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Impact Analysis Approach to Pathway Analysis 

Pathway analysis of expression profiling data has the capability of 
providing a comprehensive understanding of the mechanism of drug 
actions and resistance at the molecular level. Most pathway analysis tools 
are limited in predicting drug response by using enrichment-based 
methods. These methods identify underlying molecular changes upon drug 
treatment based on expression changes in the targeted gene or protein; 
however, they fail to characterize the propagated effects of inhibition of 
these targets. We will demonstrate that the Impact Analysis approach to 
pathway analysis of gene expression profiling data provides a 
comprehensive approach to assess therapeutic response by predicting 
downstream propagated effects of the measured molecular changes 
between the treated and untreated phenotypes. We will establish the utility 
of this method by using publicly available data (GSE55050) of measured 
gene expression changes in response to single agent treatment with a 
MEK1/2 inhibitor, selumetinib, and a dual PI3K/mTOR inhibitor, BEZ235, 
and in combination, in melanoma cells. Our results using Impact Analysis 
indicate that: 
•  Cell cycle pathway, independent of the described molecular targets of 

the candidate drugs, is the most significant pathway in response to 
combination treatment, as compared to treatment with either agents 
alone.  

•  Inhibition of cell cycle is driven by the propagation of coherent signaling 
cascades that were not measured in the gene expression profiling data 
itself.  

•  Gene ontology analysis corroborates pathway analysis results as 
ribosomal RNA processing that regulates cell cycle progression is the 
most significant biological process in combination treatment, which is 
insignificant in single agent treatments.    

  
  

Cell Cycle Pathway is the most significant pathway in 
combination treatment as compared to single agent treatments. 

METHODS
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PF(g) – perturbation factor of gene g  
α - a priori type of impact expected from that gene 
ΔE(g) – change in expression level of gene g  
USg – set of genes directly upstream of g 
Nds (u)  - number of genes directly downstream of u 
βug - efficiency of the connection between u and g 
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Combined Significance Threshold  

Impact analysis uses two types of evidence: i) the 
over-representation of differentially expressed genes 
in a given pathway (pORA) and ii) the perturbation of 
that pathway computed by propagating the measured 
expression changes across the pathway topology 
(pAcc). These independent probability values are then 
combined in a unique global p-value, and any 
pathway above the combined significance threshold is 
considered significant. 

a)  A schematic of the most common signaling pathways 
dysregulated in melanomas with the direct targets of 
the inhibitors used in this study. 

 
b)  The overall strategy to predict drug response. 

Expression profiling is performed on treated and 
control samples. Each sample is further analyzed, 
after which differential expression between treated 
and untreated phenotypes is determined. Results 
from pathway analysis of differential expression using 
coherent propagation of measured signaling 
changes, provides a rational prediction of the 
molecular effects of the drug treatments. 

RESULTS

Impact on Cell Cycle Pathway driven by Perturbation 

Analysis of Biological Processes supports the Predicted Impact 
on Pathways   

Gene ontology analysis of significant biological 
processes in single agent treatment vs. combination 
treatment using iPathwayGuide meta-analysis 
indicates that ribosomal RNA processing is the most 
significant biological process in combination treatment 
as compared to single agent treatment. The amount of 
ribosomes produced regulates cell cycle progression 
via G1/S transition in cells, which agrees with the 
predicted effects on G1/S transition by using Impact 
Analysis approach to pathway analysis.  Moreover, 
positive regulation of apoptosis becomes more 
significant in combination treatment as compared to 
single agent treatments. 

Ø  Impact Analysis approach to pathway analysis, using the propagation of coherent 
cascades, is a valuable tool to predict drug response. 

Ø Perturbation analysis identified that the combination of a MEK and PI3K/mTOR 
inhibitor results in a propagated increase in levels of Rb, a tumor suppressor that 
inhibits cell cycle progression.  Thus, our results advocate for the use of the 
proposed combinatorial therapy for treatment of melanomas. 
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A novel impact on cell cycle signaling, 
independent of the described drug targets, 
was identified in response to combination 
treatment as compared to single agent 
treatment using iPathwayGuide that uses 
the Impact Analysis approach to pathway 
analysis. To identify the differences in 
signaling impact amongst treatments, 
meta-analysis of pathways was performed 
using iPathwayGuide. 

Selumetinib BEZ235 Combination 

a) 

b) 

Portion of the cell cycle pathway map for each treatment containing genes (Cyclin D, CDK4/6, Rb, E2F) 
involved in melanoma progression, overlayed with the computed perturbation of each gene. Perturbation 
accounts both for the gene's measured fold change and for the accumulated perturbation propagated from 
any upstream genes. The highest negative perturbation is shown in dark blue, and the highest positive 
perturbation in dark red.  

a) 

Expression changes in genes involved in progression of melanoma for single agent and combination 
treatments. For each gene, the evidence used to determine expression change is described. Combination of 
a MEK and PI3K/mTOR inhibitor resulted in inhibition of the G1/S transition of cell cycle via the measured 
effect on candidate genes such as CDK4/6, Cyclin D, and downstream propagated effect on the tumor 
suppressor, Rb. These results advocate for the use of a combinatorial strategy using selumetinib and 
BEZ235 for treatment of melanoma. 
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A schematic of the most common 
s igna l ing pa thways invo lved in 
melanoma progression. Rb is a well 
known tumor supp resso r o f t en 
inactivated in melanomas. Results from 
our proposed method of predicting 
t h e r a p e u t i c r e s p o n s e t h r o u g h 
perturbation analysis suggest that 
combination treatment results in up-
regulation of Rb, that may result in 
inhibition of cell cycle progression and 
resulting cell death in melanoma cells.   

Drug Combination 
Impact  

b) 

c) 

Define the therapeutic response of single agent versus 
combinatorial treatments in melanoma. 

SIGNIFICANCE
Pathway analysis via propagation of coherent cascades provides an effective 
tool to predict therapeutic response, and facilitate discovery of effective and 

rational multi-targeted drugs and drug combinations. Importantly, it is 
broadly applicable in the characterization and defining of molecular 

signatures of diseases, conditions, tissue subtypes, etc. 


