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Abstract

Purinergic receptors are widespread in the human organism and are involved in several physiological functions like
neurotransmission, nociception, platelet aggregation, etc. In the immune system, they may regulate the expression and
release of pro-inflammatory factors as well as the activation and death of several cell types. It is already described the
participation of some purinergic receptors in the inflammation and pathological processes, such as a few neglected
tropical diseases (NTDs) which affect more than 1 billion people in the world. Although the high social influence those
diseases represent endemic countries, most of them do not have an efficient, safe or affordable drug treatment. In that
way, this review aims to discuss the current literature involving purinergic receptor and immune response to NTDs

pathogens, which may contribute in the search for new therapeutic possibilities.
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Purinergic receptor roles in infections

P2 receptors are cell-surface proteins responsive to purine and
pyrimidine nucleotides and nucleosides that are divided into
two types: the ionotropic P2X receptors (P2XR) and metabo-
tropic P2Y receptors (P2YR) (Fig. 1) (Burnstock 2012). The
P2XR are trimeric ATP-gated ion channels permeable to cation
species that are composed of seven subtypes in mammalian
tissues P2X1 — P2X7 (Khakh 2001). The P2YR are G
protein-coupled receptors, with eight cloned subtypes in mam-
malian tissues P2Y1, P2Y2, P2Y4, P2Y6, P2Y11, P2Y12,
P2Y13 and P2Y14 (Jacobson et al. 2012). The P2 receptors
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are involved in a diversity of physiological processes including
neurotransmission, apoptosis, cytokine secretion, chemotaxis,
inflammatory pain and activation of immune cells, etc.
(Burnstock and Boeynaems 2014; Cekic and Linden 2016).
Several mechanisms for ATP release have been described
under normal and pathological conditions: vesicular transport,
cell death (membrane damage), stretch-activated anion chan-
nels, volume-regulated channels, maxi-anion channels,
pannexin and connexin hemichannels and P2X7 receptors
(Fitz 2007; Dubyak 2012). In the context of innate immune
response to infectious challenges, ATP and other mediators
emitted by injured or dying cells can function as a
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Fig. 1 P2 receptors and purinergic signaling. ATP molecule is hydrolised
into ADP and AMP molecules. P2X ion channels are activated by ATP
whereas P2Y G-protein-coupled receptors are activated by either ATP
and ADP molecules. Once activated, P2X receptors change their trimeric
structural conformation into open ion channel, which alow small ions to

“reinforcement signal” for the inflammatory response elicited
by initial pathogen recognition. An important signaling path-
way that illustrates this phenomenon is the caspase-1-
dependent processing and release of mature pro-
inflammatory cytokines IL-1f3 and IL-18. In fact, the P2X7
receptor is known as a potent activator of NOD-like receptor
(NLRP3) inflammasome pathway (Schroder and Tschopp
2010; Gombault et al. 2012). In this regard, the recognition
of microbial products would act a priming signal for the in-
flammatory cells, inducing transcription of biologically inac-
tive forms of these cytokines and NLRP3 expression; and the
P2X7 receptor stimulation would act as the final signal for
NLRP3 activation and proteolytic maturation of IL-1f3 e IL-
18 (Schroder and Tschopp 2010; Perregaux and Gabel 1994;
Burnstock 2016). However, the exact molecular mechanism
of P2X7-mediated inflammasome activation is still elusive.
Therefore, it is not a surprise that an increasing number
of studies has demonstrated a direct involvement of
purinergic receptors in the pathogenesis of some wide-
spread infectious diseases such as tuberculosis, HIV, and
malaria (Miller et al. 2011). Regarding the role of P2X
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pass, as sodium and potassium ions. As ATP or ADP activate P2Y recep-
tors, it triggers intracellular signalings after G-protein hydrolisis into o
and [y subunits. Then, accordingly to G-protein subtype, there are dis-
tinct intracellular signaling pathways, as cyclic AMP and PLC/IP3/DAG,
for example

