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With the exponential growth of expression and protein-protein interaction (PPI) data, the frontier 
of research in systems biology shifts more and more to the integrated analysis of these large 
datasets. Of particular interest is the identification of functional modules in PPI networks, sharing 
common cellular function beyond the scope of classical pathways, by means of detecting 
differentially expressed regions in PPI networks. This requires on the one hand an adequate 
scoring of the nodes in the network to be identified and on the other hand the availability of an 
effective algorithm to find the maximally scoring network regions. Various heuristic approaches 
have been proposed in the literature.  Here we present the first exact solution for this problem, 
which is based on integer-linear programming and its connection to the well-known prize-
collecting Steiner tree problem from Operations Research. An essential ingredient of our 
approach is a scoring function defined on network nodes. We propose a new additive score with 
two desirable properties: (i) it is scalable by a statistically interpretable parameter and (ii) it 
allows a smooth integration of data from various sources.  We apply our method to a well-
established lymphoma microarray dataset in combination with associated survival data and the 
large interaction network of HPRD to identify functional modules by computing optimal-scoring 
subnetworks. In particular, we find and extend functional interaction modules associated with 
proliferation overexpressed in the aggressive ABC subtype as well as modules derived from non-
malignant by-stander cells. 
 


