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Abstract

Significant advances have recently occurred in the identi-
fication and characterization of different types of microve-
sicles released by eukaryotic cells into the extracellular
space. Exosomes are one such type of these vesicles they
originate from multivesicular bodies and have received
much attention. Here, we review the available data on mi-
crovesicles secreted by the pathogenic protozoan Trypano-
soma cruzi, which is the causative agent of Chagas disease
and that still has a high prevalence in Latin America. The
available data show that T. cruzi exosomes contain some
key proteins and RNA molecules that contain genetic infor-
mation and may interfere with transcription. The available
information suggests that they play some role in the biology
of T. cruzi, including its interaction with host cells, as well as
on the pathogenesis of Chagas disease where inflammato-
ry processes and host cell dead occurs as a consequence
of parasites, factors released by the parasites, and mole-
cules produced by different host cells that are part of the
immunological response.
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Introduction

Basic knowledge on the organization of eukary-
otic cells is established in many textbooks [1]. Howev-
er, advances in the association of morphological with
biochemical and molecular techniques have added
new structures and organelles. Examples include exo-
somes and ectosomes. Although observed for many
years, their role in cell-to-cell communication has only
recently been understood. Recent data clearly shows

that they are involved in cell-to-cell communication - a
function usually considered occurring exclusively in gap
junctions and in secretory processes where the media-
tors as ligands, chemical and transmitors are released in
the vicinity where the receptors are located, e.g., neu-
ron-to-neuron or neuron-to-muscle cells synapses.

Early studies carried out by Pan and Johnstone [2,3]
using reticulocytes showed that inward budding of en-
dosomal membranes resulted in the accumulation of
intraluminal vesicles within large multivesicular bod-
ies. Some of these bodies migrate to the periphery of
the cell followed by fusion with the plasma membrane
and release of the vesicles into the extracellular space.
These are then designated exocytic multivesicular bod-
ies and later designated as exosomes [4]. It was later
shown that vesicles with different diameters (varying
from 40 up to 1000 nm) can be found in the extracellu-
lar space and designated by several names such as mi-
crovesicles, microparticles, etc. They are found around
cells as well as in all biological fluids. Collectively they
have been designated as “extracellular microvesicles”

[5].

Several reports have shown that extracellular vesi-
cles may be formed by different mechanisms initiated
by the outward budding of the plasma membrane or
from the endosomal system [6,7]. Some originate from
membrane exfoliation, while others are shed as a final
step in the process of capping the surface ligands - a
process that occurs in free cells such as lymphocytes
following ligand-receptor binding and mobility [8].
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Figure 1: Schematic representation of the release of extracellular membranous microvesicles into the extracellular space.

apoptotic bodies

Adapted from Mathivanan, et al. [4].

On the other hand, vesicles are formed by the as-
sociation of some macromolecular complexes with the
inner face of the plasma membrane leading to budding
of the membrane and release of vesicles outside the
cell in a process resembling viral budding. These vesi-
cles were designated as ectosomes [7]. Still others are
released when cytoplasmic Multivesicular-Like Bodies
(MVB) fuse with the plasma membrane and discharge
their vesicular content into the extracellular space. This
type of vesicles with a diameter of 40 to 100 nm is pres-
ently known as the exosome. Figure 1 shows a diagram
that distinguishes these different processes [5].

Where are the exosomes found? Current data indi-
cate that exosomes exist in a large number of cells, in-
terstitial fluids, urine, milk, and even in snake venom [9-
12]. Multivesicular Bodies (MVBs) are always involved
and are an intermediate. A well-defined compartment
is formed during invagination of the membrane lining
the endosome. It is important to point out that in most
cases, the MVB fuses with lysosomes and thus its cargo
is degraded. In other situations however, the MVB fus-
es with the plasma membrane releasing the exosomes
[13]. The fusion process may be triggered by calcium
ionophores [14].
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The protein and nucleic acids contents of the exo-
some have been studied in detail. Isolated extracellular
vesicles have been analyzed using different techniques
including mass spectrometry. Several proteins such as
Rabs (Ras-related proteins in brain), annexins, adhesion
molecules, cytoskeletal proteins and many others have
been identified. Rab 27A and Rab 27B GTPases have
been involved as exosome effector proteins [15-17].
More importantly, exosomes produced by mast cells
contain about 1300 mRNAs and 121 microRNAs, but not
DNA or rRNA [18,19].

