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RESUMEN

El andlisis de la capacidad de unién a células T2 realizado con 31 péptidos correspondientes a distintas regiones de
la proteina HSP70 de Trypanosoma cruz, muestra que 14 de estos péptidos tienen una alta o media afinidad por la
molécula presentadora A2.1. Interesantemente, el presente manuscrito pone de manifiesto que la inmunizacién de
ratones transgénicos A2/K® con la proteina recombinante HSP70 de T. cruz induce CTLs que reconocen células EL 4-
A2/K" cargadas de forma independiente con tres de los péptidos con afinidad de unién a moléculas A2. Estos
péptidos presentan una homologia menor del 65% con sus homélogos de la proteina HSP70 humana. L os resultados
obtenidos permiten sugerir la posibilidad de que la HSP70 de T. cruzi pueda ser usada como diana para inducir
actividad inmune citotéxica en humanos.

PALABRAS CLAVES: Linfocitos T citotoxicos, HSP70, Trypanosoma cruzi, HLA-A2.1, Ratones transgénicos A2/KP".

ABSTRACT

In the present paper we have analyzed the capability of binding to T2 cells of 31 HSP70 peptides containing theoretical
binding motifs to the HLA-A2.1 molecule. The results obtained show that fourteen peptides have high or medium
binding affinity to the presenting molecule. I nterestingly, we have also observed that the immunization of A2/KP transgenic
mice with the Trypanosoma cruzi HSP70 recombinant protein elicits a CTLs immune response which recognize EL4-
A2/KP cells loaded with three peptides corresponding to the HLA-A2.1 motifs present in the HSP70 protein. These
peptides have a relative low homology (lower than 65%) with their homologous sites in the human HSP70 protein. The
results shown in this paper lead us to suggest the possibility that the T. cruzi HSP70 protein could be used as target
for the induction of CTL activity in humans.

KEY WORDS: Cytotoxic T lymphocytes, HSP70, Trypanosoma cruzi, HLA-A2.1, A2/KP transgenic mice.

INTRODUCCION

Trypanosoma cruzi es el agente etioldgico de
la enfermedad de Chagas o tripanosomiasis ame-
ricana, la cual afecta a unos 18 millones de per-
sonas, siendo para muchos paises de Centro y
Sudameérica uno de los principales problemas de
salud pablica (1). La quimioterapia convencio-

INTRODUCTION

Trypanosoma cruzi is the etiologic agent of
Chagas’ disease or American trypanosomiasis that
affects 18 million people. The Chagas’ disease
represents one of the major public health proble-
ms in many countries of Central and SouthAme-
rica (1). Conventional chemotherapy has low
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nal tiene una baja eficacia (2) y resulta bastante
toxica. Ademas no existen tratamientos de in-
munoprofilaxis efectivos. La ausencia hasta la
fecha de una vacuna €ficiente frente a T. cruz,
hace que la caracterizacion de nuevos antigenos
del parasito capaces de inducir respuestas inmu-
nes protectivas sea una prioridad. Diversas evi-
dencias han mostrado que linfocitos T citotoxi-
cos (CTLs) frente a antigenos del parasito son
requeridos para generar inmunidad protectiva frente
a la infeccién por T. cruz.

Las proteinas de choque térmico (HSPs) han
sido ampliamente estudiadas como moléculas
chaperonas (4). En los ultimos afios estas protei-
nas han recibido una particular atencion, al ser
reconocidas como dianas principales por el sis-
tema inmune de pacientes de una amplia varie-
dad de patologias, entre ellas numerosas enfer-
medades infecciosas. Asi, se ha descrito que
proteinas HSP70 de organismos pat6genos son
capaces de inducir inmunoproteccion (5). Sin
embargo, se ha sugerido que también podrian
estar involucradas en el desarrollo de procesos
autoinmunes (6). Diferentes estudios han mos-
trado que las proteinas de choque térmico pue-
den interaccionar con las células presentadoras
de antigenos y con ello modular la respuesta
inmune. Recientemente se ha descrito que la
proteina HSP70 es capaz de inducir una respues-
ta T CD8" citotéxica especifica de antigeno, en
presencia de macréfagos peritoneales, a través
de la secrecion activa de IFN-y y TNF-a (7). En
las células APCs, las proteinas de choque térmi-
co colocalizan con las moléculas MHC de clase
| en los endosomas tardios, o que sugiere una
interaccion directa entre las HSPs y las molécu-
las MHC (8).

La proteina HSP70 del protozoo parésito T.
cruzi ha resultado ser un antigeno dominante en
infeccion humana, existiendo un alto nivel de
anticuerpos frente al referido antigeno en pacientes
chagasicos (9). El andlisis de los determinantes
antigénicos de la proteina, empleando péptidos
solapantes que abarcan €l 92% de la secuencia
proteica, indica que tanto los sueros de pacientes
chagasicos como los de individuos sanos reco-
nocen secuencias de aminoacidos especificas de
la proteina HSP70. Ademas, se ha observado que
durante la infeccién por T. cruzi la reactividad
frente a estos péptidos se incrementa (10). Es de
sefialar, que la mayoria de los péptidos recono-
cidos por los sueros de los donantes sanos y de
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efficacy (2) and is rather toxic. Moreover, effec-
tive immunoprofilactic regiments are non-exis-
tent. To date, there are no efficient vaccines against
T. cruzi so the characterization of new parasite
antigens capable of eliciting protective immune-
responses becomes now a priority. Several evi-
dences have shown that cytotoxic T lymphocytes
(CTLs) against parasite antigens are required to
generate a protective immunity against T. cruz
infections (3).