receptors in Mycobacterium tuberculosis (MB) infection,
a special attention has been given to P2X7 receptor.
Indeed, some research groups have demonstrated through
in vitro and in vivo studies association of the P2X7 re-
ceptor with MB infection (Santos Jr et al. 2013a; Placido
et al. 2006; Fairbairn et al. 2001). For instance, treatment
of infected macrophages or monocytes with ATP can lead
to cell or mycobacterial death (Santos Jr et al. 2013a;
Placido et al. 2006). Moreover, genetic studies have
shown a strong association between a loss-of-function
polymorphism in the human P2X7 receptor gene and in-
creased susceptibility to tuberculosis (Lammas et al. 1997;
Singla et al. 2012; Yim and Selvaraj 2010), which can be
explained by a decreased capacity of macrophages in kill-
ing the bacillus (Fernando et al. 2007). On another hand,
in vivo studies with P2X7 KO mice have shown both
deleterious and protective effects, depending on mycobac-
terial strains or virulence (Santos Jr et al. 2013b; Amaral
et al. 2014). In summary, these results suggest an impor-
tant role of P2X7 receptor in modulating immune re-
sponses against mycobacterium infections.
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There are also studies showing the involvement of P2
receptor in HIV infection (Hazleton et al. 2012; Séror et
al. 2011; Pacheco et al. 2014). So far, P2X1, P2X7, P2Y1
and P2Y2 receptors have been implicated in the early
stages of HIV-1 infection and replication. Also, ATP
was shown to be released via pannexin-1 hemichannels
from human cells upon infection and the pharmacological
inhibition of purinergic receptors prevented HIV-1 repli-
cation in vitro (Hazleton et al. 2012; Orellana et al. 2011).
In the case of Malaria, functional studies in infected
erythrocytes showed ATP release from these cells
(Swartz et al. 2015). The organic osmolyte permeability
effect and the rectifying anion conductance observed in
the intraerythrocytic development of P. falciparum also
can be induced by ATP and P2 receptor agonists (Huber
2012). In addition, treatment with apyrase (an enzyme
that catalysis the hydrolysis of ATP) and P2 antagonists
was able to decrease the induction of the osmolyte per-
meability and Plasmodium infection and proliferation
(Tanneur et al. 2006; Levano-Garcia et al. 2010).

Neglected tropical diseases: participation
of purinergic signaling

According to World Health Organization (WHO), neglected
tropical diseases (NTDs) are infectious diseases caused by
microorganisms, such as viruses, bacteria, helminths and pro-
tozoa that can be transmitted directly or indirectly from person
to person or via fomites, mosquitoes, tsetse flies, sandflies,
blackflies, snails, fecal-oral route or via food products.
NTDs include seventeen diseases (Huber 2012). They af-
fect mostly marginalized populations without access to
clean water and sanitation. NTDs have a huge social im-
pact in terms of quality of life, loss of productivity and a
high cost of the treatment.

Most of these diseases can be managed by controlling
the vector and/or drug treatment. However, the number of
effective, affordable and safe pharmaceuticals for NTDs is
still scarce. The main reason is a low investment in drug
research and development since NTDs are considered
“low-return” and “non-profitable” by the pharmaceutical
industry. Thus, there is an urgent necessity for the discov-
ery of new drugs targets due the high mortality and mor-
bidity of these diseases among poor people.

As mentioned before, ATP can be released to the extra-
cellular milieu under infectious and inflammatory condi-
tions. Interestingly, several NTDs exhibit inflammatory re-
actions in their symptomatology such as Chagas disease
(Montgomery et al. 2014), Echinococcosis (Talvani and
Teixeira 2011), Foodborne Trematodiases (Wang et al.
2014), Schistosomiasis (Keiser and Utzinger 2009),
Human African trypanosomiasis (Barron and Wynn 2011),

Leishmaniosis (MacLean et al. 2004), Soiltransmitted hel-
minthiases (Souza et al. 2011), Dengue (Mascarini-Serra
2011), Chikungunya, Cysticercosis in combination with
downregulation of ectonucleotidases (Sierra et al. 2010).
In this context, P2 receptor activation may represent an at-
tractive target in the studies aiming drug development for
NTDs. Therefore, in this review, we present recent publica-
tions involving those receptors and some relevant NTDs.

