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CD8+ T cells mediate resistance to 

T. cruzi infection



Mechanism of immune-mediated resistance 

to T. cruzi infection
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• Potent stimulator of Toll-Like Receptors  
immunological adjuvant

(stimulation of CD4+ Th1 lymphocytes)

• Antigen delivery to host cell cytoplasm 
antigen presentation via the endogenous pathway

(stimulation of CD8+ T lymphocytes)

• Impaired replication but persistence in the host
immunological memory 

(persistent T cell response)

A live attenuated vaccine for Chagas’ disease



Trypanosoma cruzi: properties of a clone 
isolated from CL strain

Negative tissue parasitism in mice injected with a non-infective 
clone of Trypanosoma cruzi

Protective Response of Vaccinated Mice Is Mediated by CD8+ 
Cells, Prevents Signs of Polyclonal T Lymphocyte Activation, and 
Allows  Restoration of a Resting Immune State after Challenge

Egler CHIARI - Diferenciação do Trypanosoma cruzi 
em cultura. PhD thesis- Instituto de Ciências 
Biológicas da Universidade Federal de Minas Gerais

Claudia Paiva, Cerli R. Gattass, 
Henrique Lenzi, Joseli Lanes

Trypanosoma cruzi CL-14 clone



CL-14 induces strong and long-lasting 

protective immunity against challenge with 

virulent strains of T. cruzi
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Infection with CL-14 do not reactivate in 

immunodeficient mice

Junqueira et al, PNAS, 2011
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CL Brener and CL-14 strains have
very similar genomes

Família CL-14 CL Brener

Trans-sialidases 1463 1481

Mucin 999 992

RHS 773 777

DGF 565 569

GP63 491 449

RNA helicase 156 157

Kinesin 102 102

RNA-Binding 102 104

Tuzinas 83 83

Cruzaínas (calpain) 67 66

Dynei heavy chain 45 45

Amastinas 27 27

GAPDH 21 20

Cyclin dependent kinase 19 19

HSP70 11 9

L7a 4 4

HSP100 3 3

Argonaute**** 2 2

GPI8**** 2 2

MAPK2 (inclusa nas kinases) 2 2

MSH2 2 2



Trans-sialidase genes from CL-14 strain
lack the SAPA repeats
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Active Trans-Sialidase (TcS I) Sub-Family

Previatos et al.
Schenkman et al.

Frash et al.

synthesized are listed in Table S2. The peptideswere covalently

synthesized in pre-activated cellulosemembranesaccordingto the

SPOT synthesis technique [26]. Membranes were blocked with

5%BSA and4%sucroseinPBSandwereincubated for onehour

and30 minuteswithdilutedmicesera(1:500) inblockingsolution.

After washing, the membrane was incubated with secondary

antibody IgG (Sigma) diluted to 1:2000 in blocking solution and,

after a second washing, revealed by ECL PlusWesternblotting(GE

Healthcare). Thespotswerevisualized by fluorescence scanning.

The membrane was submitted to the same experimental

conditions using sera from uninfected mice. Densitometry

measuresandanalysisof each peptidewasperformed usingImage

Master Platinum (GE), and the relative density (Rd) cut-off for

positivity was determined as 2.0. Graphics were constructed in

GraphPad Prism 5.0 (GraphPad Inc.).

EthicsStatement
All animal procedureswereapproved by theanimal careethics

committeeof theFederal University of MinasGerais(Protocol #

143/ 2009).

Results

Sequence clustering reveals eight groups of the trans-

sialidase/trans-sialidase-like superfamily (TcS) of T. cruzi
Despitethefact that four TcSgroupswerepreviously described

