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Abstract
Historically, pressure on nature brought about by ever-increasing human pollution and technological
advancement culminate in emergence and re-emergence of infectious and non-infectious diseases;
necessitating medications and drug discovery and development. The emergence of resistant
microorganisms and the emergence of new infections/disease conditions necessitate the production of
entirely new drugs or modification of the existing ones to increase their efficacy. The development of
novel medications is a very long and expensive process. There is a significant decrease observed in the
number of new drugs approved for clinical use in recent years showing inconsistency in the face of
scientific advances and research and development investment. Regardless of high investment and
enormous contributions, very few molecules showed promising results. However, finding novel indications
for existing drugs can be a useful method of reducing the developmental cycle of drugs. Repositioning
(also called repurposing) has been described as the practice of developing new therapeutic uses for drugs,
abandoned or drugs in development process, other than the initially intended or approved uses, except
for the circumstances in which the novel use is comparable to the original indication with dissimilar
pharmacological targets. This review aimed at looking into some of the available methods in drug

repurposing.
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Resume
Historiquement, la pression sur la nature provoquée par une pollution humaine et des progres
technologiques sans cesse croissants aboutit a '’émergence et a la réémergence de maladies infectieuses
et non infectieuses; nécessitant des médicaments et la découverte et le développement de médicaments.
L’émetgence de micro-organismes résistants et ’émergence de nouvelles infections /maladies nécessitent
la production de médicaments enticrement nouveaux ou la modification des médicaments existants
pour augmenter leur efficacité. Le développement de nouveaux médicaments est un processus trés long
et couteux. On observe une diminution significative du nombre de nouveaux médicaments approuvés
pour usage clinique au cours des dernicres années, montrant une incohérence face aux progres scientifiques
et aux investissements en recherche et développement. Malgré un investissement élevé et des contributions
énormes, tres peu de molécules ont montré des résultats prometteurs. Cependant, trouver de nouvelles
indications pour des médicaments existants peut étre une méthode utile pour réduire le cycle de
développement des médicaments. Le repositionnement (également appelé repositionnement) a été décrit
comme la pratique consistant a développer de nouvelles utilisations thérapeutiques pour des médicaments,
abandonnés ou en cours de développement, autres que les utilisations initialement prévues ou approuvées,
sauf dans les cas ou la nouvelle utilisation est comparable a Poriginal indication avec des cibles
pharmacologiques différentes. Cette revue visait a examiner certaines des méthodes disponibles en matiére

de réorientation des médicaments.

Mots clés: Découverte de médicaments; Réorientation des médicaments; Apprentissage automatique;

Maladies tropicales négligées; Médicaments orphelins
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Introduction

The history of the use of drugs is as old as human
existence. Historically, pressure on nature brought
about by ever-increasing human pollution and
technological advancement culminate in
emergence and re-emergence of infectious and
non-infectious diseases; necessitating medications
and drug discovery and development. The
emergence of resistant microorganisms and the
emergence of new infections/disease conditions
necessitate the production of entirely new drugs
or modification of the existing ones to increase

their efficacy.

The development of novel medications is a very
long and expensive process; however, finding
novel indications for existing drugs can be a useful
method of reducing the developmental cycle of
drugs (Zhao and So, 2017; Moreira de Oliveira
and Lang, 2018). Drugs that have been
repurposed can be in the market in a much shorter
period and are inexpensive. The advent of omics
(such as metagenomics, metabolomics and
transcriptomics) and its rapid growth, other
biomedical data in recent years, as well as
computational drug repurposing offers a quick,
inexpensive and organized means to determine
promising repositioning prospects (Zhao and So,
2017). Medications that are not initially indicated
for these diseases but with high predicted
probabilities were used for repurposing as they
are decent candidates for this purpose (Zhao and
So, 2017).

