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Chem 1 1 0 2.4 0 0 0 3.4 0.7 1 0 1 0 0 1 0 0

Chem 2 1 0 0 3.1 0.3 0 0.4 1.7 1 0 0 1 0 0 1 0

Chem 3 0 7.2 0 4.4 0 0.3 3.2 5.7 0 1 0 0 1 0 1 0

Chem 4 0 0 0 .09 0 0.5 0 0 1 0 1 1 0 1 0 1

Step 1) A dataset was created from 63 CP-active (CP(+)) 
chemicals (chemicals found either in ToxRefDB to cause 
CP  or in articles found in the biomedical literature) and 437 
CP-inactive (CP(-)) chemicals (chemicals that have been 
tested in developmental studies and that showed no CP).  
An array of data elements was constructed for each 
chemical. The arrays consisted of ToxCast gene scores [1] 
and chemotype information [2]. 
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Retinol 1 13.5
Dieldrin 1 12.0
Endrin 1 11.9
Aldrin 1 11.6
Bromuconazole 0 10.8
Tributyltin chloride 1 8.6
trans-Retinoic acid 1 8.2
Rotenone 0 7.7
Fenpyroximate (Z,E) 0 7.6
Chlorothalonil 0 6.7
Triflumizole 0 6.5
SSR126768 0 6.4
Tebufenpyrad 0 6.3
… > 50 more chemicals
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Cluster E: corticosteroids active at the glucocorticoid receptor

Cluster D: chemicals active at adenosine receptor and phosphodiesterase 10
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Prometryn 0 5.18 5.15
Caffeine 1 5.16 5.24
Cyanazine 1 5.12 5.08
Atrazine 0 5.08 5.16
Theophylline 1 4.86 5.18
Ametryn 0 4.80 4.86
Bromacil 0 4.72 0.00
Prometon 0 4.64 4.91
Deisopropylatrazine 0 3.34 4.96
3-Iodo-2-propynyl-N-butylcarbamate 0 3.05 0.00
Quercetin 0 3.01 0.00
Genistein 0 2.93 0.00
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Caffeine 1 5.16

Theophylline 1 4.86
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Chemicals that hit an adenosine 
receptor over 5.0 were likely to be 
CP(+), and chemicals that hit the 
phosphodiesterase receptor 10A were 
both CP(+).

Molecular

GPCR 
pathway 

disruption

Dysregulate
cAMP signalling

Phosphodiester-
ase

(PDE10)

Cellular Tissue Organ

Glycosamino-
glycan synthesis 

down

Dysregulated Small shelves 
do not meet 

and fuse

Palatal 
mesenchymal 

cell

Extracellular 
Matrix Palate

Cleft 
Palate

GPCRs

Disruption 
of retinoic 
acid (RA) 
signaling

Downregulate
TGFb/Smad

signaling

Disrupt
MMP2
MMP9

TIMP ratios

Cellular Tissue Organ

Disrupted ECM 
remodeling and 

breakdown

Inadequate 
hydration

Palatal shelves 
fail to grow & 

elevate 
properly

Palatal 
mesenchymal 
cell

Extracellular 
matrix Palate

Early in 
palatogenesis

Disrupted EMT, 
apoptosis, 
migration

Epithelial cell
Medial edge 
epithelium

Seam 
breakdown 
disrupted

Fails to fuse

Palate

Later in 
palatogenesis

Cleft 
Palate

RA 
receptors

Molecular
Chemicals with a 
gene score over 8.0 
are enriched for 
CP(+) chemicals.

Step 1) Create 
dataset

Step 2) 
Predict CP(+) 

and CP(-)

Unsuccessful –
try different 
approach

3) Focus on 
CP(+)actives by 
clustering and 

identifying core 
structure/ gene

4) expand 
to both 

CP(+) and 
CP(-)

5) Look for 
patterns that 

might be 
predictive 

6) Develop 
putative 

AOP

Results

Step 2) Weka data-mining software was used to build 
models to predict CP activity [3].  The models showed 
consistently low performance, even when resampling 
techniques were used to address the class imbalance.

Step 3) We then focused on the CP(+) chemicals only.  We 
clustered the CP(+) set using the same array of data 
elements used in the predictive modeling. Clustering was 
performed using Partek software and Pearson Dissimilarity / 
Ward’s method. Several small but clear clusters were 
apparent. For each cluster, we identified the feature of the 
cluster (gene or chemotype) that was common to the 
chemicals and informative.

Step 4) We took each of the features identified in Step 3 
and found all the chemicals (CP(+) AND CP(-)) that had that 
feature.  

Step 5) We then looked for patterns, either through sorting 
or clustering that would help predict CP activity in this 
restricted set of chemicals and features [4].

Step 6) Starting with the genes found to be common and 
informative in each cluster we used the biomedical literature 
to build putative AOPs.

Figure 1. Workflow

Figure 2. Illustration of modeling set construction

Figure 3. Clustering of CP(+) chemicals by gene scores and structural chemotypes. Scale represents range of gene scores (0-15). 
Chemotypes were scaled: 0 (not present) and 3 (present). 

Figure 4. 
Clustering of 
CP(+) and CP(-) 
chemicals with 
triazine ring.

Figure 5. 
Clustering of 
CP(+) and 
CP(-) 
chemicals that 
have 
adrenergic 
alpha 2B 
activity by 
gene scores 
and structural 
chemotypes.

Common feature: 
RARG gene score

CP(+) chemicals in the cluster:

Table 1. Expansion to 
CP(+) AND CP(-) with 
activity at RARG gene, 
sorted by the score. 
CP(+) highlighted in 
pink.

CP(+) chemicals in the cluster:

Common 
feature: 
triazine ring

CP(+) chemicals in the 
cluster:

CP(+) chemicals in 
the cluster:

Common 
feature: Gene 
score at 
adenosine 
receptors and 
PDE10A. Sorted list of  

CP(+) and CP(-) 
chemicals that 
hit the 
adenosine 
receptors and 
PDE10A.  
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• Through a methodology of zooming in and out around key data 
points in our dataset constructed from ToxCast gene scores and 
chemotypes, we were able to find the level where ToxCast gene 
activity and structure data correlated significantly with CP activity.  

• Using this ToxCast gene activity as a possible molecular initiating 
event and using the biomedical literature to support the 
relationships, we constructed putative adverse outcome 
pathways for CP.

Cleft palate (CP) is a birth defect that has been linked to both genetic and environmental factors. To characterize 
the potential molecular targets and biological processes across mechanistically diverse teratogens that cause cleft 
palate in animal studies, we mined the ToxCast high-throughput screening (HTS) database for chemical-assay-
structure relationships.  
Objectives:
• Describe patterns and linkages in the data that identify molecular activity that may be linked to CP.
• Elucidate a plausible AOP based on high-throughput literature mining and analysis.
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Corticosterone 1 9.61

Triamcinolone 1 9.57

Mifepristone 0 5.79

Cyproterone acetate 1 4.74

Testosterone propionate 0 3.79
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