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Summary

 

Paramyosin, a 

 

Schistosoma mansoni

 

 myoprotein associated with human resis-
tance to infection and reinfection, is a candidate antigen to compose a subunit
vaccine against schistosomiasis. In this study, 11 paramyosin peptides selected
by TEPITOPE algorithm as promiscuous epitopes were produced syn-
thetically and tested in proliferation and 

 

in vitro

 

 human leucocyte antigen
(HLA)-DR binding assays. A differential proliferative response was observed
in individuals resistant to reinfection compared to individuals susceptible to
reinfection in response to Para (210–226) peptide stimulation. In addition,
this peptide was able to bind to all HLA-DR molecules tested in HLA-DR
binding assays, confirming its promiscuity. Para (6–22) and Para (355–371)
were also shown to be promiscuous peptides, because they were able to bind
to the six and eight most prevalent HLA-DR alleles used in HLA-DR binding
assays, respectively, and were also recognized by T cells of the individuals
studied. These results suggest that these paramyosin peptides are promising
antigens to compose an anti-schistosomiasis vaccine.
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Introduction

 

Schistosomiasis is a chronic disease endemic in 76 countries
worldwide, causing an estimated 200 000 deaths/year [1].
Mass chemotherapy is the control strategy used nowadays;
however, this control strategy has some drawbacks, such as a
high frequency of reinfection and the difficulties and costs
involving the long-lasting maintenance of these programmes
[2]. Parasite drug resistance is also a concern that has to be
considered [3,4]. In this context, the development of a
defined anti-schistosomiasis vaccine would contribute enor-
mously to the current therapies mainly because immuniza-
tion provides long-lasting immunity to the disease. Several
studies are in progress testing different antigens of the par-
asite and several vaccination strategies in experimental
immunization protocols [5–7].

Six schistosome antigens have been selected by the World
Health Organization (WHO) as candidates to compose a

subunit vaccine against schistosomiasis [5]. One of these
antigens is paramyosin, a filamentous, 

 

α

 

-helical, coiled-coil
protein of approximately 100 kDa that is present in the mus-
cle of invertebrates, including 

 

Schistosoma mansoni

 

 [5,8].
Paramyosin was identified as the major antigen recognized
by sera of mice vaccinated intradermally with an 

 

S. mansoni

 

adult parasite extract [9]. Purified paramyosin used in mice
immunization conferred significant resistance against chal-
lenge infection [8,10]. The resistance induced by immuniza-
tion involved interferon (IFN)-

 

γ

 

 production by stimulated T
cells, suggesting that during challenge of vaccinated hosts
paramyosin may elicit a protective T cell response as a result
of its release from migrating parasite larvae [8]. It thus
appears that both cellular and humoral immune responses
are important mechanisms in the protective immunity
induced by paramyosin immunization.

Studies of human immune responses to paramyosin
support the potential of this protein as a vaccine candidate.
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S. mansoni

 

 paramyosin is strongly recognized by sera of indi-
viduals naturally resistant to infection and it also induced
high levels of IFN-

 

γ

 

 production by peripheral blood mono-
nuclear cells (PBMC) from these individuals [11,12].
Paramyosin also induced significant lymphocyte prolifera-
tion and interleukin (IL-2) and IL-5 production in individ-
uals resistant to 

 

S. mansoni

 

 reinfection [13]. These results
suggest the involvement of paramyosin in natural resistance
and in resistance to reinfection against 

 

Schistosoma mansoni

 

.
The identification of immunodominant epitopes within

vaccine candidate antigens is extremely important, not only
because it makes immunization possible, excluding cross-
reactivity and the accompanying risk of autoimmunity or
allergy, but also because it allows the construction of vaccines
with relevant peptides from different candidate antigens,
improving the chance of achieving high levels of protection.

Here we report the T cell proliferative responses by PBMC
from individuals living in endemic areas for schistosomiasis
in response to paramyosin epitopes selected by TEPITOPE
algorithm. Eleven paramyosin peptides were synthesized and
presented as antigens to PBMC of individuals infected with

 

S. mansoni

 

 (INF), naturally resistant to 

 

S. mansoni

 

 infection
(NR) resistant (RR) and susceptible (SR) to 

 

S. mansoni

 

 rein-
fection after treatment. We observed differential T cell pro-
liferation in response to paramyosin epitopes according to
individual status of resistance and susceptibility to 

 