The customary drug development procedure can
be streamlined into two steps namely: Preclinical
and Clinical. The preclinical step is based on the
identification and molecule optimization,
determination and validation of specific
molecular target and the understanding of
pharmacological as well as the toxicological
implications via 7 vitro and 7n vivo models. This

step aims to acquire a novel chemical entity

having the capability to trigger a physiological
action (Moreira de Oliveira and Lang, 2018). The
clinical step is categorized into four subdivisions
namely phase I, which is conducted in volunteers
evaluating the rate of human tolerance of the
novel drug as well as determining their safety dose
(Brunton ef al, 2012; Moreira de Oliveira and
Lang, 2018). Phase II entails treatment efficacy
and safety in the case of particular pathology as
this is paramount for the continuity of the studies.
Phase III evaluates the toxicity and safety of the
novel chemical or drug, this is conducted in a
cohort of larger volunteer patients close to the
population for which the drug is intended, a
comparison between the new and the current
standard medication (Katzung ez a/., 2014; FDA,
2015). Phase IV is known as pharmacovigilance,
after which the drug has been approved. This
phase aims at a long-term assessment of certain
parameters which are not observed in the previous
phases as in the case of adverse reactions,
hypersensitivity and drug interaction (Brunton,
2012; FDA, 2015; Moreira de Oliveira and Lang,
2018).

Regardless of high investment and enormous
contributions, very few molecules showed
promising results (Moreira de Oliveira and Lang,
2018). Research showed that only one out of the
one million potential drugs has a profile entry in
clinical studies; however, it is susceptible to a
reasonable amount of failures. In the modern era,
major development failure in the clinical stage
occurs in phase II and III associated with safety
and efficacy (Harrison, 2016). There is a significant
decrease observed in the number of new drugs
approved for clinical use in recent years showing
inconsistency in the face of scientific advances
and research and development investments
(Moreira de Oliveira and Lang, 2018). This review
aimed at looking into all the available methods in

drug repositioning or repurposing.
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DRUG REPURPOSING/
REPOSITIONING

There is no consensus concerning the globally
acceptable term for drug repurposing as a result,
different terminologies such as repositioning,
reformulating, and combination have been used
by different researchers. Concerning these
inconsistencies found in literature, Mutrteira ¢# a/,
(2013) postulated a harmonized system of
nomenclature for drug repositioning,
reformulating, redirecting and combination.
Repositioning (also called repurposing, re-tasking,
re-profiling, or therapentic switching) has been
described as the practice of developing new
therapeutic uses for drugs, abandoned or drugs
in development process, other than the initially
intended or approved uses, considering ICD-10,
except for the circumstances in which the novel
use is comparable to the original indication with
dissimilar pharmacological targets (Murteira ez al,
2013; Moreira de Oliveira and Lang, 2018). Lee
and Kim (2016) opined that drug repurposing is
a direct application of polypharmacology.
Reformulation involves the development of novel
inventions for medicinal drugs by taking the
advantage of technological improvements
towards the release of active substances,
pharmaceutical forms and routes of
administration. The combination involves mixing
one or more drugs formally used as separate
treatment which is a tactic for recurrent drug reuse

in repositioning (Murteira ez al., 2013).

The practice of drug repositioning is well known
since the 1990s especially with the repositioning
of thalidomide, a medicine known for its disaster
when used as antiemetic in pregnant women as it
showed teratogenic effects resulting in the birth
of children with congenital deformities and its
withdrawal from circulation in that same decade.
However, Sampaio ¢t al., (1991) demonstrated
that thalidomide has selective inhibition of

tumour necrosis factor (INF- 00, cytosine found

in leprous patients with elevated levels.
Afterwards, this same drug was approved for the
therapy of erythema nodosum in leprous patients
by the Federal Drug Agency (FDA) (Wilkinson
and Pritchard, 2015; Vianna ez al., 2017). This
same drug was once more repositioned for the
therapy of refractory multiple myeloma (Singhal
et al., 2000; Ashburn and Thor, 2004).

Another instance of drug repositioning was that
of Sildenafil, a drug initially developed for
antianginal activity. The drug, however, showed
unsatisfactory cardiovascular effect but was also
reported for unusually strong and persistent
erections after usage. This drug was later
approved as Sildenafil (Viagra®) the following year
which later became a prominent medication for
the treatment of erectile dysfunction (Ashburn
and Thort, 2004). Furthermore, Sildenafil has been
recently repositioned again as an orphan
medication in the treatment of pulmonary
hypertension (Wilkinson and Pritchard, 2015;
Velayati ez al., 2016; Moreira de Oliveira and Lang,
2018). Other drugs that have been repositioned
include amantadine which was developed for
influenza ab initio but redirected for Parkinson’s
disease. Furthermore, zidovudine was developed
for cancer treatment. The drug was redirected
towards HIV/AIDS (Lee and Kim, 2016)

treatment.

