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Motivation

Drug repurposing, or drug repositioning, has the aim of finding new indications for already
approved drugs. Compared to traditional drug discovery, it is a much less expensive
process, and it does not require long and dangerous clinical trials [1]. Thus, computational
approaches to relocate known chemical molecules have been increasingly used over the
years. The traditional drug development attempts to design chemical compounds for a
specific target, i.e. inhibiting or activating a certain protein, while drug repositioning
considers the overall effect of the drug [1]. For the purpose of drug repositioning, the
integration of several information, such as drug-target multiple associations and target
functionality, has a key role. We propose a network-based method to infer new indications
for existing drugs by adding data from heterogeneous databases to build a multi-layer
network.

Methods

We built a quadripartite network composed of drugs’ categories, drugs, proteins and bi-
ological pathways as nodes, and associations between such nodes as network edges. We
retrieved the data about categories-drugs, drugs-proteins and proteins-pathways connec-
tions from DrugBank [2], UniProt [3] and Reactome [4] databases, respectively. Adjacency
matrices of the network were factorized with the Non-negative Matrix Tri-Factorization
(NMTF) method [5]; thus, the result of the factorizations depends on the entire network.
We then reconstructed the adjacency matrix associating categories to drugs by using the
outputs of the NMTF, i.e. the first three factor matrices, in order to predict missing
categories-drugs links and, therefore, novel potential drug categorizations (drug reposi-
tioning). The reconstructed adjacency matrix has only positive elements; two nodes are
considered to be connected if the corresponding element of the matrix has value greater
than a threshold.

Results

Figure 1A shows the complete architecture of the constructed network; it includes 10
categories, 1,120 drugs, 1,012 proteins and 1,563 pathways. In order to test our method, we
randomly removed 10% of the category-drug links (Figure 1A). The NMTF reconstruction
of the category-drug relation matrix allows to restore categories-drugs links according to
the overall quadripartite architecture of the network. We applied different thresholds on
the elements of the reconstructed categories-drugs relation matrix to compute precision
and recall measures. The precision-recall curve (Figure 1B) shows that for a threshold 0.5
the precision and recall reach 1 and 0.81 respectively. For 0.6, the precision is still high
(equal to 1), but the recall decreases significantly, i.e., predicted links are always true links
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for 0.5, but their number decreases over the total number of true links when the threshold
tends to 1. For threshld values lower than 0.5, precision and recall lean towards their lowest
and highest value, respectively. Figure 1B shows also that our method outperforms other
traditional classifiers, such as Random Forest, Decision Tree and K-Nearest Neighbors
classifiers. Furthermore, our approach was able to find new drug indications not considered
in the DrugBank database, but confirmed in the literature.
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