[8,13,27], and only one group corresponds to the active trans-

sialidaseproteins, amuch larger number of membersof thisgene

family was annotated in public databases as trans-sialidases. To

sort out which members correspond to the previously defined

groups and to eventually identify new groups, we performed

cluster analysison all predicted TcSproteinsidentified in theCL

Brener genome, excluding those annotated as partial and/ or

pseudogenes. A total of 508 TcSmemberswereused to perform

pairwisealignmentsresultinginadistancematrix that wasused to

generate a multidimensional scaling (MDS) plot (Figure 1). K-

means method was then used to define ten clusters or groups

(Figure1A). Clustering with larger numbersof groupsresulted in

the fragmentation of previous clusters, without shuffling the

membersamong them, indicating therobustnessof theclustering

of thefamily in tengroups(datanot shown). Threememberswere

located far fromtheothersin thespatial distribution andtherefore

are the most divergent members of the family. One of them,

Tc00.1047053505699.10, is the only representative of the group

shown in black, and the Tc00.1047053509265.120 and

Tc00.1047053507699.230 formed the brown group. Manual

inspection of these three proteins revealed that their N-terminal

regions are longer or shorter compared to the other TcS

sequences: Tc00.1047053505699.10 containsan extra260 amino

acids at its N-terminal, whereas Tc00.1047053509265.120 and

Tc00.1047053507699.230 have a deletion of approximately 160

and450aminoacids, respectively, in their N-terminal region. The

truncated sequencesof thesetwoproteinswereduetothelocation

of these genesin contig ends. Because geneprediction regarding

the initial start codon could not be corrected for these three

anomalous sequences, both black and brown groups were

excluded from further analysis. The list of proteinsbelonging to

each group isavailable in thesupporting material (TableS3).

Protein and DNA sequences of the eight remaining groups

were then aligned and the intra-cluster diversity wascalculated

using the p-distance, the Kimura-2-parameter and the Poisson

correction methods, as described in the material and methods

section. The groups are formed from different numbers of

membersand show distinct diversity indexes(Table 1). Groups

labeled in red and dark green are the largest groups, with 227

and 117 members, respectively, totaling 68% of the TcS

members. Noclear correlation between thenumber of members

and thediversity indexeswasfound. For instance, small groups

(blue and orange) have similar diversity indexes of the largest

ones(Table1).

Figure 1. Multidimensional scaling (MDS) plot of the TcSprotein sequences. The pairwise alignmentsof the 508 TcScomplete members
were performed and the distance matrix was used to generate a multidimensional scaling (MDS) plot. K-means method was used to define the
clustersor groups. (A) Pattern of dispersion of all 508TcSprotein sequencesresulting in 10TcSgroups. (B) Pattern of dispersion of 505TcSprotein
sequences in eight TcSgroups. Previously characterized TcSsequences were mapped on the MDS. TcSgroupI - blue; TcSgroupII - dark green;
TcSgroupIII - light blue; TcSgroupIV- magenta; TcSgroupV- red; TcSgroupIV- gray; TcSgroupVII - orange and TcSgroupVIII - purple.
doi:10.1371/journal.pone.0025914.g001
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Sterile immunity induced by genetic vaccination in 

mice challenge with Y strain of T. cruzi



Pereira et al, Plos Pathogens, 2015



Mechanism of action of granulysin-

induced microptosis 

Dotiwala et al, Nature Medicine, 2016 
variousbacteria, it isimportant tonotethat

granzyme-mediated bacterial death is a

complexprogramof damagethat disrupts

keypathwaysinvolvedinbacterialsurvival.

Thiswidetargetspectrumofgranzymesin-

dicatesthatmultiplemechanismscouldbe

employed to eliminate diverse bacteria

strains growing under various conditions,

including both aerobic and anaerobic

strains. These results thus illustrate the

strengthof thesebactericidalmechanisms

for combating bacterial evasion. Notably,

thereareotherserineproteasesandsapo-

sin-likemoleculespresent inmacrophages

and granulocytes, raising the intriguing

question of whether these innate phago-

cytes use comparable mechanisms for

bacterial defense.

NK cells express high levels of granu-

lysin. Although NK cell deficiencies have

not been associated with susceptibility

to bacterial disease (Jouanguy et al.,

2013), findings in this paper (Walch

et al., 2014)prompt investigators torevisit

their role in antibacterial defense. It will

also be interesting to look at granulysin

expression in other innate lymphocytes

such as NKT cells, mucosa-associated

invariant T cells, and innate lymphoid

cell subsets.

Previous works have reported the

involvement of granulysin in host de-

fense against tuberculosis, leprosy, and

malaria (Clayberger and Krensky, 2003).

Granulysin also participates in the elimi-

nation of C. neoformans, which can

cause fungal meningitis and encephalitis

in AIDS patients (Clayberger and Kren-

sky, 2003). Along this line, granulysin

production has been shown to be defec-

tive in patients with HIV (Zheng et al.,

2007). Recently, genetic polymorphims

in granulysin have been associated

with differential abilities to clear hepatitis

B virus-infected cells (Park et al., 2012).