SIGNIFICANCE OF
REPOSITIONING
A propelling factor behind drug repositioning is

DRUG

the extension of application line or patent life of
a drug thereby projecting investment return during
the development process coupled with a higher
rate of success and to further or continue its
marketability (Parsaud-Sharma and Zhou, 2012).
Additionally, some active molecules which might
have been developed for other indications may
be repositioned for the therapy of some neglected

or rare disease conditions, which are usually
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difficult to tackle due to financial reasons
(Sardana ez 4/, 2011). The estimated cost of
developing a new single drug is said to be US$800
million with a duration of about ten to seventeen
years while the cost of drug repositioning is just
a fraction and the duration is far lesser than the
formal duration as well as higher success rate
(Parsaud-Sharma and Zhou, 2012). An instance
is a statistical compilation reported which showed
that the gross revenue attributed to Thalidomide,
a repurposed drug indicated for multiple
myeloma, surpassed US$271 million in the year
2003 while Sildenafil or Viagra reached US$1.88
billion in the same year (Dudley e¢7 a/, 2011).

Furthermore, drug abandoning by pharmaceutical
companies can be eradicated as there will be
alternative indications even though the drug failed
clinical trials for formal indications coupled with
better financing for smaller companies; more so,
new illnesses can be treated quickly (Parsaud-
Sharma and Zhou, 2012). Conversely to the de
novo drug development, drug repurposing or
repositioning commences with known drug
candidates and therefore, a substantial volume
of data is available and accessible including the
history of use, pharmacokinetics, bioavailability,
toxicities including those that are common and
uncommon, proven procedures and dosage, all
of which are derived from phase I clinical trials
of new drugs. However, phase I clinical trials may
not be necessarily skipped and can be done to
establish maximum dosage that can be tolerated.
This dosage can be far higher than the standard
dosage used in the initial drug indication if it is
to reach oncological levels. If the repurposed
drug is to be used in untried drug combination,
there must be an establishment that there are no
undesired toxicities (Pantziarka ef al, 2014).

DRUG REPOSITIONING PROFILES
There are two major outlines to drug repurposing

or repositioning which are ‘On Target’ and ‘Off

Target’. The former deals with a known
pharmacological mechanism of a candidate drug
being applied to new therapeutic indications; in
other words, the molecules that act on the same
target in the treatment of different diseases (Koch
et al., 2014). An instance of ‘On Target’ is the
repositioning of finasteride which was initially
meant for the therapy of benign hyperplasia
because its pharmacokinetics leads to a reduction
in dihydrotestosterone, an active metabolite of
testosterone responsible for the growth of prostate
growth by inhibiting an enzyme known as 5-o¢
reductase enzyme. Meanwhile, the inhibition of
5-a¢-reductase enzyme by this drug also reduces
the bioavailability of dihydrotestosterone in the
scalp leading to the shrinking of the hair follicle
and so, finasteride is now subsequently used for
the therapy of male pattern baldness medically
known as alopecia; the drug has same target but

different therapeutic effects.

The ‘Off

pharmacokinetics and therefore, the target and the

Target’” entails unknown
mechanism of action are novel. This discovery is
based on serendipity and several computational
strategies employing several databases, algorithms
and molecular coupling (Vora ¢t al., 2016; Wiirth

et al., 2010).

METHODOLOGIES
REPOSITIONING

These methodologies can be classified into three

FOR DRUG

categories which are drug-oriented, target-oriented
and disease or therapy-oriented. The application
of these methodologies depends solely on the
quantity and quantity of the pharmacological,
toxicological as well as the biological information
(Jin and Wong, 2014).

The drug-oriented methodology involves the
characteristics of the molecule structure, off label
use data, adverse effects and phenotypic screening

being assessed. The screening is an approach to
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identifying molecules with biological effects in
cell/animal assays to determine compounds that
bring about some desired effect. This follows
traditional pharmacology where minute data is
available and until activities against phenotypes
are detected, studies are carried out to determine
the related biological targets (Moffat ¢z a/., 2017,
Moreira de Oliveira and Lang, 2018).

