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Abstract

We introduce the new concept of graph-node centrality mea-
sure based on feedback loops (elementary cycles) in cellular sig-
naling networks in order to identify key genes/proteins that are
essential for the malignant cellular behavior. Our hypothesis is
that the essential nodes participate in many feedback loops (el-
ementary cycles). We expect our feedback loop centrality scores
may help to direct experiments to genes and complexes that most
probably play a crucial role in drug resistance and invasion. Feed-
back loop centrality involves counting/enumerating all elemen-
tary cycles the node is participating in. Moreover, we suggest an
optimization for cycle counting procedure on cellular networks.
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1 Introduction

Malignant cells exercise a robust behavior that is deleterious for the
organism [1]. The general goal of our research is to reveal the key
mechanisms responsible for the robustness of malignant cellular behav-
ior. In order to solve this task, we apply discrete mathematics to study
the structural and the dynamical properties of cellular signaling net-
works associated to cancers. For a review on using graph theory to
study cellular networks we refer for instance to [2].
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On the level of cellular networks, the robustness is in a great part
due to feedback control loops [6]. Feedback loops play a decisive role
in maintaining cellular functions in the face of internal or external
uncertainties. Thus, we hypothesize that by destroying major part
of feedback loops in a cellular signalling network we may compromise
the robustness of its characteristic behavior. This idea enables us to
predict the essential nodes in a cellular network by considering number
of feedback loops they participate in.

In this paper, we propose a new centrality score to measure the ”im-
portance” of a network node basing on the number of elementary cycles
it is participating in and also an idea of a cycle enumeration method
optimized specifically for cellular networks. This work is presented in
details in [5].

2 Compressing cellular networks

Formally, a cellular signaling network may be represented as a directed
graph G = (V,E) with nodes standing for the network’s component and
directed edges standing for the interactions [2]. For more background
on graph theory and the notations we refer to [8].

A number of statistical studies on topological features of cellular
networks [2] have revealed that great part of networks found in nature
possess a number of groups of nodes that are connected to the same
neighbors, see for instance [3].

We can compress a cellular network represented as graph a G to
a network represented by G′ such that there is a bijection between
G and G′ in the following manner: each set of nodes S that share
same neighbors we substitute by a vertex pS and connect it to all the
neighbors of members of S.

As a consequence, the total number of paths, and hence, of elemen-
tary cycles in G′ can be much lower than in G. Figure 1 demonstrates
the idea.
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Figure 1. The original graph has 24 FBLs while the compressed graph
has only one FBL. Groups of nodes {n1.x}, {n2.x} and {n5.x} share
same neighbors and can be compressed.

3 Feedback loop centrality measure

The intuition behind our feedback loop centrality measure is as follows:
an important node participates in a great amount of feedback loops.

Computing FBL scores involves counting all FBLs in a network.
We have implemented Szwarcfiter and Lauer’s cycle enumeration al-
gorithm [7] in Java as an Anduril component [4] for directed graphs
(digraphs) with the time complexity O(n + m(c + 1)) and space com-
plexity O(n + m), where n is the number of nodes in a digraph, m is
the number of its edges and c is the total number of elementary cycles.

The problem of cycle counting/enumeration in a digraph is NP -
complete. We propose here an idea how to optimize cycle counting on
cellular networks: instead of counting cycles on a graph G representing
a cellular network, we can count cycles on compressed graph G′, then
derive information about cycles in the original graph G basing on cycles
from its compressed version. This optimization, however, remains to
be developed.
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