Once released into the extracellular space, the exo-
somes may bind to the surface of cells and fuse with it
[20,21] with subsequent opening of the vesicle inside
the target cell or degradation of the exosome mem-
brane [22]. This demonstrates a novel mode of commu-
nication between cells in addition to other well charac-
terized structures such as synapsis and gap junctions.
For instance, incubation of human cells with exosomes
from mouse cells has led to the synthesis of mouse pro-
teins from the mRNAs present in the exosomes. This in-
dicates a process of horizontal gene transfer [14,18,23].

Viruses, prions and other infectious materials can
be transmitted from one cell to another via exosomes
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Figure 2: The life cycle of T. cruzi (1) The insect vector (female or male) bites a mammalian host and ingests trypomastigotes
located in the blood; (2) Metacyclic trypomastigotes; (3) Trypomastigotes transform into epimastigotes and some
spheromastigotes; (4) Epimastigotes multiply in the midgut; (5) Epimastigotes transform into metacyclic trypomastigotes in
the hindgut; (6) The insect vector passes the metacyclic trypomastigotes in feces near a bite site after feeding on a mammalian
host; (7) Metacyclic trypomastigotes form; (8) Metacyclic trypomastigote infects macrophages; (9) Metacyclic trypomastigote
transforms into amastigote; (10) Amastigote is released from the parasitophorous vacuole; (11) Amastigotes multiply in the
cytoplasm; (12) Amastigotes transform into trypomastigotes; (13) Trypomastigotes burst out of the cell; (14) Amastigotes and
trypomastigotes form; (15) (a) Trypomastigotes and (b) Amastigotes infect macrophages. In the central portion of the figure,
we added the most important animal reservoirs involved in the maintenance of the parasite in the domestic and peridomestic
environment. After Teixeira, et al. [61].
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[11,24-27]. They also act as vectors for mRNAs, miR-
NAs, virulence factors, and different types of mediators
[22,28]. One good example of the role played by exo-
somes on the transfer of RNA is a recent study by Bukong
and colleagues [29]. They showed that exosomes isolat-
ed from the sera of chronic Hepatitis C Virus (HCV)-in-
fected patients or the supernatants of HCV-infected
cells contained HCV RNA and that they could mediate
viral receptor-independent transmission of HCV to he-
patocytes. These authors also showed that transmission
of HCV was suppressed by some compounds, which in-
hibit proteins such as Heat Schock Protein (HSP90); vac-
uolar H*-ATPase significantly suppressed exosome-me-
diated HCV transmission to naive cells.

The data indicate that virtually all cells can produce
exosomes, but the role in parasites is less clear. Studies
of Leishmania [30,31], Trypanosoma brucei [32,33] and
Plasmodium [34] have clearly shown that these para-
sites also produce microvesicles that are released into
the intercellular space or the bloodstream. Exosomes
secreted by P. falciparum are directly related to the in-
fection of red blood cells in a mechanism that seems
to be important for the parasite’s transmission to the
insect vector [34]. In Leishmania sp., the exosome path-
way is a non-conventional protein secretion mechanism
because most exosome proteins do not contain a pre-
dicted signal peptide [30]. However, substantial work
on exosome biogenesis, content and functions in sev-
eral organisms, including Leishmania, has demonstrat-
ed that this pathway is far from unusual and is a major
mechanism for systemic and microenvironmental im-
mune manipulation [35]. More recently exosomes have
been described in other pathogenic eukaryotic microor-
ganisms but this is not the scope of this review [36,37].

