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Parkinson's Disease (PD) is one of the most prevailing neurodegenerative disorders. Novel computational
approaches are required to find new ways of using the existing drugs or drug repositioning, as currently
there exists no cure for PD. We proposed a new bidirectional drug repositioning method that consists of
Top-down and Bottom-up approaches and finally gives information about significant repositioning drug
candidates. This method takes into account of the topological significance of drugs in the tripartite
Indication-drug-target network (IDTN) as well the significance of their targets in the PD-specific protein—
protein interaction network (PPIN). 9 non-Parkinsonian drugs have been proposed as the significant
repositioning candidates for PD. In order to find out the efficiency of the repositioning candidates we
introduced a parameter called the On-target ratio (OTR). The average OTR value of final repositioning

candidates has been found to be higher than that of known PD specific drugs.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

Parkinson's disease (PD) is one of the most prevailing neuro-
degenerative disorders. It is the second most common degenerative
disorder after Alzheimer's disease, affecting more than 1% of those
over the age of 55 years and more than 3% of those over the age of
75 years [1]. PD is characterized by tremor, muscle rigidity, and
slowed movement (bradykinesia). The motor symptoms of PD
result from the death of dopamine generating cells in the sub-
stantia nigra, a region of the mid brain. Development of new drugs
is essential, as currently there exists no cure for PD.

Conventional method of drug design is a prolonged process and
most of the drugs fail during the development [2]. Growing evi-
dences suggest that drug repositioning, i.e. finding new indications

Abbreviations: PD, Parkinson's disease; IDTN, indication-drug-target network;
PPIN, protein—protein interaction network; Ggeno, Set of genes provided by Geno-
tator; Gpoly set of genes provided by PolySearch; Gpes, set of genes provided by
Pescador; Ggpay, final set of PD-related marker genes; Dgpa, final set of drugs
considered in our study; GCC, giant connected component; OTR, on-target ratio;
TPD, number of PD-specific targets of a drug; Tyea, actual number of targets of a
drug.
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for approved drugs, could be one of the most cost- and time-
effective strategies to cope up with this problem [3]. An advan-
tage of drug repositioning is that since the drug has already passed
a significant number of validation tests, the risk of failure due to
toxicity is reduced [4]. Currently many works exist on systematic
drug repositioning [5—7]. In general, methods for systematic drug
repositioning are either based on similarity of diseases or based on
similarity of drugs [8]. Chiang & Butte [5] devised a method to
reposition drugs based on the similar therapies shared by two
diseases. Yang & Agarwal [6] proposed a method based on the
common occurrence of clinical side effects. Supervised inference
methods such as network-based inference have also been used to
construct drug-target network (DTN) in order to predict drug-
target interactions and infer repositioning candidates [7]. Howev-
er a combination of similarity-based and network-based approach
is rarely examined. Concepts of network science need to be effi-
ciently combined with traditional similarity-based repositioning
techniques in order to find the best possible repositioning candi-
dates for a disease. Recently, Fukuoka et al. [8] devised a two-step
drug repositioning method based on protein—protein interaction
networks (PPIN) of genes shared by a pair of diseases and the
similarity of drugs shared by the diseases. However, they did not
take into account of the topological significance of target proteins
in the PPIN that is an important virtue with respect to drug-target
interaction prediction. A drug targeting a topologically significant
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node in PPIN can be considered a promising candidate for
repositioning.

In this context, we propose a bidirectional drug repositioning
method which takes into account of the significance of drugs in the
tripartite Indication-drug-target network (IDTN), as well as the
significance of the drug targets in the PD-specific PPIN. This method
contains Top-down and Bottom-up approaches. First, we con-
structed an IDTN consisting of PD-related marker genes, non-
Parkinsonian drugs and pharmacological indications associated
with them. Subsequently we constructed a PPIN consisting of PD-
related marker genes. In the Top-down approach, we analysed
the IDTN to find out highly connected drugs and then analysed the
PPIN to find out the significance of proteins which are targeted by

these drugs. In the Bottom-up approach, we started with the
analysis of the PPIN to find out the topologically significant proteins
and subsequently analysed the IDTN to find out the highly con-
nected drugs associated with these target proteins. Combining
both the approaches, it was observed that 9 non-Parkinsonian
drugs viz., Diethylstilbestrol, Erlotinib, Lidocaine, Dasatinib, Nifed-
ipine, Testosterone, Sorafenib, Nicardipine and Melatonin showed
high connections in the IDTN as well as their target proteins
showed high topological significance in the PPIN. Moreover these 9
drugs have higher average OTR (On-target ratio) value than the
average OTR value of PD related drugs (0.61 vs 0.36). Thus these 9
drugs were proposed in our study as the most significant reposi-
tioning candidates for PD.
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Fig. 1. Work flow of our study.
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