
 

Title of Challenge: Targeting Off-targets 

Background 
The Adverse Outcome Pathway (AOP) conceptual framework (Ankley et al, 2010) is a logical sequence of 
events which can be used to understand adverse effects and enhance current risk assessment practices. 
Originally an approach to ecotoxicology risk assessment, the AOP framework has now been extended into 
human safety across all industries, shifting the risk assessment focus from traditional toxicological apical 
endpoints to mechanistic understanding of chemical interactions at a molecular level.   
 
The AOP approach spans multiple levels of biological organisation from the initial exposure to a chemical 
through to adverse effects. The first interaction of a chemical with a biological system is called the molecular 
initiating event(s) (MIEs) and these events are key to instigating a biological process which may lead to an 
adverse effect. The nature of the MIE and the downstream activation of other pathways depends on the 
properties of the chemical and its biological target(s) (Gutsell and Russell, 2013). One of the most common 
types of MIE is the interaction of a chemical with a receptor, a consequence of which can be activation or 
deactivation of specific pathways.  Receptor interactions could, at a critical concentration, lead to an adverse 
outcome.  
 
There is a fundamental need for the industry to identify, measure and model MIEs to maximise their 
application in risk assessment. Understanding MIEs and the ability to assess them qualitatively and 
quantitatively will be crucial in broadening the use of AOPs further. 
 
Unlike pharmaceutical molecules which are well-characterised for their ‘on-target’ and ‘off-target’ activities, 
this is not the case for most other chemicals including those widely used throughout the consumer goods 
sector. Historically, ‘off target’ effects of these chemicals have been detected in animal toxicology studies 
with often little understanding of the MIEs involved. Most predictive tools have been designed for on-target 
efficacy screening of candidate drugs and a recent in-house recent evaluation at Unilever of several in silico 
approaches showed that prediction of off-target interactions (interactions of one chemical with a multitude of 
receptors) rarely matches the experimental data.  Additionally, availability of experimental screens is limited 
to a small number of receptors (approx. 44), (Bowes et al. 2012) considered relevant to the pharmaceutical 
industry.   
 
A recent example is the VirtualToxLab, an in silico platform for prediction of limited aspects of toxicity based 
on the nature of chemical interactions at a small number of well understood receptors (Vedani et al. 2012). 
The platform is currently limited to only 16 receptor molecules and may only be useful if screening for a 
specific interaction.  
 
There is a clear need for new computational and experimental tools in this area. These novel approaches will 
need to advance the design of currently available predictive tools to enable: 
 

 Screening of chemicals for interaction with numerous receptors. 
 

 Identification, qualitative and quantitative assessment of receptor binding. 
 

 Understanding of the (potential) consequences of binding (e.g. is binding likely to result in an 
adverse event?). 

 
 Improved, human-relevant safety assessment across the bioscience sector. 

 



 

 

 

3Rs benefits 
To meet the requirements of global regulatory authorities, animals are used to investigate the potential 
toxicity of new chemicals. Prediction of off target toxicity of these substances before the initiation of in vivo 
studies would have an impact on reducing the numbers of unnecessary studies and animals used. 
 
In industry sectors where animal studies are still required, data gathered from a screen has provided 
information on the binding/activity relationships would better inform the dosing levels and regimen used in 
regulatory toxicology studies thus refining the study design, avoiding the use of unrealistic high doses and 
ultimately reducing the number of animals used.  
 
In vitro assays and in silico tools addressing chemical-receptor interactions have long been used in the 
pharmaceutical industry for selection of best candidate molecules for desired therapeutic effect. Toxicity of 
these chemicals is then addressed primarily using animal studies. Development of a novel approach (e.g. 
computational or experimental) which can help assess toxicity mediated via ‘off-target’ receptor interactions 
would enable early elimination of candidate molecules. If successful long term, the Challenge will ultimately 
provide a means to address safety in the pharmaceutical, chemical and personal care product sectors 
without the use of animals. 
 
Need for collaboration 
‘Off-target’ receptor screening is of use in a number of sectors. In order to successfully develop a solution, 
experts from various disciplines will need to collaborate.  Iterative testing and validation of any model 
systems developed will be required through co-operation between computational and experimental sciences.  
Biological expertise and knowledge of ligand/receptor chemistry is also needed as an input.  An 
understanding of key receptors considered to be a priority from a toxicity perspective will only become 
available through input from multiple users.  Such users will be important in providing data on which to build 
a comprehensive screening tool. 
 
