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Trypanosoma evansi evades host innate immunity by releasing extracellular
vesicles to activate TLR2-AKT signaling pathway
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ABSTRACT ARTICLE HISTORY
Surra, one of the most important animal diseases with economic consequences in Asia and Received 21 April 2021

South America, is caused by Trypanosoma evansi. However, the mechanism of immune evasion Revised 24 June 2021
by T. evansi has not been extensively studied. In the present study, T. evansi extracellular Accepted 19 July 2021
vesicles (TeEVs) were characterized and the role of TeEVs in T. evansi infection were examined.
The rgsults showed that T. evansi and TeE\/s could activate TLR2-AK_'I;_ pat.hway to |nh|b|t t'he Trypanosoma evansi;
secretions of IL-12p40, IL-6, and TNF-a in mouse BMDMs. TLR2 mice and mice with immune evasion;
a blocked AKT pathway were more resistant to T. evansi infection than wild type (WT) mice, extracellular vesicles; TLR2;
with a significantly lower infection rate, longer survival time and less parasite load, as well as AKT; KMP-11
an increased secretion level of IL-12p40 and IFN-y. Kinetoplastid membrane protein-11 (KMP-
11) of TeEVs could activate AKT pathway and inhibit the productions of IL-12p40, TNF-a, and
IL-6 in vitro. TeEVs and KMP-11 could inhibit the productions of IL-12p40 and IFN-y, promote
T. evansi proliferation and shorten the survival time of infected mice in vivo. In conclusion,
T. evansi could escape host immune response through inhibiting the productions of inflam-
matory cytokines via secreting TeEVs to activate TLR2-AKT pathway. KMP-11 in TeEVs was
involved in promoting T. evansi infection.
Extracellular vesicles (EVs) secreted by Trypanosoma evansi (T. evansi) activate the TLR2-AKT
signaling pathway to inhibit the production of inflammatory cytokines, thereby escaping the
host’s immune response. Kinetoplastid membrane protein-11 (KMP-11) in EVs is related to the
promotion of T.evansi infection via AKT pathway.
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Introduction

Trypanosoma evansi is bloodborne protozoa that cause
disease in several species and transmitted by hemato-
phagous flies and vampire bats to cause surra, a serious
disease of economic importance throughout the world
[1]. Trypanosoma evansi could infect most mammals
exhibiting different clinical characteristics [2,3]. In
camels, horses, and dogs, the parasite causes acute
infection causing high fever, weight loss, anemia, geni-
tal inflammation, neurological symptoms, and even-
tually death [4]. On the contrary, in cattle and
buffalo, the parasite causes chronic infection and pro-
duces symptoms of emaciation, anorexia, anemia, and
decreased productivity [1,3]. Wild mammals, such as
puma and feral pigs, can also be infected with T. evansi
[5,6]. T. evansi caused diseases are widely distributed in
South America, Asia, Africa, and other regions, causing
significant economic losses [7]. Since 2005, several
cases of human infection by T. evansi have been
reported [8-10], suggesting the potential of this parasite
to be considered as zoonotic [11]. T. evansi parasitizes
in the host’s blood and is fully exposed to the host’s
immune surveillance. However, T. evansi could evade
host-specific immune response by constantly changing
variable surface glycoproteins (VSGs) [3]. Suramin is
the drug that has most frequently been used for the
treatment of surra in horses [12]. There are no vaccines
for the prevention of surra. Further understanding of
the mechanism of host immune evasion by T. evansi
will help us to explore new strategies for T. evansi
control.

Innate immune responses are the first line of
defense system developed early in animal evolution
[13].  Pathogen-associated  molecular  patterns
(PAMPs) were recognized by Toll-like receptors
(TLRs) and activate a series of signaling pathways
to produce effector molecules, which ultimately reg-
ulate the host immune response [14,15]. TLRs are
expressed by immune cells, like macrophages, den-
dritic cells (DCs), and neutrophils [16]. Macrophages
resist parasitic infection through phagocytosis, anti-
gen presentation, and activation of other immune
cells [17]. TLRs play a double-edged sword role in
parasitic infections. On the one hand, several para-
sitic protozoa could trigger TLR signaling pathway to
protect host from parasite infection. TLR4 could
recognize glycoinositolphospholipids (GIPLs) of
T. cruzi and promote inflammatory response to resist
T. cruzi infection [18]. TLR2 of human NK cells
could be activated by Liposphoglycan of Leishmania
to release different mediators, such as ROS, inflam-
matory cytokines, and NO, which in turn help to

resist Leishmania infection [19]. On the other hand,
TLRs could also play a negative role to facilitate
parasitic infections. The lipophosphoglycan of
Leishmania could interact with TLR2 to reduce the
expression of TLR9 to inhibit the host immune
response [20]. TLR2™" mice infected with T. cruzi
could produce more inflammatory cytokines [21].
Leishmania RNA virus 1 was recognized by mouse
TLR3 to induce the production of inflammatory cyto-
kines, which, however, made mice more susceptible
to Leishmania infection [22]. Nevertheless, the role of

TLRs in T. evansi infection was still poorly
understood.
EVs are vesicles with membrane structure

released by cells [23], which carried a large number
of active molecular substances, including protein,
lipid, RNA, miRNA, and other regulatory molecules
[24]. After pathogen infection, the host could secrete
extracellular vesicles containing pathogen compo-
nents to transmit signals to other cells [25]. At the
same time, pathogens such as bacteria [26], fungi
[27] and parasites [28-30] could also secrete EVs
to regulate the host’s immune response. The reticu-
locyte-derived exosomes infected with Plasmodium
yoelii carry P. yoelii antigen and participate in
immune regulation to protect mice from lethal
infections [31]. EVs secreted by Leishmania contain
a variety of virulence factors and non-coding RNAs.
These virulence factors play a vital role in promot-
ing the growth of Leishmania [24]. Trichomonas
vaginalis with high adhesion could increase the
adhesion of low adhesion parasites to host epithelial
cells by transferring exosomes to low adhesion para-
sites. T. vaginalis exosomes could down regulate IL-
8 production in Ect cells, which is conducive to the
establishment of chronic infection by T. vaginalis
[32]. Neospora caninum EVs could activate the
TLR2/MAPK signaling pathway of mouse macro-
phages to regulate the production of inflammatory
cytokines [33]. However, whether T. evansi could
release EVs to regulate host immune responses in
T. evansi infection has not been reported.

To investigate the roles of TLRs and TeEVs in
T. evansi infection, TLR activation and downstream
signal pathways induced by T. evansi were deter-
mined. TeEVs were isolated and characterized.
TeKMP-11 was screened by proteomic analysis
from TeEVs. In vitro, the activation of TLR2-ERK
/AKT pathways and the cytokines secretion induced
by T. evansi, TeEVs, and rTeKMP-11 were exam-
ined. In T. evansi infected WT, TLR2™, TLR3 ™",
TLR4™" and AKT-blocked mice, the infection rate,
survival time, parasite load, cytokines secretion, and



pathological changes were analyzed. Furthermore,
the functions of EVs and rTeKMP-11 in T. evansi
infection were examined in vivo. Our results
revealed that T. evansi evaded the host immune
system by releasing EVs to activate TLR2-AKT sig-
naling pathways.

