecular sequence of events from
absorption of an effective dose to production of a specific
biological response.

* Mode of action: a set of physiological, biochemical and
behavioral signs characterizing a specific biological effect.

* Mechanism includes mode, but not vice-versa.

Ulti , it will be y to the precise

i ics and these higher order functions in
order to make meamngful interpretations of omic data for risk
assessment.
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Mechanisms of chemical
action are multidimensional not
only in progression from the
molecular to the organ level,
but also in time.

Furthermore, as effects at the
molecular and cellular level
lead to effects at the tissue
and organ level, those
changes can reciprocally
impact cells and cellular
processes.

Allocation of Resources
*Understanding Variation is Key
«Careful Replication is Needed!
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Two important components of variance are that due to subjects and
that due to measurements. The subject variance is controlled by
increasing the number of ji and the error is

Ideker et al. (2001) is a landmark paper that directly
addressed the question of whether the observed
changes in mRNA expression were also reflected at the
level of protein abundance. DNA microarrays,
quantitative proteomics (using isotope-coded affinity tag
(ICAT) reagents, and tandem mass spectrometry

Pre-RNA

v (MS/MS)) were used in an integrated approach to directly
RNA |3} protein with mRNA exp
‘ levels in Yeast.
v “As a whole, protein-abundance ratios were
1° Protein moderately correlated with their mRNA counterparts (r=

0 61).” “These results underscore the :mportance of

mRNA- and 1{ (]

for Y
Ideker et al. 2001. Science 292(5518): 929.

Toxicity Metrics
At Various Levels:
What'’s the Dose?
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Doses are often applied at
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measure effects, interpret
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by increasing the number of replications per subject. If one
is running mmmarrays and the to(al number of arrays is fixed, then
the balance and

replication must be

Resources Must Be
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Dose-Dependent Transitions in Mechanisms
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Control Ry,
a microarray experiment. Using one
animal per chip (8 mice bio rep)
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difference in gene expression(.56).
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Assuming consistency from chip to
chip, reducing the number of animals
and replicating chips (4 mice chip rep)
actually decreases statistical power
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number animals and pooling samples
from 2 animals per chip (16 mice
pooled) provides an impressive
increase in the statistical power of the
experiment (.84). This underscores the
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Above threshold, H2S & HCN inhibit mitochondrial cytochrome oxidase;
same mode & clinical toxicity; assume additivity.

At subthreshold levels, effect would be antagonistic as thiosulfate from
H2S metabolism increases HCN detoxification, reducing HCN toxicity.

Dose-dependent transitions could lead to different response curves in
different dose ranges. Models must must have the flexibility to fit such

(Borgert et al. 2004)

need to verify consistency from chip to
chip!
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Conclusions

No single omic approach will define a mechanism - may
need combination of polyomic and molecular biology
approaches.
Understanding causal links requires several levels of
b|olog|cal organlzatlon beyond the molecular level

llular, tissue, physiolog
Bioinformatics is essential for dose-response and
temporal sequence analysis.
It is essential to differentiate between pre-toxicological
changes and compensatory or protective responses to
chemicals.
It is important to identify the dose-dependent
transitions in mechanisms that most impact risk
estimation.
Mechanistic and dose-response models must allow for
dose-dependent transitions in mechanisms and in
response parameters.

Polyomic approaches should plan for inference beyond
omics:
a) Omics measures only molecular resonses - e.g.,
gene expression levels and protein transcription;
b) Need to chart pathways from gene interaction to
toxicological endpoints that most impact risk
estimation.
Relatively few polyomics studies have been completed
to date that are sufficient to address risk assessment
questions.
Obstacles include high cost of replicates, collection of
data as dichotomous variables, bioinformatics, and
biological relevance.
Uses of omics relevant to risk assessment include:
a) As a marker of exposure
Selected Examples
Mortuza et al. 2003
Morgan et al. 2002
Robertson et al. 2000

b) As a direct measure of toxicity
Selected Example
Hamadeh et al. 2002
c) As a means of identifying or clarifying the mode or
mechanism of toxicity for a chemical or class of
chemicals
Selected Examples
Sawada et al. 2004
Kramer et al. 2004
d) V d for risk 1t - None to date.




