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 Definitions 
 Public health case 
 The data problem 
 Ask the question 
 Listen to the community 
 RDA Interest Group 
 Methods: solicit user stories 
 Results: what is the need 
 Conclusion: roadmap  
 Example of a use case 



 Genome: the full complement of genetic 
material within an organism 

 

 Genomics: applies DNA and bioinformatics 
methods to sequence, assemble and analyze 
the function and structure of genomes 

 

 Toxicogenomics: the study of the response of 
a genome to environmental stressors and 
toxicants (Waters, et al. 2003) 



 85,000 chemicals approved for commercial 
use in the US 

 

 2,500 manufactured at >1 million lbs/yr 

 

 45% lack toxicology data to evaluate safety 

 

 7 new chemicals added per day  

Adapted from the California Department of  Toxic Substances Control, Emerging Chemicals of Concern 



 How does exposure to chemicals effect gene 
expression? 

 

 Why do individuals respond differently to the 
same exposure? 

 

 Are some individuals more sensitive or 
resistant? 



 Traditional toxicity testing 

 

◦ Since the 1930s 

◦ Slow 

◦ Expensive 

◦ Relies on animals 

◦ Limited human applicability 



International Cooperation on Alternative Test Methods (ICATM) 
Legend : 
ICH: The International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use 
OECD: The Organisation for Economic Co-operation and Development has a Test Guideline program that deals with chemicals 
ICCR: The International Cooperation on Cosmetics Regulation (ICCR) is an international group of cosmetic regulatory authorities 
from the U.S. (FDA), Japan (Ministry of Health, Labour, and Welfare), the EU (EC, DG Enterprise), and Canada (Health Canada).  



 Adapted from Kim Boekelheide, MD, PhD  Brown University 

Broadest coverage 
of chemicals, end 
points, life stages 

Lowest cost; 
least time 

Detailed mode of action 
and dose response 

information for human 
health risk assessment 

Fewest animals; 
least suffering for 

those used 





 Data infrastructure has not kept pace with 
data generation 

 

 Toxicogenomic data is sensitive; dependent 
on exposure context 

 

 Integrated with other data types to 
understand mechanisms of toxicity 



NIEHS-European Union Workshop on 
Identifying Opportunities for Global Integration 
of Toxicogenomics Databases 
 
June 26-27, 2013 
 
 
 
 

What will interoperability accomplish? 



NIEHS-European Union Workshop on Identifying 
Opportunities for Global Integration of Toxicogenomics 
Databases 
 
 Chemical Effects in Biological Systems (CEBS) 
 Data Infrastructure for Chemical Safety (diXa) 
 ChEMBL   
 Drug Matrix   
 Comparative Toxicogenomics Database (CTD) 
 Connectivity map and Library of Integrated Network-

based Cellular Signatures (LINCS) 
 ToxicoGenomics Genomics – Assisted Toxicity 

Evaluation System (TG-Gates) 
 Others 

 
 
 
 



Currently data are not: 

 accessible 

 interoperable 

 

BUT… 

 Incomplete data / metadata 

 Different formats 

 Lack of standardization 



NIEHS-European Union Workshop on 
Identifying Opportunities for Global Integration 
of Toxicogenomics Databases 

 

Field of  

Dreams  

Fallacy 
 

 

 

 

 



NIEHS-European Union Workshop on 
Identifying Opportunities for Global Integration 
of Toxicogenomics Databases 

 

How to move forward with a grounding in 
utility and usefulness? 

 

 

 

 





E-questionnaire: toxicogenomics research data 
sharing and exchange 

Aim: 

 

 Solicit user stories and data limitations from 
the scientific community 

 

 Guide the direction to future database 
interoperability efforts 

 



 How are you using toxicogenomics data? 

 What is the primary barrier preventing more 
effective use of toxicogenomic data? 

 What is the most significant achievement 
that could be made by removing this 
barrier? 

 What one improvement across 
toxicogenomic datasets would make use of 
the data easier? 



e-questionnaire deployed via outreach to 
database users and stakeholder groups 

 

 Small response (n=24) 

 Committed group; 80% willing to be involved 

 Primarily self-identified senior scientists and 
bioinformaticians 

 >50% from Universities and 25% from 
industry 

 



12,50% 

12,50% 

16,67% 

16,67% 

20,83% 

58,33% 

Data warehousing 

Producing data 

Analysis of data 

Integrating other data types 

Reference data 

Building models/Mode of action models 

percentage of respondents 

(multiple responses possible) 



“I'm using toxicogenomics data to build 
classification models and by integrating 
different types of data (different omics) to get 
better biological understanding of toxicological 
processes.”  

    



4,17% 

4,17% 

12,50% 

12,50% 

16,67% 

16,67% 

25,00% 

25,00% 

Data not available in a central location 

Uncertain data quality 

Lack of database interoperability 

Insufficient quantity of data 

Study design differences/ lack of standardization 

Interpretation 

Lack of availability 

Lack of metadata/ unclear data records 

percentage of respondents 

(multiple responses possible) 



“Missing, incomplete, non-standardized data 
annotation (meta-data), need for manual 
meta-data curation” 

 

    

“Not all resources are publically available.” 



4,17% 

4,17% 

4,17% 

8,33% 

8,33% 

8,33% 

8,33% 

12,50% 

12,50% 

16,67% 

Standardized study methods 

Automated pipelines and analysis tools 

Phasing out animal testing 

Centralized repository 

Better models/ Mode of action models 

Organ specific injury/ human relevance 

Data driven discovery 

Increase data quantity 

Increase in publicly available data 

Better and standardized data descriptors/metadata 

percentage of respondents 

(multiple responses possible) 



“Increased mechanistic understanding of 
effects of compounds in the context of 
adaptive or adverse responses in animals and 
their relevance for humans, and scientifically 
guided use of these data in a pragmatic sense.” 



12,50% 

8,33% 

45,83% 
4,17% 

25,00% 

4,17% 

Awareness of the available data 

Better understanding of the source and methods underlying the data 

Ability to combine relevant toxicogenomic datasets 

Universal file type, and statistical measures 

Other 

No answer 



Researchers indicate that they are limited by 
the lack of data interoperability. 

 

Reminder: n=24 

 

 



Survey is the first step towards a roadmap to 
improve data interoperability. 

 

Next steps: 

 What is the use case (continue to seek input 
from the community)? 

 What is the business case (what are the 
requirements and acceptance criteria)? 

 Is there capacity (scope out the work and 
access capabilities)? 



What do modelers need?  Continue to ask. 

 

 More data publicly available / more human 
data? 

 Standardization / unified nomenclature? 

 Complete data / metadata? 

 Ability to combine toxicogenomics datasets 
from different sources? 



What has to be done to the data to increase the data 
use? 

 

 One-stop shopping for data? 

 Software / platform for data integration? 

 Methods standardization? 

 Metadata requirements? 

 Data quality standards? 

 



Do we have the right expertise and commitment to 
follow through successfully? 

 

 Can we get the right people involved? 

 Is there effort and monetary commitment? 

 Can we execute? 

 

 

You never know until you ask. 
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