Materials and methods
Animals

TLR2™", TLR4™", and TLR3™"" mice were purchased
from the Model Animal Research Center of Nanjing
University. WT C57BL/6 ] mice were purchased from
Changsheng Experimental Animal Center in China.

Parasites and cells

Trypanosoma evansi were kept frozen in our laboratory.
Mice were infected with 2 x 10° T. evansi by intraper-
itoneal injection. When the number of T. evansi in the
1 ml peripheral blood reached 10°% anticoagulated
blood was collected and added an equal volume of
phosphate buffered solution containing 1% glucose
(PBSG) and centrifuged at 1,000 g for 5 min. The
parasites were distributed at the junction of plasma
and blood cells. Finally, T. evansi was purified by
DE52 resin (Solarbio, China) [34]. Briefly, the collected
liquid sample containing blood cells and T. evansi was
loaded onto a column containing DE52 resin and
eluted with PBSG. The effluent was collected and cen-
triftuged at 1,000 g for 5 min, then the cell pellet was
resuspended with 2 mL RPIM-1640 and counted via
a hemocytometer.

Bone marrow-derived macrophages (BMDMs) were
isolated as antecedently described [35]. Euthanized
mice were immersed in 75% alcohol, the marrow was
washed out with RPMI-1640 from the femurs and
tibiae. Subsequently, the cells were centrifuged at
300 g for 5 min. Finally, the cells were cultured in
RPMI-1640 containing 25% L1929-cell conditioned
medium, 10% FBS, 1% penicillin and streptomycin (P/
S) at 37°C for 7 days. On the seventh day, the cells were
resuspended with 200 pL APC anti-mouse/human
CD11b (Biolegend, UK) diluted with 1% BSA (1:80)
for 2 h, then washed three times and resuspended in
200-uL PBS. The cells were analyzed by flow cytometry.

EVs isolation from T. evansi

EVs were purified with a modified protocol [36].
Briefly, the purified T. evansi (107 cells/mL) was cul-
tured in RPMI-1640 without FBS or P/S for 6 h, then

VIRULENCE (&) 2019

the whole culture was centrifuged at 2,000 g for 10 min
to remove parasites and debris. The obtained super-
natants were centrifuged at 10,000 g for 45 min and
filtration using filter membrane (0.22 pm), then ultra-
centrifugation at 100,000 g for 70 min. The collected
EVs were washed with ice-cold PBS and resuspended in
200 puL PBS. The collected EVs were added to equal
volume of RIPA lysate and placed on ice for 40 min.
The BCA assay kit (Thermo Scientific, USA) was used
to detect the EVs protein concentration. The particle
size of TeEVs was ensured by nanoparticle tracking
analysis (NTA) with ZetaView PMX 110 (Particle
Metrix, Germany).

Scanning and transmission electron microscopy
observation for TeEVs

TeEVs were applied onto a copper grid with carbon
and 3% phosphotungsticacid to negatively stain the
grid. The grid was observed using TEM (HITACHI,
Japan).

2 x 10”7 T. evansi were centrifuged at 1,000 g for
5 min and the precipitate was fixed overnight (0.1 M
sodium cacodylate buffer contain 2.5% glutaraldehyde).
The samples were then fixed with 1% OsO4, dehy-
drated with ethanol, and embedded in epoxy resin
block. Ultrathin section was cut from the block and
observed by TEM.

2 x 10° T. evansi were plated into 24-well plates
loaded with poly-l-lysine-treated (1 mg/mL, Sigma-
Aldrich, Germany) coverslips. The cells were fixed
with 4% glutaraldehyde for 24 h then washed and
fixed in 1.0% osmium tetroxide. Next, the fixed sample
was dehydrated in gradient ethanol solutions, then
placed in tertiary butyl alcohol, frozen at —20°C, and
finally sputtered with gold. The samples were visualized
by SEM (Hitachi S-3400 N, Japan).

DiO-labeled TeEVs

TeEVs were labeled and purified with DiO-Membrane
EVs Labeling & Purification Kit (Rengen Biosciences,
China) according to the manufacturer’s instructions.
BMDMs were cultured with RPMI-1640 containing
10% FBS and 1% P/S in 24-well plates with glass cover-
slips and stimulated with the labeled EVs at 37°C. After
2 h treatment, the cells were washed thrice and fixed in
4% paraformaldehyde for 10 min. The cell nucleus was
counterstained with DAPI stain, and samples were
analyzed with a Laser Scanning Confocal microscope
(Olympus FV1000, Japan).
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Proteomic analysis of TeEVs

LC-MS/MS was used to analyze the protein composi-
tion of TeEVs (Shanghai Omicsspace Biotech Co., Ltd,
Shanghai, China). The built-in software Mascot’s
Proteome Discoverer 2.1 (Thermo Scientific, USA)
was used for library search identification and quantita-
tive analysis. The EVs proteome was analyzed using
TriTryp DB and Uniprot. HSP 70, EF-la, Aldolase,
and KMP-11 were selected from EVs proteome to be
expressed and purified, and the recombinant proteins
were used as antigens for polyclonal antibody prepara-
tion. Proteomic results were verified by Western blot
with aforementioned antibodies.

Cloning, expression, and purification of rTeKMP-11

RNA of T. evansi was extracted using the Trizol reagent
(Thermo Fisher Scientific, USA). KMP-11 sequence of
T. evansi was obtained from the TriTrypDB (http://tri
trypdb.org/tritrypdb/app, ~ TevSTIB805.9.9950)  and
amplified by PCR using the primers: KMP-11-F (5'-
CGCGGATCCGCGATGGCCACCACATACGAAGA-
3") and KMP-11-R (5-CCCAAGCTTGGGTCATTTT
CCGGGGAACTGGGC-3"). The amplified KMP-11 was
ligated into pET-32a vector and expressed in E. coli
Rosetta DE3 strain (TTANGEN, Beijing, China). The His-
Tagged Protein Purification Kit (CWBIO, China) was
used to purify the rTeKMP-11 protein. The tag was cut
with recombinant bovine enterokinase (Sangon Biotech,
Shanghai, China) and removed with the His-Tagged
Protein Purification Kit. The protein was dialyzed against
PBS at 4°C for at least 5 h, and the buffer solution was
changed twice. Endotoxin was removed using Triton
X-114 [37]. The endotoxin level was screened by LAL
analysis (GenScript, Piscataway, NJ, United States).

