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Introduction

Leishmania is a parasite of the Kinetoplastida order and 
the Trypanosomatidae family. Structural and formal 

changes are also observed in Leishmania, as are other species 
in this family. Leishmania species have two distinct mor-
phological appearances throughout their life cycle (Claborn, 
2010). These forms are the amastigote form found in the 
host macrophage cells and the promastigot form found in 
the digestive system of the vector sandfly. The amastigote 
form is 2x5 μm in size, oval and immobile. The promastig-
ote form is a single flageller parasite that can reach up to 
about 20 μm in size and 1.5-3.5 μm in width (McConville 
et al., 2007). When both forms are stained with giemsa, 
purple-colored nuclei and a purple rod-shaped kinetoplas-
ty of the parasite are visible (Pérez-Cordero et al., 2011).
Leishmaniasis is a serious health problem that spread 
widely in tropical and subtropical geographical regions, in 

98 countries in Europe, Africa, Asia and America (Ste-
verding, 2017). According to the statistics, about 0.2-0.4 
million new cases of Visceral leishmaniasis and 0.7-1.2 
million new cases of cutaneous leishmania are faced each 
year (Alvar et al., 2012). Given the close to 300,000 cases 
visceral form of Leishmaniasis, which can be deadly if not 
treated, it is clear that the lives of 350 million people living 
in those areas are at risk (Melo et al., 2017). Depending 
on the species of leishmania and host factors, infections 
of leishmaniasis in humans can occur in different forms; 
these three main forms are cutaneous, mucocutaneous and 
visceral (Alonso et al., 2016). Cutaneous begin as small 
papules and within a few weeks they progress to plaque, 
then painless ulcers and regional lymphadenopathy are 
observed. In mucocutaneous, bleeding, inflammation, nasal 
obstruction, mucosal erosion and nasal decay can be ob-
served years after the cutaneous healing. The visceral form 
targets the tissues and organs of the reticuloendothelial 
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system, such as the spleen, liver, bone marrow, and in this 
form, symptoms such as fever, weight loss, and splenomeg-
aly are observed (Handler et al., 2015). An effective vac-
cine to prevent the spread of the disease in the treatment 
of Leishmaniasis has not been developed yet and existing 
anti-leishmanial drugs are far from treating the disease due 
to their high cost, toxic effects and the resistance of some 
parasites to drugs (Abamor et al., 2017).

The parasite is spread by a sandfly to a large mammali-
an mass including humans and dogs, and the infection 
develops in macrophages and other cells of the reticulo-
endothelial system. Throughout the life cycle, leishmania 
parasites are exposed to many different environments in 
the infected host (Berg et al., 2013). The cycle begins when 
the infected host’s blood is absorbed by the sandflies. Af-
ter a small amount of blood, lymph, and macrophages are 
digested by the sandflies, the parasites that cause Leishma-
nia settle in the middle intestine of adult female sandflies 
and live there as a compulsory parasite (Mukkada et al., 
1985). Leishmania parasites that live extracellularly in the 
flies alimentary canal migrates into the mammalian host 
by the bite of the fly, and this is called the host invasion. 
This process results in the adherence of the parasites to the 
membrane of macrophages, phagocytosis and subsequent 
development in phagolysosomes.The promastigote forms 
of phagocytes parasites cause the entire reticuloendothelial 
system (spleen, liver) to become infected. The parasites that 
reach the amastigote form within the macrophage cause 
the macrophage to burst after a certain period of time due 
to their cleavage within the phagolysosome.These amastig-
otes that spread in the environment in this way, when host 
are bitten by the sandfly again, enter into the sandfly and 
continue their life cycle (Killick-Kendrick, 1990; Leifso et 
al., 2007; Walker et al., 2014).

