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What is drug repurposing (DRP)?

“The process of finding new uses outside the 

scope of the original medical indication for existing 

drugs is also known as redirecting, repurposing, 

repositioning and reprofiling.”

Ashburn, T.T. and Thor, K.B. Drug repositioning: identifying and developing 
new uses for existing drugs. Nat. Rev. Drug Discov. 2004, 3, 673–683. 



http://www.drugrepositioningconference.com/index/



http://www.liebertpub.com/overview/drug-repurposing-rescue-brand-repositioning/627/



http://drugrepurposingportal.com/drug-repurposing-news.php



Web of Science statistics on drug repurposing (01.07.2017) 
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DRP: Time/Cost/Risk values

Ashburn T.T. and Thor K.B., 2004; Cavalla D., 2009. 
Flower D.R., 2013; Naylor S. and Schonfeld J.M., 2014. 



DRP: How it happens?

Observe unexpected side 
effects, e.g.: Sildenafil

Identify new drug-
target interactions,
e.g.: Methotrexate

Drug DB

Serendipity, and text mining, 
e.g.: Thalidomide

Define new role 
of existing targets, 

e.g.: Finasteride

Find new disease 
pathways 

Identify compounds that 
modulate specific disease 

phenotypes



Define new role of existing targets: Finasteride

5-alpha-reductase inhibitor, Benign prostatic 
hyperplasia  - 1992 (Proscar; Merck)

N
O

N
O

5-alpha-reductase inhibitor, Hair loss treatment  - 1997 
Propecia (with a fivefold lower dose), had worldwide sales 

of US $239 million in 2003

Ashburn T.T. and Thor K.B. Nat. Rev. Drug. Discov., 2004, 3: 673-683.



If you can predict the most probable targets 
& new effects for the existing drugs by the 

current chemoinformatics tools? 

Yes, you can!

Both structure-based and ligand-based methods 

may be applied for this purpose: (Q)SAR, 

pharmacophore sets, inverse docking, etc.



Computer program for evaluating biological 
activity profiles (spectra) 

Predicts
(ideally) all known 

activities

Prediction on the basis 
of structural formulae 

(MOL or SDF) 

Possibility of 
training  with a new 

data

User-friendly interface

PASS: Prediction of Biological Activity Spectra for Substances



PASS: Development & updating workflow 
Full text publications, databases, presentations at conferences, etc.

Reliable data on structure and activity of drug-like molecules

PASS Training Set

Training 
procedure

SAR knowledgebaseNew Molecule Prediction Results

MNA Descriptors Bayesian algorithm



Example of prediction for Clopidogrel



Clopidogrel: predicted vs. known activities
Abdominal pain
Acute neurologic disorders  
treatment
Agranulocytosis
Allergic reaction
Anaphylaxis
Anemia
Angioedema
Angiogenesis inhibitor
Antianginal
Antiarthritic
Anticoagulant
Antineoplastic
Antipsoriatic
Antithrombotic
Anxiety
Arthralgia
Atherosclerosis treatment
Back pain
Behavioral disturbance
Blindness
Bronchoconstrictor
Cardiotoxic
Cataract
CCL4 expression enhancer
CCL5 expression enhancer
Chest pain
Colic
Colitis

Conjunctivitis
Consciousness alteration
Constipation
Cough
CYP2 substrate
CYP2C substrate
CYP2C19 inhibitor
CYP2C19 substrate
CYP2C9 inhibitor
CYP3A substrate
CYP3A4 substrate
Cytochrome P450 inhibitor
Dermatitis
Dermatologic
Dizziness
Drug eruption
Dyspepsia
Emetic
Eosinophilia
Erythema
Erythema multiforme
Exanthema
Flatulence
GP IIb/IIIa receptor antagonist
Hallucinogen
Headache
Heart failure
Hematotoxic
Hemorrhage

Henoch-Schonlein purpura
Hepatic failure
Hepatitis
Hepatotoxic
Hypertensive
Hyperthermic
Hypotension
Infection
Insomnia
Lassitude
Leukopenia
Lichen planus
Lichenoid eruption
Malaise
Menstruation disturbance
Myalgia
Nausea
Necrosis
Nephrotoxic
Neuroprotect
Neutropenia
Ocular toxicity
Pain
Pancreatitis
Pancytopenia
Platelet aggregation inhibitor
Platelet antagonist
Pruritus
Pulmonary embolism

Purinergic P2 antagonist
Purinergic P2T antagonist
Purinergic P2Y antagonist
Purinergic P2Y12 antagonist
Purinergic receptor antagonist
Purpura
Renal colic
Reproductive dysfunction
Rhinitis
Sensory disturbance
Serum sickness
Shock
Sinusitis
Sleep disturbance
Stomatitis
Syncope
THBS1 expression enhancer
Thrombocytopenia
Toxic
Toxic epidermal necrolysis
Toxic, gastrointestinal
TP53 expression enhancer
Urticaria
Vasculitis
Vertigo
Vision disturbance

Blue – predictions coincided with the experiment.
Black – unpredictable activities.
Red – unpredicted activities. 



