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Why strategies to control Leishmania spp. multiplication based
on the use of proteinase inhibitors should considermultiple targets
and not only a single enzyme
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Abstract The use of proteinases as targets to develop novel
chemotherapies against Leishmania spp. infections is a very
promising strategy. Based on a previous study by Goyal et al.
[J Mol Model (2014) 20:2099], we discuss herein the idea that
only a combined treatment with distinct proteinase inhibitors
would be an effective antileishmanial therapy.
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Short comments

Leishmaniases are parasitic tropical diseases that affect
humans. Currently, pentavalent antimony compounds
(Glucantim and Pentostam) are the drugs of first choice to
treat these diseases, while Amphotericin B, Pentamidine,
Miltefosine or Aminosidine are used as secondary options
[1]. In fact, to date, near 25 compounds or drug formulations
have been shown to present antileishmanial effects; however,
only a few have been tested properly, and even fewer are in the
process to be considered for clinical use [2].

As the current chemotherapy options for these diseases are
not entirely efficient and resistant strains are emerging, other
components of the parasite have been proposed as potential

targets to control the cutaneous or visceral infections; and, one
such target are the proteinases [3].

A pivotal advantage of using proteinases as targets for
leishmaniasis treatment derives from the fact that proteolysis
is a common mechanism of activation or inactivation of
enzymes involved in an array of biological processes, such
as digestion, blood clotting, cell differentiation and apoptosis
[4]. Thus, an increasing number of research articles have
become available in the scientific literature that analyze
characteristics of Leishmania proteinases and their roles
during the course of infection, defining those that are
more prominently suitable as drug targets.

In this context, serine proteinases are a topic of great interest
for developing new chemotherapies, and an interesting study
was published recently about the activity of oligopeptidase B
(OPB) inhibitors against Leishmania parasites [5]. This paper
reported relevant information concerning the interactions of
naturally occurring compounds with Leishmania major OPB.
The authors used a structure-based approach to perform a
virtual screening of a large library of compounds and two of
those, COP and TOA, were selected for further analysis by
molecular dynamics simulations. A good binding affinity to
OPBwas shown for these compounds, as well as a low toxicity
to human cells, indicating a promising new path for developing
drugs against Leishmania spp.

Using OPB as a target allowed the development of a very
relevant study, but it is important to bear in mind that other
serine proteinases of Leishmania could also be targeted in
similar approaches. At the present time, the genomes of
Leishmania (L.) infantum, Leishmania (V.) braziliensis,
Leishmania (L.) mexicana and Leishmania (L.) major, as
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annotated in online databases, harbor 18, 17, 20 and 20 genes
for serine proteinases, respectively. In comparison, only 2
genes encoding OPB have been identified in these species:
in chromosome 9 (OPB) and chromosome 6 (OPB-like) [6].
Thus, these numbers reveal a great diversity of potential new
targets for inhibition studies.

In addition to the importance of considering other serine
proteinases as potential targets, studies by Munday et al. [7]
and Swenerton et al. [8] showed that using OPB as a single
target against Leishmania parasites may not be the most
effective strategy. It was reported that, although knockout of
the OPB gene does cause a defect in the differentiation of L.
(L.) major during experimental infection assays in animals,
this effect is only transient, suggesting that OPB is important
in virulence processes but may play a less relevant role in
pathogenesis of the disease.

As indicated in these studies, the inhibited OPB activity
may be compensated by a second OPB-like enzyme. This
OPB-like enzyme, although exhibiting only low sequence
identity to the OPB, may compensate its activity by
having a similar substrate specificity. Such specificity
may be associated to a conserved amino acid residue,
Glu-621, as well as other important residues composing
the S1 binding site [7].

So, these observations are in agreement with the idea
that targeting a single proteinase, OPB in this case, is not
an appropriate strategy to treat leishmaniasis, even more
so when one considers the complex profile of proteinases
of Leishmania spp. [6]. We advocate that, to develop an
efficient chemotherapy strategy, it is necessary to consid-
er the use of multiple protease inhibitors and eventually
even combine these inhibitors with drugs currently in
use. However, to date, no such combination has been
tested clinically and the only reported use of a combination
of drugs refers to miltefosine associated with amphotericin
B [9].

The concept of a chemotherapy strategy based on a com-
bination of proteinase inhibitors has been applied in the treat-
ment of patients with HIV-1 infection [10]. As for infections
with protozoan parasites, a combined chemotherapy based on
protease inhibitors is still a proposal at the experimental stage
with few empirical data available.

An example of a potential chemotherapy against protozoa
based on inhibition of multiple proteinase activities has
been reported for Plasmodium falciparum [11]. It was
shown that a combination of inhibitors targeting cysteine
proteinases (falcipain) and aspartic proteinases (plasmepsin
I and II) had synergistic effects on blocking this para-
site’s metabolism. Regarding treatment of leishmaniasis,
a study reported the control of infection in laboratory
mice by Leishmania (Leishmania) donovani through the
administration of anticytokine antibody therapy combined
with cystatin inhibitor [12]. Such studies shed light on

the potential of combined chemotherapies for treating
these diseases, but, at the moment, clinical evidence is
still lacking.

Nevertheless, classical and novel proteinase inhibitors
have been assayed continuously in parasite cultures or
in experimental infection models to assess their potential
antileishmanial effect [3]. Some of the assayed protein-
ase inhibitors that could be potentially used to develop
therapies are listed in Table 1.

Among these compounds, some specific inhibitors against
serine proteinases, such as antipain and leupeptin, have been
assayed on Leishmania parasites. Antipain is an
oligopeptide isolated from actinomycetes and is an in-
hibitor of trypsin and papain [28] while leupeptin is
naturally occurring inhibitor that can affect cysteine-,
serine- and threonine-proteinases [29]. Although these
inhibitors are known to interfere with Leishmania
growth in vitro, they still lack clinical validation.

Our group has been continuously publishing new data
about proteinases of Leishmania spp. [18, 30–34] and
Trypanosoma cruzi [35–37] and their importance in
host–parasite interactions for over a decade. Collectively,
these manuscripts make a relevant contribution to the
search for proteinases that could serve as targets for
developing future leishmaniasis treatments. As conse-
quence, during our ongoing studies, some peculiarities
of proteinases of Leishmania spp., in the context of
potential targets for drugs, have become apparent to us
that could be very useful if considered in other studies in
this same research field.

One of such point of interest is the fact that
Leishmania parasites exhibit variations and fluctuations
in the levels of proteinase expression during different
stages of their life cycle, and, thus, it would be impor-
tant to target those proteinases expressed at the parasitic
stage that inhabits the vertebrate host when considering
targets for novel drugs.

Another point we observed is that even minor structural
differences in proteinases in the same class can affect their
catalytic site microenvironment, and these variations may
account for the difficulties in developing proteinase inhibitors
that have wide activity against proteinases of the same class in
Leishmania spp.

Therefore, due to all these observations, as well as the
reports that suggest a great variability and importance of
proteinases in these parasites, we reinforce our statement
that only treatments that combine distinct proteinase
inhibitors have the possibility to deliver an effective
antileishmanial therapy. To this end, a deep understand-
ing of the expression modulation of different proteinase
classes, even of distinct isoforms of the same protein-
ase, in Leishmania parasites infecting vertebrate hosts
is required.
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Table 1 Proteinase inhibitors tested in experimental assays against Leishmania spp. and against experimental infection with these parasites
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Table 1 (continued)
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