Target-oriented methods entails 7z vivo and in vitro
high content screening (HCS) and or high
throughput screening (HTS) of drugs for the
presence of a biomarker or protein of interest as
well as 7n silico screening of compounds from drug
libraries (Li et al, 2016; Bellomo ¢f al., 2017).
Target-based methods enhance the probability of
drug discovery since most targets are related
directly with disease mechanisms (Swinney,
2013). Conversely, if more disease information
is available, drug repositioning can be channelled
by diseases and or treatments, the information
given by genomics, metabolomics, proteomics, or
data about how drugs change phenotypes in
diseases. The major methods applied are
computational an example of which include
network and pathway analysis comprising the
construction of specific disease networks,
bearing in mind the key targets, and detecting
proteins linked to cell and metabolic pathways
of interest. These methods help to have the
understanding of the omics data, thereby allowing
the unravelling of disease pathways as well as
their pharmacological targets (Li and Lu, 2013;
Jin and Wong, 2014; Wu ez al, 2017).
Furthermore, some methods are based on
bioinformatics and chemoinformatics
incorporating a large data volume available for
drugs and diseases such as off-labe/ use, adverse
effects, drug chemical structures, target drug
networks, omics data, among others. These
methods include a handful of known information

that can improve the drug repositioning process

(Jin and Wong; Wu e al., 2017; Moreira de Oliveira
and Lang, 2018).

TOOLS IN DRUG REPOSITIONING

Pharmacological databases are resources of
importance for drug repositioning. They not only
accrue drug property data but also include
biological entities. Pharmacological data serve as
the bedrock of many computational approaches
(Xue et al,, 2018). DrugBank is a resource that is
both bioinformatics as well as cheminformatics
which combines drug data with broad drug target
information and many of the network-based
approaches function based on this database
achieving outstanding results (Génen e¢f al., 2012;
Wu ez al, 2014). Proteomics databases include
protein-protein interaction (PPI) networks. They
are essential resources for building heterogeneous
networks such as drug-protein-disease networks.
Munich Information Centre for Protein Sequences
(MIPS) is one of the famous proteomic databases.
Also, 2D topographical fingerprints and 3D
conformations are available chemical-based
database, as chemical information on drugs is
usually applied for the prediction of novel drug
structures. PubChem is also a database for
chemical molecules structures as the database
contains a large amount of 2D data that can be
employed to measure drug similarity and to
construct chemical networks (Bolton ez a/,, 2008).

Medical literature databases such as PubMed are
important tools for studies in drug repositioning
as large amounts of medical and biological
literatures containing novel biological entities
relation. It comprises over 27 million biomedical
literature citations from life science journals,
MEDLINE and online books. Furthermore,
citations may also include publisher websites and
PubMed Central links to full-text content (Xue e#
al., 2018).
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COMPUTATIONAL APPROACHES TO
DRUG REPOSITIONING

Systematic computational analyses are strong
approaches in drug repositioning, permitting the
prediction and identification of novel targets and
therapeutic indications (Kim, 2015). Due to their
ability to access large numbers of compounds
and data relating to the target disease,
informatics-based approaches can complement
and ease drug repositioning efforts systematically
(Kim, 2015). Computational repositioning
success is dependent on several components such
as the data quality and magnitude, appropriate
analytical tools and knowledge integration
derived from the analyses to ensure the effective
formulation of new opportunity for drug
repositioning (Kim, 2015). Several computational
methods are employed to identify novel drug-
disease connections including Transcriptomic
Approaches and Genome-Wide Association
Studies. Many of the available computational
approaches stand on the principle of gene
expression response of cell lines after treatment
or joining many types of information about
disease-drug relationships which can be
categorized from diverse viewpoints. An example
is the grouping of drug repositioning methods
by some researchers according to the biological
networks used while some classified it into two
types viz data-driven and hypothesis-driven
(Gonen et al, 2012; Xue et al,, 2018).

Xue et al., (2018) categorized computational
approaches into three categories viz network-
based approaches, text-mining approaches and
semantic approaches (Xue ¢ a/, 2018). The
network-based approaches are mostly used in
drug repositioning as it possesses the ability to
integrate multiple data sources. Some of these
include network-based cluster approaches stirred
by the fact that biological entities such as disease,
drug and protein in the same module of biological

networks share characteristic homology and

network-based propagation approaches (Xue ¢z al,
2018).