In this short review, we will focus only on the data
available for Trypanosoma cruzi - the causative agent of
Chagas disease that has a high prevalence in Latin Amer-
ica [38]. This protozoan presents a complex life cycle
both in the invertebrate and vertebrate hosts where sev-
eral developmental stages can be found. Figure 2 shows
a general view of the life cycle which takes place in the
invertebrate (triatomines) and vertebrate (mammals)
hosts. Let us consider that the cycle starts with insects
from the Reduvidae family sucking the blood of verte-
brates infected with the parasite and containing try-
pomastigote forms which circulate in the bloodstream
(known as bloodstream trypomastigotes). Once ingest-
ed together with the blood most of the trypomastigotes
are lysed following interaction with bacteria existent in
the insect stomach [39]. The surviving trypomastigotes
transform a few days later either in spherical forms,
known as spheromastigotes, or in epimastigote forms.
The latter ones migrate to the intestine where they in-
tensely divide and attach, through a specific interaction
process where GPI-linked macromolecules exposed on
the parasite surface are recognized by components of
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the intestinal cell surface and the perimicrovillar mem-
branes [40]. At the most posterior regions of the intes-
tine and at the rectum many epimastigotes detach from
the intestinal surface and transform into trypomastigote
forms which are then released together with the feces
or with the urine [41]. These forms are also designated
as metacyclic trypomastigotes which are highly infective
for several mammal species, including the man. Usually
the infection of mammals takes place through direct in-
oculation of these forms through the ocular mucosa or
the lesioned skin following insect biting. More recent-
ly it has been shown that the forms are also infective
through an oral route [41]. Once in the vertebrate host
the metacyclic trypomastigotes invade cells found in
the inoculation site (fibroblasts, macrophages, epitheli-
al cells, etc) through several mechanisms (phagocytosis
and induced endocytosis) and are then found within an
endocytic vacuole known as the parasitophorous vac-
uole. A few hours after cell infection the long and thin
trypomastigote form gradually became rounded and
with a short flagellum, characteristics of the amastig-
ote (also known as intracellular spheromastigote) form.
At the same time the parasite secretes enzymes which
help in the digestion of the membrane lining the parasi-
tophorous vacuole [42,43] so that the amastigote forms
enter in direct contact with host cell organelles. Figure
3 shows schematically the various phases of the interac-
tion of the protozoan with host cells.

Chagas’ Disease (CD), recognized by the World
Health Organization (WHO) as one of the world’s 13
most neglected tropical diseases, continues to be a rel-
evant social and economic problem in many American
countries. Caused by the protozoan Trypanosoma cruzi,
the overall iliness prevalence is estimated to be approx-
imately 16-18 million cases [39]. Among those infected,
30-40% will subsequently develop the chronic form of
the disease. Chronic Chagas cardiomyopathy is the most
serious outcome, leading to conduction abnormalities,
cardiac failure and thromboembolism [39].

Exosomes in the protozoan Trypanosoma cruzi

Schmunis, et al. [44] used transmission electron
microscopy to show vesicles shed from bloodstream
trypomastigotes during capping of antigen-antibody
complexes. Subsequently, Gongalves, et al. [45] showed
release of 20-80 nm vesicles resembling what is now
known as exosomes along the entire extent of tissue
culture-derived trypomastigotes. Vesicles with these di-
mensions can be observed by Scanning Electron Micros-
copy (SEM) at the infection moment (Figure 4). Immu-
nocytochemical analysis showed that Tc85 (a member
of the superfamily gp85 trans-sialidase that is anchored
to the plasma membrane via GPl-anchors) is localized in
these vesicles. Injection of these vesicles into mice be-
fore infection with T. cruzi increased parasitaemia and
led to exacerbation of heart lesions and inflammation
[46]. All mice previously injected with the vesicles and
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Figure 3: Interaction’s phases of trypomastigote form of T. cruzi with vertebrate cells (A) Attachment of the trypomastigote
form to the cell surface; (B) The process of internalization via phagocytosis begins with the formation of pseudopods and
is followed by the recruitment and fusion of host cell lysosomes; (C) A parasitophorous vacuole is subsequently formed.
The lysosomal content is released into the vacuole, and the parasite is not affected; (D) In the vacuole, the trypomastigote
transforms into the amastigote form; (E) This transformation is accompanied by the digestion of the parasitophorous vacuole
membrane; (F) The amastigote is released into the cytoplasm of the host cell and divide several times; (G) Following division,
the amastigotes transform into trypomastigotes, which show intense and constant movement; (H) The host cell bursts and the
parasites reach the extracellular space and, subsequently, the bloodstream. These images were made based on micrographs
of transmission electron microscopy and video microscopy. After Teixeira, et al. [61].

then infected with T. cruzi died after 20 days of infection
whereas 20% of the untreated mice were still alive after
30days thusindicating some partial protection. The mice
previously injected with vesicles also displayed more se-
vere heart pathology with predominance of TCD4+ lym-
phocytes and macrophages, but not of TCD8+. It was
suggested that the vesicles led to an increase in tissue
parasitism and inflammation due to stimulation of IL-4
and IL-10 synthesis. Subsequently it was shown that the
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vesicles contain ecto-phosphatases that could be inhib-
ited by inhibitors such as sodium tartrate and sodium
fluoride thus suggesting being acid phosphatases [47].
Inhibitors of phosphotyrosine phoshatase such as o-va-
nadate also inhibit enzyme activity.

