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Chemogenomics and in silico repurposing as an innovative approach for rapid drug discovery in tuberculosis

Tuberculosis in the 215t century

GLOBAL

TUBERCULOSIS

REPORT

The world’s greatest infectious killer.

2017: 10 million people fell ill with tuberculosis (TB), and 1.6

million died.
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Leading killer of HIV-positive people.
Multidrug-resistant TB (MDR-TB): 558 000 new cases with .
resistance to rifampicin (RIF) of which 82% had MDR-TB

(resistance to RIF and isoniazid).
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Chemogenomics and in silico repurposing as an innovative approach for rapid drug discovery in tuberculosis

How can we get new drugs faster? >

More efficiently and cost effective?

Traditional drug discovery versus repositioning

It is estimated that it takes on average 13.6 years to bring a new molecular entity to market, and the success rate
for taking oncology drugs from phase 1 trials to regulatory approval is only about 7%. Drug repositioning builds on
previous research and development, allowing compounds to progress through the drug development process
more quickly as well as saving on the substantial costs associated with previous attrition.

De novo drug discovery and development

10 to 17 years
: Drug discovery P - : :
Target discovery Clinical trials Licensing
2-3years and soreening 5-6 years 1-2 years Market
0.6-1years
Drug repositioning
3to12 years
Oofrpound Preclinjosl Clinical trials Licensing
identification development -6 R Market
: =0 years -2 vears
1-16 years O-1years
Source: Nature

Drug repositioning or repurposing: New
use for a previously approved drug

DRUG

ORIGINAL
INDICATION

NEW INDICATION

Amphotericin B
Aspirin
Bromocriptine
Finasteride

Gemcitabine

Fungal infections
Inflammation, pain
Parkinson’s disease
Prostate hyperplasia

Viral infections

Leishmaniasis
Antiplatelet
Diabetes mellitus
Hair loss

Cancer

Methotrexate Cancer Psoriasis, rheumatois arthritis
Minoxidil Hypertension Hair loss
Raloxifene Cancer Osteoporosis
Thalidomide Morning sickness Leprosy, multiple myeloma
Sildenafil Angina Erectile dysfunction, pulmonar
hypertension
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Drug repositioning strategies

Drug-centered

Target-centered
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Drug repositioning strategies

Target-centered
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Genomics & Bioinformatics are used to repurpose drugs: the principle of “target homology”

OPEN G ACCESS Freely available online @ PLOS | one

A Systematic /n Silico Search for Target Similarity Target Database with known
Identifies Several Approved Drugs with Potential Activity inhibitors (drugs)
against the Plasmodium falciparum Apicoplast ;

Nadlla Alves Bispo’, Richard Culleton? Lourival Almeida Silva', Pedro Cravo™**
1 Instituto de Patologia Tropical e Saude Publica/Universidade Federal de Goids/Goidnia, Brazil, 2 Malaria Unit/Institute of Tropical Medicine (NEKKEN)/Nagasaki University/

Nagasaki, Japan, 3 Centro de Malaria e Doencas Tropicais.LA/IHMT/Universidade Nova de Lisboa/Lisboa, Portugal % %

Homologous protein

: Protein (potential target)
OPEN @ ACCESS Freely available online O PLOS | 1eShiit B seases B L A S T .
- . . without known inhibitors ( ) (t:arg.et.} with known
In Silico Repositioning-Chemogenomics Strategy (drugs) inhibitors (drugs)

Identifies New Drugs with Potential Activity against
Multiple Life Stages of Schistosoma mansoni

Bruno J. Neves'?, Rodolpho C. Braga'?, José C. B. Bezerra?, Pedro V. L. Cravo®?, Carolina H. Andrade’?*

1 LabMol - Laboratory for Drug Design and Modeling, Faculdade de Famacia, Universidade Federal de Goias, Goidnia, Brazil, 2 Instituto de Patologia Tropical e SaGde
Publica, Universidade Federal de Goias, Goiania, Brazil, 3 Instituto de Quimica, Universidade Federal de Goias, Goiaania, Brazil, 4 Centro de Malaria e Doengas Tropicis,
Instituto de Higiene e Medidna Tropical, Universidade Nova de Lisboa, Lisboa, Portugal

ldenti
Targets susceptible to
inhibition by drugs
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OBJECTIVES

" To use drug repurposing and comparative chemogenomics to find new

drugs against TB.