Chagas’ disease

Chagas’ disease (or American trypanosomiasis) is an
anthropozoonosis caused by the protozoan Trypanosoma
cruzi (Chatelain 2017; Pérez-Molina et al. 2015; Pérez-
Molina and Molina 2017). The disease comprises two clinical
phases: an acute phase which is usually asymptomatic or un-
recognized and a chronic phase which is characterized by
organ dysfunction such as cardiomyopathy, inflammation,
and destruction of parasympathetic neurons of the gastrointes-
tinal tract, megaviscer and polyneuropathy (Pérez-Molina et
al. 2015; Pérez-Molina and Molina 2017).

The first evidence of purinergic receptors relation with 7.
cruzi infection came from a study that identified an increased
susceptibility of double positive (DP) thymocytes obtained
from infected mice to extracellular ATP-induced perme-
abilization or cell death during thymus atrophy which could
be related to P2X7 receptor activation (Mantuano-Barradas et
al. 2003). In a second study, the same research group found no
difference in the thymic atrophy in P2X7-knockout mice
when compared to a wild type. Despite these results, the au-
thors pointed out that other approaches than knockout mice
might be explored to study the role of individual purinergic
receptors in thymus atrophy due to compensatory effects that
can mask their primary physiological activities. Moreover,
using this knockout mice system, they were also able to iden-
tify interactions and modulations involving P2X and P2Y re-
ceptors (Cascabulho et al. 2008). Meuser-Batista and collab-
orators found a reduction in cardiac and peritoneal mast cells
(MC) numbers during the early acute phase in infected mice.
Although the authors observed that the infection induced the
transcription of P2X7 mRNA in heart and peritoneal cavity,
only for the latter, the P2X7 receptor expression could be
correlated with the decrease in MC numbers, indicating a pos-
sible participation of this receptor in cell death in vivo
(Meuser-Batista et al. 2011).

Dengue
Dengue is a systemic disease caused by a single-stranded

RNA virus of the genus Flavivirus and transmitted by the
female mosquitoes of several species, as Aedes aegypti, with
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an estimated global incidence of in 96 million people, plus
294 million subclinical infections. Currently, the difficulty of
a specific treatment is due to the lack of a robust animal model
with appropriate resemblance to human susceptibility
(Katzelnick et al. 2017; Castro et al. 2017; Whitehorn et al.
2014).

Immune cells are the main affected cells by Dengue virus.
As they express the P2 receptor, it is conceivable to propose
that purinergic signaling may participate somehow in the in-
fection process. Notably, monocyte/macrophage and dendritic
cells are main examples of cellular models that express
P2X7R. Nevertheless, only a few works tried to study the
relation between P2X7 receptor and Dengue virus (DENV).
Correa et al. (2016) described a direct involvement of P2X7
receptor in modulation of the antiviral and inflammatory re-
sponse to DENV in vitro. Pre-treatment of monocytes with
I mM ATP resulted in significantly reduced NS1 secretion
and DENV-Ag positive cell frequencies. Moreover, pre-
incubation with ATP or BZATP re-established monocytes pro-
duction of nitric oxide upon infection. Finally, P2X7 receptor
activation impaired the production of the cytokines TNF-a
and IL-8, and chemokines CCL2 and CXCL10 that are
associated with severity of dengue disease. On the other
hand, Tsai et al. (2015) demonstrated that the [FN-y response
of y&T cells to Dengue virus-infected dendritic cells is depen-
dent on the P2X7 receptor pathway, demonstrating that this
antiviral action of the P2X7 receptor may be present in differ-
ent immune cells. Obviously, more studies concerning
purinergic signaling in the Dengue infection processes need
to be developed, but these results might indicate that P2 re-
ceptors can pose as novel therapeutic targets for Dengue fever.