PharmaExpert: Interpretation of the predictions

Poroikov V. et al. PharmaExpert: diseases, targets and ligands – three in 
one. In: QSAR and Molecular Modelling in Rational Design of Bioactive 
Molecules. Ankara (Turkey), CADD & D Society, 2005, p.514-515.



PharmaExpert: Search for multitargeted 
antineoplastic agents



Filimonov D.A. et al. SAR and QSAR Environ. Res., 2009, 20: 679-709.

GUSAR: General Unrestricted Structure-Activity Relationships



GUSAR: Superiority in performance in comparison 
with some other (Q)SAR methods
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Filimonov D.A. et al. SAR and QSAR Environ. Res., 2009, 20: 679-709.



PASS: Methods and some applications   
Filimonov D.A., Lagunin A.A., Gloriozova T.A., Rudik A.V., Druzhilovskiy D.S.,

Pogodin P.V., Poroikov V.V. (2014). Prediction of the biological activity spectra of

organic compounds using the PASS online web resource. Chemistry of Heterocyclic

Compounds, 50: 444-457.

Filimonov D.A., Poroikov V.V. (2008). Probabilistic Approach in Virtual Screening.

In: Chemoinformatics Approaches to Virtual Screening. Alexander Varnek and

Alexander Tropsha, Eds. RSC Publishing, 182-216.

Filimonov D.A., Poroikov V.V. (2006). Prediction of biological activity spectra for

organic compounds. Russian Journal of General Chemistry, 50: 66-75.

Descriptors (1999)  Robustness (2000)  PASS Online (2000)   Drug-likeness (2001) NCI Browser (2003)



Our experience in DRP: Prediction for Top200 drugs

Poroikov V.V. et al. SAR & QSAR Environ. Res., 2001, 12: 327-344.



Four new indications confirmed by further studies 

Which predictions are confirmed?
(informational search, September 2014) 

Sertraline

Amlodipine

Oxaprozin

Ramipril

Cocain dependency treatment + [2]

Antineoplastic enhancer (moderate 
BCRP/ABCG2 inhibitor)

+ [3]

Ref.

Interleukin 1 antagonist (Inhibitor 
of production of Interleukin 1β )

+ [4]

Antiarthritic + [5]

1. Poroikov V. et al. SAR and QSAR Environ. Res., 2001, 12: 327-344. 
2. Mancino M.J. et al. J. Clin. Psychopharmacol., 2014, 34: 234–239.
3. Takara K. et al. Mol. Med. Rep., 2012, 5: 603-609.
4. Rainsford K.D. et al. In�flammopharmacology, 2002, 10: 85–239.
5. Shi Q. et al. Arthritis Res. Ther., 2012, 14: R223. 

In 2001 we published predictions 
of new effects for 8 medicines 

from the list of Top200 Drugs [1].



Name Pa (Nootropic effect), 
%

Captopril 44,6
Enalapril 65,5
Lisinopril 61,8

Perindopril 60,9
Quinapril 65,1
Ramipril 63,3
Monopril 30,9
Piracetam 81,7
Amlodipin -

Hydrochlorothiazide -

Nootropic effect in some antihypertensive drugs?

Perindopril in dose of 1 mg/kg, and
quinapril and monopril in doses of 10
mg/kg improved the patrolling
behavior in the maze, like piracetam
and meclofenoxate (in doses of 300
and 120 mg/kg, respectively).

Kryzhanovskii S.A. et al. Pharmaceutical Chemistry Journal,  2012, 45: 605-611. 



PASS Online: The first publication & Some comments 

“One of the earliest and most widely used examples of data-mining target
elucidation is the continuously curated and expanded Prediction of Activity Spectra
for Substances (PASS) software, which was assimilated from the bioactivites of more
than 270,000 compound-ligand pairs.”

Mervin L.H., … , Bender A. J. Cheminform., 2015, 7: 51.