Exosome
Most eukaryotic cells secrete extracellular vesicles (EV), 
i.e., apoptotic bodies, microvesicles and exosomes, which 
can have significant effect on both neighboring and dis-
tant cells (Andaloussi et al., 2013; Lee et al., 2012). The 
largest of the EVs, apoptotic bodies, are formed by apop-
totic cell division of a dying cell into closed vesicles and 
are between 500-4000 nm in size. Apoptotic bodies are 
then phagocytosed by macrophages and removed from the 
medium (Akers et al., 2013). Micro-vesicles (50-1000 nm) 
are generally smaller than apoptotic bodies and are also 
known as pouring vesicles or exoveseals. The microvesicles 
secreted from the surface of the cells express markers in-
dicating changes in the activation state of the apoptosis 
or origin of the cell. Specifies state of tissue or organ (Fi-
erabracci et al., 2015). Exosomes are small (30-100-nm) 
vesicles originated from endosomal origin that are released 
during reticulocyte differentiation as a consequence of the 
fusion of multivesicular endosomes or multivesicular bod-

ies (MVBs) with the plasma membrane (Colombo et al., 
2014). These 30-100 nm membrane-bound nanoparticles 
harboring biomolecular charges present a significant po-
tential in both disease detection and treatment. Exosomes 
are secreted by many cell types maintained in many organ-
isms, carry signal molecules between cells, and also play an 
important role in intercellular communication (Keerthi-
kumar et al., 2016). Studies have revealed the therapeutic 
potential of exosomes, but more work needs to be done to 
fully demonstrate their efficacy.

Exosomes are produced and secreted by many cell types 
such as dendritic cells, macrophages, B lymphocytes, T 
cells, epithelial cells, fibroblasts, adipocytes (Frydrychow-
icz et al., 2015).  In addition, exosomes can be also isolated 
from body fluids such as saliva, urine, breast milk, semen, 
blood and bile (Zhang et al., 2016). Vesicles secreted by 
cells can fit into one of the following states: internalization 
by other cells, internalization by cells moving away from a 
significant distance from the oscillating cell, and removal 
by remote tissues after entering systemic circulation (Ra-
poso et al., 2013). The exosomes secreted from the origin 
cell contain many proteins such as tetraspanin family pro-
teins (CD9, CD63, CD81, CD82), heat shock proteins 
(Hsp70, Hsp90), ESCRT complex (Alix, TSG101), fusion 
proteins (GTPases, flotillin), glycoproteins and lipids such 
as cholesterol, phosphoglyceride, ceramide. It has also been 
reported to contain miRNA at high concentration (Si-
mons et al., 2009; Zheng et al., 2014).The composition of 
these proteins varies depending on the cell or tissue from 
the source (Théry, 2011).

Exosomes of Leishmania Parasites
It was observed that exosomes secreted by various Leish-
mania species are morphologically and biochemically 
resemble to mammalian exosomes. However, exosomes 
secreted by parasites as compared to exosomes of mamma-
lian cells have been reported to account for more than half 
of the total protein secreted by parasites. It has also been 
reported that the amount of exosomes released by parasites 
is 3-4 times higher in the environment with acidic pH of 
37 ° C (Silverman et al., 2010). 

Based on the literature review, against Leishmaniasisit has 
been found thatthere are 3 different roles of exosomes se-
creted by Leishmania parasites and immune cells. To these; 
(a) the development of infection and the formation of viru-
lence, (b) the triggering of the host immune system, and (c) 
the ability to sustain life in host macrophages are included.