Taking into consideration previous studies carried
out to characterize the surface of T. cruzi it was suggest-
ed that the secreted phosphatases are biochemically
related to those found on the parasite surface. The au-
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Figure 4: Scanning electron micrograph of interaction be-
tween trypomastigotes and host cell demonstrating the pres-
ence of shedding vesicles similar to exosomes. Asterisks:
shedding vesicle; T: trypomastigote; M: mammalian cell.

thors also reported that these results varied according
to the strain of T. cruzi used. Evidence was obtained
showing that the phosphatases play some role on the
process of adhesion of T. cruzi trypomastigotes to the
host cell surface and its subsequent internalization [47].

More recently Garcia Silva, et al. [48] reported the
presence of a homogeneous population of small RNAs
derived from mature tRNAs that accounted for about
25% of the small RNA population in T. cruzi epimastig-
otes. The levels of these tRNA-derived Halves (tsRNAs)
were more pronounced in parasites undergoing a pro-
cess of nutritional stress that usually triggers differenti-
ation into infective trypomastigotes. Interestingly, the
tsRNAs were localized in a cytoplasmic organelle resem-
bling the reservosomes [49]. This organelle is involved
in the accumulation of both macromolecules ingested
through the endocytic pathway as well as some prote-
ases, especially cruzipain, that is synthesized by the par-
asite [50]. It was subsequently shown that tsRNAs were
localized in organelles associated with clathrin and with
the T. cruzi argonate protein TcPIWI-tryp that is mor-
phologically characterized as reservosomes as well as in
uncharacterized cytoplasmic vesicles and in Golgi-like
vesicles [51]. It was also shown that 20-200 nm vesicles
are released from the parasites into the extracellular
medium from reservosome-like structures containing
vesicles that touch the cytoplasmic face of the plasma
membrane. This is especially true in epimastigotes sub-
mitted to nutrient starvation.

This may correspond to exosomes as well as other
microvesicles such as ectosomes or shedded vesicles
because the vesicle population is not homogenous.
Bayer-Santos, et al. [52] reported the presence of two
classes of vesicles: likely exosomes and ectosomes. The
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released vesicles carry small tRNAs and TcPIWI-tryp
proteins, and they are internalized by other parasites
suggesting that at least tRNA-derived small RNAs are
delivered from one parasite to other parasites in the
population.

It was also noted that the released vesicles stimu-
lated the transformation of epimastigotes into trypo-
mastigotes - a process known as metacyclogenesis [52].
The vesicles are also incorporated by mammalian cells
susceptible to T. cruzi infection. Incorporation of the
vesicles by electroporation into K562 cells that usually
are not infected with T. cruzi render them susceptible
to infection. Subsequently it was shown that incuba-
tion of mammalian cells with isolated vesicles from T.
cruzi induces changes in gene expression as assessed
by microarray assays. A large set of genes in Hela cells
were differentially expressed upon incorporation of T.
cruzi-derived extracellular vesicles. This response main-
ly modified the host cell cytoskeleton, extracellular ma-
trix, and immune responses pathways. The most abun-
dant tRNA-derived small RNAs included in extracellular
vesicles also modified some genes. These data suggest
that microvesicles secreted by T. cruzi could affect par-
asite host cell interplay. It is now accepted that secret-
ed exosomes and shed microvesicles/ectosomes are a
means for the delivery of genetic information (e.g., miR-
NAs and mRNAs) and proteins between cells [19]. Inter-
estingly, these exosomal mRNAs and microRNAs were
completely functional in recipient cells and thus played
pivotal roles in cell-to-cell communication [19]. Thus, it
is possible to speculate that T. cruzi extracellular vesi-
cles and their cargo could represent a route of intercel-
lular communication delivering “molecular messages”
to others cells aimed to induce coordinated responses
to assure parasite survival through both the emergence
of infective forms and the establishment of a cellular
environment able to facilitate infection.