S. man-
soni

 

 reinfection. Among the paramyosin synthetic peptides
tested in this study, Para (210–226) was the only epitope rec-
ognized preferentially by T cells of individuals resistant to 

 

S.
mansoni

 

 reinfection when compared to the response of cells
from infected patients. Further, this peptide, together with
Para (6–22) and Para (355–371), were shown to be promis-
cuous peptides as predicted by TEPITOPE and proliferation
assays. Additionally, 

 

in vitro

 

 human leucocyte antigen
(HLA)-DR binding assays showed that Para (6–22), Para
(210–226) and Para (355–371) bound to the majority of
HLA-DR molecules used in this study. Therefore, the results
presented here suggest that these peptides are promising can-
didates to compose an anti-schistosomiasis vaccine.

 

Materials and methods

 

Study population

 

Heparinized peripheral blood was obtained from individuals
with different genetic backgrounds living in three different
areas endemic for schistosomiasis (Melquiades, Côrrego do
Onça and Caatinga do Moura). The individuals included in
this study reflect the racial distribution profile of Brazilian
population according to data from the official Brazilian Cen-
sus (http://www.ibge.gov.br). These individuals were classi-
fied into five groups with regard to their infection status, and
the selection of subjects was performed based only on the cri-
teria for inclusion and exclusion of each group independently
of previous knowledge of immune responses for each

individual. Non-infected (NI) individuals are healthy people
without any parasite infection or contaminated water con-
tact. Some individuals, despite contact with contaminated
water, showed repeated stool-negative examination and no
clinical signs of disease for at least 3 consecutive years and
were classified as naturally resistant to 

 

S. mansoni

 

 infection
(NR). The water contact exposure was evaluated objectively
by observers and the population studied had at least one con-
tact daily. Another group showed stool-negative examination
after treatment and was classified as resistant to 

 

S. mansoni

 

reinfection (RR). Individuals classified as susceptible to 

 

S.
mansoni

 

 reinfection (SR) showed stool-positive examination
following treatment, and individuals grouped as infected
individuals (INF) showed stool-positive examination and no
treatment history. In spite of having similar water contact lev-
els, these subjects exhibited a high variability in infection
levels before and after treatment with praziquantel (40 mg/
kg). These patients or their legal guardians gave informed
consent after explanation of the protocol that had been
approved previously by the Ethical Committee of the Federal
University of Minas Gerais. Details regarding sex and age of
the individuals included in this study are described in Table 1.

 

Antigen preparation

 

SWAP (soluble adult worm antigen preparation) was pre-
pared as described previously [14]. Adult worms were
obtained from Swiss outbred mice following 8 weeks of
infection. The soluble fraction was obtained after homoge-
nization of worms in a Virtiss homogenizer, and centrifuged
at 4000 

 

g

 

 for 1 h at 4

 

°

 

C. The supernatant was collected and
protein concentration was determined according to Brad-
ford’s method [15].

 

Synthetic peptides

 

The amino acid sequence of 

 

S. mansoni

 

 paramyosin
(GenBank Accession no. M35499) was scanned using the
TEPITOPE algorithm (Vaccinome, http://www.vaccinome.
com) that can predict, after scanning all 9 mer windows start-
ing with a hydrophobic residue on a protein sequence, those
that have the potential ability to bind one or more of 25

 

Table 1.

 

Study population

Groups

No. of

subjects

Age

(mean 

 

±

 

 s.d.) Age range

Sex 

(male/female)

NI 8 32·14 

 

±

 

 12·46 21–59 3/5

INF 16 27·61 

 

±

 

 17·46 9–58 6/10

RR 23 27·21 

 

±

 

 21·04 10–71 10/13

SR 17 25·68 

 

±

 

 16·64 9–69 7/10

NR 19 49·36 

 

±

 

 16·35 11–73 9/10

All 83 32·4 

 

± 

 

16·79 9–73 35/48

NI: non-infected individuals; INF: infected individuals; RR: individ-

uals resistant to 

 

Schistosoma mansoni

 

 reinfection; SR: individuals sus-

ceptible to 

 

S. mansoni

 

 reinfection; NR: naturally resistant individuals.

http://www.ibge.gov.br
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different HLA-DR molecules, by use of 25 virtual matrices
that cover most of the HLA-DR specificities in the Caucasian
population [16]. We synthesized peptides that correspond to
an inner nonamer core selected by TEPITOPE as the HLA-
binding motif with flanking amino acids added at both N-
and C- teminal ends, to increase the efficiency of 

 

in vitro

 

peptide presentation to CD4

 

+

 

 T cells. The complete sequences
of the synthetic peptides are shown in Table 2. Eleven 17-mer
synthetic peptides containing the paramyosin epitopes
selected were purchased from Mimotope (CA, USA). A pep-
tide sequence identity search to other myosin peptides was
performed using the computer program PepPepSearch
(http://cbrg.inf.ethz.ch/Server/PepPepSearch.html).