a.The Role of Exosomes in the Development of Leish-
mania Infection and in the Formation of Virulence: 
Macrophages, composed of blood, spleen and bone marrow 
monocytes, play important role in the homeostasis, repair 
of the organism, and in particular the immune response 
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to pathogens (Wynn et al., 2013).  Macrophage activation 
occurs in two ways, classical and alternative.In classical 
activation, CD4 + Th1 cells produce nitric oxide synthase 
(iNOS), an enzyme that catalyses L-arginine production to 
produce nitric oxide by producing IFN-γ. It has also been 
found that besides IFN-γ, cytokines such as IL-1, TNF 
and IFN-α also lead to macrophage activation and increase 
the expression of iNOS leading to NO production (Bronte 
et al., 2005). In alternative activation, macrophage activa-
tion is stimulated by CD8 + Th2 cytokines such as IL-4, 
IL-10 and IL-13. It has been shown that IL-4-induced 
polyamine biosynthesis supports the survival of L. major 
parasites in macrophages and IL-10 inhibits inflammato-
ry cytokine production, particularly TNF (Gordon, 2003; 
Kropf et al., 2005). Also, Leishmania parasites survive by 
introducing various defense systems in phagocytes or mac-
rophages they are involved in. These are possible thanks to 
the surface immunogens of the parasites, glycoprotein 63 
(GP63) and lipophosphoglycan (LPG). GP63, also called 
zinc-metalloprotease, is a Leishmania surface protein with 
a size of 60-66 kDa that protects intracellular amastigotes 
in host macrophages, acts in the escape mechanisms of the 
parasite from the macrophages and plays an effective role 
to infect the host (Isnard et al., 2012). LPG is a glycocon-
jugate commonly expressed on the surface of Leishmania 
promastigotes. LPG is involved in a variety of functions 
such as recognition, resistance to complement, modulation 
of nitric oxide (NO) and IL-12 production, phagocytosis 
and protection from vacuoles in the acidic environment 
(Paranaíba et al., 2015).These molecules promote survival 
of macrophages in parasites by the inhibition of oxidative 
respiratory metabolites of hydrolytic enzymes in phagolys-
osomes and the inhibition of phagosome-endosome fusion 
by LPG molecules. In addition, the alteration of calcium 
mobilization on the macrophage by parasites also leads 
to the inhibition of signal transduction and host signal-
ing pathways. It also by providing the modulation of mac-
rophage cytokine production and the inhibition of NO 
production by glycosylinositolphospholipids (GILPs) on 
the amastigote surface, allowing the parasites to survive in 
the macrophage phagolysosome (Cunningham, 2002; De-
scoteaux et al., 1991; Descoteaux et al., 1999; Kane et al., 
2000; Miao et al., 1995; Olivier et al., 1992; Reiner, 1994; 
Roberts et al., 1996; Turco et al., 1992).

One study in literature indicated dissimilar inhibition of 
macrophane from NO mechanism. According to the re-
sult of this study, the host cells of Leishmania donovani (L. 
donovani) leads to increase Src-homology 2 domain com-
prising L. donovani host cells phosphatase-1 (SHP-1) and 
other protein tyrosine phosphatase (PTP) activity as po-
tential (Blanchette et al., 1999). SHP-1 which was fastly 
activated by L.donovani promastigotes causes inhibition of 
induced JAK2 phosphorylation with IFN-γ (Shio et al., 
2012). As a result of this situation, it was observed that 

SHP-1 breaks the functions of nitric oxide-dependent and 
independent microbicidal mechanisms and is important for 
the survival of the mammalian L. donovaniand for spread-
ing the disease. There are two protein activation for this 
situation. Fructose 1,6-biphosphate aldolase in L.donovani 
and elongation factor-1α (EF-1α) SHP-1 bonding as acti-
vating protein were detected (Nandan et al., 2007; Nandan 
et al., 2002). However, studies in recent years has reported 
that exosome also have role for the survival of Leishmania 
parasites in macrophages. In one study, as a result of in-
vestigating of Leishmania exosome, it was mentioned that 
exosome make easier communication between the host cell 
and carry these proteins. This situation was supported by 
the detection of aldolase and EF-1α in the cytosol of in-
fected cells as well as the exosomal markers of HSP70 and 
HSP90, heat shock protein, which conferred temperature 
resistance to parasites. In addition, the fact that leismania 
exosomes induces secretion of IL-8 was clearly showed 
and this hypotesis could help enfection of the host cell by 
Leismania parasites (Silverman et al., 2010).