Schistosomiasis

Schistosomiasis is a chronic intravascular disease caused
by a different species of the genus Schistosoma trematode
helminth (Colley et al. 2014; Mutapi et al. 2017). Most of
the clinical features of the disease result from a granulo-
matous response against schistosome eggs and released
antigens that can lead to fibrogenesis in host tissues
(Burke et al. 2009; Barsoum et al. 2013).

Evidence from murine experimental schistosomiasis have
shown an association of a strong CD4" Th2 response and the
granuloma formation, involving several cell populations and
immune mediators (Burke et al. 2009). Regarding purinergic
signaling, Oliveira et al. observed a reduced P2X7 receptor-
mediated permeabilization effect on mesenteric endothelial
cells from infected mice when compared to the control
(Oliveira et al. 2013). Similar results were found when the
authors evaluated endothelial nitric oxide (NO) production.
Western blot and immunocytochemistry assays demonstrated
areduced expression of the P2X7 receptor in these mesenteric
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endothelial cells (Barsoum et al. 2013). Additionally, Oliveira
et al. (2014) also demonstrated a critical reduction of P2X7
receptor activity (dye uptake assay and intracellular calcium
mobilization) in murine peritoneal macrophage cells upon S.
mansoni infection. Interestingly, the authors found that this
impairment of the P2X7 receptor function in the infected group
was correlated to an effect of the anti-inflammatory cytokine
TGF-B1. In fact, they observed higher TGF-31 levels in the
peritoneal cavity of infected mice. Moreover, pretreatment of
peritoneal macrophages from uninfected animals with TGF-31
resulted in a reduction of ATP-induced dye uptake. Although
this phenomenon was not associated to changes in P2X7 pro-
tein expression and mRNA levels between the uninfected, in-
fected, and TGF-f3 1-treated group, they found a diminished cell
surface localization of P2X7 receptors in macrophages from
infected mice. The authors also demonstrated that P2X7
receptor seems to be crucial in the tolerance and survival
of the infected mice since there was a high lethally pattern
in P2X7-knockout mice (Oliveira et al. 2014).

Muniz and collaborators identified a role for P2Y 12 recep-
tor in the modulation of eosinophil activation in S. mansoni-
induced inflammation. The authors found that P2Y'12 receptor
blockade with clopidogrel reduced granulomatous inflamma-
tory area and the number of eosinophils in mice liver during S.
mansoni infection (Muniz et al. 2015).

Schistosomiasis was shown to modulate the leukocyte ad-
hesion to endothelial cells by affecting P2Y1 receptor signal-
ing. Oliveira et al. (2016) demonstrated that mesenteric endo-
thelial cells from infected mice possessed an increased expres-
sion of NTPDases 2 and 3 what was correlated to higher ATP
hydrolysis to ADP when compared to control groups (Oliveira
etal. 2016). They also observed higher basal adhesion values in
the infected group and that the pre-treatment with MRS2179, a
P2Y1 receptor antagonist, reduced this effect. In the control
group, the same treatment had no effect on basal leukocyte
adhesion. Together, these data indicated that Schistosoma
mansoni infection induced pro-inflammatory phenotype in
mesenteric cells characterized by an up-regulation of
NTPDases 2 and 3, which in turn could favor ADP accumula-
tion and leukocyte adhesion. Interestingly, intravascular stages
of the parasite also exhibit ATP-hydrolyzing activity by expres-
sion of ATP diphosphohydrolase (SmATPDasel) what can en-
hance ADP accumulation in vivo (Da’dara et al. 2014).

Leishmaniasis

Leishmaniasis is a parasitic infection transmitted to verte-
brate hosts by the bite of different phlebotomine sand flies
(genus Phlebotomus in Europe, Asia and Africa, and
Lutzomya in Americas and Oceania) (Stockdale and
Newton 2013; Gupta et al. 2014). The causative agent is an
obligatory unicellular protozoan of the genus Leishmania
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that targets mainly phagocytic cells. The parasite had devel-
oped several strategies to survive within the host, evading
the immune response such as prevention of the lysosomal
enzymes activity, inhibition of pro-inflammatory cytokines
production, alteration of Toll-like receptors signaling path-
ways, attenuation T cell-mediated immune responses, etc.
(Loria-Cervera and Andrade-Narvaez 2014).