" To establish a new paradigm for the design of new drugs and new

therapeutic strategies to be used in the fight against TB.
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TARGET: Energy Metabolism (Oxidative phosphorylation ) in M. tuberculosis

NADH Succinate Cytochrome bc/aa
3 ATP synthase Cytochrome bd
M oo 25770708 () dehydrogenase lehydrogenase supercomplex d ¥
(NDH-2) H* H* H* H* H*
H0
H* A = :
The Curative Activity of Thioridazine on Mice ( \ A S Periplasm

Infected with Mycobacterium tuberculosis MKH - m -, o

i WA SDH ) %o, " s 2

Ut of Mycobaceeriodogy, UPMAM. nssssio de Higpene ¢ Modicing Tropecal, MKH; L \ MKH2 g
. Unwversidade Nowe de Livdoa, Rua da Junguoirs 96, 13149008 Liboa, Porvgel; -a
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H,O - H* : H,O
Ho 0 H* v
NADH NAD? ATP
Journal of
i B e s e Antimicrobial
dor 10.1093/5c/de 500 Advance Access publication 1 Decernber 2011 Chemotheropy -|— ADP "’pi PyraZinamide
Successful alternative treatment of extensively drug-resistant Phenothia;ines, Imidazopyridines Diarylquinolines SQ109
tuberculosis in Argentina with a combination of linezolid, Clofazimine (Q203) (BDQ)
moxifloxacin and thioridazine L
ansoprazol Squaramides

Eduardo Abbate’, Marisa Vescove', Marcelo Notlello®, Ménica Cufré’, Ano Garcia', Poblo Gonzalez Montaner',
Morto Ambroggi’, Viviona Ritocco’ ™ and Dick van Soolingen* 4

LT Universichod de Buenos Aves, Av. Wier Sanfield 405, C1082, luenos Ares
3 A ooosos, ANLES Tordos G Molbrery', Av. YWler Sarfield 560 €128, Buenos Awes L] L] L]
. s o rlfutincbrradp- Al g -sdors Thioridazine ..
e The Netherkands, Ueparterent of Cevenl Micmtackogy B ¢ ~
Rodboud Uriversity Mmegen Medicol Contre, PO Box 3107, 6500 M Njmege . The Netherionds, “Department of Pulmooary Diseonses e a q u I I n e \‘\J
Rodboud Liniversily Nigtegan Modol Centre, PO Box 9101, 6500 MEB Nievegon, [he Netheriand & lr U ro

antipsychotic drug, bedaquiine

new anti-TB drug (

TB treatment under (MDR-TB treament)
consideration
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Inhibitors of oxidative phosphorylation can affect membrane transporters (efflux pumps)

ATP-driven e
Effluxpump = H e effux pump
s H* !
@ H+
j;l W W =
ATP  ADP
+Pi  H
©

e e e e e e
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ATP synthase e drug
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Respiratory chain
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In silico Repurposing-Chemogenomics Strategy
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Target Genes
Energy metabolism and

membrane transporters

TDR targets, Mycobrowser y

03 @RUGBANK ‘
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Identification of Homologous Targets

Predicted | Predlctefj
Target Genes antibacterials
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Conservation of functional regions

Curated —s  Curated
Target Genes antibacterials

The ConSurf Server

.
’ Y 4
Potential anti-TB drugs for in vitro
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Results: In silico analysis