Molecular interaction between parasite and host cell is 
imported in infection therefore; success in one infection 
depends on the ability of parasite to escape the defense 
mechanisms of the host cell and the invasion and repro-
duction of the target cell (da Fonseca Pires et al., 2014).
After that exosomes carry virulence factors like LPG,G-
P63,P46 was shown in studies at subsequent years belong-
ing to leismania parasite exosomes, the studies are related 
to transportation of these virulance factor via exosomes 
and their effect. There are studies in the literature that are 
vital for exosomes which is released by pathogenic infec-
tions.  They are of great interest and importance because 
they are believed to play a role in vasculitis, especially in 
host-pathogen interactions, where organisms are secreted. 
One study according to this information was the role of 
wild type (WT) and GP63(-/-) knock-out (KO) Leish-
mania exosomes on modulation of inflammatuar response. 
It was seen that Leishmania exosomes have shared some 
immunomodulatory properties with Leishmania para-
sites. KO parasites have ability to low immun regulation 
as compared with WT parasites. The control of this situ-
ation was mediated by GP63 cleavage of the macrophage 
protein tyrosine phosphatases (PTP), and also reduction 
of translocation of pro-inflammatory transcription factors 
(TF) and reduction of proinflammatory gene expression.  
Many receptors and correlator like IL-1 reseptör type I, 
Nlrc4, Treml and Dectin-1 (Clec7a) were downregulated 
after only enfection of WT parasites (Hassani et al., 2014). 
The first time in L. major is a 46-kD protein whose prog-
eny is unknown, its function is unknown, and accumulates 
in the cytoplasm of infected macrophages. In this situa-
tion, it was detected that increasing of wild type L.major 
lesion production and P46 overexpression and a non-viru-
lent HSP100 null mutant compensates for the loss of viru-
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lence (Bifeld et al., 2015). In a study conducted, exosomes 
were isolated from L. major to determine whether P46 
was a virulence factor. Bone marrow-derived macrophages 
(BMMs) were first incubated with exosomes derived from 
L. major WT, L. major P46 - / -, L. major P46 - / - / + and 
Leishmania-free medium, then were infected with L. ma-
jor. The results of in vitro infection confirm the effective in-
crease of exosomes, parasite load, in the increased parasitic 
load on the medium-treated BMMs. The P46 protein has 
been shown to be an exosomal protein due to the Hsp100 
heat shock protein as it has almost the same effect in other 
experimental groups (Bifeld et al., 2015).

In a study in which Atayde et al. performed with L. in-
fantum and L. major, it was seen that the promastigotes 
in the midgut of the sandfly secrete exosomes, and these 
exosomes were given with parasites during the bite of the 
sandfly. In the same study, mice were harvested at week 5 
post-infection with drainage lymph nodes and significant-
ly elevated levels of IL-4 and IFN-γ have been observed 
that support increased parasite replication when their cy-
tokine mRNA levels are measured. It has been determined 
that mice injected exosomes with L. major exacerbate the 
disease, increase lesion formation significantly, increase 
leishmanian virulence factors, and regulate the immune 
system by expressing IL-4 and IFN-γ (Atayde et al., 2015).

Different mitochondrial proteins are found in Leishma-
nia secretomy and exosome related to Leishmania parasite. 
In another study, chaperonin 10 (CPN10) mitochondri-
al protein in L. donovani was examined for the transport 
of cytokines via the exosomes of infected macrophages.
THP-1 cells, a human monocytic cell line differentiated 
into macrophages, were infected with L. donovani and 
were seen in the cytosol of macrophages when 4 ‘, 6-di-
amidino-2-phenylindole (DAPI) staining was applied. 
(Genin et al., 2015). Leishmania CPN10 regulated ex-
pression of Leishmania proteome at the same time mac-
rophages proteins in infected cells affected the expression 
of a large and different group. As a result, CPN10 has been 
shown to attenuate the rate of leishmania ingestion, both 
in promoting intracellular survival and limiting the extent 
of macrophage activation (Colineau et al., 2017).