The heat shock proteins (HSPs) have been
extensively studied as chaperone molecules (4).
In the last years the HSPs proteins have received
particular attention since they are recognized as
major target by the immune system in a large
number of pathologies including infectious di-
seases. Thus, even the HSP70 proteins from some
pathogenic organisms have been reported as ca-
pable of inducing immunoprotection (5). Howe-
ver, it has been also suggested that they could be
involved in the development of autoinmune pro-
cesses (6). In fact, several studies have indicated
that antigen-presenting cells are capable of inte-
racting with heat shock proteins and can be sti-
mulated in order to adapt the immune response.
Recently, it has been described that the HSP70
protein was able to stimulate the antigen-speci-
fic cytotoxic activity of a CD8" T cell clones in
the presence of peritoneal macrophages as anti-
gen-presenting cells through the active secretion
of IFN-y and TNF-a (7). In APC cells, heat shock
proteins are co-localized with MHC class | mo-
lecules in late endosomes, suggesting a direct
interaction between HSPs and MHC molecules
(8).

The HSP70 protein from the protozoan para-
site T. cruzi has been found to be a dominant
antigen in the human infection, existing a high
antibody levels against the T. cruzi HSP70 anti-
gen in chagasic patients (9). The analysis of the
antigenic determinants of the protein using over-
lapping peptides covering 92% of the protein
indicates that both the sera from chagasic pa-
tients and from healthy donors recognize speci-
fic amino acids sequences of the HSP70 protein.
Moreover, it has been observed that during in-
fection the reactivity against specific peptides
increases (10). Remarkably, most of the peptides
recognized by the sera of healthy donors and
Chagas patients map in conserved sites of the
HSP70 protein family (10). Recently we have
shown that the T. cruzi HSP70 protein has the
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los pacientes chagasicos, se localizan en sitios
conservados para la familia de proteinas HSP70
(10). Recientemente, hemos mostrado que la
proteina HSP70 de T. cruzi tiene la capacidad de
estimular esplenocitos o células de nédulos lin-
faticos de ratones no inmunizados previamente e
independiente del haplotipo. Las células que res-
ponden ala HSP70 expresan un amplio rango de
citoquinas, entre ellas IFN-y, IL-2 y TNF-a (11).

En el trabajo agui presentado, se muestra la
expresion y purificacion de la proteina recombi-
nante HSP70 de T. cruzi en condiciones no des-
naturalizantes. Ademas, se determinan las regio-
nes de la proteina que podrian ser potenciales
inductoras de citotoxicidad restringida a clase
A2, tras inmunizacion de ratones transgénicos
C57BL/6-A2/Kb (B6-A2/Kb) con la proteina
HSP70.

MATERIALES Y METODOS

Clonaje, expresion y purificacion de la pro-
teina recombinante HSP70 de T. cruzi. Para el
clongje delaproteinaHSP70 de T. cruzi, launidad
genomica HSP70 es amplificada por PCR desde
el DNA del fago Tc70.6 (12), utilizando los oli-
gonucledtidos 70-U (5 -TCCTTTCTCCCTATTC-
3)y 70-L (5 -CGCACACACTACGCTCTA-3),
y €l producto de amplificacién se clona en €l
vector pGEM-T (Promega). A continuacion, el
fragmento Dral-Sspl, que contiene la secuencia
codificante de la HSP70, se subclona en el sitio
Smal del vector de expresion pQE32 (Quiagen),
en fase con una repeticion de seis histidinas. La
proteina recombinante es sobreexpresada en la
cepa M15 de E. coli tras 3 horas de induccion a
37°C con IPTG 0,1 mM. La proteina se solubi-
liza tras suave sonicacion en tampon fosfato 50
mM, CINa 30 mM, SDS 0,025%, pH=8. Los
extractos solubles se gjustan hasta una concen-
tracion final de CINa 300 mM, a-mercaptoeta-
nol 10 mM, PMSF 1 mM, CI,Mg5 mM, glicerol
10%. La proteina recombinante soluble HSP70
se purifica por cromatografia de afinidad con una
columna de agarosa NTA-Ni?*. Laresina se lava
con el mismo tampdén a pH=8 seguido de tam-
pon a pH=7,5. La proteina recombinante HSP70
se eluye finalmente con tampon fosfato 50 mM,
CINa 300 mM, PMSF 1 mM, CI.Mg 5 mM,
glicerol 10%, SDS 0,025%, pH=6, y se dializa
exhaustivamente frente al mismo tampon sin SDS.

capacity to stimulate splenocytes or lymph node
cells from naive mice in a non-haplotype restric-
ted way. The HSP70-responsive cells express a
broad range of cytokines among which are wor-
th mentioning IFN-y, IL-2 and TNF-a (11).

In the present paper we show the expression
and purification of the T. cruzi HSP70 recombi-
nant protein in non-denaturation conditions. We
have searched for potential sites in the protein
that may €elicit cytotoxicity in a A2-restricted way
and that are susceptible of being recognized by
splenocytes of C57BL/6-A2/K" (B6-A2/KP) trans-
genic mice immunized with HSP70 protein.

MATERIALS AND METHODS

Cloning, expression and purification of the T.
cruzi HSP70 recombinant protein. For the clo-
ning of the T. cruzi HSP70 protein, the HSP70
genomic unit was PCR-amplified from phage
Tc70.6 DNA (12), using primers 70-U (5'-
TCCTTTCTCCCTATTC-3') and 70-L (5-CG-
CACACACTACGCTCTA-3), and cloned in the
pGEM-T vector (Promega). The Dral-Sspl frag-
ment containing the HSP70 coding region was
subcloned in the Smal site of pQE32 expression
vector (Quiagen) in phase with a poly-histidine
tract. The recombinant protein was overexpres-
sed in E. coli M15 strain after induction for 3
hours at 37°C with 0.1 mM IPTG. The protein
was solubilized in mild sonication conditions in
50 mM phosphate buffer, 30 mM NaCl, 0.025%
SDS, pH=8. Soluble extracts were adjusted to
reach final concentrations of 300 mM NaCl, 10
mM o-mercaptoethanol, 1 mM PMSF, 5 mM
MgCl,, 10% glycerol. The soluble HSP70 recom-
binant protein was purified by Ni*-NTA-agaro-
se affinity column. The resin was washed with
the same buffer at pH 8 followed by buffer at
pH 7.5. The recombinant HSP70 protein was
finally eluted with 50 mM phosphate buffer, 300
mM NaCl, 1 mM PMSF, 5 mM MgCl,, 10%
glycerol, 0.025% SDS, pH=6, and then extensi-
vely dialyzed against the same buffer without
SDS. The HSP70 protein concentration was
measured by Bradford method. All purified HSP70
fractions were free of endotoxin contamination,
as assessed by the E-Toxate reaction kit (Sig-
ma).

