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Summary

While pedictive toxicologyas been a major goal in the development of safer drugs
for quite a while, its promises hawe despite major advances in agtcs - been
challenged by the complexity to better understand the biological functions involvedss
Specificallywhile many of the observedhanges in metabolites, gene expression and

tissue analytics can result from the same treatment, most likely they represent ver|
different biological processedn the liver, for example, metabolites might reflect
changes in the urea cycle and intermeglianetabolism, while gene expression may |.
quantify alterations in the immune response and signaling pathways. As such, despil
being pharmacodynamically correlated, the effects may not be directly functionally:
linked within the biological system. Thus, foorbarker discovery irpredictive
toxicologyto be successful, it is mandatory to move from the bare collection o}?
observed statistical correlations towards an integrated relationship network which-

helpsdifferentiating the effects and by doing sadeastanding the biological functions
involved

This report describes a semantic systems biology appragredictive toxicology
which fulfills this requirement. On examples of toxioiguced perturbations in
metabolites and genes in studies with differerperimental models, the effectiveness

of integrating data and their relationships in a common ontological framework is
demonstrated. Being able to merge such observations with public resources across
taxonomies and semantic standards, an integrated nekwadsualization and analysis

can reveal the simultaneous impact on several pathways independent of the
experimental layout and qualify common biomarker panels which otherwise would go
undetected.

The insights gained frosemanticallyjoining coherent findings despite their different
methodologiesallow researchers to better understand how the organism responds to
experimentinducedsystem changeand to recognize mechanistic aspects of toxicity
biomarkers at dunctionallevel. The reslting combinatorial markeprofiles can then
berefined, validated andppliedto predictive screening of new drugs for toxicity.

Challengs

e Biological systemnetworks and pharmacodynamic correlationsare not
necessarily functionally linked.

¢ Understandingof biological system#o predict phenotypic outcome on toxic
responses is still very incomplete and in its infancy.

¢ In many cases, data relationships are not a priori contained in the data sets

o Data coherence acrosgifferent taxonomies,ontologies, norstandardized
vocabulariess challenging

o Data typeselective approaches and poefined taxonomies are not generally
applicable across experimental and public domain data resources.

e Complexity of network analysis in general and lack wiitine, sciencedriven
tools makessuch approacheson-appealing to researchers

e Scalabilityand performanceof RDF/semanticbased knowledgebasemay
restrictquery, inference and reasoniragross the entire dataset

Experimental Modes$

Panel ofseveralhepatotoxicants, single oral dose (placebo, low, mid, high) in
groups of 4 rats, at 6, 24 and 48 hrs.

e Metabolomic analysis of liver, serum andngi(1603 metabolites).

e Microarray analysis of liver and whole blood (31096 transcript probes).

Methodology

Integrate -OMICs data for common accessibility into coherent datasets
Find metabolites and genes with significant perturbation [LC-MS and MA GEP analysis]
PCA franscriptional and metabolite data independently [unbiased grouping by dose and time)

Query entire project dataset for statistically significantly perturbed metabelites and genes

Fig.1: Data integration framework: From web query to experimental network

Fig 2: Ontologymerging and incorporation of public resources and pathimégrmation

Fig. 3 Graphical SPARQL query: Test, refine and apply profiles for predictive toxicology

Conclusions
Using a semantic, common ontology framework to explore toxic perturbations in large
metabolic and genomidatasets across multiple toxicants arigsuesto obtain

Mapresults into a semantic framework to visualize, explore and analyze data relationships
Map pathway enzymes from public sources to experimental data within @ commen ontology
Reduce network complexity: apply criferia for connection depih, scaling and weighiing
Perform graphical, textual and SPARQL queries, then re-plot the resulting sub-networks
Combinatorial foxicity biomarker profile

Apply to unknown compounds for predictive toxicology

Results & Discussion
e A single observation is most likely the result of many different and intertwined
biological responses
e Merging of multimodal datasets into a common ontology knowledgebasd

marker profiles for predictive toxicologwe were able to:

Correlate metabolites across flifent treatments toascertaincommonality of
effects for a class of drugs

Review effects of a single toxicant acrossuisstoexplore commonality of
biomarkers in the bestissue for diagnostics

Qualify potentialcombinatorialbiomarker profiles for toxicity across tissues
and categories oftoxicants and gain insights in complex biological functions
involvingmultiple pathwaydependencies

Validate those toxicity marker profiles on other known toxicants in their
response toknown common mechanisms of toxicyich as midative stress
(Glutathione metabolism) liver function (Bile acid and Urea cyclahd
Ketoacidosis

Refine the combinatorial marker profile widdditionalpharmacodynamically
and biologcally linked componentsaind investigate their functional relevayc
for inclusion into a broad predictive toxicology marker.set

The presented study represents a major step towards combinatorial méadssrd

associationwith canonical reference sources provides insights in processegprediction of drug safety at a very early stage in the drug discovedydamelopment

involved in toxicityon the organism level

process and will facilitate informed risk assessment for gajoadecisions based on

e The semantic approach overcomesost obstacles for meaningful data biologically relevant response profiles.

integration by applying import mapping, thesauri for synonyms or naming
inconsisencies and ontology merging across classes and hierarchies.

e Being able to takeadvantage of existing ontologies (such as, ®@thway
Ontology , the analysis ahe resulting network of mukOMICs experiments
combined with public reference resources apathway information enabled
us to visualize, query and qualifiomarker profileswith regard to their
systems biological relevanéyr predictive toxicology
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