b. The role of exosomes in triggering the host immune 
system against Leishmaniasis: One of the other impor-
tant problems against Leishmaniasis is that there is no ef-
fective vaccine. Although to the development of vaccines 
against Leishmaniasis several approaches have been devel-
oped by now but it is not possible to obtain an effective 
vaccine yet. At the recent years, studies on exosomes re-
lated to Leishmania shows that exosomes have the poten-
tial to develop vaccines against Leishmaniasis. Exosomes 
that derived from Leishmania lead to promising hope in 
vaccine development. In the research on dendritic cells, 

Schnitzer et al. in the study on Balb/c mice they consid-
ered that exosomes of bone marrow dendritic cells were 
loaded with L. major antigen and activated with CpG 
containing oligodeoxynucleotides (CpG ODN). After 
one week it has been found that exosomes released from 
dendritic cells of the L. majorinfected mice help protective 
immunity against cutaneous leishmaniasis. In the same 
study it has also been shown that exosomes secreted by 
dendritic cells which fixed by paraformaldehyde or ex-
posed to UV radiation or broken down can induce T cell 
proliferation and IL-12 secretion. As a result of the study, 
it has also been found that this protective effect does not 
depend on cell morphology or cell viability (Schnitzer et 
al., 2010). However, another study found that exposure of 
human monocytes to Leishmania exosomes resulted in an 
increase in IL-10 production, a change in monocyte-cy-
tokine responses, inhibition of  IL-8 and TNF-a produc-
tion, and this response was anti-inflammatory.  Again, in 
this study, the results of infected monocytes against naive 
monocytes exposed to exosomes and IFN-γ at various dos-
es were compared. The results have shown that exosomes 
inhibit cytokine production at a high level, but inhibition 
of this cytokine production requires exosomes at very high 
concentrations. Moreover, exosomes from WT L. donovani 
have prevented the differentiation of naive CD4 T cells 
into IFN-γ producing Th1 cells. Exosomes from L. major 
have also been examined to check that immunosuppressive 
properties are not specific to L. donovani exosomes. As a 
result, it has been observed that these exosomes increase 
Th2 cell polarization in vivo and cause leishmania infec-
tion to exacerbate (Silverman et al., 2010).

The vaccine development against Leishmaniasis is not lim-
ited to dendritic cells alone. An important member of the 
immune system, and studies of macrophages, which act 
as a host in Leishmania parasites, have also been studied. 
In one study, the relationship between macrophages and 
Leishmania parasites was examined. The J774 mouse mac-
rophage cell line infected with L. mexicana (LEISHX) or 
LPS-stimulated (LPSX) or non-treated (NILX) was sep-
arately incubated with each other. After incubation, pro-
teomic analysis of exosomes released from the J774 mouse 
macrophage cell line was performed. Analysis showed 
that approximately 80% of the Leishmania proteins were 
shared between the NILX, LPSX and LEISHX exosomes, 
and these exosomes were generally found to aid in cell-
cell communication, vesicle exchange and signaling. It has 
also been shown that the only virulence factor found in 
exosomes of these macrophages is Leishmania GP63 and 
can reach the cytoplasm or the nucleus of the macrophage 
(Hassani et al., 2013). 

c. Leishmania exosomes and resistance mechanism: The 
most common and most appropriate option for the treat-
ment of leishmaniasis is pentavalent antimony based drug 
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therapy. One of the problems that arise in the fight against 
the disease is the development of resistance to these drugs 
used in parasites. Although there are various explanations 
for the development of resistance to drugs used in parasites, 
it is not fully adequate. There are 58 kDa protein Antimo-
ny Resistance Marker 58 kDa (ARM58) codes which im-
part antimony III (SbIII) resistance to promastigotes and 
antimony V (SbV) resistance to intracellular amastigotes 
in species such as L. donovani and L. braziliensis (Schäfer 
et al., 2014). Recent studies show that exosomes play a role 
in the resistance of Leishmania parasites. In one study, L. 
donovani exosomes played a role in resistance to the host 
defense mechanism, and ARM58 protein was found in 
these exosomes. In addition, the ARM58 / ARM56 me-
diated antimony resistance mechanism has been expressed 
when overexpressed. At the same time, it was determined 
that the infectivity of parasites has been increased in vitro 
(Nevado et al., 2016).

