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“Information is cheap. Understanding is expensive” (Karl Fast) 



The question 

 
Can we make accurate (useful) 

drug-target association predictions using a wide 
range of public data? 

 
Chemogenomics informed by systems chemical biology 
Alternative to multiple QSAR / target based / similarity 
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Systems chemical biology + Semantic Web 

Drug Discovery Today, 2012, in press. 



Semantic Technologies: an enabler for integration 

�  Allows flexible description of heterogeneous graphs of data relationships (RDF), 
following the rules of an ontology (OWL) 

�  “Semantic linking” refers to annotation of relationships with meaningful, organized 
labels (like node and edge labels on a graph) using an ontology 

�  “Semantic Web” received a bad press, as not mature enough to be practically 
useful until the last 2-3 years. Practicality radically changed by advent of: 
�  Fast triple stores – e.g. Virtuoso – the equivalent of database management systems for RDF 

�  SPARQL – a query language that allows expression of integrative queries in a simple(ish) fashion 

�  Sensible use of OWL ontologies – small to medium scope, aligned with other ontologies through 
open resources such as NCBO BioPortal and OBO 

�  Currently main focus is on data integration and description. Lots of current work 
in this area (OpenPHACTS, CSHALS, SWHCLS, Pistoia Alliance) – topic of recent 
JChemInf special issue http://www.jcheminf.com/series/acsrdf2010 



Chem2Bio2RDF – www.chem2bio2rdf.org 
�  Semantically integrates 42 heterogeneous public datasets related to drug 

discovery in a fast Virtuoso triple-store with SPARQL endpoint  

�  Datasets cover chemistry, chemogenomics, biology, systems & pathways, 
pharmacology, phenotypes, toxicology, glycomics and publications, and biological 
entities of compounds, drugs, targets, genes, pathways, diseases and side-effects 

�  Major datasets include PubChem, ChEMBL, DrugBank, PharmGKB, BindingDB, 
STITCH, CTD, KEGG, SWISSPROT, PDB, SIDER, PubMed. Full set at 
http://chem2bio2rdf.wikispaces.com/Datasets  

�  Holds data on ~31m chemical structures, ~5,000 marketed drugs, ~59m 
bioactivity data points and ~19m publications 

�  Linked into LOD cloud, and forms part of OpenPHACTS repository 

�  Data semantically annotated with Chem2Bio2OWL ontology (Journal of 
Cheminformatics, 2012, 4:6) 

�  For more information, see BMC Bioinformatics 2010, 11, 255. 



Semantic Link Association Prediction (SLAP) 
�  Predicts a probability of association of a compound and a target based on the 

network paths between them that involve drugs, targets, pathways, diseases, 
tissues, GO terms, chemical ontologies, substructure and drug side-effects 

�  It can be primarily considered as a “missing link prediction” 
�  Data source is a subset of the Chem2Bio2RDF network including 250,000 

compounds with known bioactivities and the targets known to associated with 
these drugs 

�  Raw Score is a measure of the significance of a single path between a compound 
and target, based on topology and semantics of the path nodes and edges. Raw 
scores are normally distributed within a path pattern 

�  Association Score is a sum of z-scores of raw scores relative to a distribution of 
random pair scores for different paths and path patterns.  Association scores form 
a normal distribution 

�  Association Significance is a significance p-value of an association score based on the 
normal distribution of association scores.  

�  PLoS Computational Biology – paper in review 



Example: Troglitazone and PPARG 
Association score: 2385.9 
Association significance: 9.06 x 10-6 => 
missing link predicted 



Significance of other drugs vs PPARG 
TROGLITAZONE - 9.06 x 10-6 

ACETAMINOPHEN – 0.0415 ROSIGLITAZONE – 0.0138 ZALEPLON– 0.4258 



SLAP process 



Validation of SLAP with DrugBank and MATADOR 
�  Leave-one-out study on 1,000 known 

drug-target pairs from DrugBank 
compared with 1,000 randomly 
selected pairs of drugs and targets 
shows significantly higher association 
scores for known pairs (p<2.2x10-16) 

�  ROC curve based on 4,508 pairs in 
DrugBank SLAP with other missing link 
prediction methods, shows SLAP 
outperforming other methods 

�  Leave out study on 1065 MATADOR 
pairings (444 not present in our source 
dataset) identified 560/621 and 170/444 
pairs 