Immunofluorescence

2 x 10° T. evansi were plated into 24-well cell culture
plates loaded with poly-l-lysine-treated coverslips.
BMDMs were stimulated with EVs and plated into 24-
well cell culture plates. The samples were fixed in 4%
glutaraldehyde, and permeabilized using 0.25% Triton
X-100. Then, the samples were blocked in 3% BSA and
incubated with the anti-KMP-11 antibody (1:100) over-
night at 4°C, washed three times and incubated with
goat anti-mouse Ig-G conjugated with FITC
(Proteintech, Wuhan, China) for 1 h. Nuclear were
stained with DAPI. The samples were visualized by
a Laser Scanning Confocal microscope.

Mice infection

TLR2™, TLR3™", TLR4™", AKT-blocked WT and
WT mice (n = 10 per group) were infected with
1 x 10* T. evansi by intraperitoneal injection. MK-
2206 (120 mg/kg, every 2 days by p.o., Selleck, USA)
was used to block the AKT pathway in vivo [38].
Blood samples were collected from tail vein
every day to detect the parasite load, and the
serum was collected for cytokines detection. The
time of death was recorded. The spleen and lung
of mice were harvested on the fifth day post infec-
tion (dpi) for HE-staining.

To explore the role of EVs in T. evansi infection,
mice (n = 10 per group) were infected with 1 x 10*
T. evansi by intraperitoneal injection. Meanwhile, 50
pg/mL EVs were injected intravenously (tail vein) into
the mice for three consecutive days. In control group,
an equal volume of sterile PBS was injected in mice.

To understand the role of rTeKMP-11 protein in the
pathogenesis of T. evansi, mice (n = 10 mice per group)
were pretreated with 50 ug/mL rTeKMP-11 protein or
the empty carrier protein (ECP) coated with 100 pg
DOTAP liposome (final volume 120 pL) using DOTAP
Liposomal Transfer Reagent (Roche, Indianapolis, IN)
by intravenously injection into tail vein for three con-
secutive days. DOTAP was used as the negative control.
Meanwhile, mice were infected with 1 x 10* T. evansi
by intraperitoneal injection. Blood samples from all
mice treated with EVs, rTeKMP-11 protein, ECP, and
DOTAP control were collected from tail vein every day
to detect the parasites load, and the serum was collected
for cytokines detection. The mice were monitored after
infection, and the times of death time for the mice were
recorded.

Real-time quantitative PCR analysis

3 x 10° WT mouse BMDMs were stimulated with
3 x 10° T. evansi or 50 pg/mL TeEVs for 4 h,
respectively. The RNA of cells was extracted and
reverse-transcribed to ¢cDNA. RT-qPCR was per-
formed at 95°C for 10 min, followed by 40 cycles
of 95°C for 30 s, 58°C for 30 s and 72°C for 30 s,
with a final extension step at 72°C for 10 min. The
data were normalized to GAPDH. Primers were
designed using the NCBI Primer-BLAST tool
(https://www.ncbi.nlm.nih.gov/tools/primer-blast/)
and synthesized by Kumei Biotechnology Co., Ltd
(Changchun, China). The primers are listed in
Table 1.
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Table 1. Primers used for Real-time PCR.

Gene Sequence 5'-3'

TLR 1F CGAAAAAGAAGACCCCGAATC
TLR 1R GACGGACAGATCCAGAACAAAAG
TLR 2F CGCTCCAGGTCTTTCACCTC
TLR 2R AGGTCACCATGGCCAATGTAB
TLR 3F AAGACAGAGACTGGGTCTGGG
TLR 3R AAGGACGCCTGCTTCAAAGT
TLR4F ACTGTTCTTCTCCTGCCTGACA
TLR 4 R GGACTTTGCTGAGTTTCTGATCC
TLR5F TTGGACTTGGGCCAAAGC

TLR 5 R CTGGAGAGTCCACAGGAAAACA
TLR6 F TCCGACAACTGGATCTGCTC
TLR6 R AAGACTTTCTGTTTCCCCGC
TLR7F ATACAGCTCAGCAAAAAGACAGTGT
TLR7R TCCAGGAGCCTCTGATGAGA
TLR8F CTGACGTGCTTTTGTCTGCTG
TLR 8 R AGGGAGTTGTGCCTTATCTCGT
TLROF CTAGATGCTAACAGCCTCGCC
TLR 9 R GTCACCTTCACCGCTCCTG
TLR11F GGGACTTTGGGATTGGAAAT
TLR 11 R CTAAGGCCTGTCCTGTGAGC
TLR12°F CCTTGAGGGTATGGGGTGC

TLR 12 R GGGGCTGGGTTATGGACTG
TLR13F AAAGACACGGGATTCAGGTTG
TLR 13 R GGTGGTCCAGGAATACAGAGG
GAPDH F CCATGTTTGTGATGGGTGTG
GAPDH R CCTTCTTGATGTCATCATACE?!

Western blot analysis

3 x 10° WT mouse BMDMs were stimulated with 3 x 10°
T. evansi, 50 pg/mL EVs, or 50 pg/mL rTeKMP-11 pro-
tein, and the cells at different time points were collected
(0,2, 4, 6, and 8 h). The protein samples of BMDMs cells,
T. evansi and EV's were prepared with radioimmunopre-
cipitation assay (RIPA) lysis buffer (Beyotime, Shanghai,
China) with 1mM phenylmethanesulfonyl fluoride
(PMSF, Sigma-Aldrich, USA). The proteins (30 ug) was
separated by SDS-PAGE (12%) electrophoresis and trans-
ferred to PVDF membranes (Millipore, Bedford, MA,
USA). Membranes were blocked with 5% skim milk for
2 h and incubated overnight at 4°C with the following
antibodies: rabbit anti-p-P38, anti-total P38, anti-p-P65,
anti-total P65, anti-p-ERK1/2, anti-total ERK1/2, anti-
p-AKT, anti-total AKT, anti-GAPDH (Cell Signaling
Technology, USA) mouse anti-HSP70, anti-Aldolase,
anti-EF-1a, and anti-KMP-11 (mouse polyclonal antibo-
dies). After washing 3 times with TBS-0.05% Tween 20 for
15 min, the blots were incubated with secondary HRP-
conjugated antibodies (Proteintech, Wuhan, China) for
1 h and washed as before. Finally, target proteins were
visualized using ECL luminous reagent (Millipore,
Bedford, MA, USA). Protein expressions were quantified
using Image J 2.0 software.

Cytokines detection by ELISA

WT/TLR2™" mouse BMDMs (3 x 10°) were seeded into
6-well plates and incubated with 3 x 10° T. evansi,
50 pg/mL EVs or 50 pg/mL rTeKMP-11 protein. For
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the kinase inhibition test, BMDMs were pretreated with
inhibitors of P38 (SB203580, 30 puM, Sigma-Aldrich),
ERK (PD98059, 40 uM, Sigma-Aldrich), or AKT (AKT
inhibitor IV, 5 pM, Santa Cruz; MK-2206, 1 puM,
Selleck), respectively, and then stimulated with
T. evansi, EVs, or rTeKMP-11 protein. The culture
supernatants were harvested for ELISA assay at 8, 12,
18, and 24 h post stimulation.