Overall aim 
The aim of this challenge is to develop novel (e.g. experimental and in silico) approaches to address the 
potential human safety issues arising from chemicals interacting with ‘off-target’ receptors and apply new 
understanding of the relevance of chemical-receptor binding data to predictions of toxicity within Adverse 
Outcome Pathway (AOP) approaches. 
 
The overall objectives are to: 
 
 Develop novel approaches to address the potential safety issues arising from chemicals interacting 

with ‘off-target’ receptors.  
 

 Predict relevant targets (Qualitative). 
 
 Provide understanding of target affinity (Quantitative). 

 
 Demonstrate confidence in prediction (high sensitivity and specificity), including validation against 

currently accepted tools.  
 
 Apply new understanding of the relevance of chemical-receptor binding data to predictions of toxicity 

within AOP approaches.  
 

  



 

 

 

Key deliverables 
 Establish a wide selection of receptor molecules (n > 45) and build a mechanistic level 

understanding of chemical interactions from available data (e.g. ChEMBL, Novascreen (ToxCast)). 
 

 Development of in vitro experimental and in silico approach(es) to model in vivo chemical-receptor 
interactions and increase confidence in prediction of binding of new chemicals to a large panel of 
relevant receptors. 

 
 Application of the above to safety decision making (e.g. would the predicted chemical binding to ‘off-

target’ receptors in the identified AOP result in an adverse health effect?). 
 

Phase 1 
 Identify receptors that could be screened for ‘off-target’ interactions, combining all available data (3D 

structure, description of the receptor site, mechanistic relevance to toxicity) and propose 
representative focused panels of receptors.  
 

 Provide evidence for a suitable in vitro platform that will permit screening at medium to high 
throughput level. 

 
 Initial development of an in silico approach that complements the proposed in vitro approach. 

 
 
Phase 2 

 Develop the in silico approach underpinned by the data (qualitative and quantitative) obtained using 
the in vitro platform. 
 

 Provide mechanistic capability to determine binding thresholds that will or will not cause a potential 
toxic effect. 

 
 Develop protocols to apply the platform to enable decision making in safety assessment. 

 
 Provide validation data on a training set of compounds to demonstrate accuracy with appropriate 

positive and negative controls. 
 
The solution should be focused on: 
 

 Relevance to human health. 
 

 Receptor/effector data relevant to the fast-moving consumer goods (FMCG) and chemicals 
industries. 

 
 A single or multi-tier platform that can be commercially accessed by the Sponsors and the wider 

community that will permit improved, more predictive human risk assessment. 
 

 Molecular level interactions of the chemical with the binding site. 
 

 A broad spectrum of diverse receptors with known relevance to toxicity. 
 
Applicants should NOT focus on: 
 

 A set of structurally related receptors where the internal binding domains are fully characterised. 
 

 A version of currently available tools applying the same principles as those used for selection of lead 
compounds. 
 



 

 

 

It is important to note that the CRACK IT Challenges competition is designed to support the development of 
new 3Rs technologies and approaches, which will improve business processes and/or lead to new 
marketable products. The application must include a plan to commercialise the results into a product or 
service.  This should be taken into consideration when completing your application. 
 
Sponsor in-kind contributions 

 Access to relevant findings from on-going research programmes in mechanism of action and AOPs 
with particular focus on pathways of toxicology. 
 

 Expertise and advice on applied risk assessment for chemicals used in the Foods, Personal and 
Home Care context (Unilever) and Industrial and Agrochemicals (Dow). 

 
 Access to a broad academic and industrial network developing AOP approaches.  

 
 Laboratory facilities and staff to support the project (where appropriate and agreed in advance with 

the Sponsor). 
 

 Advice (on all) and provision (of some) recommended chemicals to use as training sets. 
 

 Provision of relevant in vivo data for pathways conserved between rodent and human species where 
appropriate (Dow). 

 
Duration 
Phase 1: six months. Phase 2: up to 3 years 
 
Budget 
Phase 1: up to £100K. Phase 2: up to £0.8 million 
 
Sponsors 
Unilever and Dow AgroSciences 
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