 

HLA-DR typing

 

DNA was extracted from blood samples using the Wizard
genomic DNA purification kit (Promega Corp., Madison,
WI, USA) according to the manufacturer’s instructions.
Genomic DNA was quantified on agarose gel and by spec-
trophotometry. HLA-DRB1 (DR1, DR4, DR7, DR8, DR9,
DR10,  DR11,  DR12,  DR13,  DR14,  DR15,  DR16,  DR17
and DR18) typing was performed using a low-resolution
sequence specific primer amplification as described
previously [17].

 

HLA-DR peptide-binding assay

 

HLA class II molecules were purified from Epstein–Barr
virus-transformed homozygous B lymphoblastoid cell lines
or transfected fibroblasts by affinity chromatography, as
described previously [18]. Peptide binding assays were per-
formed by incubating purified human class II molecules (5–
500 n

 

M

 

) with various concentrations of unlabelled peptide
and 1–10 n

 

M

 

 

 

125

 

I-radiolabelled probe peptide for 48 h in
phosphate buffered saline (PBS) containing 0·05% to 0·15%
Nonidet P-40 in the presence of a protease inhibitor cocktail
[18,19]. Radiolabelled peptides were iodinated using the

chloramine-T method [20]. Major histocompatibility com-
plex (MHC) class II peptide complexes were separated from
free peptide by gel filtration on TSK200 columns (Tosoh Bio-
sciences LLC, Montgomeryville, PA, USA) and the fraction
of bound peptide calculated [21]. Alternatively, the percent-
age of radioactivity from peptides bound to MHC was deter-
mined by capturing MHC/peptide complexes on LB3·1
antibody coated Lumitrac 600 plates (Greiner Bio-one, Fick-
enhousen, Germany), and determining bound counts per
minute (CPM) using the Top-Count (Packard Instrument
Co. Meriden, CT, USA) microscintillation counter. The radi-
olabelled probe peptides utilized were HÁ Y307-319
(sequence YPKYVKQNTLKLAT; DRB1*0101), an analogue
of TT Y828-843 (sequence YATFFIKANSKTE; DRB5*0101,
DRB1*1101, DRB1*0701), MBP Y85-100 (sequence PVVH-
FFKNIVTPRTPPY; DRB1*1501, DRB1*0401, DRB1*0405),
and an analogue of TT830-843 (sequence QYIKANAKTE;
DRB1*1302) as described previously [19]. Previous experi-
ments have shown that peptides showing IC

 

50

 

 percentage
values below 1000 were recognized much more frequently by
sensitized individuals bearing that HLA allele than peptides
showing higher values [22].

 

Cellular immune response to paramyosin 
synthetic peptides

 

PBMC were isolated from peripheral blood by Ficoll-
Hypaque density gradient centrifugation (

 

d

 

 

 

=

 

 1·077),
washed three times with sterile saline and incubated in
RPMI-1640 medium (

 

Gibco

 

, St. Louis, MO, USA) supple-
mented with 10% normal human AB serum (Sigma, Carls-
bad, CA, USA), 100 U/ml penicillin G sodium, 100 

 

µ

 

g/ml
streptomycin sulphate and 250 ng/ml amphotericin B. In the
proliferation assay, cell cultures from RR, SR, INF, NR and
NI individuals were carried out in triplicate in 96-well flat-
bottomed culture plates (10

 

5

 

 cells/well; final volume 0·2 ml)
with SWAP (25 

 

µ

 

g/ml) and paramyosin peptides (10 

 

µ

 

M

 

).
Phytohaemaglutinim (PHA) (2 

 

µ

 

g/ml) was used as positive

 

Table 2.