Network-based cluster approaches aim at
detecting many modules, also called subnetworks,
groups ot cliques making use of cluster algorithms
in relation to the topology structures of networks
(Xue ¢t al., 2018). These modules include diverse
associations such as drug-disease, drug-drug or
drug-target associations. The most common
network-based cluster approaches include
Density-based Spatial Clustering of Applications
with Noise (DBSCAN), Clustering in QUEst
(CLIQUE), statistical Information Grid (STING)
and Ordering Points to Identify the Clustering
Structure (OPTICS). However, they cannot
identify overlapping clusters (Xue ez al, 2018).
Other network-based cluster approaches include
k-meand-based network cluster algorithm,
Clustering with Overlapping Neighborhood
Expansion (ClusterONE). The network-based
propagation approaches have a workflow that prior
information propagates to some sub-network
nodes and all network nodes from the source node.
These methods have been proven to perform well
in identifying disease-genes, disease-targets and
disease-drug associations (Emig ef a/, 2013).
Local propagation approaches, in some cases, may
not make correct predictions as it only takes into
account partial information of the network (Mei
et al., 2012). Conversely, global approaches
perform better since it contains all information

from the entire network.

The networks in network-based approaches can
be divided into homogenous and heterogeneous.
An example of the homogenous network is the
construction of a disease pathway from protein-
protein interaction (PPI) network analysis. The
homogenous approaches are used to identify drug
targets involved with multiple pathways (Xue e#
al., 2018). Nonetheless, the PPI networks have a

limitation in that they only include information
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about protein without additional information. The
era of big data has brought about an accumulation
of various medical data such as drugs, diseases
and targets data which has made it possible to
construct heterogeneous networks in the
network-based approach (Xue ez al, 2018).
Heterogenous networks integrate multiple
information sources including genomes,
proteomes and metabolic pathways which
typically contain two-layer (disease-drug) or
three-layer (disease-drug-gene) associations (Wu
et al., 2013).

Text-mining-based approaches have been
developed to tackle the problem of extracting new
and essential biological entity relationships from
the literature. It was developed to mine new ideas
from scientific literature and detect links between
biological concepts or entities (Xue e# al, 2018).
Text mining (TM) has been defined as the
discovery employing computer, new, previously
unknown information by extracting information
automatically from various written sources
(Hearst, 1999). The biological text mining major
channel includes four phases namely biological
knowledge discovery (BKD), biological name
entry recognition (BNER), information retrieval
(IR) and biological information extraction (BIE)
Xue et al, 2018).

The Swanson ABC model is the foundation of
text mining in the medical fields which states that
if concept A is linked with concept B, and
concept B is linked with concept C, therefore,
concept A may have a novel link with concept C
(Xue ¢t al., 2018). On this concept of text mining,
many studies have applied text-mining techniques
in drug repositioning. The research employed an
approach to building disease-specific drug-protein
connectivity maps infusing network-mining and
text-mining where a disease-protein relationship
is first extracted from molecular interaction

networks via network-mining, after which drug

10

terms indirectly linked with certain diseases such
as Alzheimer’s disease were searched in PubMed
abstracts via text mining, In the final step, drugs
and proteins could be connected through drug-
disease or disease-protein associations (Li ef al,
2009). Consequently, diltiazem and quinidine are
hypertension and arrhythmia drugs respectively
but researchers have found that these drugs could
be used to treat Alzheimer’s disease (Xue ef al,
2018).

Semantics-based approaches workflow involve
three steps. First, biological entity relationships
which are extracted from previous information in
huge medical databases and is then used to build
the semantic network. Next, semantics networks
which is based on existing ontology are
constructed using the prior information in the first
step. Lastly, mining algorithms are aimed to predict
new associations in the semantic network (Xue e¢#
al., 2018).

NEGLECTED TROPICAL DISEASES

Neglected tropical diseases (NTDs) are various
groups of communicable diseases that are
prevalent in subtropical and tropical conditions
affecting over a billion people (Moreira de Oliveira
and Lang, 2018).

inadequate sanitation and living near infectious

People in abject poverty,

vectors, domestic animals and other livestock are
worst affected (Peeling ez al, 2017). These
neglected diseases include tuberculosis, malaria,
dengue fever which is of viral origin, Buruli ulcer
and other diseases caused by eukaryotic parasites
such as unicellular kinetoplastid protozoa or
multicellular helminths- flukes, tapeworms and
nematodes fall into this category (Wilkinson and
Pritchard, 2015).

These diseases are referred to as neglected since
those who need them are unable to pay the
economic cost of treatment without any vision
of recovering research and development costs.

