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Abstract²A major challenge in modern breast cancer 

treatment is to unravel the effect of drug activity through the 

systematic rewiring of cellular networks over time. Here, we 

illustrate the efficacy and discriminative power of our 

integrative approach in detecting modules that represent the 

regulatory effect of tamoxifen, widely used in anti-estrogen 

treatment, on transcriptome and proteome and serve as 

dynamic sub-network signatures. Initially, composite networks, 

after integrating protein interaction and time series gene 

expression data between two conditions (estradiol and estradiol 

plus tamoxifen), were constructed. Further, the Detect Module 

from Seed Protein (DMSP) algorithm elaborated on the graphs 

and constructed modules, ZLWK�VSHFLILF� µVHHG¶�SURWHLQV�XVHG�DV�

starting points. Our findings provide evidence about the way 

drugs perturb and rewire the high-order organization of 

interactome in time. 

I. INTRODUCTION 

Recent systems biology studies have shifted their interest 
to rationalize complex diseases, from analyzing individual 
biological components to networks of molecules. 
Accumulating evidence suggests that alterations in the 
apparent modularity (i.e. the existence of interacting, 
separable and functional groups of genes/proteins) governing 
these networks enable the identification of sub-network 
disease biomarkers. These graph-theoretic approaches 
assisted significantly in the comprehension of cancer 
pathogenesis, progression and metastasis [1], establishing 
thus the necessity of the Systems Biology field in clinical 
practice (Systems Medicine). The ultimate goal of Systems 
Medicine is to provide diagnostic and prognostic biomarkers, 
identify disease subtypes and set the optimized treatment, 
leading thus to a better and more personalized medicine. 

The motive of this study is multifarious; the main intrigue 
lies in the fact that the majority of breast cancer patients that 
express estrogen-receptor alpha (ER.) usually undergo 
tamoxifen treatment, with no good outcome in all cases; also, 
obscure remains the scene where similar gene expression 
patterns among patients with regard to known gene markers 
cannot guarantee similar phenotype (i.e. disease outcome). 
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Late studies implicated that alterations in gene expression 
might perturb the higher-level organization of the 
interactome, affecting so the disease outcome [2]. To 
investigate this hypothesis, we explored how the temporal 
dynamics of transcriptional behavior in a specific treatment 
scheme (estradiol and estradiol plus tamoxifen) reforms the 
protein interactome. Our target was to reveal how 
interactome µDUHDV¶��LQ�WKH�IRUP�RI�PRGXOHV�VXE-networks, are 
perturbed in response to drug over time. To achieve this goal, 
we integrated gene expression and protein-protein interaction 
(PPI) data, a strategy recently established as fruitful in 
providing information of specific genes/proteins on disease-
specific pathophysiology. Towards this orientation, many 
studies have combined multiple data types [3, 4]; works like 
[5] scored pathways based on the similarity of the expression 
values of the participating pathway genes. For example, 
interesting studies like [6] detected sub-networks of highly 
co-expressed genes on the protein graph by starting from a 
random gene with the use of a greedy algorithm, which 
cannot guarantee completeness. Other studies like [7] 
integrated gene expression, PPI and phenotype data to 
identify dense modules with the provision of incorporating 
additional constraints from a variety of datasets. However, 
this approach is primarily designed for finding protein 
complexes from protein interaction data, is sensitive to gene 
expression noise and promotes the detection of dense 
modules. 

In this paper, we illustrate the efficacy of our integrative 
methodology [8] in capturing the dynamic modular 
transitions in response to tamoxifen. To achieve this goal, we 
reinforced the protein graph structure, via weighting scheme, 
with time series microarray data descending from an in vivo 
study [9]. Next, the Detect Module from Seed Protein 
(DMSP) algorithm defined modules on the composite protein 
network starting from specific µVHHG¶�SURWHLQs. An important 
feature of this algorithm is that the overlaid gene expression 
information, in the form of weight, reassures the entrance of 
certain interactions into the modules, even if they are not 
favored by the topology. Also, DMSP saves many 
interactions among proteins that interact closely (e.g. 
complexes) even if they show dissimilar or inverse 
expression trends, through the rest weighted neighbors of 
such an interaction. 

Our time-evolving modules report that the response to 
tamoxifen is a highly dynamic process and raise several 
biological questions regarding the recruitment of several 
known pathways. Finally, our findings corroborate towards 
the integration of heterogeneous data and the detection of 
discriminative temporal sub-networks that serve as hallmarks 
of disease-specific states. 
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