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How has the genomics era impacted
schistosomiasis drug discovery?

«

A community effort will almost certainly be necessary for the identification of new
lead compounds and therefore information and reagent sharing will be important to
ensure that the goals of the schistosomiasis drug research community are achieved.
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Schistosomiasis is a chronic neglected tropical
disease that can be debilitating, particularly
in children and its impact on infected popula-
(1. Moreover, infection by Schzs-
tosoma haematobium is associated with bladder
(2]. Currently over 700 million people
are at risk of infection with up to 400 million
estimated infections [3.4]. There is a need for
more sensitive diagnostics to support current

tions is severe

cancer

mass chemotherapy efforts and elimination
trials. It also appears that without a vaccine
it will be very difficult to achieve elimination
or a high degree of transmission control. Cur-
rently, praziquantel is the only drug available
for mass treatment; it is an inexpensive drug
with very tolerable adverse effects with typi-
cal cure rates ranging between 75 and 100%.
The drug’s mechanism of action is, as yet, not
fully understood, but we know that it requires
the action of the immune system in concert
with tegument damage and paralysis caused
by the drug [5). Drawbacks of this drug are its
ineffectiveness toward schistosomula and the
lack of a pediatric formulation [6]. In addition,
taking into account the use of praziquantel in
mass chemotherapy programs, there is a sig-
nificant risk that drug resistance may develop,
an issue that has been widely described for
other helminths under strong selective pres-
sure. Since PZQ is the only drug available,
the emergence of drug resistance is extremely
concerning [7]

The development of new control tools
to combat schistosomiasis have for a long
time relied on empirical approaches based
on little or no knowledge of the targets,
and gene-by-gene methods to further the
molecular understanding of schistosome

genome e schistosomiais

biology have not resulted in a robust pipe-
line of possible vaccine and drug candidates.
Recent developments in genomics have
brought forth a wealth of information and
new technologies, providing the scientific
community with the tools needed to com-
pletely revolutionize the experimental and
computational approaches for target identi-
fication. The community is now empowered
by the availability of the genomes of the three
main schistosome species of medical impor-
tance. In addition, high-throughput methods
such as transcriptomics and proteomics have
provided interesting insights into the func-
tionality of genomes, and have proven par-
ticularly effective in identifying targets that
are of interest in the schistosome life cycle
stages within the human host. Additionally,
a number of new flatworm and roundworm
genomes have been made available, which
provide a valuable basis for comparative biol-
ogy, from a genomics perspective. Taking
these advances into account, we now have a
strong knowledge base to develop new drugs
Additional

information of interest is being generated by

and other novel control tools.

several groups concerning the genetic vari-
ability of specimens from endemic sites and
the genetics of drug resistance. It has been
observed that under praziquantel pressure
there is decrease in the genetic diversity of
a laboratory schistosome population [s].
With the use of linkage mapping the gene
coding for sulfotranferase was described as
being responsible for resistance to oxam-
niquine [9]. Recently, the ability to conduct
deep exome sequencing and SNP mapping
at high resolution has provided a new tool
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for the identification of genes involved with drug
resistance [10]. We anticipate that, in the near future,
the genes involved with phenotypes of interest will be
identified using these methodologies.

Efforts to explore current genome data have included
the use of computational tools for the discovery of
novel drug targets and the development of new anti-
schistosomal agents. This has been demonstrated by
the Open Source Drug Discovery Consortium, which
has identified compounds with activity toward a puta-
tive known target, TGR, using machine learning tools
and cheminformatics [11].

Computational approaches to neglected disease drug
discovery have been enhanced by the availability of
resources such as the open access database TDRTargets.
By combining predicted protein datasets from genome
data with chemical entities derived from public sources,
TDRTargets provides researchers with the tools needed
to combine queries for protein targets and bioactive
compounds. This resource is largely designed to enable
drug repositioning and repurposing across different
parasite species. For example, using the tools available in
TDRTargets, one could query for targets in one organ-
ism that shows essentiality in a different species and for
which there are known inhibitors, in addition to adding
druggability and assayability indices and limiting the
results to manually curated compounds [12].

“Overall, the use of public resources, such as
those identified above, have enabled researchers
to identify and prioritize drug targets...”

Researchers have also used metabolic modeling soft-
ware, such as Pathway Tools, to study the metabolic
pathways in Schistosoma mansoni and in turn uncover
new drug targets. Pathway Tools is capable of predict-
ing an organism’s metabolic pathways from its genome
by comparison to MetaCyc, a reference pathways
database. In a study that was the first to describe the
S. mansoni genome, Pathway Tools was used to iden-
tify critical points, termed chokepoints, which were
demonstrated to be druggable targets [13].

Overall, the use of public resources, such as those
identified above, have enabled researchers to identify
and prioritize drug targets and, with the huge amounts
of genomic data being generated, it is clear that these
resources will be essential in helping to accelerate
neglected disease drug discovery.

Driving these efforts toward, at the very least,
obtaining lead compounds is a challenge, especially
for individual research groups. In recent years, strate-
gies to enhance the drug pipeline have been put into
place with the establishment of large consortia, such
as A-ParaDDIisE [14,15]. Such consortia rely on pooling

expertise from a range of disciplines in order to work
more effectively toward a common goal. These con-
sortia often involve collaboration with industry, which
is arguably essential for creating a successful drug
pipeline that will deliver a sufficiently large number of
compounds to be tested and decrease the cost of pre-
clinical testing. A-ParaDDIisE researchers have drawn
on the knowledge gained through the development of
HMEs as targets in cancer in order to establish these
enzymes as targets in schistosomiasis, malaria, leish-
maniasis and Chagas disease. HMEs perform covalent
modifications of amino acid residues on the N-termi-
nal tails of histones by adding or removing marks, such
as methyl or acetyl groups. Histones in turn regulate
gene activity by changing chromatin architecture.
It has been shown, for example, that deacetylation
of histones by HDAC:s results in tighter wrapping of
the DNA, which in turn is associated with the global
downregulation of gene transcription. HDACs, in
addition to acting on histones, also deacetylate other
cytoplasmic proteins. Such activities may be essential
in the regulation of the complex schistosome life cycle
and enzymes involved in these processes have been
shown to be crucial for the growth and differentia-
tion of the parasite [16]. The central role of one HDAC,
SmHDACS, was validated using a phenotypic screen
by RNAI to knock down gene expression. An active
enzyme was produced and structure data derived from
a protein crystal, with or without generic inhibitors.
With such data, additional new inhibitor structures
were proposed using iz silico tools and new small mol-
ecules were produced that were found to be active on
live worms in culture [16]. This approach is being pur-
sued, in additional to high-throughput screening, to
target other HMEs in schistosomes, such as Sirtuins,
and for HME:s of other parasites [17,18].

Target identification and establishing drug candi-
dates in the drug discovery process is a difficult task;
however, seeing a candidate drug through the safety
and drug metabolism phase, and later to clinical trials
is an even greater one. With this in mind, the challenge
that we are tasked with is the identification of promis-
ing candidate drugs that can successfully navigate the
‘obstacle course’ of toxicology and bioavailability test-
ing and clinical trials and that are inexpensive enough
to permit their use in endemic countries.

This special focus issue provides in-depth discussion
of the various efforts being undertaken toward popu-
lating the schistosomiasis drug development pipeline.
A community effort will almost certainly be necessary
for the identification of new lead compounds and there-
fore information and reagent sharing will be important
to ensure that the goals of the schistosomiasis drug
research community are achieved.
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