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            Abstract
Discovering the unintended ‘off-targets’ that predict adverse drug reactions is daunting by empirical methods alone. Drugs can act on several protein targets, some of which can be unrelated by conventional molecular metrics, and hundreds of proteins have been implicated in side effects. Here we use a computational strategy to predict the activity of 656 marketed drugs on 73 unintended ‘side-effect’ targets. Approximately half of the predictions were confirmed, either from proprietary databases unknown to the method or by new experimental assays. Affinities for these new off-targets ranged from 1 nM to 30 μM. To explore relevance, we developed an association metric to prioritize those new off-targets that explained side effects better than any known target of a given drug, creating a drug–target–adverse drug reaction network. Among these new associations was the prediction that the abdominal pain side effect of the synthetic oestrogen chlorotrianisene was mediated through its newly discovered inhibition of the enzyme cyclooxygenase-1. The clinical relevance of this inhibition was borne out in whole human blood platelet aggregation assays. This approach may have wide application to de-risking toxicological liabilities in drug discovery.
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                        Predicting off-targets, and their novelty.
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Figure 2: 
                        Off-target networks.
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Figure 3: 
                        Target and drug promiscuity.
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Adverse drug reactions can limit the clinical use of otherwise effective drugs, and are the leading cause of failure for new drugs in clinical trials. Drugs frequently interact with more than one protein target, and hundreds of such proteins are linked to the side effects of clinically used therapeutics. This large-scale computational study predicted the activity of 656 drugs against 73 protein targets that have been associated with adverse drug reactions. Of the 1,042 predictions tested, approximately half were confirmed. One prediction was that abdominal pain, a known side effect of the synthetic oestrogen chlorotrianisene, was mediated through its inhibition of COX-1, and the clinical relevance of this inhibition was borne out in whole human blood platelet-aggregation assays. The researcher's approach could be used to weed out drugs most likely to fail before they go to clinical trial.
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