
TargetTri: A toxicity-based triaging system 

for novel drug targets

Jennifer Venhorst, Eugene P. van Someren, Fred J. van de Brug, Gino J. Kalkman, Rob H. Stierum, Simon Folkertsma 

and Cyrille A.M. Krul

TNO, Zeist, the Netherlands

SUMMARY
High drug attrition rates in recent decadeshave motivated pharmaceuticalcompaniesto tackle the underlying
causesasearlyaspossiblein their pipelines. In regardsto safety,this involvesassessingliabilitiesof drug targets
and developingde-risking strategiesin the nomination stage. With an expansivevariety of information now
availablevia data-mining, text-mining, and systemsbiology, this effort weighs on resourcesand can hamper
efficientprioritizationof multiple targets.

Toaid in the triagingof noveldrug targets,TNOis developingthe web-basedsystemTargetTrithat buildsupon a
previouslydesignedTargetSafetyAssessment(TSA)workflow. TargetTrican extract and visualizedata on-the-
fly for any of the 20k reviewedhumanproteinsdepositedin UniProt. Viamultiple views— here illustrated
for HSP90 —highlyefficient toxicologicalassessmentsand triagingof drug targetscanbe performed.
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HSP90 ANALYSIS

1. Summary View 

TheSummaryView is visualizedoncethe nameof the drug target beingscrutinized— heat shockprotein 90 alpha— hasbeen
entered and selected. Generalinformation is reported suchas the target’sbiologicalfunction, name and synonyms,and
isoforms(UniProt). Structuralinformation (PDB)is alsodisplayedwhen available.

Inhibition of the molecularchaperoneHSP90alpha has been studied as an anti-cancertherapy, originating from HSP90’s
overexpressionin various cancercells. In addition, many of the HSP90 client proteins play crucial roles in establishing
cancercell hallmarks. More recently, interest has extendedto the treatment of neurodegenerativediseasesthat involve
aberrantlyfolded proteins.

5. Additional Views

6. Further Development
TargetTriis an ongoing researchdevelopmentprogram for efficient drug target triaging, which will be further optimized and
expandedin terms of functionalityand applicationarea. TNOhascollaborationoptionsavailablefor pharmaceuticalpartnersthat
are interestedin further developingthis platform. Partiesinterestedin providinguswith feedbackor in a potential collaborationare
kindlyinvited to contactus:

simon.folkertsma@tno.nl, BusinessDevelopment,PredictiveHealthTechnologies

jennifer.mccormack@tno.nl, ProjectManager/ Scientist,PredictiveHealthTechnologies

In addition to the alreadydescribedViews,TargetTrialsoprovidesinformationon compoundsthat areknownto bind to the target of
interest by extractingstructural and biologicaldata from the ChEMBLdatabase. Theresultingcompoundnamesand synonymsare
subsequentlyqueried in the clinicaltrials database(clinicaltrials.gov),resultingin a clinicaltrials result view displayinggeneraltrial
information and a NTCnumber hyperlinkaccessingthe original webpagewith additional information. Expressiondata can alsobe
retrievedwith TargetTri.

With the text-mining results,toxicologicaleffects due to intervention studieswith HSP90alpha inhibitors were identified. These
included,for example,retinal toxicity observedin beagledogsand liver toxicity observedwith the smallmolecule17-DMCHAG.
More in-depth analysisof the literature provides insight in mechanisticcausesof toxicity. For specific compound clusters,
hepatotoxicity was mediated by reactive oxygen species formed during metabolism. Retinal toxicity was attributed to
pharmacokinetics,asvariouscompoundswere foundto accumulatein the retina.

4. Text-mining View
Text-miningwithin TargetTriis performedwith the proprietaryTNOtool ERIS,combinedwith an ontologyspecificallydesignedfor
TSAapplication. TheTSAontologysupportsthe automatedextractionof grammaticalrelationshipsbetweenontologyconcepts(e.g.
XincreasesY) from scientificabstracts. Theconceptsin the TSAontologycontainterminologyon geneandprotein names(UniProt,
GPSDB),health(MeSH-based),adverseeffects(MedDRA-based)andtoxicity (handbooks,expert input). Thetoxicitysectioncontains
sub-sections,for exampleon cardiactoxicity, neurotoxicityand in vitro toxicity. Theontologyalsocontainsanatomicalterminology
on organsystems,organsand cell types(MeSH-based)and cell lines(ATCC-based). Thisanatomicalsectionof the ontologyallows
the users to select target toxicity per organ as shown in the heatmap below. Filtering can also be performed on the type of
modulation of the target (activation/inhibition). TheTSAontology hasbeen built in closeconsultationwith toxicologicalexperts
from TNO.

TheNetworkViewdisplaysproteins(blue)that interact directly with HSP90alpha(orange). Thehighnumberof interactingproteins
is due to HSP90’sfunction asa molecularchaperone(seesection1). Asshownby the blue framedinset,HSP90alphais not directly
associatedwith genetic diseasesor adverseoutcome pathways(AOPs). However,when examiningindirect biologicaleffects —
mediated via interacting proteins — a multitude of potential adverseeffects are high-lighted (greenframed inset). Each
interacting node (blue) and associatedeffects (red, green and purple) can be individually examined,showing — for
example — that HSP90alpha interacts with the hERGpotassiumchannel. This protein is essentialfor normal electrical
activity in the heart. Assuch,inhibition of hERGviaHSP90alphamayresult in prolongationof the QTinterval.

3. Interactive Network View

2. Table View

The Table View is the tabular counterpart of the
network view (seesection3). It can be set to show
either direct effects or indirect effects (via protein-
protein interactions) associatedwith the selected
drug target. Genetic diseases(OMIM), manually
curated adverse effects, AOPs (AOP wiki) and
pathway-derived disease associations(CTD) are
listed.

In line with the therapeuticindicationsof HSP90alpha,this protein is mainlyassociatedwith cancerpathwaysaccordingto the CTD
(direct effectsview, data not shown). Analysisof the indirect effects infers, for example,a potential associationwith Parkinson’s
Disease(PD)and androgenreceptor-mediated effects. The associationwith PDcorrespondswith the interest in this target for
neurodegenerativediseases. Male infertility, i.e. reducedspermatogenesisdue to inhibition of the androgenreceptor, hasbeen
observedin HSP90alpha(conditional)knock-out mousemodels.
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