The blood of infected or uninfected T. evansi mice
was collected and the serum was collected for ELISA
measurement. IL-1[3, IL-2, IL-4, IL-6, IL-12p40, TNF-aq,
IL-17A, and IFN-y were measured by Cytokine ELISA
Ready-SET-Go kits (Thermo Scientific, USA) according
to the instructions.

Determination of T. evansi viability

3 x 10° T. evansi were incubated with different con-
centrations of MK-2206 (2 nM, 50 nM, 500 nM and
1 uM) for 12 h to detect the effect of MK-2206 on
T. evansi viability. 3 x 10° BMDMs were pretreated
with MK-2206 (1 uM) for 60 min, then removed the
supernatants and incubated with 3 x 10° T. evansi for
12 h to detect the effect of MK-2206 treated BMDMs
on T. evansi viability. 3 x 10° T. evansi were co-
cultured with IL-12p40 (100 pg/mL, Abcom, USA)
treated BMDMs to detect the effect of IL-12p40 treated
BMDMs on T. evansi viability. All cell supernatants
were collected and stained with 10% trypan blue
(Sigma-Aldrich, USA) for 2 min. The dead T. evansi
were stained blue, while the living T. evansi were
unstained. Subsequently, all alive T. evansi were
counted via a hemocytometer.

Statistical analysis

The data were analyzed by One-Way ANOVA using
SPSS version 19.0 (SPSS, Inc., Chicago, IL, USA) and
were expressed by mean + standard error of the mean
(SEM) of triplicate experiments. All charts were gener-
ated by GraphPad prism 7.00 (GraphPad InStat
Software, San Diego, CA). The asterisk indicated the
statistically significant difference: ¥, P < 0.05; **,
P < 0.01; ***, P < 0.001; ns, not significant.

Results

TLR2™ mice were more resistant to T. evansi
infection compared with WT mice.

The isolated BMDMs were identified by flow cytometry
and the purity was 96.62% (Figure S1). 3 x 10° WT
mouse BMDMs were stimulated with T. evansi. After
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Figure 1. T. evansi activated TLRs and induced inflammatory cytokines secretion in BMDM:s. (a) 3 x 10° WT mouse BMDMs
incubated with 3 x 10° T. evansi or medium alone, respectively. The relative mRNA levels of TLRs in total RNAs were analyzed by RT-
gPCR. (b-d) WT mouse BMDMs were incubated with T. evansi, cytokines secretion in the supernatants were detected using ELISA
assay. The data are presented as the mean + SEM from at least three independent experiments. ns, not significant; *, P < 0.05; **,

P < 0.01; *** P < 0.001 VS the negative control group.

co-incubation for 4 h, compared with control, the tran-
scriptional levels of TLR2, TLR3, and TLR4 were sig-
nificantly up-regulated (Figure la).

A pilot experiment had determined that 1 x 10*
T. evansi could result in 100% parasitemia in WT
mice via intraperitoneal injection (Figure S2A),
which was set as the baseline to describe the para-
sitemia in TLR2™", TLR3™", and TLR4™"" mice. For
parasite infection, 1 X 10* T. evansi was intraperito-
neally injected into WT, TLR2”", TLR3™, and
TLR4™" mice, respectively. Results indicated that
TLR2™" mice showed higher resistance to T. evansi
infection compared with WT, TLR3™", and TLR4™"
mice. The parasitemia in WT, TLR3™", and TLR4 ™"
mice were 100%, while the parasitemia in TLR2™"
mice was 83.3% (Figure 2a). The longest survival
times of WT, TLR2™", TLR3™", and TLR4™~ mice
infected with T. evansi were 6, 9, 6, and 6 days,
respectively (Figure 2b). The parasitemia of WT,
TLR3™, and TLR4" -infected mice reached the
peak on the sixth day and died (3 x 10%/mL), while
the parasites load of TLR2"infected group was sig-
nificantly lower than that of WT-infected group, and
the number of parasites in the TLR2"infected group

decreased significantly on the seventh day, increased
again on the eighth day, and reached the peak of
parasitemia on the ninth day (Figure 2¢, S2B).

WT and TLR2™" mice were euthanized at 5 dpi,
and the pathological sections of the spleen and lung
were analyzed. In WT-infected group, the spleens
were hyperemic and a large amount of iron swallow-
ing cells were observed. Interstitial widening and
inflammatory exudate in the alveoli were observed.
The TLR2 “infected mice had significantly milder
pathological changes than that in the WT-infected
mice (Figure 2d). These results indicated that
TLR2™" mice were more resistant to T. evansi
infection.

IL-12 [39], IFN-y [40], and TNF-a [41] play vital
roles against Trypanosoma infection. The cytokine
levels (IL-1B, IL-2, IL-4, IL-6, IL-12p40, IL-17A,
TNF-a, and IFN-y) in the serum at different times
(0, 1, 2, 3, 4, and 5 dpi) were measured. The IFN-y
and IL-12p40 levels in TLR2'"infected mice were
significantly higher than that of the WT-infected
mice up to 4 dpi. However, the IFN-y and IL-
12p40 secretions in the WT-infected mice was sig-
nificantly higher than that of the TLR2/~infected
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Figure 2. The TLR2™ mice were more resistant to T. evansi infection than the WT mice. (a) WT, TLR2™”, TLR3™, and TLR4™"
mice were infected with 1 x 10* T. evansi by intraperitoneal injection, respectively (n = 10 mice per group). The infection rate of
mice was detected. (b) The death times of WT, TLR2™", TLR3™", and TLR4™" mice-infected were recorded. (c) Parasite load was
measured in peripheral blood of WT and TLR2™ mice. (d) Hematoxylin-and-eosin staining of lung and spleen sections. (e, f) ELISA
analysis of IL-12p40 and IFN-y levels in the serum of WT and TLR2™" mice infected with T. evansi. The values are shown as the mean
+ SEM from three independent experiments. *, P < 0.05; **, P < 0.01 for the WT group versus the TLR2™" group.

mice at 5 dpi (Figure 2 e, f). T. evansi infection
induced the production of IL-6 in both WT and
TLR2™" mice, no significant difference was observed
between the two infected groups (Figure S3). There
was no significant difference in the secretion of IL-
1B, IL-2, IL-4, IL-17 and TNF-a in all infected mice.

T. evansi induced low-level secretion of cytokines
via TLR2-mediated ERK pathway in BMDM:s.

Cytokines secretion (IL-1p, IL-2, IL-4, IL-6, IL-12p40,
IL-17A, INF-y, and TNF-a) induced by T. evansi in the
culture supernatant of BMDMs at different time points
(8, 12, 18, and 24 h) were detected. The results showed
that T. evansi could induce low-level secretion of TNEF-
a IL-6, and IL-12p40. TNF-a (63.67 + 8.066 pg/mL),
IL-12p40 (4792 + 5717 pg/mL), and IL-6
(37.17 + 3.118 pg/mL) secretions reached the maxi-
mum at 12 h (Figure 1b, ¢, d). Secretion of other five
cytokines could not be detected in T. evansi stimulated
mouse BMDMs. IL-6, IL-12p40, and TNF-a in BMDM:s
of WT or TLR2™" mice stimulated with T. evansi were
detected at 12 h. The results showed that IL-12p40 in
the TLR2™" group (186.4 + 8.573 pg/mL) was signifi-
cantly higher (P < 0.001) than that in the WT group
(46.96 + 6.286 pg/mL), while TNF-a and IL-6 were not
significantly different (Figure 3a).