Synthetic Peptides. A library of peptides bea-
ring the described HLA-A2.1 binding motif (13)
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La concentracién de la proteina HSP70 se deter-
mina por el método de Bradford. Todas las frac-
ciones de HSP70 purificadas se sometieron a la
reaccion del E-Toxate (Sigma), resultando libres
de contaminacion por endotoxinas.

Péptidos sintéticos. Se sintetiza una bateria
de péptidos que contienen los motivos descritos
de union a la molécula HLA-A2.1 (13) utilizan-
do el método de sintesis multiple en fase solida
(14). Los péptidos se ensamblan usando la estra-
tegia estandar de sintesis de péptidos en fase sélida
t-Boc (SPPS) sobre una resina de p-metilbenzi-
drilamida (MBHA) (15, 16). La pureza se com-
prueba por cromatografia liquida de alta resolu-
cion (HPLC).

Afinidad de la union a HLA-A2.1. Células T2
deficientes en TAP (HLA-A2.1%) (17) se cargan
con diferentes cantidades de péptido en medio
RPMI libre de suero, suplementado con 1 pg/ml
de B2 microglobulina humana (Sigma) y se in-
cuban una noche a temperatura ambiente. Tras
la incubacién, las células se marcan con un an-
ticuerpo monoclonal W6/32 (Sigma), especifico
para al/a2 y dependiente de conformacién. El
péptido 58-66 de la matriz del virus Influenza
(FLU-MA) vy el péptido 335-343 del virus HB-
ENV se incluyen en el ensayo como estandares
internos. Los datos de afinidad se calculan segun
ha sido previamente descrito (18), como el por-
centaje maximo de estabilizacion del complejo,
empleando la formula: % de estabilizacién maxima
=100 X [(media de fluorescencia con péptido) -
(fondo de media de fluorescencia)] / [(media de
fluorescencia con 100 uM de péptido FLU-MA)
- (fondo de media de fluorescencia)]. El fondo
de la media de fluorescencia es el valor de fluo-
rescencia que se obtiene cuando las células T2
se incuban en ausencia de antigeno y en las mismas
condiciones.

Inmunizacién de los ratones. La cepa trans-
génica de raton C57BL/6-A2/K" (19) fue propor-
cionada por Dr. Linda Sherman (Scripps Labo-
ratoires, San Diego, CA). Hembras de edad
comprendida entre las 6-8 semanas se inmuni-
zan por triplicado con 100ug del péptido p30 del
toxoide del tétano, emulsionado en adyuvante
incompleto de Freund (IFA) 1:1 (v:v). Después
de 3 semanas los ratones se inmunizan con la
misma mezcla afiadiendo 10 ug de la proteina
recombinante HSP70. A los 10 dias de la inmu-
nizacién con HSP70 los animales son sacrifica-
dos mediante anoxia con CO, y las células de
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was synthesized by simultaneous multiple-pepti-
de solid-phase synthetic method (14). The pep-
tides were assembled using the standard t-Boc
solid phase peptide synthesis (SPPS) strategy on
a p-methylbezhydrilamide (MBHA) resin (15, 16).
Purity was checked by high performance liquid
chromatography (HPLC).

HLA-A2.1 binding affinity. TAP-deficient T2
cells (HLA-A2.1%) (17) were loaded with diffe-
rent quantities of peptide in serum-free RPMI
medium supplemented with 1 pg/ml of human
32 microglobulin (Sigma) and incubated over-
night at room temperature. After incubation, cells
were stained with the conformational dependent
al/a2-specific W6/32 monoclonal antibody (Sig-
ma). The Influenza virus matrix,, .. peptide (FLU-
MA) and the HB-ENV, .. peptide were inclu-
ded in the assay as internal standards. Affinity
data were calculated as percentage of maximum
complex stabilization as described (18) using the
formula: % of maximal stabilization = 100 x
[(mean fluorescence with peptide) - (background
mean fluorescence)] / [(mean fluorescence with
100 uM FLU-MA peptide) - (background mean
fluorescence)]. Background mean fluorescence
means the fluorescence value obtained with T2
cells incubated without antigen.

Mice immunization. C57BL/6-derived A2/K®
transgenic mouse strain (19) provided by Dr. Linda
Sherman (Scripps Laboratories, San Diego, CA)
was used. 6-8 weeks old females were immuni-
zed in triplicate with 100ug of tetanus toxoid
p30 peptide emulsioned with IFA 1:1 (v:v). After
three weeks the mice were immunized with the
same mixture adding 10 pg of the HSP70 recom-
binant protein. Ten days after HSP70 immuniza-
tion animals were sacrificed by CO, anoxia. The
lymph node cells were collected and washed twice
with RPMI 1640 medium (RPMI).

CTL assay. Murine EL-4 lines stably trans-
fected with the A2/K" transgene were maintai-
ned in DMEM medium supplemented with 10%
FCS, 2 mM glutamine, 100 U/ml penicillin and
0.6 mg/ml G418. Lymph node cells of immuni-
zed mice were grown in RPMI medium supple-
mented with 10 U/ml recombinant murine (rm)
IL-2 (Sigma) and 10 ng/ml of rmIL-7 (R&D) at
concentration of 2x108 cells /ml. Six days later,
CTL activity against EL-4/A2-K" cells loaded
with 1 mM of the different peptides was moni-
tored with a four hours chromium release assay
as described (20). Samples were included in
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los nodulos linfaticos se recogen y se lavan 2
veces con medio RPMI 1640 (Gibco).