 

Peptides from 

 

Schistosoma mansoni

 

 paramyosin selected by TEPITOPE algorithm

Peptide

(amino acid position) Amino acid sequence*

% HLA able to bind

peptides according to

TEPITOPE prediction

% individuals able to 

respond to peptide stimulation

within the study population

Para (6–22) TESHVKISRTIYRGVSP 21 20

Para (13–29) SRTIYRGVSPSTTRLES 13 11·6

Para (151–167) LDGALKAKQSAESKLEG 8 16·5

Para (168–184) LDSQLNRLKSLTDDLQR 17 12·6

Para (210–226) YEAQILNYSKAKSSLES 21 18·5

Para (355–371) NSELIRRAKAAESLASD 26 14·6

Para (399–415) RLKSLVNDLTDKNNLLE 13 13·8

Para (584–600) AENNLQITEHKRLQLAN 4 16

Para (676–692) NNEVLRLADELRQEQGN 17 19·3

Para (760–776) FERQYKELQTQAEDDRR 4 8·76

Para (830–846) AERTVTVRRVGPGGRAV 13 16·5

*Underlined amino acids correspond to the nonamer peptide predicted by TEPITOPE to bind different human leukocyte antigen (HLA)-DR.

http://cbrg.inf.ethz.ch/Server/PepPepSearch.html
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control and unstimulated culture was used as negative con-
trol. The antigens used were titred to determine optimal con-
centrations for proliferation assay. Plates were incubated in
5% CO

 

2

 

 at 37

 

°

 

C for 5 days and cultures were pulsed with
0·5 

 

µ

 

Ci/well [

 

3

 

H]-thymidine (Amersham, Sydney, Australia)
for 18 h. Cells were collected in glass fibre filters by Filter-
mate Harvester (Packard, IL, USA). [

 

3

 

H]-thymidine incor-
poration was measured at the Beta Counter apparatus
(Packard).

 

Statistical analysis

 

The Mann–Whitney rank sum test was used to compare
continuous variables in the proliferation assay. Fisher’s 

 

χ

 

2

 

test was used to compare frequency values of HLA-DR
distribution.

 

Results

 

Peptides selection

 

The entire sequence of 

 

S. mansoni

 

 paramyosin was scanned
by TEPITOPE algorithm at 3% threshold, which led to the
identification of regions predicted to bind promiscuously
with high affinity to several different HLA-DR molecules. To
each of the 9-mer windows along the scanned sequence,  the
algorithm provided an HLA binding score for each of the 25
HLA-DR molecules analysed. Nonamers attaining a score
above threshold (e.g. 3% of the best binding peptides for
high affinity) for a given HLA-DR molecule were selected
and are indicated in Table 2. The algorithm also allows the
selection of sequences predicted to bind simultaneously, thus
promiscuously, to several HLA-DR molecules. Peptides pre-
dicted to bind to the largest number of HLA-DR molecules
at the 3% threshold within paramyosin were selected to be
used in this study. TEPITOPE scanning of paramyosin
resulted in the selection of 11 paramyosin epitopes (Table 2)
that were synthesized by Mimotope (San Diego, CA, USA)
and used as antigens in the 

 

in vitro

 

 assays. Paramyosin
epitopes selected did not show identity with human pep-
tides; however, all peptides presented high levels of identity
to 

 

S. japonicum

 

 and 

 

Taenia solium

 

 myoprotein peptides
(ranging from 82·4% to 100% and 58·8% to 94·1%, respec-
tively) (data not shown). According to TEPIPTOPE analysis,
Para (355–371) was predicted to be the most promiscuous
peptide able to bind to 26% of the HLA-DR molecules tested
(Table 2).

 

Cellular immune response to paramyosin 
synthetic peptides

 

To test the proliferative response of individuals living in areas
endemic for schistosomiasis, the PBMC of these individuals
were stimulated with paramyosin peptides or SWAP. To eval-
uate the proliferative response to antigen stimulation, a ‘cut-

off ’ was determined by the mean proliferation index of
PBMC from non-infected (NI) individuals stimulated with
paramyosin peptides plus two standard deviations. The pro-
liferation index was calculated for each individuals by the
formula: mean cpm of stimulated cells/mean cpm of non-
stimulated cells. Therefore, individuals with a proliferation
index (PI) equal to or higher than 2·0 were considered indi-
vidual responders to antigen stimulation. NI individuals
showed a proliferation index of 

 

≤

 

2·0 and were considered
non-responders. PBMC of 14% of individuals in this study
did not proliferate in response to paramyosin peptides (data
not shown). Para (6–22) was the most promiscuous peptide
according to the proliferative responses. PBMC from 20% of
the individuals tested proliferated in response to this epitope
(Table 2). With regard to the proliferative response to SWAP,
89% of PBMC from the individuals tested in this study pro-
liferated in response to SWAP stimulation (data not shown).