Subsequently, we examined several common inflam-
matory pathways, like NF-xB and MAPK. T. evansi

could significantly activate TLR2 (P < 0.001) and ERK
(P < 0.001) pathways after stimulation for 4 h and 6 h,
respectively (Figure 3 b, ¢). But no obvious changes
were observed for p-P38 and p-P65 (Figure S4). In
order to study whether TLR2 played a regulatory role,
we used T. evansi to stimulate BMDMs of WT or
TLR2™" mouse and the results suggested that the phos-
phorylation level of ERK (P < 0.001) was significantly
inhibited in TLR2™~ group (Figure 3e, f).

BMDMs were pre-treated with ERK inhibitors
and stimulated with T. evansi. The results showed
that T. evansi-induced the secretion of IL-6
(P < 0.01), IL-12p40 (P < 0.01), and TNF-a
(P < 0.01) were significantly decreased in ERK-
blocked BMDMs (Figure 3d).

T. evansi caused serious Trypanosomiasis by
inhibiting the secretion of inflammatory cytokines
via TLR2-mediated AKT pathway

Trypanosoma evansi could induce AKT activation
after stimulation for 2 h and maintained at a high
level (Figure 4a, b). To explore the role of the AKT
pathway in regulating cytokines secretion, BMDMs
were pre-treated with AKT inhibitor IV. In AKT
inhibitor group, the production of IL-12p40
(117.8 £ 12.2 pg/mL), IL-6 (64.31 + 9.138 pg/mL),
and TNF-a (1329 + 19.01 pg/mL) induced by
T. evansi were significantly increased (Figure 4c).
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BMDMs from TLR2™ and WT mice were stimu-
lated with T. evansi for 6 h, the phosphorylation
level of AKT (P < 0.05) was significantly inhibited
in BMDMs from TLR2”" mice compared to that
from WT mice (Figure 4d, e).

MK-2206 is another AKT inhibitor that often used
in vivo assay. The effect of MK-2206 on T. evansi
in vitro was performed. The result showed that MK-
2206 did not affect parasite viability at concentrations
of 0.02 uM to 1 uM in vitro (Figure S5A). Then
T. evansi were co-incubated with WT mouse
BMDMs pretreated with MK-2206 (1 pM) for

60 min. After 12 h co-incubation, parasites viability
and the secretions of IL-12p40, IL-6 and TNF-a were
examined. The results showed that the T. evansi via-
bility was 27.23% in MK-2206-untreated group com-
pared with 14.03% in the MK-2206-treated group
(Figure S5B). In MK-2206-treated group, the produc-
tion of IL-12p40 (1049 + 6.209 pg/mL), IL-6
(62.84 + 5.485 pg/mL), and TNF-a
(116.5 + 7.517 pg/mL) induced by T. evansi were
significantly increased (Figure S5C). We detected the
effect of IL-12p40 on T. evansi in vitro. T. evansi were
co-incubated with WT mouse BMDMs treated with
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Figure 4. T. evansi inhibited the secretion of inflammatory cytokines via TLR2-mediated AKT pathway. (a, b) WT mouse
BMDMs were stimulated with T. evansi, Western blot and densitometric analysis were used to detect the phosphorylation level of
AKT. (c) WT mouse BMDMs stimulated with T. evansi after pretreated with AKT inhibitor IV for 60 min. ELISA analysis of TNF-q, IL-6,
and IL-12p40 levels. (d, ) WT/TLR2™ mouse BMDMs were stimulated with T. evansi for 4 h, and then the p-AKT expression was
determined by immunoblot and densitometric analysis. (f) WT mice (n = 10 mice per group) were administered with MK-2206 to
block AKT or without, then infected with 1 x 10% T. evansi by intraperitoneal injection. The death time was recorded. (g) The
parasites load in peripheral blood was detected. (h) ELISA analysis of IL-12p40 and IFN-y levels in the serum of AKT-blocked and WT
mice infected with T. evansi. Bars represent the mean + SEM for three independent experiments. *, P < 0.05; **, P < 0.01; **¥,
P < 0.001, for negative control group versus experimental group, or AKT inhibitor group versus without AKT inhibitor group, or the

WT group versus the TLR2™ group.

IL-12p40 (100 pg/mL) for 12 h. The results showed
that the T. evansi viability was 30.43% in IL-12p40-
untreated group compared with 16.83% in the IL-
12p40-treated group (Figure S5D).

To explore the role of AKT in T. evansi-infected
mice, WT and AKT-blocked (MK-2206 treatment)
mice were infected with T. evansi. WT-infected mice

began to die on the fourth day and all died on the
fifth day after infection, while the AKT-blocked
mice began to die on the fifth day and all died on
the seventh day after infection (figure 4f). The para-
sites could be detected in the peripheral blood of
WT mice on the second day after infection and
reached the parasitemia on the fifth day (3 x 10°%/
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mL), while the parasites could be detected in the
AKT-blocked mice on the third day and the number
of parasites was significantly lower than WT mice
(Figure 4g). IL-12p40 and IFN-y secretions in the
serum of AKT-blocked mice infected with T. evansi
were significantly higher than that of WT mice
(Figure 4h).

T. evansi could continuously secrete EVs.

Negative staining observations using TEM showed that
TeEVs were partially flat ball-shaped, with a double-
layer membrane structure, and about 70-150 nm in
diameter (Figure 5a). NTA showed that the mean dia-
meter of the EVs was 110 nm (Figure S6). SEM results
showed that the posterior end of T. evansi could extend
out the nanotubes about 100 nm in diameter and
TeEVs could be found on the surface of the parasite
(Figure 5b). Ultrathin section observations revealed
that free EVs and the nanotubes had similar membrane
structures with the cell plasma membrane, and the
nanotubes could dissociate to produce free EVs
(Figure 5c).

TeEVs regulated inflammatory cytokines secretion
via TLR2-mediated AKT/ERK pathways in BMDMs

Labeled EVs were co-incubated with BMDMs for 2 h
and EVs were observed to be internalized into
BMDMs (Figure 6a). WT mouse BMDMs were sti-
mulated with TeEVs for 4 h. RT-qPCR results
showed that EVs could significantly activate TLR2,
TLR3, and TLR4 in BMDMs (Figure 6b). The low-
level secretion of IL-12p40, IL-6, and TNF-a in the
culture supernatants of BMDMs stimulated with EVs
were detected (Figure 6c-e). The EVs-induced IL-
12p40 secretion (P < 0.001) in TLR2”- BMDMs
was significantly higher than that in WT BMDMs.
However, no significant differences were detected in
IL-6 and TNF-a secretions (figure 7f).