Ensayo CTL. La linea celular murina EL-4,
transfectada establemente con el transgen A2/K®
se mantiene en medio DMEM suplementado con
suero fetal bovino inactivado FCS 10%, gluta-
mina 2 mM, penicilina 100 U/ml y 0,6 mg/ml de
antibidtico G418. Las células de nddulos linfati-
cos de los ratones inmunizados se cultivan en
medio RPMI 1640 suplementado con 10 U/ml
de IL-2 recombinante murina (Sigma) y 10 ng/
ml de IL-7 recombinante murina (R&D), a una
concentracion de 2x10° células /ml. Seis dias mas
tarde, la actividad CTL frente a células EL-4/
A2-K® cargadas con diferentes péptidos a 1 mM
se monitoriza en el ensayo de liberacién de cro-
mo de 4 horas, tal y como se ha descrito (20).
Las muestras se incluyen por duplicado siendo
la desviacidn estandar entre duplicados menor
del 10% en todos los casos. Los resultados se
expresan como €l porcentgje de lisis segin la
formula: % lisis = 100 X (liberacién experimen-
tal - liberacién espontanea) / (liberacion total -
liberacion espontanea).

RESULTADOS

Expresion y purificacion de la proteina
recombinante HSP70 de T. cruz. Mediante PCR
a partir de DNA del fago gue contiene el locus
HSP70 de T. cruz, se obtiene el fragmento de
DNA de 2.3 Kb que codifica para la proteina
HSP70 (Figura 1A) y se introduce en el plasmi-
do pQE32 digerido con la enzima Smal. El frag-
mento clonado comienza en la primera metioni-
na de la proteina HSP70. Asi, el plasmido pQE70
resultante contiene corriente arribadel gen HSP70,
la secuencia de DNA que codifica para 6 resi-
duos de histidina y la sefial lacO que permite la
sobreexpresion de la proteina recombinante en
respuesta a IPTG. La figura 1B muestra el pa-
tron de proteinas obtenido en la cepa M15 de E.
coli transformada con el vector recombinante
pQE70. El andlisis en geles de SDS/PAGE de
los extractos proteicos totales bacterianos revela
la presencia de una banda tefiida intensamente
de aproximadamente 75 kDa, que se correspon-
de con la proteina recombinante HSP70 sobreex-
presada (Figura 1B, linea 1). Las lineas F4 a F7
de la figura 1B, muestran |las bandas resultantes
de la purificacion de la proteina recombinante

duplicate, being the standard deviations between
duplicates in all assays lower than 10%. Results
were expressed as percentage of lysis using the
formula: % lysis = 100 x (experimental release
— spontaneous release) / (total release — sponta-
neous release).

RESULTS

Expression and purification of T. cruz re-
combinant HSP70 protein. A 2.3 kb DNA frag-
ment coding for the T. cruzi HSP70 protein was
obtained by PCR amplification from a phage
containing the T. cruzi HSP70 loci (Figure 1A).
The fragment containing the HSP70 coding se-
quence was further subcloned into the Smal-di-
gested pQE32 plasmid. The cloned fragment starts
at the first methionine of the HSP70 gene. Thus,
the resulting pQE70 plasmid contains, upstream
of the HSP70 gene, the DNA sequence coding
for six histidine residues and the lacO signal that
allows the overexpression of the recombinant
protein in response to IPTG induction. Figure
1B shows the protein profile obtained in an E.
coli M15 strain transformed with the recombi-
nant pQE70 vector. SDS/PAGE analysis from
total extracts from bacteria transformed with the
recombinant pQE70 vector revealed the presen-
ce of an intensely stained band of approximately
75 kDa which corresponds to the overexpressed
of the HSP70 recombinant protein (Figure 1B,
lane 1). In Figure 1B, lanes F4 to F7 we show
the SDS/PAGE band resulting from purification
of the HSP70 recombinant protein after passing
the soluble fraction of total expressed proteins
(Figure 1B, lane 2) through a Ni?* affinity chro-
matography column. Thus, the purified HSP70
protein is observed as an unique stained band of
approximately 75 kDa in accordance to the ex-
pected size of the recombinant protein. The
protein's purity was higher than 95% as asses-
sed by Coomassie Blue staining.

Binding assays of HSP70 peptidesto HL A-
A2.1 molecule. The sequence of T. cruzi HSP70
protein was analyzed in order to identify sequences
bearing binding motifs to the HLA-A2.1 mole-
cule (13). 31 motifs were selected and the co-
rresponding peptides synthesized (see, Figure 2).
In order to analyze the affinity of the synthesi-
zed peptides to the MHC class | molecule we
studied the capability of these peptides for bin-
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HSP70 después de pasar la fraccion soluble de
proteinas totales (Figura 1B, linea 2) por una
columna de agarosa-Ni?*. La proteina HSP70
purificada se observa como una Unica banda de
aproximadamente 75 kDa, |0 que esta de acuer-
do con el tamafio esperado para la proteina re-
combinante. La pureza de la proteina observada
tras coloracion con azul de Coomassie fue ma-
yor del 95%.
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ding HLA-A2.1 expressing T2 cells. The HB-
ENV and the FLU-MA peptides were included
in the assays as internal references. As shown in
Figure 3, when compared with the standard pep-
tides, six peptides (12777, 12778, 12780, 12782,
12783 and 12788) showed high A2.1 affinity.
Moreover, eight peptides (12762, 12764, 12765,
12772, 12773, 12774, 12775 and 12779) presen-
ted an intermediate affinity (with binding values
of approximately 50 to 80 %).

