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1. Supporting Materials and Methods
1.1. Data Integration into the Unified Knowledge Space

The previously introduced Knowledge Graph framework, the Unified Knowledge Space
(UKS) was expanded with AOP data as well as additional sources of protein-protein
interaction (PPI) and transcription factor-gene associations. The UKS is managed in Neo4j v.
4 (https:// https://neodj.com/). A full list of data sources used in this study are presented in
Table S1.

Adverse Outcome Pathways and Key Events were downloaded from AOP-Wiki via their json
files. Relationships between Key Events were downloaded from AOP-Wiki as a .tsv file
(aop_ke_ker3.tsv). Data included in the annotation framework was downloaded in November
2020 and updated in October 2021. Each AOP was assigned its own node entity and its
associated Key Events were linked to it. Since the same KE can be mapped to multiple AOPs
and contain distinct Key Event Relationships (connections to other Key Events), an
AOP specific Key Event entity type was created in addition to the parent Key Event entities.
This allows to capture the individual relationships between KEs for a specific AOP, while
through their hierarchical relationship, shared KES/AOPs are still easily obtained. This data
schema is outlined in Figure S1. Known stressors for an AOP were also linked to their
corresponding AOP node(s) and labels denoting properties such as molecular initiating event
and adverse outcome were added as additional node labels to their corresponding (specific)
key event nodes based on the data retrieved from AOP-Wiki.

All the individual PPl and gene regulation data sets were mapped to their corresponding
Ensembl Gene IDs, which represent GENE nodes in the UKS (Figure S1). An edge was
added between two nodes, if it is present in at least one of the downloaded data sets. However,
to ensure transparency for each edge, all sources supporting it were added as an edge attribute.
These attributes can later serve as a reliability score to create a robust gene—gene network
(applies to the PPI data only) (1). Similarly, the collected gene sets (i.e., Pathways, GO,
Phenotypes) were added to the UKS as individual node types. They were linked to their
associated genes (Figure S1), and again, for each edge its supporting sources were retained.
Gene sets that may be similar but do not come from the same system were not merged, since
while they may be highly similar, there is no official one-to-one mapping between gene sets.
Hierarchical information between nodes, such as that present in GO and HPO were also added
to the UKS. Due to technical reasons previously explained in Pavel, del Giudice et al. (1), all
genes and their gene products have been mapped to Ensembl Gene IDs, and hence will be
referred to as GENE.
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Table S1: List of resources integrated into the UKS knowledge graph.

Data type
AOPs
KEs
KERs
Genes and

gene
products

Pathways

Phenotypes

Gene
ontologies
Chemical-

gene

associations

Protein-
protein
interaction

Transcription
factor - gene
interaction

Resource
Aop-Wiki
Aop-Wiki
Aop-Wiki
Ensembl

KEGG
WikiPathways
Reactome

Human Phenotype Ontology

KEGG disease
Gene Ontology

CTD

HIPPIE
HitPredict
HuRi
Hl-union
Lit-BM
Yang-16
HI-1I-14
PINA

MINT
InnateDB
KEGG
Reactome
PhosphoNetworks
SignalLink
STRING
Pharos
TRRUST
TransmirR
JASPAR
miRTarBase

Reference

https://aopwiki.org/aops.json

https://aopwiki.org/events.json

https://aopwiki.org

(2)

(3)
(4)
(5)
(6)
(3)
(7)

(8)

(9)
(10,11)
(12)
(12)
(12)
(13)
(14)
(15)
(16)
(17)
(3)

(5)
(18)
(19)
(20)
(21)
(22)
(23,24)
(25)
(26)


https://aopwiki.org/
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Figure S1. Data schema of the Unified Knowledge Space (UKS). Circles represent nodes
with examples of different node types included. Arrows denote directed edges while lines
without arrowhead correspond to undirected connections. Examples of relationships are
provided as a label to edges. Blue edges describe the connections introduced into the UKS for

AOP data.
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Figure S2. Key event (KE) annotation pipeline comprising natural language processing
technigues and manual refinement. Outline boxes describe the steps of the pipeline while
inputs and outputs are denoted as text and arrows. JIW = Weighted Jaccard Index.
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Figure S3. Viability of THP-1 cells exposed to 0-10ug/ml of bleomycin and 0-100ug/ul of
triclosan (control). Green points represent individual measures of cells exposed to bleomycin
with n = 12 at concentration Oug/ml and n = 6 for all other concentrations. Orange points
represent individual measures of cells exposed to triclosan as a control, with n = 12 at
concentration Opg/pl and n = 6 for all other concentrations. Letters represent statistical
categories from a tukey HSD posthoc test after ANOVA (Supplementary File 2). Boxplots
show means with 25th and 75th percentile boxes, and minimum and maximum values as
whiskers, with outliers represented by black points.
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Figure S4. mRNA expression of candidate biomarkers in THP-1 cells exposed to bleomycin
for 6, 24 and 72hrs. Each gene plotted as mean log2 fold change (FC) values, = SD, at 5
concentrations (pg/ml) of bleomycin exposure, relative to ACTB housekeeping gene
expression, normalized to bleomycin concentration Opg/ml (set to mean 0 log2(FC)). Orange
points represent individual measures with an n range of 3-5. The orange dashed lines
represent a fold change of 1.5 and -1.5 (log2(1.5) and —log2(1.5) respectively). Letters
represent statistical categories from a tukey HSD posthoc test after ANOVA (Supplementary
File 2).

Supplementary Files

Supplementary File 1. Excel file containing reference chemicals with ther CAS numbers and
groupings on the first sheet. Following sheets contain the top five enriched AOPs ordered by
adjusted p-value. Order of the sheets follow the order of the table on the first sheet.

Supplementary File 2. Excel file reporting the results of the WST and RT-gPCR experiments
together with the statistical analyses applied for the data on separate sheets.

Supplementary File 3. Excel file reporting the global rank of the pulmonary fibrosis (PF)
genes with the experimental data used for biomarker selection on the first sheet, and the
ranked gene lists for individual sheets for each PF KE on the following sheets.
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