EVs could activate ERK and AKT pathways
(Figure 7a, b), and the phosphorylation levels of ERK
and AKT were significantly decreased in TLR2™" mice
BMDMs (Figure 7c, d). The secretion levels of IL-
12p40, IL-6, and TNF-a decreased significantly after
ERK inhibitor pretreatment, while the secretion levels
of IL-12p40 (P < 0.01), IL-6 (P < 0.01), and TNF-a
(P < 0.01) was increased significantly after AKT inhi-
bitor pretreatment (Figure 7e). These results suggested
that TeEVs played an important role in TLR2-mediated
ERK and AKT activation, which ultimately regulated
the secretion of inflammatory cytokines.

TeEVs promoted T. evansi proliferation and
accelerated mice’s death in vivo

Trypanosoma evansi-infected mice in the EV group
began to die on the fourth day, and all died on the
fifth day, while T. evansi-infected mice in the PBS
group began to die on the fifth day, and all died on
the seventh day (Figure 8a). The parasite load of
T. evansi-infected mice with EVs treatment was higher
than that of PBS treated mice (Figure 8b). IL-12p40 and
IFN-y secretions in the EVs treated mice were signifi-
cantly lower than that in the PBS treated mice
(Figure 8c).

Proteomic analysis of TeEVs

Proteomics results showed that 746 proteins were iden-
tified in TeEVs, of which at least two unique peptides
accounted for 57.5% (429/746). The proteins identified
in TeEVs were similar to those reported in T. brucei
[36] (Table 2). The ribosomal proteins in the TeEVs
proteome were detected. HSP-70, EF-1a, KMP-11, and
Aldolase were confirmed by Western blot (Figure 9a).
The proportion of biological process [42], cell compo-
nent (CC) and molecular function (MF) of the proteins
were shown in Figure 9b. Among all of the identified
proteins, 595 proteins were involved in 78 signal path-
ways, the top five of which were Proteasome,
Aminoacyl-tRNA  biosynthesis, RNA transport,
Ribosome, and mRNA surveillance pathway
(Figure 9c¢). In addition, these proteins were also related
to PI3K-AKT, MAPK, NOD-like, and toll-like signaling
pathways.

T. evansi KMP-11 recombinant protein activated
AKT pathway in vitro and promoted T. evansi
proliferation in vivo

First, rTeKMP-11 protein was expressed and purified
(Figure 10a). TeKMP-11 protein was detected in
BMDMs stimulated with TeEVs and rTeKMP-11 for
2 h, indicating that EVs could release their cargo into
BMDM:s and rTeKMP-11 could enter the cytoplasm of
BMDMs (Figure 10b). Then we detected the location of
KMP-11 protein in T. evansi. The results showed that
TeKMP-11 protein mainly existed in parasite coat, the
flagellum, and the flagella pocket (Figure 10c). After
stimulating BMDMs with different concentrations of
rTeKMP-11, we analyzed the cell viability and selected
the concentration of 50 ug/mL for subsequent experi-
ments (Figure S7). Cytokines secretion and MAPK,
AKT, and NF-kB pathways in BMDMs stimulated
with rTeKMP-11 were examined. The secretion levels
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Figure 5. Physical characterizations of TeEVs. (a) The partially flat ball-shaped vesicles were observed using negative staining by
TEM. Scale bar = 100 nm. (b) EVs on the surface of T. evansi (left, scale bas = 100 nm) and the nanotubes protruded from the
posterior end of T. evansi (right, scale bar = 200 nm) were visualized by SEM. (c) Thin section TEM analysis of EVs (left) and
nanotubes (right). The membranes of EVs and nanotubes were similar to the cell plasma membrane and the nanotubes were

dissociated to produce free EVs. Scale bars = 100 nm.

of IL-12p40 (6424 =+ 4214 pg/mL), IL-6
(65.95 + 10.99 pg/mL), and TNF-a (112.6 + 14.69 pg/
mlL) reached the maximum at 12 h after stimulation of
BMDMs by rTeKMP-11 (Figure 10d), and the control

carrier protein had no effect on the production of
cytokines in BMDMs (Figure 10e). The phosphoryla-
tion level of P38 peaked at 2 h and returned to baseline
at 6 h and the phosphorylation level of AKT
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Figure 6. TeEVs could activate TLR2 and induce cytokines secretion in BMDMs. (a) After incubating the labeled EVs with
BMDMs for 2 h, the internalization of EVs by BMDM was observed by confocal laser scanning. Green: labeled EVs. Blue: nuclei. Scale
bar = 5 um. (b) WT mouse BMDMs were incubated with TeEVs or medium alone, respectively. RT-qPCR was used to analyze the
relative mRNA level of TLRs in total RNA. (c-e) After WT mouse BMDMs and EVs were co-incubated, the secretion of cytokines was
detected by ELISA assays. Bars represent the mean + SEM of triplicate experiments. ns, not significant; *, P < 0.05; **, P < 0.01; **¥,

P < 0.001 VS the negative control group.

maintained at a high level (Figure 10f, g). The produc-
tion of IL-12p40, IL-6, and TNF-a increased signifi-
cantly after treatment with AKT inhibitor and
reduced significantly using P38 inhibitor (Figure 10h).

To study the role of KMP-11 protein in vivo, animal
experiments were conducted. The results showed that
T. evansi-infected mice in the rTeKMP-11 group began
to die on the fourth day, and all died on the fifth day,
while the mice in the ECP and DOTAP groups began to
die on the fifth day, and all died on the seventh day
(Figure 10i). The parasite load of T. evansi-infected
mice injected with rTeKMP-11 was higher than that
of ECP and DOTAP groups (Figure 10j). Finally, we
tested the cytokines in the serum by ELISA at different
times (0, 1, 2, 3, 4, and 5 dpi). IL-12p40 and IEN-y
secretions in the rTeKMP-11 group was significantly
lower than that in the ECP and DOTAP groups
(Figure 10k).

Discussion

Trypanosomas have developed a successful immune
escape mechanism. Antigen variation of variant sur-
face glycoproteins (VSGs) was the most important
immune escape mechanism in Trypanosomes, which
is to avoid the host’s humoral response by con-
stantly converting VSGs [43]. Trypanosomas could
activate the polyclonal B cells to differentiate into
short-lived plasmablasts, which ultimately lead to
apoptosis/elimination of the B cell population

[41,44-46]. As an important bloodborne protozoa,
the immune evasion mechanism of T. evansi
deserves more investigation. The results from the
present study showed that T. evansi could secrete
TeEVs to activate TLR2-AKT pathway, which in
turn inhibited the productions of inflammatory
cytokines to allow the survival of parasites. In addi-
tion, TeKMP-11 protein, a component of TeEVs,
was shown to be involved in promoting T. evansi
infection.