Drug Indication Predicted Target in Mtb

702 Mtb target genes
‘L = Thiabendazole Fungicide, Parasiticide | Succinic dehydrogenase

60 Predicted target genes P = :
DrugBank (Evalue < 10%9) Deslanoside Cardiac |nsuff|.C|ency, Metal cation transporter
==> 266 Predicted drugs arrhythmias P-type ATPase A CtpF
STITCH (score >0.8)

V. T Doxorubicin Cancer NADH dehydrogenase |

V

Acyl-CoA dehydrogenase

Comparison of 20 Curated target genes LG Epilepsy FadE19
functlonél recions 24 Curated drugs Chronic immune Transmembrane
2 (70 ey Fostamatinib serine/threonine-protein

thrombocytopenia

kinase E
v' Sequence similarity screenings predicted 60 targets associated with
266 approved drugs
v" Functional regions comparison resulted in 20 potential Mtb targets that GHI! ?" INSTITUTO DE HIGIENE E
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Do these compounds have antibacterial activity?

Preliminary results

Doxorubicin is a anthracycline antibiotic isolated

from the bacterium Streptomyces peucetius

Minimum inhibitory concentration
(ng/ml)
Compound .
P Class of drugs used in cancer chemotherapy
Escherichia coli Mycobacterium
AG100 smegmatis
CPZ/TZ 60 (CPZ) 12.5 (T2)
Predicted target in M. tuberculosis: NADH
Doxorubicin 30 0.78
dehydrogenase | (Rv3146, Rv1348)
Deslanoside >480 >200
Valproic Acid >480 >200
Thiabendazole >480 >200
Fostamatinib >480 >100
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What’s Next? Secondment:

» Test synergism with known anti-TB drugs e=¥] Trinity

2l College
2 ) Dublin

The University of Dublin

ExperT | Inhibitors of mycobacterial
LREVIEWS o £1x pumps as potential

boosters for
-

anti-tubercular drugs

ot Roy Ant mlect Dhaw D000 980599 (000
Mlq“ﬂ Vivelros*", Inbaercidersts 16 e of the magor Caees of ider Bon acroms the workd The ernergonce of mudt
Marta Martim* *, exinrrovely and totally drug sesstant stram of Mycobed terium fuberoskons crtedtes (o the
Lillana Rodrigues’**, o ' nde
Diana Machado', R

isabel Couto',
José Alnsa’*' and
Leonard Amaral'’

Macrophage studies:

> C d cytotoxicit
> Study effect on macrophage killing activity ompound cytotoxicity

GPLOS o | » Infection studies using Salmonella as a model

RESEARCH ARTICLF

Ion Channel Blockers as Antimicrobial
Agents, Efflux Inhibitors, and Enhancers of
Macrophage Killing Activity against Drug
Resistant Mycobacterium tuberculosis

Diana Machado'**, David Pires™**, Joso Perdigio”, Isabel Couto'”, Isabel Portugal®,
Marta Marting”, Leonard Amarat’, Elsa Anes™ ', Miguel Viveiros' ™'+

1 Unidaow de Mombidogia Madion. inssiio de gl o Modore Tropsoal, IMMT . Universidade Nova de
Liston, UNL. Lisbon, Portugal. 2 Giobal Hesth and Tropical Medane, GHTM, lnstiuto de Higlone o
Medkonn Tropsosd, BIMT, Untenrsidade Novae de Lisbos. UNL. Lisboa, Portugel. 3 Med ULsbos - st ds
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Carmo for Food Safely, &mdﬁmmlmmmm UCDH Centre for
Motooumr innovason aexd Drug Dsscovery, Unwverity Cotege Outiin, Bettedd, Dutsn, iretana

Application to M. tuberculosis
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CONCLUSIONS

v’ We identified new repurposed drugs that may target energy metabolism and
membrane transporters in Mtb, using in silico drug repurposing and
chemogenomics .

v’ These drugs may serve as lead compounds for the development of new drugs

against TB and MDRTB - Future projects and collaborations

New
repurposed | | > | >
drugs ”
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