�  SLAP shows no preference for 
particular target classes 



Cross-check with SEA 
�  SEA analysis (Nature 462, 175-181, 

2009) predicts 184 new compound-
target pairs, 30 of which were 
experimentally tested 

�  23 of these pairs were experimentally 
validated (<15uM) including 15 
aminergic GPCR targets and 8 which 
crossed major receptor classification 
boundaries 

�  9 of the aminergic GPCR target pairings 
were correctly predicted by SLAP 
(p<0.05) – for the other 6 the 
compounds were not present in our set 

�  1 of the 8 cross-boundary pairs was 
predicted 



Comparison with Connectivity Map 
�  SLAP can be used to build a polypharmacology profile of a compound across 

targets without a full experimental data matrix 

�  Connectivity Map (CMap) maps experimental drug-gene-disease links through 
expression changes in samples treated with drugs 

�  Association scores were calculated for 113 drugs from the CMap library also 
present in our dataset against 1,683 targets in our set; 679 targets were associated 
with at least one drug 

�  Both predictive SLAP and experimental CMAP profiles were used to calculate the 
most similar drugs for 8 query drugs (similarity > 0.75) 

�  Of 21 pairs identified by SLAP, 19 were verified using CMAP experimental profiles 

�  Indicates SLAP profiles closely match expression profiles: wider study needed 



Assessing drug similarity from biological function 
�  Took 157 drugs with 10 known 

therapeutic indications, and created 
SLAP profils against 1,683 human 
targets 

�  Pearson correlation between profiles  
> 0.9 was used to create associations 
between drugs 

�  Drugs with the same therapeutic 
indication unsurprisingly cluster 
together – also subcluster by MOA 

�  Some drugs with similar profile have 
different indications – potential for use 
in drug repurposing? 



SLAP web tool http://chem2bio2rdf.org/slap 



SLAP potential uses 
�  Polypharmacology profiling 

�  Predicts association for a compound across targets (currently 1,683 human targets from Drugbank) 

�  For a compound, identifies most biologically similar drugs to a compound via target association profiles 

�  Building predictive drug and target networks 
�  We predicted the association scores for 174 drugs from 10 disease areas against 1683 human targets, 

and measured their biological similarity using a 174*1683 score matrix. 

�  The similarity network indicates that drugs from the same disease area tend to cluster together in ways 
which are not captured by structural similarity, with several potential new drug pairings being identified 
(see next slide) 

�  Mechanism of action hypothesis generation and testing 
�  Given a compound and a gene, will provide numeric prediction of likelihood of a relationship between 

them, and will allow exploration of the paths between them 

�  Virtual Screening 
�  Given a target/gene, will rank all PubChem “biologically active” compounds by biological association 

�  Given a compound, will rank all targets/genes in a set by strength of association to the compound 

�  Uses chemical structure or BLAST similarity for compounds or targets not in the dataset 



SLAP – target profile for Ibuprofen 
COX2 – main target 

Regulate neurotransmitter 
release 

COX1 

Dopamine receptor 

Seratonin receptors 

Cannaboid receptors 

Muscarinic receptor 
(motor control) 

vs acetaminophen and aspirin 



SLAP -  Biologically Similar Drugs 

Dopamine agonist, used in Parkinson’s  

Dopamine agonist, used in Parkinson’s  



Troglitazone vs Rosiglitazone 



Ongoing work 
�  Proper comparison with other drug-target prediction methods 

�  Using experimental matrix (Chen, B., et al., Bioinformatics, 2011, 27(21), 3044-3049 

�  Wider scale drug-target profile similarity network using all of DrugBank 

�  Experimental validation for virtual screening in PXR and TB projects 
�  Including data fusion with predictive models and other LBVS methods 

�  Many opportunities for improvement 
�  Properly include quantitative activity data 

�  IC50 etc. subclasses of binding, with weighting by value 

�  Qualitative weighting of path patterns 

 



Cheminformatics Education at Indiana University 

LuLu eBook - $29 
http://slg.djwild.info 

Free cheminformatics learning resources 
http://icep.wikispaces.com 

Residential Ph.D. program in Informatics 
with a Cheminformatics specialty 

 
Distance Graduate Certificate program in 

Chemical Informatics 
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