Way2Drug web platform



Way2Drug available online 

17 100 users

91 country

Cross-browser and cross-platform support
Users relationships

Free availability 
24/7/365

Authorization/privacy 

630 818 molecules

India Russia Ukraine Mexico China United States Egypt

Kazakhstan Brazil Other



Over 300 papers published citing our web-services 
(>50% with the experimental confirmation)



Way2Drug Drug Repurposing Platform 

Supported by the RSF-DST grant (project No. 16-45-02012 - INT/RUS/RSF/12)
http://www.way2drug.com/dr



Way2Drug DRP: Login 

http://www.way2drug.com/dr



Orphan diseases

Tuberculosis MalariaLeishmaniasis Cancer EpilepsyDiabetes

Way2Drug DRP: Pharmacotherapeutic Areas



Way2Drug DRP: Services 

http://www.way2drug.com/dr



Way2Drug DRP: Databases

http://www.way2drug.com/dr



Way2Drug DRP: Molecular targets
Pharmacological Targets

http://www.way2drug.com/dr



Molecular targets: Links to the external resources

http://www.way2drug.com/dr



FDA approved drugs

Neoplastic disorders
(234 drugs) 

Malaria
(12 drugs)

Tuberculosis
(20 drugs) 

Epilepsy
(41 drugs)

Diabetes
(84 drugs)

http://www.way2drug.com/dr

Way2Drug DRP: FDA Approved Drug Substances



Way2Drug DRP: Search for Clopidogrel

http://www.way2drug.com/dr



http://www.way2drug.com/dr

Way2Drug DRP: PASS Prediction for Clopidogrel Bisulfate



Pharmaceutical Substances Registered in Russia

Way2Drug DRP: Drug Substances Registered in Russia

http://www.way2drug.com/dr



New opportunities for drug repurposing?



Pa>50% Pa>70% Types of Activity
227 73 Proteasome ATPase inhibitor
89 31 Meprin B inhibitor
63 52 Androgen antagonist
55 37 Estrogen antagonist
45 23 Phenylalanine 4-hydroxylase inhibitor
40 22 Progesterone agonist
32 10 Fibroblast growth factor 1 agonist
30 5 Fibroblast growth factor 4 antagonist
26 10 Potassium channel (Voltage-sensitive) blocker
24 17 Interleukin 6 antagonist
20 8 5 Hydroxytryptamine 2A antagonist
18 10 Dopamine D2 antagonist
18 11 Interleukin 5 antagonist
14 4 Meprin A inhibitor
13 5 Tumour necrosis factor alpha release inhibitor
11 1 AMP-activated protein kinase, alpha-1 subunit inhibitor
10 6 Opioid kappa receptor agonist
10 9 Dopamine D2 agonist
9 2 Histone deacetylase SIRT1 inhibitor

Partial statistics of PASS predictions

. . .
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PharmaExpert Search: 5 HT 2A antagonists

Pa     Pi      <substance_name>
0,892  0,003  ZIPRASIDONE
0,882  0,003  Ergotamine
0,876  0,003  MIANSERIN
0,827  0,003  Dihydroergotamine
0,791  0,004  Sertindole
0,765  0,004  Paliperidone
0,740  0,004  RISPERIDONE
0,711  0,004  MIRTAZAPINE
0,669  0,004  DROPERIDOL
0,659  0,004  OLANZAPINE
0,632  0,004  DIHYDROERGOCRISTINE
0,607  0,004  AMITRIPTYLINE
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Way2Drug DRP: Selection of the desirable properties

http://www.way2drug.com/dr



Way2Drug DRP: Total predictions for Clopidogrel

http://www.way2drug.com/dr



Way2Drug DRP: Prediction results for Clopidogrel



Way2Drug DRP: Similarity search



Way2Drug DRP: Similarity search



http://www.way2drug.com/dr

Antidiabetic
Antidiabetic (type I)

Antidiabetic (type II)
Antidiabetic symptomatic

Antituberculosic

Homo sapiens

Rattus norvegicus

Mus musculus

Way2Drug DRP: PASS Selector



MPDS Unique ID Card

Molecule Properties Prediction from Molecular Property Diagnostic Suite

Molecular Descriptors

Biopharmaceutics Classification System (BCS Classification)

Drug-likeness Prediction (DruLiTo)

Toxicophoric Groups

MPDS website  Hosted at Centre for Molecular 
Modeling, CSIR-IICT, Hyderabad, India

http://mpds.osdd.net/

Clopidogrel



Way2Drug DRP: SAR Creator

http://www.way2drug.com/dr



Summary
Drug repurposing is a promising way for finding new
medicines.

Chemoinformatics methods help to identify the most
prospective directions of research.

Based on the long-term projects in chemoinformatics, we are
developing Way2Drug Drug Repurposing Platform.

Further development of the DRP Platform requires
integration, curation of the information, improvement of
functionality, etc.

Active cooperation between the researchers working in the
field of computer-aided drug discovery will be beneficial for
all parties.
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Questions and suggestions:
vladimir.poroikov@ibmc.msk.ru

vvp1951@yandex.ru

Thank you for your kind attention!

We are open for collaboration.
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