Sociedade Brasileira de Quimica (SBQ)

Goiania — 2016

Discovery of New Anti-Schistosomal Hits Using Integrated Medicinal

Chemistry Approaches

Bruno J. Neves (PG),l* Rafael F. Dantas (PQ),2 Mario R. Senger (PQ),2 Cleber C. Melo-Filho (PQ),l
Walter C. G. Valente (PQ),2 Ana C. M. de Almeida (PG),2 Jodo M. Rezende-Neto (PG),2 Ross Paveley
(PQ),3 Nicholas Furnham (PQ),3 Eugene Muratov (PQ),4 Lee Kamentsky (PQ),5 Anne E. Carpenter
(PQ),5 Rodolpho C. Braga (PQ),1 Floriano P. Silva-Junior (PQ),2 Carolina H. Andrade (PQ)l**

*bruno.labmol@gmail.com; **carolina@ufqg.br

YLab Mol, Faculdade de Farméacia, Universidade Federal de Goias, Goidnia, Brazil; 2LaBECFar, Instituto Oswaldo Cruz,
Fundacgédo Oswaldo Cruz, Rio de Janeiro, Brazil; 3Departmentoflnfection and Immunity, London School of Hygiene and
Tropical Medicine, London, United Kingdom; 4Laboratory for Molecular Modeling, Eshelman School of Pharmacy,
University of North Carolina, Chapel Hill, USA; 5Imaging Platform, Broad Institute of MIT and Harvard, Cambridge,

Massachusetts, USA.

Keywords: schistosomiasis, QSAR, virtual screening, and HCS.

Abstract

We here report the discovery of six new anti-
schistosomal hits by integration of QSAR-based
virtual screening (VS) of S. mansoni Thioredoxin
Glutathione Reductase (SmTGR) inhibitors and
High-Content Screening (HCS).

Introduction

Schistosomiasis, a debilitating neglected tropical
disease, is caused by trematode flatworms of
Schistosoma genus. The treatment relies on a single
drug, praziquantel (PZQ),l making urgent the
discovery of new drugs that possess different
mechanisms of action. In this study, we deweloped a
QSAR-based VS workflow for the identification of
new SmTGR inhibitors, a validated target for the
treatment of schistosomiasis.” Then, the prioritized
virtual hits were experimentally evaluated on live
schistosomula and adult worms using two distinct
HCS platforms.

Results and Discussion

The QSAR models were deweloped according to
OECD principles. A large dataset of compounds with
inhibition data for SmMTGR (PubChem Bioassay ID:
485364) was prepared according to following steps:
inconclusive  biological data were remowed; a
threshold value was defined to discriminate between
inhibitors (<10 pM) and non-inhibitors (>10 uM);
chemical structures were standardized, and
duplicates identified. In addition, a linear under-
sampling strategy was deweloped for reducing the
number of samples in the non-inhibitors set to make
it equivalent in size to the inhibitors set. Next, QSAR
models were dewveloped by combining eight different
machine learning methods and five types of
descriptors, and rigorously validated using 5-fold
external cross-validation strategy. This approach led
to highly predictive (CCR ranging between 0.81 —
0.85 and cowerage of 0.62 — 0.77), and mechanistic
interpretable models.

After modeling, dewveloped models were used in the
most conservative way (i.e., in consensus fashion
and with the strictest applicability domain criteria) for
VS of ChemBrigde database. As a result, 29
compounds were purchased and experimentally
evaluated against schistosomula using a HCS
platform. Six compounds showed significant mobility
and phenotypic scores in 20 uM concentration. For
comparison with standard drugs, four hits were more
potent inhibitors of schistosomula matility than PZQ
while two hits showed inhibitory effect (i.e. ECsg
values ranging between 2.62 — 3.23 uM for motility
and 3.41 — 6.60 for phenotype) equivalent to oltipraz
(OLT), a known SmTGR inhibitor.?  Schistosomula
exposed to the compounds showed a phenotypic
profile similar to the ones obsened after SmTGR
gene knockout and exposure to OLT. In addition,
most of hits showed negligible to tolerable
cytotoxicity against human cells (WSS-1). Further,
we investigated the gender- dose- and time-
dependent drug effect of the schistosomula hits on
adult S. mansoni worms using motility related
Owerlap_RandIndex. After 24-72h of incubation at
100 pM, three hits almost completely halted female
worms motility (76-98% inhibition), an effect that was
statistically equivalent to PZQ.

Conclusion

We hawe dewloped robust, predictive, and
experimentally validated QSAR models for VS of
new anti-schistosomal hits. To the best of our
knowledge, this is the first study integrating QSAR-
based VS and HCS methods to discover new anti-
schistosomal agents.

Acknowledgment
CAPES, FAPEG, FAPERJ, and CNPq

TColley, D. G.; Bustinduy, A. L.; Secor, W. E.; King, C. H. Lancet
2014, 383, 2253.

2Kuntz, A. N.; Davioud-Charvet, E; Sayed, A. A.; Califf, L. L.;
Dessolin, J.; Arnér, E. S. J.; Willams, D. L. PLoS Med 2007, 4,
e206.

39° Reunido Anual da Sociedade Brasileira de Quimica: Criar e Empreender


mailto:bruno.labmol@gmail.com
carolina@ufg.br

