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Summary
While many of the observedhanges in metabolites, gene expression and tissue analytics can result fro| [&="
the same treatment, most likely they represent very different biological processethe liver, for i  r—
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example, metabolites might reflect changes in the urea cycle and interrgeti@iabolism, while gene e
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expression may quantify alterations in the immune response and signaling pathways. As such, des| &

being pharmacodynamically correlated, the effects may not be directly functionally linked within th gu.
biological system. Thus, foionarker discovery in translational medicine to be successful, it is mandator] e
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to move from the bare collection of observed statistical correlations towards an integrated relationsh| -Tese
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network which helps to differentiate the effects and by doing so tonstaled the underlying biology. _—
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This report describes a semantic systems biology approach which fulfills this requirement. On exampldg 4=

toxicity perturbations in metabolites and genes in studies with different experimental models, th E;‘gg‘g‘;
effectiveness ofintegrating data and their relationships in a common ontological framework is gtsgi’
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demonstrated. Being able to merge such observations with public resources across taxonomies |2
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semantic standards, an integrated network visualization and analysis can régesintultaneous impact | aw
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on several pathways independent of the experimental layout and qualify common biomarker panels whj &= | &

otherwise would go undetected. (Fowsara ) | Pttp://iorinformatics. com/rcl/RowitRow. 664 | I Relaions =
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The insights gained from joining coherent findings despite their different methododdigiesresarchers Em%% EE‘&%%%%“ESSE gﬁ;ﬁuswﬂ haCLve 3

to better understand how the organism responds to experinmesiiced perturbations and to recognize | fouss hasDOSED 0 e GOl e

mechanistic aspects of toxicity biomarkers at a systems biology level. ey e || i
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Ch a||engs Fig1: Merged multtOMICs projectéHepatotoxicity study)Canmonly perturbed metabolite&enter, violetacrossbt

. different hepatotoxicant&nd their experiments scaled by ddseea) and fold change (coldr) Sentient Knowledge

Multi-OMICs expression changedespite allresuliing from the same toxic insulg canrepresent
very different biological processasdcanexhibit the net of multiple overlappinglterations.
e Biological syster® networks and pharmacalynamic correlatios are not necessariljunctionally

9 E LJt 20&Bedressiorlata and metaolic enzymebave been mappetb the knowledgebase.
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linked. Fle Edt Vew Hep
e Understandingof biological systemt predict phenotypic outcome on toxic responses is still very | e
incompleteand in its infancy. e
¢ In many cases,ala relationships are not a priori contained in the data sets .
e Complexity of network analysis in geneaaid lack of intuitive, sciencdriven toolsmakessuch 11&;?
approachesion-appealing to researchers g
e Scalabilityand performancassues confine mostnetwork approacheso relatively small datasets y -
whichrestrictsquery, inference and reasang across the entire datasets. “o—
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e Panel ofseveralhepatotoxicants, single oral dose (placebo, low, mid, high) in groups of 4 rats, g 22252323231'?51233@222?222%2%
6, 24 and 48 hrs. Ay b
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e Metabolomic analysis of liver, serum andn&i(1603 retabolites. et
e Microarray analysis of liver and whole blog&81.096 transcript probes). s sy .
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e High dosed.i.d. for four days, with and without 24h withdrawal ﬂgegﬁ;:::é?mgo&m:ume
e Metabolic analgis of plasma, liver and brain P g e 2007
e Microarray analysiof liver and brain a r
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e Selectrobust correlations between independent analytical reslBCA to enableinbiased Corpara ronocaine b Prtiasconsond Topshan proecttasTisue
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e Mapresults into a semantic framework to visualige/estigateandanalyze data relationships Pr———— i— — R ecDosE »
e Associate significant elements of those networks with reference data squusésy thesaurio R 2 28
consolidate datalassand relationshiynonyns, and @mbineexperimental datawith literature Fig2): Merging across different exgerental modelsThe ombination of Kpatatoxicity and Alcohol studiegveals

e Map pathway enzymefrom public sourcedo experimental data and Brge into a common  similarity in metabolic responséwdicatinginvolvement ofelatedbiological functior(even across different tissyes
ontologynetwork acrossaxonomies and standards

e Useimport mapping and thesauri to consolidate data classes and synonyms Conclusions

* Apply criteria forconnection depth, numeric scaling and weightitreduce network omplexity  ysing a semantijccommon ontologyframework to explore toxic perturbations ilarge metabolic and
fro visualization genomicdatasets across several toxicants and different tissues, we were able to

e Performgraphica] textualand SPARQL querisspecify caditions §uch as time / dose) then  Correlate metabolites across differetteatments toascertaincommonality of effectdor a class
re-plot the resulting subnetworksto qualify potential biomarkepanes. of drugs

e Outputthe resultingknowledgebasdo ROF, N3or triples store backendor inference reasoning e Review effects of a single toxicant acrossussto explore commonality of bioarkers in the
and iterative improvements of the underlying model besttissue for diagnostics

e Qualify potential biomarker panels for toxicity across tissues and toxicantsgaiinsights in
Results& Discussion complex biological_funf:tiorisvolvingmul_tiple pajthwaydependencies _ N
Validate changes in biomarkers associated with known common mechanisms of tenatityas
oxidative stress (Glutathiometabolism) liver function (Bile acid and Urea cycad
Ketoacidosis
e Discover new pharmacodynamically and biddedly linked componats and invetigate their
functional relevang.

e A single observation is most likely the result of many different and intertwined biological
responses

e Merging of multimodal datasets into a comon ontology knowledgebasand associatiomwith
canonical reference sources provides insights in complex processes on the organism level

e In a semantically integrated relationship model, discovery and qualification of biomarkers are
based on experimental evidence in context with systems biology networks

¢ Reduction o relevant suknetworks provides insights into complex biological responak®wving Acknowledgements

qualifyinghidden orpreviouslyunknown relationships This work was conducted undBiST Advanced Technology ProgrgATP), Award #ONANB2H3009s
obtained viadifferent experimental modelsr study designs. conducted underNIEHScontract # NO1-ES65406 The Alcohol study was conducted und€iAAA

contract #HHSN281200510008C


mailto:egombocz@io-informatics.com