Also, safety profile and/or effectiveness is pootly
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established as well as possible drug resistance.
Additionally, there is a very low commercial
interest in developing medications for the therapy
of these conditions as a result of the difficult and
time-consuming nature, associated risks and poor

return on investments (Berenstein ez a/, 2010).

Some of the specific challenges of repurposing
approach when applied to Neglected Tropical
Diseases (NTDs) field include throughput. High-
throughput biologically pertinent screening assays
do not exist while the few hundreds of
compounds available for screening match the low
throughput of some biologically pertinent
phenotypic screens such as those phenotypic
screens for parasitic nematodes. Drug target is
another specific challenge in the field of NTDs.
This is because many causal agents of these
diseases are eukaryotic. There is a true possibility
that overlap exists between classes of drug target
in the pathogens and the diseases targets in
pharmacological pipelines and important
pathogen targets are unveiled empirically.
Struggles to select possible targets by

computational methods continue (Li ¢f a/, 2011).

However, screening arrays of compounds active
on mammalian targets has been proven to be
productive. This is seen in the discovery of
cysteine proteases inhibitors, HMGCoA
reductase, as well as a range of kinases. Cysteine
proteases have significant functional roles in
eukaryotic pathogens; mammals would have
serine proteases in place of cysteine proteases in
some biological settings (Wilkinson and Pritchard,
2015). Mammalian capthesins are potent
inhibitors against Trypanosoma crugi causing
Chagas disease, Plasmodium spp. causing malaria,
and hookworm (Rosenthal ¢ 4/, 2002; Vermeire
et al., 2012).

Studies have shown thatf-hydroxy-g-glutaminyl-
CoA (HMGCoA) reductase inhibitors are active

11

against schistosome parasites, however, more
researches are ongoing (Vandewaa ez al., 1989;
Chen et al, 1990). Mote so, the employments of
kinase inhibitors in the treatment of oncological
origin have shown to be promising targets in
parasitic protozoa having related kinases as in the
case of kinetoplastid protozoa (Urbaniak ez al,
2012).

Another successful drug repositioning on drug
target networks (DTNs) include Miltefosine,
initially developed as an antineoplastic compound
but failed as it showed no satisfactory effect in
phase II clinical trials was limited to topical therapy
of cutaneous metastases is now repositioned for
the therapy of visceral leishmaniasis (Barratt and
Frail, 2012; Verhaar ¢t a/l., 2014; Moreira de
Oliveira and Lang, 2018). Also, amphotericin B,
a drug formally developed for the treatment of
systemic fungal infections but has been
repositioned for the treatment of visceral
leishmaniasis which was approved and supported
by the phase IV clinical safety data accrued by
the time of use as an antifungal (Barratt and Frail,
2012).

Zika virus has been a major menace in the class
of NTDs facing Brazil amongst others such as
dengue fever and chikungunya. Zika virus is
associated with severe birth deformities and
Guillain-Barré syndrome and there has not been
an antiviral agent approved for the therapy of the
viral infection (Moreira de Oliveira and Lang,
2018). Nonetheless, some drug repositioning
researches have shown that screened FDA
approved drugs for antiviral activity is a promising
strategy for identifying drugs with novel activity
for Zika virus infection (Tabata ¢# a/., 2016; Xu et
al., 2016). Sofosbuvir (SOF) has been approved
by the FDA for the therapy of hepatitis C which
targets viral RNA polymerase, a common protein
between hepatitis C and Zika virus. Also,

sofosbuvir has been shown to exhibit protective
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activity for human neuronal progenitor cells and

a reduction of viral load both 7z vivo and n vive

(Mesci et al, 2018).

Another promising drug repositioning evidence
is the repositioning of a dopamine D, receptor
antagonist (prochlorperazine) approved for the
therapy of headache, nausea and vomiting in
humans showing strong 7 vivo and 7n vitro activity
against dengue virus infection by targeting viral

entry and binding (Simanjuntak ef @/, 2015).

Rare and Orphan Disease Indications

Rare diseases are those that are potentially fatal
or chronic, usually hereditary, affecting a small
number of people approximately 1 person in a
population of 2000 (The European Commission
on Public Health, 2016). In the United States, a
rare disease is any disease or condition affecting
less than 200, 000 people. In Japan, it is described
as a disease that affects less than 50,000 patients
while in Brazil a disease is considered rare when
it affects up to 65 people in every 100,000
individuals (Barratt and Frail, 2012; Richter e# 4.,
2015; Moreira de Oliveira and Lang, 2018). About
7000 rare and orphan diseases have been
identified and they are classified as diseases that
affect very few populations between 6% and 8%
worldwide (Sadana ez 4/, 2011; NIH, 2017).