FIGURE 1.- Cloning purification of HSP70 protein. (A) PCR amplification and cloning of T. cruzi HSP70 coding
region. HSP70 genomic unit was PCR-amplified as described in Materials and Methods, and cloned into pGEM-T
vector. M, molecular weight marker (Hindlll digested lambda gt11 phage DNA). 1, PCR amplification of HSP70
genomic unit. 2, negative PCR control, Lambda gt11 phage DNA. (B) Cloning of HSP70 coding fragment in pQE32
expression vector and purification of the recombinant protein. M, molecular weight marker. 1, total extracts of bacteria
transformed with pQE70 vector after IPTG induction. 2, soluble extracts. F4 to F7, HSP70 purify fractions obtained
after purification trough Ni?* chromatography column.

FIGURE 1.- Cloning purification of HSP70 protein. (A) PCR amplification and cloning of T. cruzi HSP70 coding
region. HSP70 genomic unit was PCR-amplified as described in Materials and Methods, and cloned into pGEM-T
vector. M, molecular weight marker (Hindlll digested lambda gt11 phage DNA). 1, PCR amplification of HSP70
genomic unit. 2, negative PCR control, Lambda gtll phage DNA. (B) Cloning of HSP70 coding fragment in pQE32
expression vector and purification of the recombinant protein. M, molecular weight marker. 1, total extracts of bacteria
transformed with pQE70 vector after IPTG induction. 2, soluble extracts. F4 to F7, HSP70 purify fractions obtained
after purification trough Ni?* chromatography column.
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Ensayos de unién delos péptidos dela HSP70
a la molécula HLA-A2.1. La secuencia de la
proteina HSP70 de T. cruz fue analizada con €l
fin de identificar regiones que contuvieran los
motivos de unién a la molécula HLA-A2.1 (13).
31 epitopes diferentes conteniendo motivos A2
fueron seleccionados y los péptidos correspon-
dientes sintetizados (ver Figura 2). Para analizar
la afinidad de los péptidos sintetizados a la
molécula MHC de clase |, estudiamos la capaci-
dad de referidos péptidos para unirse a la molé-
cula HLA-A2.1 de las células T2. Los péptidos
HB-ENV y FLU-MA se incluyeron en los ensa-
yos como referencias internas. Como mostramos
en la figura 3, seis péptidos perteneciente a la
proteina HSP70 (12777, 12778, 12780, 12782,
12783 y 12788) muestran similares porcentajes
de unién a la molécula A-2.1 que los péptidos
control. Ademas, ocho péptidos (12762, 12764,
12765, 12772, 12773, 12774, 12775 y 12779)
presentan una afinidad intermedia (con valores
de afinidad de union de aproximadamente el 50
a 80%).

CTL response in immunized mice. In order
to analyze the capability of the T. cruzi HSP70
to elicit a specific CTL response, A2/K® transge-
nic mice were immunized with the HSP70 re-
combinant protein in the presence of the tetanus
toxoid p30 peptide. As target cells we used EL4-
A2/K" cells loaded separately with HSP70 pep-
tides exhibiting different binding affinities to the
HLA-A2.1 molecule (see Figure 3). Ten days
after the HSP70 immunization the animals were
sacrificed and a suspension of lymph node cells
were used as effector cells in CTL assays. As
seen in Figure 4, the lymph node cells from the
mice immunized with the HSP70 protein recog-
nize the target cells pulsed with the 12772, 12773
and 12779 peptides inducing cellular lysis per-
centages between 10 and 15%. These peptides
correspond to intermediate HLA-A2.1 binding
affinity peptides. Interestingly, they have a low
homology percentage (62, 52 and 62%, respec-
tively) when compared with their homologous
sequences in the human and mouse HSP70 pro-
teins.

FIGURA 2.- Comparacién de la secuencia de aminoacidos de la proteina HSP70 de T. cruzi tchsp70), HSP70 humana
(humhsp70) y HSP70 de raton (mushsp701); nimeros de registro en el GENEBANK X13690, M11717, M35021, res-
pectivamente. El alineamiento de la referidas secuencias ha sido realizado usando el programa PILEUP. En cursiva
indicamos la secuencia consenso para las HSP70 representadas. Los nimeros situados a la izquierda y derecha de cada
bloque de homologia indican la posicién de aminoacidos en la HSP70 de T. cruzi. Los péptidos sintéticos correspon-
dientes a motivos tedricos de union a la molécula HLA-A2.1 presentes en la proteina HSP70 de T. cruzi se encuentran
subrayados e identificados por los nimeros 12759 al 12789.

FIGURE 2.- Comparison of amino acid sequences of the T. cruzi HSP70 (tchsp70), human HSP70 (humhsp70) and
mouse HSP70 (mushsp70); accession numbers X13690, M11717, M35021, respectively. The alignment of the proteins
was performed using the PILEUP program. In italic is indicated the HSP70 consensus sequence of the compared
proteins. The numbers at the right- and left-hand sides indicate the amino acid position in the T. cruzi HSP70
containing theoretical HLA-A2.1 binding motifs are underlined and identified by numbers (12759 to 12789).