Future experiments will thus be crucial

to fully appreciate the biological rele-

vance of the perforin/granulysin/gran-

zymes trio in host defense against

bacteria, parasites, fungi, viruses, and

possibly even tumor cells.
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sé

e
L
a

L
ig

u
e

a
n
d

b
y

in
st

it
u
ti
o
n
a
l

g
ra

n
ts

fr
o
m

IN
S
E
R

M
,

C
N

R
S

,
a
n
d

A
ix

-M
a
rs

e
ill

e

U
n
iv

e
rs

it
y

to
C

IM
L
.
E
.V

.
is

a
sc

h
o
la

r
o
f
th

e
In

st
it
u
t

U
n
iv

e
rs

it
a
ir
e

d
e

F
ra

n
c
e
.

E
.V

.
is

a
c
o
fo

u
n
d
e
r

a
n
d

sh
a
re

h
o
ld

e
r
in

In
n
a
te

P
h
a
rm

a
.

R
E
F
E
R

E
N

C
E

S

C
la

yb
e
rg

e
r,

C
.,

a
n
d

K
re

n
sk

y,
A
.M

.
(2

0
0
3
).

C
u
rr

.

O
p
in

.
Im

m
u
n
o
l.

1
5
,
5
6
0
–5

6
5
.

H
u
a
n
g
,

L
.P

.,
L
yu

,
S
.C

.,
C

la
yb

e
rg

e
r,

C
.,

a
n
d

K
re

n
sk

y,
A
.M

.
(2

0
0
7
).

J.
Im

m
u
n
o
l.

1
7
8
,
7
7
–8

4
.

Jo
u
a
n
g
u
y,

E
.,

G
in

e
a
u
,
L
.,

C
o
tt
in

e
a
u
,
J
.,

B
é
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Step 1: GNLY 
dependent entry  
into parasites 

variousbacteria, it isimportant tonotethat

granzyme-mediated bacterial death is a

complexprogramof damagethat disrupts

keypathwaysinvolvedinbacterialsurvival.

Thiswidetargetspectrumofgranzymesin-

dicatesthatmultiplemechanismscouldbe

employed to eliminate diverse bacteria

strains growing under various conditions,

including both aerobic and anaerobic

strains. These results thus illustrate the

strengthof thesebactericidalmechanisms

for combating bacterial evasion. Notably,

thereareotherserineproteasesandsapo-

sin-likemoleculespresent inmacrophages

and granulocytes, raising the intriguing

question of whether these innate phago-

cytes use comparable mechanisms for

bacterial defense.

NK cells express high levels of granu-

lysin. Although NK cell deficiencies have

not been associated with susceptibility

to bacterial disease (Jouanguy et al.,

2013), findings in this paper (Walch

et al., 2014)prompt investigators torevisit

their role in antibacterial defense. It will

also be interesting to look at granulysin

expression in other innate lymphocytes

such as NKT cells, mucosa-associated

invariant T cells, and innate lymphoid

cell subsets.

Previous works have reported the

involvement of granulysin in host de-

fense against tuberculosis, leprosy, and

malaria (Clayberger and Krensky, 2003).

Granulysin also participates in the elimi-

nation of C. neoformans, which can

cause fungal meningitis and encephalitis

in AIDS patients (Clayberger and Kren-

sky, 2003). Along this line, granulysin

production has been shown to be defec-

tive in patients with HIV (Zheng et al.,

2007). Recently, genetic polymorphims

in granulysin have been associated

with differential abilities to clear hepatitis

B virus-infected cells (Park et al., 2012).

Future experiments will thus be crucial

to fully appreciate the biological rele-

vance of the perforin/granulysin/gran-

zymes trio in host defense against

bacteria, parasites, fungi, viruses, and

possibly even tumor cells.
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amastigotes 



Conclusions:

1) Adenovirus encoding the Transialidase (AdTS) and Amastigote
Surface Protein (AdASP-2) induces strong and long-lasting 
protection against challenge with different strains of T. cruzi.

2) Therapeutic vaccination with AdASP-2 reverses cardiac 
pathology in mice chronically infected with myotropic straind
Colombiana strains of T. cruzi.

3) The highly attenuated CL-14 lacks genes expressing the SAPA 
containing domain, and induces a long lasting protective 
immunity in single immunization dose.

4) Both recombinant vaccine and attenuated parasites induce 
protective immunity that is mediated by CD8+ T cytotoxic 
lymphocytes and IFNg
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