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Objectives Community Engagement

* We assembled a pathway response/outcomes working group of researchers and stakeholders
with subject mater expertise in respiratory distress endpoints along the use case AOP network.
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Environmental Health Science .(EHS) encompasses multlpIe research domains along the 4. Iteratively advised our team on development of  ,nq comparison, 2- important contextual information,
source-to-outcome (S20) continuum, each generating unique and nuanced data. 3 data model schema. 3- specialized or supplementary.

* We aim to: 1. Engage domain experts to identify data standards and terminologies (S&T) needs.

2. Improve data interoperability by developing S&T to link data across domains. SemantiC Development
3. Leverage a pilot use case to test interoperability and highlight gaps in S&T.

* We developed a LinkML-based data model schema through an iterative process informed by
working group feedback and domain expert consultation
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* We link the Aggregate Exposure Pathway! (AEP) and Adverse Outcome Pathway? (AOP) mechanistic
frameworks to represent the S20 continuum (Figure 1).
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 The Assay class provides five core slots that capture the context of an experiment (Table 2):

Description

Use CaSe : Links an assay to a specific Key Event in an AOP.
informs_on_key event . L.
e Connects measurement data to the mechanistic framework.

 We leverage a pilot use case from across the S20 continuum focused on PM2.5 inhalation
associated with wildfire smoke resulting in decreased lung function (Figure 2) to:
* Provide a focal study to guide expert discussion in S&T prioritization working groups study_subject
* Facilitate quantitative data integration to test interoperability

Defines what the assay is performed on; accepts:
* ModelSystem (in vitro)

* InVivoSubject (human/animal with metadata)
e PopulationSubject (cohort-level data)

Describes the treatment or stressor applied.
has_exposure_condition ¢ Records exposure agent, concentration, duration, and timing
e Supports multiple exposures (e.g., dose—response or co-exposure)

References protocols describing methodology.
follows_protocols * Accepts Multiple protocol types (e.g., imaging, staining)
* May include sub-protocols

References measurement results (AssayOutputMeasurement).
e Separates results (output) from assay context (method and subject)

PM2_5 Exposu re Inhaled PM2_5 Mechanistic Data Decnl':eased Lung Table 2: components of the Assay class
unction

has_specified output

Figure 2: PM2.5>Decreased lung function use case
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* We created a companion class, AssayOutputMeasurement (mapped to IAO:0000109)° to provide
the scaffolding for measurement results.

Figure 3: Preliminary AOPBN for pilot use case. MIE (Molecular Initiating Event), KE (Key Event), e Each domain-specific daSSay has a Assay
EGFR (Epldermal Grow’Fh F.actor- Receptor), (.ZI:TR (Cystic Fibrosis Transmembran(.e.Conductance), paired output class that extends
ASLH (Airway Surface Liquid Height), CBF (Ciliary Beat Frequency), MCC (Mucociliary Clearance).
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* We implemented an Adverse Outcome Pathway Bayesian Network3# (AOPBN) model for the / | _ \ .
follows_protocols  has_exposure_condition has_specified_output informs_on_key_event  study_subject
biological pathway response/outcomes portion of a use case (Figure 3). v v v VO v
. . Protocol ExposureCondition CiliaryFunctionOutput KeyEvent StudySubject
 Within the AOPBN model:
 Nodes are measurable KEs with defined states of activity. —

* Edges are conditional probability tables describing the relationships between KEs.
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* \We constructed an AOPBN using literature data to build Bayesian regression models’, then simulated data
variability to generate conditional probability tables (Figure 6).
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Figure 6: Example conditional probability
table construction for select Key Events.
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« The assembled AOPBN enables probabilistic prediction of KEs based on input states; in the severe
example below, an individual would have a 12% chance of decreased lung function (Figure 7).

* Where necessary, we made and documented scaling assumptions to align data sources with missing
or incomplete metadata.

Figure 7: Example AOPBN prediction of
node states resulting from high oxidative

stress and increased EGFR expression. Blue
bar charts show the relative probability for

different states at each
results are preliminary.
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Our use case demonstrates how integration of disparate data sources across multiple domains is
critical to next-generation, quantitative applications in EHS

Approachable S&T promotes FAIR (Findable, Accessible, Interoperable, Reusable) principles, enhancing
data integration and facilitating the use of emerging tools like Artificial Intelligence.

We developed an adaptable model schema, available here: https://github.com/EHS-Data-Standards

Next steps in this work will continue to expand standard schemas across the S20 continuum, focusing
on dosimetry and exposure.
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