In this respect, it was recently reported that T. cruzi
trypomastigotes invade 5-fold as many susceptible cells
when pre-incubated with purified parasite extracellular
vesicles [53]. These results suggest that secreted vesi-
cles from T. cruzi and their cargo could act as virulence
factors by promoting metacyclogenesis and enhancing
host cell susceptibility or both [53]. T. cruzi virulence
factors include molecules expressed on the cell surface
as well as those secreted or shed into the extracellu-
lar medium. Phosphatase activities modulate different
aspects of T. cruzi infection, and Neves and colleagues
[47] demonstrated the presence and activity of phos-
phatases in vesicles secreted by Y and CL-Brener (VF-
CLB) trypomastigotes suggesting that exosomes are tru-
ly involved in T. cruzi invasion (Figure 5).

Cestari, et al. [54] reported that T. cruzi also induc-
es release of exosomes from the host cells and that
these vesicles bind to the parasites and protect them
to complement-mediated lysis. Recently, Ramirez and
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Figure 5: Ultrastructural characterization and size distribution of a vesicle fraction obtained from trypomastigotes (A) SEM of
trypomastigote releasing vesicles in different regions of the cell body (white arrowheads) and the flagellum (white arrow); (B)
TEM image of small vesicles inside the flagellar pocket of a trypomastigote form (black arrows). Note that vesicles present
different sizes; (C) TEM image of reservosome vesicles. Note that the two vesicles in e (arrowhead and black arrow) present
the same size and that the membrane of the reservosome (asterisk) is in close contact with the cell membrane (white arrow);
(D) Negative staining of the vesicle fraction demonstrating some heterogeneity in size; (E) No vesicles were observed in the

colleagues [55] showed that culture derived trypomas-
tigotes and metacyclic trypomastigotes induce different
levels of MV release from THP-1 cells. They then used
Fluorescence Resonance Energy Transfer (FRET) micros-
copy to show that THP-1-derived microvesicles can fuse
with those produced by the parasite. Sera from patients
with chronic Chagas disease in the indeterminate or
cardiac phase also differentially recognized antigens in
THP-1-derived microvesicles resulting only from inter-
action with infective stages demonstrating a possible
modulation of the immune system.

Bayer-Santos, et al. [56] recently analyzed vesicles
isolated from T. cruzi epimastigotes and metacyclic
trypomastigotes from the Dm28c strain. The results
showed that the vesicles were composed of a wide vari-
ety of RNA molecules including rRNA, mRNAs, and small
RNAs. Importantly, the authors also observed some
differences in composition between vesicles isolated
from epimastigotes and those from metacyclic trypo-
mastigotes. For instance, while tRNA comprised 35% of
all small RNAs from epimastigotes, this percentage was
only 6.5% in the case of bloodstream trypomastigotes.
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Nogueira, et al. [57] isolated vesicles from trypo-
mastigotes of four different T. cruzi strains (Y, Colom-
biana, CL-14 and YuYu) and found that YuYu parasites
released more vesicles than the other strains. These
vesicles were also richer in proteins while those from
the Y strain showed more alpha-galactosyl-containing
glycoconjugates. Differences in the ability of the vesi-
cles from different strains to induce innate and chronic
immune response were observed.

The following components have been detected in
T. cruzi exosomes: TGF-B, GP63, GP82, GP85/trans-si-
alidase family, GP90, TcSMP, a-galactosyl glycoconju-
gates, cruzipain, SAP proteins, TcPIWI-tryp, FCaBP, and
Cyclophilin A [37,58].

Certainly further studies are necessary to clarify the
role played by these small RNAs including the life cycle
and behavior of the different strains of T. cruzi. Recent
studies have revealed that rRNA-derived small RNAs are
processed by special enzymes and might play important
roles in heterochromatin assembly and transcription
regulators [59,60].

ePage 7 of 9 e


https://doi.org/10.23937/2469-5807/1510054

DOI: 10.23937/2469-5807/1510054

ISSN: 2469-5807

Conclusions

Based on the available data we speculate that the
microvesicles play some role in the biology of T. cruzi as
well as on the pathogenesis of Chagas disease. Here, in-
flammatory processes and host cell dead occur as a con-
sequence of parasites, factors released by the parasites,
and molecules produced by different host cells, which
are part of the immunological response. This hypothesis
is based on the following: (a) Electron microscopy im-
ages show release of microvesicles by trypomastigotes
as well by intracellular amastigotes, (b) The presence of
some key proteins in the microvesicles such as transial-
idase, mucins, etc., and (c) The presence of RNA mole-
cules that contain genetic information that may inter-
fere with transcription processes.
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