In study conducted, The HSP90 chaperone and its co-
chaperons Aha1 (Bartsch et al., 2017) and P23 (Hombach 
et al., 2015), a heat-shock protein found in the exosomes 
of L. donovani, are important for the survival, life cycle 
control, infectious and stress tolerance of these parasites 
and therapeutic intervention against potential targets. The 
lack of Aha1 leads to the decreasing of parasites in high-
er temperature in vitro, hypersensitive of ethanol and the 
transportation of the plasma membrane to be damaged. 
The lack of P23 increase ATPase activation of HSP90 
and causes sensitive phenotype to Radicicol drug which 
is HSP90 inhibitor. As a result of this, these cochaperones 
that are secreted by the exosomes and steered to the host 
cell cytosol have been shown to have an indirect effect on 
viability by interfering with the activity of the HSP90 in-
hibitors (Bartsch et al., 2017; Hombach et al., 2015).

Conclusion and Future Prospects
Studies through extracellular vesicles are becoming in-
creasingly important in research on Leishmaniasis as in 
other diseases in recent years. Exosomes of the Leish-
mania parasite have also been found to contain proteins 
and nucleic acids of the original cell as a result of these 
studies. Review of the literature has focused on the role of 
exosomes secreted by Leishmania parasites in the devel-
opment of Leishmaniasis, the survival of Leishmania in 
host macrophage, resistance to the host immune system 
and its role in triggering the host immune system. Howev-
er, the studies carried out in this direction are few and the 
results obtained are inadequate and contradictory. In addi-
tion, studies predominantly carried out in this area include 
L. donovani, L. major species of Leishmania parasites. We 
did not find much information against other species. Since 
there is no information on the isolation of exosomes from 
species such as L. tropica, L. infantum, which are other im-
portant species of Leishmania parasites, it is important 

to continue their studies in the future. Although there is 
information on the use of exosomes obtained from oth-
er infections in diagnosis, there are no studies on this in 
Leishmaniasis. Exosomes can also be used in the diagnosis 
of Leishmaniasis. Therefore, diagnostic values of the ex-
osomes to be isolated should be revealed in a short time. 
The published literature suggests that exosomes isolated 
from either Leishmania parasites or from immune system 
cells, may trigger an immune response and thus play an 
important role in the immunotherapy of leishmaniasis. 
However, due to the low number of studies conducted on 
this area, more extensive studies are needed. On the other 
hand, studies conducted in recent years are attempting to 
clarify the role of exosomes in the immunopathogenesis 
of Leishmania parasites. With the increase of studies in 
this area, the exosomes will be clear about the survival of 
parasites, infections and the activity of making the disease. 
Thus, significant potentials will be identified in studies of 
exosomes, in the diagnosis of Leishmaniasis, immunother-
apy and vaccine studies. It has also been reported that ex-
osomes have an active role in resistance to parasites against 
anti-leishmanial drugs used. Along with the clarification 
of this resistance mechanism, new approaches can be de-
veloped in the treatment of the disease. However, due to 
their chemical structure, the isolated exosomes present a 
great potential to be used as nanoparticulate drug delivery 
systems in the treatment of leishmaniasis and other infec-
tious diseases. All these expectations can be made possible 
by the increased interest shown in the relevant work. As a 
consequence, since exosomes have a great potential to fight 
against Leishmaniasis, the maintenance of these studies is 
of strategic importance.
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