1 50
Consenso  -M---A-G DLGTTYSCVG V- Q - - VEI | ANDQGNRTTP SYVAFTD- ER
{nmushsp701} ~MAKNTAI G DLGTTYSCVG VFQHGKVEI | ANDQGNRTTP SYVAFTDTER
{hunhsp70} ~MAKAAAVG DLGTTYSCVG VFQHGKVE! | ANDQGNRTTP SYVAFTDTER
{tchsp70} ~MIYEGAI G DLGTTYSCVG WAONERVEI | ANDQGNRTTP SYVAFTDSER
T 12759

51 100

Consenso LI GDAAKNQV A- NP- NTVFD AKRLI GRKF- D- W(QSDVKH WPF- V- - - G-
{mushsp701} LI GDAAKNQV ALNPQNTVFD AKRLI GRKFG DAVWGSDVKH WPFQUVWNDG
{hunhsp70} LI GDAAKNQV ALNPQNTVFD AKRLI GRKFG DPVWQSDVKH WPFQVI NDG.
{tchsp70} LI GDAAKNQV AMNPRNTVFD AKRLI GRKFS DPWQSDVKH WPFKVI TKGD

12760 12761 12762

12763
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Consenso
{mushsp701}
{hurmhsp70}
{tchsp70}

Consenso
{mushsp701}
{ hurmhsp70}
{tchsp70}

Consenso
{mushsp701}
{hurmhsp70}
{tchsp70}

Consenso
{mushsp701}
{hurmhsp70}
{tchsp70}

Consenso
{mushsp701}
{ hunmhsp70}
{tchsp70}

Consenso
{mushsp701}
{ hunmhsp70}
{tchsp70}

Consenso
{mushsp701}
{ hunhsp70}
{tchsp70}

101
DKP- - QV- - -
DKPKVQVNYK
DKPKVQVSYK
DKPVI QVQFR

151
YFNDSQRQAT
YFNDSQRQAT
YFNDSQRQAT
YFNDSQRQAT

201

| FDLGGGTFD
| FDLGGGTFD
| FDLGGGTFD
| FDLGGGTFD
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150
GE--- F- PEE - SSM/L- KMK El AE- YLG - V--AV-TVPA
GESRSFFPEE | SSMLTKMWK El AEAYLGHP VTNAVI TVPA
GETKAFYPEE | SSMWLTKMWK ElI AEAYLGYP VTNAVI TVPA
GETKTFNPEE VSSMLSKMWK' El AESYLGKQ VKKAWTVPA

KDAG | AG.-
KDAGVI AGLN
KDAGVI AGLN
KDAGTI AGLE

12767

V--LTID-3d
VSI LTI Dbd
VSI LTI DBd
VTLLTI DG3

12771

251
RK- K- KD- S-
RKHK. KD SQ
RKHK. KD SQ
RKNKGKDLST

12772

N- RA- RRLRT
NKRAVRRLRT
NKRAVRRLRT
NLRALRRLRT

12773

301
- | TRARFEEL

S| TRARFEEL
S| TRARFEEL
TI TRARFEEL

351
V--L- - DFF-
VQKLLQDFFN
VQKLLQDFFN
VMQLVSDFFR
12779

401

V-PL-LG ET
VAPLSLGLET
VAPLSLGLET
VTPLTLG ET

12780
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C-LFR TL-
CSDLFRGTLE
CSDLFRSTLE

12764

VLRI | NEPTA
VLRI | NEPTA
VLRI | NEPTA
VLRI | NEPTA

12765

AAIAYGED- -
AAl AYGLDRT
AAl AYGLDRT
AAl AYGLDKV
12769

12766

200
--- K- ERNVL
G . KGERNVL
G . KGERNVL
EDCK. ERNVL

12768

FEVKAT- GDT
FEVKATAGDT
FEVKATACGDT
FEVKATNGDT

ACERAKRTLS
ACERAKRTLS
ACERAKRTLS
ACERAKRTLS

HL GGEDFDNR
HLGGEDFDNR
HL GGEDFDNR
HLGGEDFDNR

S-QA--EID
SSTQASLEI D
SSTQASLEI D

SAAQATI EI D

PVE- - L- DAK
PVEKAL RDAK
PVEKAL RDAK

CGELFRGTLQ PVERVLQDAK

12775

12776

12774

12770

250
LV- HF- - EFK
LVSHFVEEFK
LVNHFVEEFK
LVAHFTDEFK

300
-LF---DF--
SLFEG DFYT
SLFEG DFYT
ALFDNVDFQA

350

-DK---HD-V LVGGSTRI PK

MDKAQ HDLV

LDKAQ HDLV

NDKRAVHDW
12777

G -L-KSI - P DEAV- YGAAV A-I L-G KS
GRDLNKSI NP DEAVAYGAAV QAAI LMGEDKS
GRDLNKSI NP DEAVGYGAAV QAAI LMGEDKS
GKELKKSI QP DEAVAYGAAV QAFI LTGEKS