TLR2 plays a vital role in fighting parasite infections,
including T. congolense, P. yoelii, T. gondii, and
L. major [47-50]. However, it also plays a negative
role to promote parasite infection. TLR2™" mice exhib-
ited reduced severity of giardiasis through increased
production of inflammatory cytokines [51]. TLR2™"
mice had a lower parasite load than C57BL/6 wild-
type mice in the first two weeks after L. amazonensis
infection [52]. In this study, we found that T. evansi
could activate TLR2, TLR3 and TLR4 in mouse
BMDMs. Compared with TLR3™", TLR4™", and WT
mice, TLR2™" mice were more resistant to T. evansi
infection mainly due to decreased infection rate and the
parasites load, delayed survival time and relieved
pathological changes.

Proinflammatory cytokines IL-12 and IFN-y
played vital roles in Trypanosoma infections
[53,54]. The secretion of IL-12-dependent IFN-y
was essential for fighting against T. brucei brucei
and T. evansi infections [55]. Studies have shown
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Figure 7. TeEVs regulated inflammatory cytokines secretion via TLR2-mediated AKT/ERK pathways. (a, b) After WT mouse
BMDMs and TeEVs were co-incubated, Western blot and densitometric analysis were used to measure the phosphorylation levels of
ERK and AKT. (c, d) The BMDMs of WT/TLR2™ mouse were stimulated with TeEVs for 6 h, the p-ERK and p-AKT expression were
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PD98059 or AKT inhibitor IV for 60 min. The secretion levels of cytokines were measured by ELISA. (f) BMDMs of WT/TLR2™" mouse
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independent experiments. ns, no significance; **, P < 0.01; ***, P < 0.001 for the stimulated group versus the negative control group,
or AKT/ERK inhibitor stimulation group versus WT stimulation group, or the WT group versus the TLR2™" group.

that IL-1, IFN-y, IL-6, and TNF-a were increased in
serum after T. evansi infection in rats [56]. In this
study, IFN-y and IL-12p40 secretions were signifi-
cantly higher in TLR2™"" mice than in WT mice at 2,
3, and 4 dpi, suggesting that IL-12p40 and IFN-y
might be critical in resisting T. evansi infection.
BALB/c mice that were susceptible to African trypa-
nosomes showed higher level of IL-6 in BMDMs
than C57BL/6 ] mice with relative resistance [57].
The use of anti-IL-6 monoclonal antibody did not
reduce the number of T. cruzi in blood or tissues
[58]. Our results showed that IL-6 secretion in
serum of WT and TLR2™ mice infected with
T. evansi was increased, but there was no significant

difference between the two groups. This result indi-
cated that the secretion of IL-6 induced by T. evansi
might not be regulated by TLR2 and did not play
a significant role in resisting trypanosome infection.
Interestingly, T. evansi could suppress multiple cyto-
kine secretions that might help to maintain parasites
survival in blood.

Macrophages play an important role in control-
ling parasite infections in many protozoa [59,60].
A complete monocyte system was essential to start
and maintain the anti-Trypanosoma response [61].
Macrophages are the major source of inflammatory
cytokines in T. evansi infection [62] However, the
intracellular signaling pathway by which T. evansi
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Figure 8. TeEVs could promote T. evansi proliferation in vivo. WT mice (n = 10 mice per group) were infected with 1 x 10*
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blood was detected daily. (c) The production levels of IL-12p40 and IFN-y in the serum were detected by ELISA. Bars represent the
mean + SEM of three independent experiments. *, P < 0.05; **, P < 0.01 for PBS group versus EVs group.

Table 2. Top 50 proteins enriched in extracellular vesicles of T. evansi.

Proteins

alpha tubulin

Tubulin beta chain

enolase

nucleolar protein, putative

elongation factor 1-alpha, EF-1-alpha
glyceraldehyde 3-phosphate dehydrogenase, glycosomal
40S ribosomal protein S2, putative

60S ribosomal protein L4

40S ribosomal protein S3A, putative

40S ribosomal protein S4, putative

60S ribosomal protein L10a

40S ribosomal protein S24E, putative
paraflagellar rod component, putative

DHH1

eukaryotic translation initiation factor 3 subunit 8
unspecified product

75 kDa invariant surface glycoprotein
ribosomal protein L3, putative

elongation factor 2

flagellar transport protein, putative
intraflagellar transport protein IFT122, putative
60S ribosomal protein L9, putative

40S ribosomal protein S18, putative

heat shock 70 kDa protein, putative
chaperone protein DNAj, putative
glycerol-3-phosphate dehydrogenase [NAD], glycosomal
t-complex protein 1 gamma subunit, putative
retrotransposon hot spot (RHS) protein, putative
ribosomal protein L21E (60S), putative

60S ribosomal protein L13, putative

glycerol kinase, glycosomal

V-type ATPase, A subunit, putative

coatomer alpha subunit, putative

40S ribosomal protein S9, putative
hypothetical protein, conserved
ATP-dependent DEAD/H RNA helicase, putative
kinetoplastid membrane protein KMP-11

40S ribosomal protein S3, putative

75 kDa invariant surface glycoprotein, putative
NOT5 protein

kinesin, putative

hypothetical protein, conserved
S-adenosylmethionine synthetase, putative
hypothetical protein, conserved
ATP-dependent phosphofructokinase
glucose-regulated protein 78, luminal binding protein 1
importin-alpha reexporter protein, putative
60S ribosomal protein L23, putative
14-3-3-like protein, putative

antigenic protein, putative

Peptides
15

17
16
12
12
16
1
13
12
13
10
13
17
15
10
1
12
22
14
14
12
9
13
10
9
19
16
6
12
16
I}
19
7
17
22
14
12
1
14
10
9
13
12
13
15
9
8
5
6
3

Unique Peptides gene ID
15 TevSTIB805.1.2250
12 TevSTIB805.1.2240
16 TevSTIB805.10.3130
13 TevSTIB805.8.3860
1 TevSTIB805.10.2260
10 TevSTIB805.6.4410
1 TevSTIB805.10.15350
13 TevSTIB805.3.5330
12 TevSTIB805.10.4180
13 TevSTIB805.11_01.3720
10 TevSTIB805.10.14150
13 TevSTIB805.10.7800
17 TevSTIB805.8.6980
15 TevSTIB805.10.4260
19 TevSTIB805.10.8760
9 TevSTIB805.11_01.11720
7 TevSTIB805.5.350
22 TevSTIB805.4.1860
14 TevSTIB805.10.4850
14 TevSTIB805.3.1070
5 TevSTIB805.5.3490
6 TevSTIB805.10.1200
" TevSTIB805.10.5660
10 TevSTIB805.7.660
9 TevSTIB805.2.2870
19 TevSTIB805.8.3630
6 TevSTIB805.8.3230
6 TevSTIB805.2.210
12 TevSTIB805.11_01.630
16 TevSTIB805.3.3390
1 TevSTIB805.9.9020
19 TevSTIB805.4.1130
1 TevSTIB805.4.470
17 TevSTIB805.10.5950
22 TevSTIB805.7.3540
4 TevSTIB805.3.2650
2 TevSTIB805.9.9950
2 TevSTIB805.10.12110
9 TevSTIB805.5.340
10 TevSTIB805.3.1940
9 TevSTIB805.6.1820
13 TevSTIB805.7.2740
12 TevSTIB805.6.5010
13 TevSTIB805.6.4940
15 TevSTIB805.3.3350
9 TevSTIB805.11_01.7860
5 TevSTIB805.6.4910
3 TevSTIB805.9.8140
3 TevSTIB805.11_01.9820
3 TevSTIB805.4.2140
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Figure 9. Analysis of proteins in TeEVs. (a) Western blot analysis of the purified TeEVs with anti-HSP70, anti-Aldolase, anti-KMP-11,
and anti-EF-1a polyclonal antibodies. (b) Gene ontology analysis of proteins in EVs. (c) KEGG analysis of differential expressed genes.