Recent publications have emphasized a direct involvement
of some purinergic receptors in the immune response to
Leishmania (Chaves et al. 2016; de Figueiredo et al. 2016).
One of the first evidences was a study showing modulation of
P2X7 purinergic receptor in macrophages by Leishmania
amazonensis infection (Chaves et al. 2009). Infected macro-
phages exhibited higher expression of P2X7 receptor, what
was correlated to an increased ATP-induced membrane per-
meabilization and apoptosis. Treatment with ATP also re-
duced the parasite load. In a second work, the same group
demonstrated a differential dye uptake in infected macro-
phages after treatment with ATP (Marques-da-Silva et al.
2011a). While the authors observed an enhanced uptake of
anionic dyes, such as Lucifer Yellow and carboxyfluorescein,
the uptake of cationic dyes was drastically reduced.
Interestingly, this differential modulation of dye uptake
showed to be dependent on viable L. amazonensis parasites,
since macrophages showed increased uptake of both anionic
and cationic dyes when they used parasites killed by freezing-
and-thawing or fixed with paraformaldehyde. Still concerning
the role of P2X7 receptor, Chaves and collaborators (2014)
showed that P2X7 receptor activation by ATP induced
Leukotriene B, (LTB,) production and release from uninfect-
ed and infected macrophages (Chaves et al. 2014).
Additionally, they observed that infected macrophages stimu-
lated with ATP exhibited higher LTB, release than both in-
fected and uninfected no stimulated macrophages. This effect
was dependent on P2X7 receptor activation since knockout
mice had a significant reduction in LTB, release. Another
evidence that corroborates the role of P2X7 receptor as a re-
sistance factor to Leishmania infection came from a study in
which knockout mice exhibited increased susceptibility to in-
fection by L. amazonensis and presented larger lesion size and
parasite load when compared to wild type mice. Furthermore,
these alterations were associated to a pronounced pro-
inflammatory profile compatible with a TH1 response in in-
fected tissues (Figliuolo et al. 2017).

Other purinergic receptors have been also implicated in
protective response against Leishmania. Marques-de-Silva et
al. found that L. amazonensis infection upregulated the ex-
pression of P2Y2 and P2Y4 receptor in infected peritoneal
macrophages. Moreover, UTP treatment reduced the parasite
load and induced apoptosis and intermediate reactive oxygen
and nitrogen species production in these cells. They also iden-
tified damage of intracellular parasites after UTP treatment
(Marques-da-Silva et al. 2011b).

Conclusion

Neglected tropical diseases (NTDs) still represent a se-
rious public health problem affecting mainly poor pop-
ulations in Africa, Asia, and Latin America. However,
in consequence of intense migratory flows, some of
these diseases can also be found in developed regions
of the world (Tam et al. 2016). Due to the high direct
cost of disease prevention and treatment and indirect
cost with the reduction of worker productivity, NTDs
also represent a serious economic burden for low-
income countries (Conteh et al. 2010). According to
World Health Organization reports more than one billion
of people suffer from one or more NTDs in the devel-
oping countries (Who 2012). Despite the high mortality
and morbidity, there is still a lack of effective and af-
fordable drugs for the treatment of these diseases. Since
drug discovery is costly and risky, the search for new
therapeutic targets is highly desirable. In this sense, this
review aims to present purinergic receptors as important
targets in the study of NTDs immunopathogenesis. As
mentioned before, recent studies have implicated P2 re-
ceptor in immune responses against microbes. However,
only a few numbers of studies have been performed to
understand the role of these receptors in the immune
response to causative pathogens of NTDs. Although
these receptors may not work as a general molecular
target candidate for all these diseases, the understanding
of their action or modulation during the course of the
infection can help to identify essential immune media-
tors and pathways that can be targeted for NTDs
management.
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