AGGVMT- LI K RN\ TI PTK- -

LVGGSTRI PK
LVGGSTRI PK
LVGGSTRI PK

12778

400
----- LLLLD
ENVQDLLLLD
ENVQDLLLLD
KQTEGLLLLD

450

O F- TY- DNQ PGV-1 QV- EG

AGGVMIALI K RNSTI PTKQT QTFTTYSDNQ PGVLI QVYEG

AGGVMIALI K RNSTI PTKQT Q FTTYSDNQ PGVLI QVYEG

AGGVMISLI K RNTTI PTKKS Q FSTYADNQ PGVH QVFEG
12781
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451 500
Consenso  ERAMI-D--L LG FELSG P P-P- G/PQ E VTFD- DANG LNV-A--K-T
{mushsp701} ERAMIRDNNL LGRFELSA P PAPRGVPQ E VTFDI DANG LNVTATDKST
{hunhsp70} ERAMIKDNNL LGRFELSA P PAP. GVPQ E VTFDI DANG LNVTATDKST
{tchsp70} ERAMIKDCHL LGTFELSA P PPPRGVPQ E VTFDLDANG LNVSAEEKGT
12782 — 12784
12783
501 550
Consenso GK-N-1--TN DKGRLS---1 -RM-EA--Y --ED------ --AKN--E- Y
{mushsp701} GKANKI TI TN DKGRLSKEEI ERWCEAERY KAEDEVQRDR VAAKNALESY
{hunhsp70} GKANKI TI TN DKGRLSKEEI ERW/QEAEKY KAEDEVQRER VSAKNALESY
{tchsp70} GKRNQ VLTN DKGRLSRAEI ERWREAAKY EAEDKDQVRQ | DAKNGLENY
- 127185
551 600
Consenso  AK-MK--V-D ----GK--EA DKK------- E---W--N -AKE-H
{mushsp701} AFNVKSAVED EG. KGKLSEA DKKKVLDKCQ EVI SW.DSNT LADKEEFVHK
{hunmhsp70} AFNVKSAVED EG.KGKI SEA DKKKVLDKCQ EVI SW.DANT LAEKDEFEHK
{tchsp70} AFSMKNAVND PNVAGKI EEA DKKTI TSAVE EALEW.NNNQ EASKEEYEHR
12786
12787
601 650
Consenso -—-ELE--C-P I----YQ0G-- --G--G---= -===G--G-- ——=————u--
{mushsp701} REELERVCSP 11SGLYQGAG APGAGGFGAQ APPKGASG.. ..........
{humhsp70} RKELEQVCNP 11SGLYQGAG GPGPGGFGAQ G.PKGGSG.. .- .........
{tchsp70} QKELENLCTP IMTNMYQGMA GAGMPGGMPG GMPGGMPGGM PGGMPGGMPG
12788 12789
651 683
Consenso  -——————=—7 —————————— ——— SGP—-EE VD*
{mushsp701} ... ... .. .o ..-. .- -SGPTIEE VD*
{humhsp70} ... ... ... ... .... .- -SGPTIEE VD*
{tchsp70} GMPGGMPGGM PGGMPGGANP SSSSGPEVEE VD*

Respuesta de linfocitos T citotoxicos en
ratones inmunizados. Sobre |la base de analizar
la capacidad de la HSP70 de T. cruzi de activar
una especifica respuesta citotoxica de linfocitos
T, ratones transgénicos A2/KP fueron inmuniza-
dos con la proteina recombinante HSP70 en la
presencia del péptido p30 correspondiente al
toxoide del tétanos. Como células diana usamos
EL4-A2/KP cargadas en forma individual con
péptidos de la HSP70 que presentan distinta afi-
nidad pata la molécula HLA-A2.1 (ver figura 3).
Diez diastras la ultimainmunizacion con laHSP70
los animales fueron sacrificados y una suspen-
sion de células de nodulos linfaticos fue usada
como células efectoras en los ensayos de CTL.
Como muestra la figura 4, las células de nddul os
linfati cos de los ratones inmunizados con laHSP70
reconocen las células diana cargadas con los
péptidos 12772, 12773y 12779, induciendo lisis

DISCUSSION

In the last years, it has been reported that the
HSP70 proteins are involved in a great number
of biochemical and immunological pathways. In
fact, the HSP70 has been described as a strong
immunogen (22) able to act as stimulator of the
immune system at several levels (23), being par-
ticularly efficient in CD8* activation (24). Re-
cently it has been shown that the animals immu-
nized with the M. tuberculosis HSP70 protein
are able to elicit a specific CTL response against
the antigens fused covalently to the protein (8).
In the context of Chagas disease, it has been
recently described that the identification of tar-
gets that elicit cytotoxic response against cells
infected with T. cruzi parasite would be crucial
for the development of an efficient immunopro-
tectivity (25). In the present study, we have ex-
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del 10 al 15%. Estos péptidos se corresponden
con péptidos de afinidad de union intermedia a
la molécula HLA-A2.1. Interesantemente, estos
péptidos muestra tener un bajo porcentaje de
homologia (62, 52 y 62% respectivamente) con
sus homologos en las proteinas HSP70 humana
y de ratén.
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plored the possible existence of class I-restricted
epitopes contained in the T. cruzi HSP70 pro-
tein. Affinity assays of different T. cruzi HSP70
peptides containing theoretical binding motifs to
the HLA-A2.1 molecule (13) have shown the
existence of various peptides with high or me-
dium binding affinity. Thus, fourteen out of thir-

FIGURE 3.- T2 binding affinity assay of HSP70-derived peptides bearing HLA-A2.1 binding motif. Peptides were used
at a concentration of 50ug/ml, and binding percentage was calculated using as a reference the fluorescence index
obtaeined with FLU-MA__ . peptide. HB represents the Hepatitis B virus-derived ENV_ .. peptide.

FIGURE 3.- T2 binding affinity assay of HSP70-derived peptides bearing HLA-A2.1 binding motif. Peptides were used
at a concentration of 50ug/ml, and binding percentage was calculated using as a reference the fluorescence index
obtaeined with FLU-MA_ . peptide. HB represents the Hepatitis B virus-derived ENV ... peptide.
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FIGURE 4.- CTL activity induction by inoculation of the recombinant protein HSP70. After inmunization, as described
in Material and Methods, lymph node cells were used in a chromium release assay using EL4-A2/K" cells pulsed with
1uM of peptide. NP, target cells without peptide.

FIGURE 4.- CTL activity induction by inoculation of the recombinant protein HSP70. After inmunization, as described
in Material and Methods, lymph node cells were used in a chromium release assay using EL4-A2/K" cells pulsed with
1uM of peptide. NP, target cells without peptide.
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DISCUSION