induces  BMDMs cytokines production remains
unknown. In this study, we found that T. evansi
could induce mouse BMDMs to secrete low-levels
of IL-12p40, TNF-a and IL-6. Furthermore,
T. evansi could induce the secretion of inflammatory
cytokines via activating TLR2-ERK signaling path-
way. However, no IFN-y, IL-1pB, IL-17A, IL-2, and
IL-4 were detected. Previous studies have shown that
IFN-y can be rapidly produced by NK cells and
NKT cells in the early stages during many pathogen
infections [63-66]. CD4" and CD8" T cells are
major producers of IFN-y during Plasmodium infec-
tion [67]. In the present experiment, IFN-y in serum
might be secreted by other immune cells. There was
no significant difference in IL-6 and TNF-a secre-
tion between TLR2™" mouse BMDMs and WT
mouse BMDMs after T. evansi stimulation.
Surprisingly, IL-12p40 secretion in BMDMs of
TLR2™" mice was significantly up-regulated com-
pared with the BMDMs of WT mice. These results
were consistent with the results of in vivo experi-
ments. Furthermore, the phosphorylation of AKT
induced by T. evansi was maintained for a long
time and the secretions of IL-12p40, IL-6 and
TNF-a were significantly enhanced in cells pre-
treated with AKT inhibitor. AKT inhibitor induced
increased IL-12p40 in serum and helped to resist

T. evansi infection in mice. Similar studies found
that Giardia inhibited the secretion of inflammatory
cytokines through TLR2-AKT pathway [51] and
T. cruzi infection in TLR2™" mice increased IL-12
secretion [68]. These results suggested that T. evansi
could inhibit IL-12p40 secretion through the TLR2-
AKT signaling pathway to escape host immune
response.

Many parasites could secrete EVs via the endosomal
sorting complexes required for transport (ESCRT)
dependent mechanism, such as T. cruzi and Neospora
caninum [33,69]. In addition, a new mechanism of EVs
formation was found in T. brucei, which could extend
nanotubes from the posterior end of the parasite and
form EVs through nanotubes dissociation [36]. In this
study, we isolated and identified TeEVs for the first
time and found that the formation mechanism of
TeEVs was consistent with that of T. brucei. Parasite-
derived EVs could transfer their information to host
cells by membrane fusion to play a vital role in the
process of infecting the host and the host’s immune
response [28]. As an extracellular parasite, T. brucei
could exchange information between the parasite and
the host by secreting EVs, causing a series of immune
responses in the host [36]. The EVs secreted by
N. caninum could activate TLR2 of host macrophages
and regulate the production of a series of cytokines
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Figure 10. rTeKMP-11 activated AKT pathway to inhibit the secretion of inflammatory cytokines in vitro and promoted
T. evansi proliferation in vivo. (a) Purified rTeKMP-11 protein. M, protein molecular markers. Lane 1, Purified rTeKMP-11 protein
with vector tagged protein. Lane 2, rTeKMP-11 protein after removal of vector tagged protein. (b) BMDMs were stimulated with EVs
(left) and rTeKMP-11 (right) for 2 h, the TeKMP-11 protein in BMDMs was detected by IFA and observed under confocal laser
scanning. Green: TeKMP-11. Blue: nuclei. Scale bar = 5 pum. (c) The localization of TeKMP-11 protein in T. evansi was observed by laser
confocal microscopy. Green: TeKMP-11. Blue: nuclei. Scale bar = 5 pm. (d) Secretion levels of IL-12p40, IL-6, and TNF-a in BMDMs
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stimulated by 50 pg rTeKMP-11. (e) After stimulating with empty carrier protein (ECP), rTeKMP-11, and DOTAP for 12 h, the
secretions of inflammatory cytokines were observed. (f, g) WT mouse BMDMs were stimulated with rTeKMP-11, Western blot and
densitometric analysis were used to detect the phosphorylation levels of AKT and P38. (h) WT mouse BMDMs were stimulated with
rTeKMP-11 after pretreated with SB203580 or AKT inhibitor IV for 1 h. The secretion levels of cytokines were measured by ELISA. (i-k)
Mice (n = 10 mice per group) were injected intravenously (tail vein) with 50 ug rTeKMP-11 encapsulated in liposome, an equal
volume of empty carrier protein or liposome for three consecutive days. (i) The death time was recorded daily. (j) Parasites load in
peripheral blood was detected daily. (k) The production levels of IL-12p40, and IFN-y in the serum were detected by ELISA. Bars
represent the mean + SEM for three experiments. ns, not significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001, for the stimulated group
versus the negative control group, or AKT/p38 inhibitor stimulation group versus WT stimulation group, or the rTeKMP-11 group

versus the negative control group.

[33]. In this experiment, we investigated whether
T. evansi could secrete EVs to regulate host immune
response. TeEVs could activate the TLR2-AKT signal-
ing pathway and inhibit IL-12p40, IL-6, and TNF-a
in vitro. In vivo, we proved that EVs could inhibit the
secretion of IL-12p40 and IFN-y and increase parasite
load in peripheral blood.

KMP-11 is a unique protein of kinetoplastid pro-
teoa that is widely distributed on the surface of para-
sites. KMP-11 plays an important role in the
cytoplasmic division of T. brucei [70]. As a virulence
factor, KMP-11 induced increased IL-10 production,
thus enhancing the infection of macrophages by
Leishmania [71]. In this study, KMP-11 was identified
as an important molecule of TeEVs to promote disease
development in mice. rTeKMP-11 activated AKT and
p38 signaling pathways to inhibit or promote the
secretions of IL-12p40, IL-6, and TNF-a in vitro. EVs
also carry a variety of proteins, including many viru-
lence factors. The role of these EVs proteins in the
interaction between T. evansi and host remains to be
explored.

In conclusion, T. evansi could inhibit the produc-
tions of inflammatory cytokines via releasing TeEVs
to activate TLR2-AKT signal pathways to survive
successfully. TeKMP-11, a component of TeEVs,
was involved in promoting T. evansi infection,
which revealed a novel mechanism of T. evansi
immune evasion.
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