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BACKGROUND AND RATIONALE.
The advent of high content screening (HCS) created explosive opportunities to measure phenotypic 
endpoints for target and drug discovery in biological models.  HCS yields multifaceted data that 
provides critical insights into mechanisms of action, as well as compound pharmacology and 
toxicology.  However, these large datasets are often analytically overwhelming.  We utilized the 
cloud-based data analytics tool HC StratoMineR for HCS data analysis.  We selected a publicly 
available small molecule screen that was originally performed by the Connectivity Team, wherein 
A549 cells were treated with ~1,500 compounds with 6 doses in 5 replicates.  The Cell Painting 
assay was used for phenotypic profiling. All image data and extracted numeric features from the 
screen can be found at the Github data repository.  We show that HC StratoMineR can select 
relevant features, and perform dimensionality reduction and unbiased hit picking.  When 
combined with IC StratoMineR, phenotypic dose response curves for all compounds can be viewed, 
and this information can further refine hit selection. Here, we show two hits of interest; AZD2014, 
an mTOR inhibitor, and YM155, a Survivin inhibitor.  IC StratoMineR detects their effective doses at 
3.33 nM and 0.12 nM respectively.  Moreover, Euclidean distance scoring in HC StratoMineR 
identified other compounds with similar MOA as AZD2014, such as Erlotinib, an EGFR inhibitor.  
Our results demonstrate that HC and IC StratoMineR can be used hand-in-hand to identify hits, and 
provide important biological information for hit prioritization.  

Experimental Parameters 
Cell Line: A549
Plate Format:  384-well
Number of Plaes: 40
Number of Replicates:  5
Number of Treatments: 72
Number of Doses Tested:  6 
Number of Features: 1748
      

REMOVE UNWANTED FEATURES.

PLATE NORMALIZATION, TRANSFORMATION AND SCALING.

DIMENSIONALITY REDUCTION DETECTS 18 PRINCIPAL 
COMPONENTS.

Figure 2. HC StratoMineR uses Spearman’s rho correlation coefficient to identify useful features for this 
experiment (two examples were shown with maximum of 850 features allowed)). Further features were 
eliminated based on distribution curves; features with uniform distribution curves (A.) are rejected, and 
those with normal distribution curves (B.) are accepted.
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Figure 4.  To account for variations between plates wells were normalized against the median 
of negative control.  Heavily skewed variables were detected and transformed.  All data were 
scaled using a robust Z-score.  Scatterplots of un-normalized (top) and normalized plates 
(bottom) are shown.  

Figure 5.  Due to the large number of 
features, HC StratoMineR performs 
dimensionality reduction to reduce the 
complexity of the data.  This is useful 
for three critical reasons: 1) reduces 
computational load, 2) reduces 
redundancy, and 3) reveals the biology 
behind the data by highlighting 
important features. A.  A Scree plot was 
generated by the HC StratoMineR that 
suggested 18 principal components.  B. 
A loading plot showing one of the 
principal components, with significant 
features that influences the principal 
component labelled.  C. and D.  
Correlation plots of all features before 
data reduction (C.) and after data 
reduction (D.) 

Figure 1.  The Cell Painting Assay is a target agnostic phenotypic profiling method 
that can be used to profile bioactive molecules (Bray et al. 2016). 
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EUCLIDEAN DISTANCING SCORING IDENTIFIES A 
NUMBER OF HITS.  

Figure 6.  A.  3D scatter plot shows interactions between data points in relation to 3 different principal 
components or features.  This is useful to identify samples (blue circles) that clustered with positive 
controls (green circles) or Bortezomib (purple circles), and may therefore have similar MOA.  B.  
Unsupervised hit selection calculates Euclidean distance scores for all wells calculated from the median 
of the negative controls with p < 0.05.  Hit rate of 22.6% with >100 hits.  C.  A few hits selected from a list 
of 236 possible hits.

CLUSTERING ANALYSIS IDENTIFIES OTHER GROUPS OF 
COMPOUNDS.

Figure 7.  Hierarchical clustering analysis of hits reveals other clusters containing NFkB inhibitors, PLK 
inhibitors, and CDK inhibitors.

DOSE RESPONSE CURVES ARE GENERATED TO GIVE 
FURTHER INSIGHTS TO HITS OF INTEREST.

Figure 8.  From the hit list shown in Figure 7 C., we used IC StratoMineR to calculate the dose response 
curves for all the compounds. IC50 curves of AZD2014 (mTOR inhibitor; A.), and YM155 (Survivin 
inhibitor; B.) are shown.

EUCLIDEAN DISTANCING SCORING IDENTIFIES A 
NUMBER OF HITS.  
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Figure 9.  Re-assigning the plate map back in HC StratoMineR allows visualization of the hits of interest.  A.  
A 3D scatter plot shows that AZD2014 is significantly different from the negative controls in different 
features compared to YM155; thus, indicating different mechanisms of action.  B.  A scatter plot of 
Euclidean distance score for AZD2014 (at 3.33 nM) and YM155 (at 0.12 nM) demonstrate  significant 
distances from the negative controls. 

https://github.com/broadinstitute/lincs-cell-painting
Bray MA et al., 2016 Nat Protoc. Sep 11(9): 1757-1774.
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Figure 10. A.  Euclidean distance scores from HC StratoMineR can be used to compare samples from hits of 
interest to find other compounds with similar MOA.  Distance scores of samples were re-calculated relative 
to AZD2014, a mTOR inhibitor.  B.  Euclidean distance score list was ranked from closest to furthest from 
AZD2014.  Erlotinib, an EGFR inhibitor, can be found scoring close to AZD2014.  C.  EGFR-mediated signaling 
pathway includes mTOR as a downstream target.  D.  Erlotinib significantly decrease phosphorylation (and 
activation) of p70S6K, a downstream target of mTOR, in human myeloid KG-1 cells.  E.  EGFR inhibitor 
significant decreases mTOR protein activation and subsequent p70S6K phosphorylation in EGFR-sensitive 
H3255 lung adenocarcinoma cells.  Modified from Kjell J et al.  2014 Spinal Cord 52: 186-190; Boehrer S et al. 
2011 Cell Cycle 10: 18, 3168-3175.  Karachaliou N et al.  2015 Sci Rep 5: 17499. 
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