En los ultimos afios ha sido descrito que la
HSP70 estd implicada en un gran nimero de
procesos bioquimicos e inmunoldgicos. De he-
cho, la HSP70 ha sido descrita como un fuerte
inmundgeno (22) capaz de actuar como estimu-
lador del sistema inmune a varios niveles (23),
siendo particularmente eficiente en la activacion
de CD8+ (24). Recientemente, ha sido mostrado
gue animales inmunizados con la proteina HSP70
de M. tuberculosis es capaz de activar una res-
puesta CTL especifica frente a un antigeno fu-
sionado covalentemente a la proteina (8). En el
contexto de la enfermedad de Chagas, ha sido
recientemente descrito que la identificacion de
dianas que induzcan unarespuesta citotoxica frente
alas células infectadas por T. cruz seria crucial
para el disefio racional de una vacuna frente a
este parasito (25). En e presente estudio, anali-
zamos la posible existencia de epitopes restrin-
gidos a clase | contenidos en la proteina HSP70
de T. cruzi. Los ensayos de afinidad de los pép-
tidos con motivo de union ala molécula presen-
tadora de clase | HLA-A2.1 mostraron que la
proteina HSP70 contiene varios péptidos con
capacidad para unirse con alta o media afinidad
a elemento de restriccion elegido. Asi, catorce
péptidos de la serie de treinta y uno ensayada
por poseer motivos tedricos de union a HLA-
A2.1 presentan una afinidad biol dgicamente sig-
nificativa por la referida molécula presentadora.
Dada la relacion demostrada entre la afinidad de
unién por moléculas HLA de clase | e inmuno-
genicidad de especificos péptidos (21) nuestros
datos sugieren la posibilidad de que la proteina
HSP70 pueda ser usada como diana para la in-
duccion de actividad CTL. Resultallamativo que
alguno de los péptidos que muestran una alta
afinidad de unién a la molécula HLA-A2.1 tie-
nen una relativa bagja identidad con la secuencia
consenso de las proteinas HSP70 de eucariotas.

Interesantemente, el analisis de la respuesta
CTL inducida tras la inmunizacién de ratones
transgénicos A2/KP con la proteina recombinan-
te HSP70 de T. cruz, indican gque esta proteina
tienen in vivo capacidad de inducir una respues-
ta inmune CTL, reconociendo células EL4-A2/
KP cargadas con tres péptidos correspondientes a
motivos de unién A2 presentes en la proteina
L os péptidos reconocidos estan localizados en la
region central de la proteina y presentan una

ty one potential HLA-A2.1-binding peptides have
significative binding affinity to the presenting
molecule. Since it has been described that there
is arelationship between binding affinity for HLA
class | molecules and immunogenicity of pepti-
de epitopes (21) our data suggest the possibility
that the T. cruzi HSP70 could be used as target
for the induction of CTL activity. It should be
stressed that some of the peptides which have
high binding affinity to the HLA-A2.1 molecule
have a relative low sequence identity with the
consensus sequence of HSP70 proteins.
Interestingly, the analysis of the CTL respon-
ses induced in A2/K® transgenic mice after im-
munization with the purified T. cruzi HSP70
recombinant protein indicated that the T. cruz
HSP70 protein has in vivo the ability to elicit a
CTL immune response recognizing EL4-A2/KP
cells loaded with three peptides corresponding
to A2-binding motifs present in the protein. The
recognized peptides are located in the central
region of the protein and present a homology
lower than 62% relative to the human and mice
HSP70 proteins. We took advantage of the HLA-
transgenic mice expressing the chimerical A2/K®
class-| molecule, since the hybrid molecule con-
tains a-1 and a-2 domains of human HLA-A2.1
molecule and a-3 domain of murine H-2K®. This
humanized molecule allows the binding of HLA-
A2.1-restricted epitopes and an optimal interac-
tion with (-2 microglobulin and the CD8 co-
receptor in the mouse. In this model, it has been
shown that human and mice T cells repertoire
against HLA-A2.1 restricted epitopes are almost
wholly overlapped (26). Moreover, HLA-A2.1
molecule isthe most common HLA aleein people
leaving in endemic areas of Chagas disease (27).
At this moment the data reported about the
existence of T. cruzi antigens which may be
presented by human HLA-class | are ver scarce,
although some studies in mice has led to the
identification of epitopes recognized by T lym-
phocytes with ability to lysisinfected cells (28,29).
The results showed in this paper indicate that
there is possible that the T. cruzi HSP70 protein
could be atarget for CTL activity and induction
of protection. However, a detailed understanding
of the role that the HSP70 specific CTL respon-
se could be playing in the control of the parasite
infection would require further extensive studies.
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homologia de secuencia menor al 62% con las
correspondientes HSP70 humana y de raton. El
uso de los ratones transgénicos para el gen qui-
mérico A2/K" permite estudiar el reconocimien-
to de antigenos en el contexto de moléculas de
histocompatibilidad humanas utilizando model os
murinos. Estos ratones expresan en la superficie
de sus células una molécula presentadora de cla-
se | con el dominio intracelular y o, correspon-
dientes a la molécula H2-K" de ratén, y los do-
minios a, y a, delamolécula presentadora humana
A2.1. De esta forma se consigue que los ratones
gue expresan este gen quimérico presenten un
repertorio de péptidos semejante al de un indivi-
duo positivo para HLA-A2.1 y a mismo tiempo
se obtiene una 6ptima interaccion entre la molé-
cula presentadora y el co-receptor CD8 murino,
gue hace posible una activacion eficaz del linfo-
cito T citotéxico. En este modelo, ha sido mos-
trado que €l repertorio de epitopes restringidos a
la molécula HLA-A2.1 generados frente a célu-
las T humanas y de raton esta frecuentemente
sobrelapados (26). Ademas, |la molécula presen-
tadora de clase | HLA-A2.1 presenta una ata
frecuencia en la poblacién de las zonas endémi-
cas para la enfermedad de Chagas (27).

Actualmente, los datos reportados acerca de
la existencia de antigenos de T. cruzi que pue-
dan ser presentados por moléculas HLA de clase
| de humanos son muy escasos. Sin embargo,
algunos estudios en ratones han permitido la
identificacion de epitopes reconocidos por linfo-
citos T con capacidad de lisar células infectadas
(28,29). Los resultados mostrados en este ma-
nuscrito indican que la proteina HSP70 de T.
cruzi es una posible diana de actividad CTL y
consecuentemente una potencial inductora de
proteccidon. Un mayor conocimiento del papel que
puede jugar en el control de la infeccién del
parasito larespuesta CTL especificade laHSP70
observada requerira futuros estudios.
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