The low population affected by these diseases
presents poor prospects in the commercial industry
in terms of returns while low prevalence and
geographic dispersion of affected individuals of
which many are children hampers efficient clinical
trials (Wilkinson and Pritchard, 2015). Many of
these diseases occur due to uncommon genetic
disorders as well as mutations characterized by
loss of functions in specific proteins that may not
agree to small molecule therapies (Wilkinson and
Pritchard, 2015; Hee e# al, 2017). Hence, it is
reasonable that repositioning can be a suitable

approach than the de novo compound discovery.

12

Since there is prior knowledge about safety
profiles, bioavailability, tolerance in humans
which can reasonably reduce the risks linked with
drug development and possibly facilitate the
beginning of clinical trials, with reduced
investment costs (Barratt and Frail, 2012;
Wilkinson and Pritchard, 2015). Furthermore,
combined computational approaches may be
prolific in orphan diseases as a means of
identifying repositioning prospects as well as target
validation (Xu ef al, 2011).

Machine Learning Approach to Drug
Repurposing in Psychiatry

Psychiatric disorders have been identified as the
leading causes of disabilities globally and there
have been little improvements in the development
of novel medications in the past decades. The
development of new medications has also been
limited by the challenge of animal models to
completely mimic human psychiatric conditions.
Furthermore, depression and anxiety disorders
have been identified to show high clinical
comorbidity (Lamers e al, 2011; Kessler ¢ al.,
2015), show substantial genetic correlation
(Otowa et al., 2016), and share similar therapeutic
pattern (Ballenger, 2000).

The machine learning approach is a universal and
comprehensive structure that powers on machine
learning methodologies as it is a field with
exponential advances in the last decade (Zhao and
So, 2017). This method offers boundless flexibility
and chances for further development as any
supervised learning method can be applied.
Prediction algorithms that are newly developed
can be integrated to enhance the detection of
useful drugs. More so, in their method described,
it applies to any chemical or drugs with expression
profiles recorded, even without a known
mechanism of action, as long as the transcriptomic

profiling has been done, they can be analyzed for
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therapeutic or repurposing abilities (Zhao and So,
2017).

Zhao and So in 2017 presented a machine learning
approach tailored towards predicting indication
for drugs especially those indicated for
schizophrenia and depression and anxiety
disorders based on their expression profiles. They
employed different machine learning approaches
such as Deep Neural Networks (DNN), Support
Vector Machine (SVM), Random Forest (RF),
Gradient Boosted Machine with Trees (GBM) as
well as logistic regression with Elastic Net
Regularization (EN) to predict indications. After
performing weighted and unweighted analysis,
they found out that SVM showed overall best
result for all un-weighted data analysis while
DNN performed best for depression and anxiety
disorders. Many of the drugs are antipsychotic
such as trifluoperazine, perphenazine,
fluphenazine and thioridazine, among others.
Support Vector Machine and EN performed best
for schizophrenia. Drugs listed for repositioning
include Cyproheptadine and Chlorcyclizine which
the

antihistamine; Trichostatin A and vorinostat are

belong to phenylpiperazine class
top repositioning hits for depression/anxiety and

schizophrenia (Zhao and So, 2017).

CONCLUSION

The idea of drug repositioning (repurposing, re-
tasking, re-profiling, or therapeutic switching) is
not new as it has been in vogue since the 1950s.
It is a very potent approach to discovering new
potential drugs for new and existing diseases as
it consumes less time, high success rate, and
lower financial input. It also increases the
marketability of the drugs thereby increasing
income for pharmaceutical companies. Neglected
and rare or orphan diseases have a chance to be
tackled through the application of drug
repositioning having failed previously. Therefore,

drug repositioning can be a tool for developing a
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new line of intervention for diseases that have
been long forgotten and need appropriate and
active treatments. However, the success of drug
repositioning  hinges on  serendipity
(polypharmacology or drug promiscuity). Vatious
computational approaches are still under
development to solving the health problems such
as neurologic diseases as the signalling pathways
and molecular mechanisms backing many disease
states despite the rapid growth of advanced
technology and the consequential molecular
database making drug repositioning a difficult

procedure.
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