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QSARs for Prioritization
What: 
• Prioritize chemicals based on ability to bind ER (plausibly 
linked to adverse effect)
• Determine which untested chemicals should be tested in 
assays that will detect this activity, prioritized above very low 
risk chemicals for this effect
• Demonstrate how QSARs are built, for complex problems, 
and are useful to regulators/risk assessors

Why: 
•To provide EPA with predictive tools for prioritization of 
testing requirements and enhanced interpretation of exposure, 
hazard identification and dose-response information
•Develop the means to knows what to test, when to test, how
•FQPA - Little of no data for most inerts/antimicrobials; short 
timeline for assessments;

Lessons Learned from early EPA exercise
1) High quality data is critical and should not be assumed 

– Models can be no better than the data upon which th ey are 
formulated

– Assays should be optimized to determine the adequac y for the 
types of chemicals found within regulatory lists

• Assumption that assays adequate for high-medium pot ency chemicals 
will detect low potency chemicals warrants careful evaluation

– Mechanistic understanding should be sought; new inf ormation  
incorporated when available

• Assumption that ER binding mechanism was well under stood 
warrants careful evaluation

2) Defining a regulatory domain is not a trivial ex ercise
– Assumption that ~6000 HPVCs would represent addition al 

regulatory domains needs careful evaluation; regula tory lists need 
to be defined  

– Structure verification is needed for all chemicals on regulatory
lists

3) Determining coverage of regulatory domain is non -trivial 
– Using a TrSet of “found” data (which included few ch emicals 

structures found in regulatory domain) proved to be  inadequate to 
complete QSAR development

– QSAR development is an iterative process that requi res 
systematic testing within regulatory domain of inte rest
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High quality data is critical

– Assays should be optimized to determine 
the adequacy for the types of chemicals 
on the relevant regulatory list

• Test assays on low potency chemicals
• Test to solubility

HOW to test?

MED Database
Focus on Molecular Initiating Event

1) rtER binding is assessed using a standard competitive 
binding assay; 

-chemicals are tested to compound solubility limit in the 
assay media;

2) equivocal binding curves are interpreted using a higher-
order assay (gene activation and vitellogenin mRNA production 
in metabolically competent trout liver slices)
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Data collected needs to address the 
problem

• Expand training set to cover types of 
chemicals on the relevant regulatory 
lists

WHAT to test?
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2) Defining a regulatory domain is not a 
trivial exercise

3) Determining coverage of regulatory 
domain is non-trivial 
– Using a TrSet of “found” data (which 

included few chemicals structures found 
in regulatory domain) proved to be 
inadequate to complete QSAR 
development

– QSAR development is an iterative process 
that requires systematic testing within 
regulatory domain of interest
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Define the Problem:
Food Use Pesticide Inerts

List included:
937 entries
-(36 repeats + 8 invalid CAS#)
893 entries 

893 entries = 393 discrete + 500 non-discrete substances
(44% discrete : 56% non-discrete)

393 discrete chemicals include:
organics
inorganics
organometallics

500 non-discrete substances include:
147 polymers of mixed chain length
170 mixtures 
183 undefined substances

6191069104Sanitizers

282535211299Antimicrobials
+ Sanitizers

1110

2891

2708

224

893

Total

873

1462

1605

169
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Discrete

1941033Registered 
Pesticide 

Active 
Ingredients*

695579155Total Inerts* 
(OPP website, 

Aug 2004)

76950284HPV 

IUR 2002

22627Antimicrobials

183147170Food Use 
Inerts

Undefined

Substance

PolymersDefined

Mixtures
Chemical 
Category

OPP Chemical Inventories

* Structure verification in progress
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Original ER Binding Training Sets
• Initial focus of ER binding data sets from 1990s - 2004: 

– Steroids, anti-estrogens (high potency binders)

– Organochlorines
– Alkylphenols
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6
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7
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3
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2213
(6%)
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Building New Training Sets
• New inventories

– Food Use Inerts
– Antimicrobials and Sanitizers
– HPV inerts
– Total Inerts
– HPV TSCA chemicals
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QSAR Principles for ER interactions
• Chemical are “similar” if they produce the same 

biological action from the same initiating event
– Not all chemicals bind ER in same way, i.e., not all 

“similar”
– ER binders are “similar” if they have the same type of 

interaction within the receptor

• QSARs require a well-defined/well understood biological 
system; assay strengths and limitations understood

• QSARs for large list of diverse chemicals
– require iterative process – test, hypothesize, 

evaluate, new hypothesis, test again, etc. 
– to gain mechanistic understanding to group similar 

acting chemicals; build model within a group

R 394

E 353 H 524

BBAA

Estrogen binding pocket Estrogen binding pocket 
schematic representationschematic representation

CC

T 347

CC

J. Katzenellenbogen
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Hypothesis testing
• Hypothesize structural 

parameter(s) 
associated with toxicity

• Select chemicals that 
satisfy the hypothesis

Hypothesis: Chemicals with 
interatomic distance between 
O-atoms satisfying distance 
criteria for a binding type have 
the potential to bind ER based 
on electronic interactions.

• Test, and confirm or 
modify hypothesis



19

• Because acyclics are > 50% of inventories, what is t he 
possibility that any acyclics satisfy criteria of hi gh affinity 
binding types?

• Selected acyclics for testing that met A_B distance;  no binders 
found (charged cmpds – apparent binding but no activa tion) 

• As suspected, most OPP chemicals could not be evalu ated with 
the A_B or A_C mechanism models; 

• Need to refine ER binding hypotheses to investigate  additional 
binding types
– Chemicals interact with ER in more than one way, in fluencing 

data interpretation and model development; 
– Need to group chemicals by like activity, then atte mpt to 

model as a group that initiate action through same chemical-
biological interaction mechanism, and should have c ommon 
features

– Find common features and predict which other untest ed 
chemicals may have similar activity – prioritize for  testing 

High quality data is critical

• ER binding hypotheses refined
– Chemicals interact with ER in more than 

one way, influencing data interpretation 
and model development

HOW to interpret test results?
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MED Trout Alkyl Phenols
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