In order to identify peptides that could be recognized by
resistant 

 

versus

 

 susceptible individuals, we compared the
proliferation index of individuals who responded to paramy-
osin epitopes in the NR group to INF individuals and RR
patients compared to the SR group. Before praziquantel
treatment, a lower proliferation index was observed in
response to paramyosin peptides in both resistant and sus-
ceptible individuals (Fig. 1b). Only Para (13–29) was recog-
nized by INF patients when compared to NI individuals
above the ‘cut-off ’ level. Additionally, no statistically signif-
icant difference in the proliferation index was observed
between the INF and NR groups (Fig. 1b). After praziquantel
treatment an improvement in the proliferation index was
observed in individuals resistant to 

 

S. mansoni

 

 reinfection.
Para (6–22), Para (13–29), Para (210–226), Para (355–371)
and Para (830–846) induced a significant proliferation index
in RR individuals compared to NI individuals (PI 

 

>

 

 2·0);
however, only Para (210–226) showed significant T cell acti-
vation in the RR group compared to the SR group (Fig. 1a).
A statistically significant difference in T cell proliferation in
response to SWAP was observed in the RR (154 

 

±

 

 87) group
compared to the SR group (101·7 

 

±

 

 127); however, no statis-
tically significant difference was observed in the proliferation
index by both RR (120 

 

±

 

 96) and SR (195 

 

±

 

 93·3) PBMC
stimulated with PHA, a polyclonal stimulus. With regard to
NR and INF groups, no statistically significant difference was
observed between these groups even when PBMC of these
individuals were stimulated with SWAP (NR 

 

−

 

135 

 

±

 

 81 and
INF 

 

−

 

46·5 

 

±

 

 54·7) or PHA (NR 

 

−

 

124 

 

±

 

 135 and INF

 

−

 

41 

 

±

 

 41).

 

Paramyosin peptide binding to MHC class II molecules

 

An MHC class II/paramyosin peptide binding assay was per-
formed with the eight most prevalent HLA-DR molecules in
the population studied. This assay showed that Para (13–29),
Para (210–226) and Para (355–371) were able to bind to
100% (8/8) of the HLA-DR molecules used in this assay,
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followed by Para (6–22) that bound to 75% (6/8) of them
(Table 3). The other peptides studied bound to less than six
of the HLA-DR molecules analysed.

 

HLA-DR distribution in the population studied

 

To evaluate the distribution of HLA-DR allele groups in the
population studied, genomic DNA was obtained from blood
samples and HLA-DR allele groups identified by low-resolu-
tion sequence-specific primer amplification. The frequency
of HLA-DR allele groups in the study population is shown in

Table 4. No predominance of a particular HLA-DR allele
expression was observed within this population, not even
when the frequency of HLA-DR expression was evaluated
separately by each patient group (NR, INF, RR or SR) Table 4.

 

Discussion

 

Peptide vaccines present some advantages compared to
subunit and live attenuated formulations. An advantage to
the use of peptide vaccines is the possibility of excluding
from vaccine formulation immunosuppressive epitopes and

 

Fig. 1.

 

Proliferative response to paramyosin peptides by peripheral blood mononuclear cells (PBMC) of individuals resistant to 

 

Schistosoma mansoni

 

 

reinfection (RR) and susceptible to reinfection (SR) (a), and of individuals naturally resistant to 

 

S. mansoni

 

 infection (NR) and infected with the 

parasite (INF) (b). Results are expressed as mean of proliferation index plus standard deviation. Statistically significant differences determined by 

Mann–Whitney test analysis (

 

P

 

 

 

<

 

 0·05) among all tested groups compared to non-infected individuals are denoted by an asterisk, and between RR 

 

versus

 

 SR are denoted by two asterisks. Dashed lines represent the cut-off.
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epitopes with the risk of eliciting autoimmunity. However,
this type of vaccine presents a limitation in terms of obtain-
ing an effective immune response in a population with high
genetic variability. The choice of epitopes to compose a
peptide vaccine should take into account not only their
ability to elicit the desirable immune response but also their
ability to be presented by a wide range of HLA molecules.
Therefore, human epitope mapping is an important tool
towards the development of epitope-based vaccines. The
TEPITOPE algorithm eases the identification of relevant
epitopes in a protein sequence, as it indicates the probability
of an epitope to bind to a given HLA allele. Epitopes able to
bind to several HLA molecules can be selected for further
study, reducing the number of peptides to be tested in in
vitro assays. Several in vitro studies have confirmed the
TEPITOPE prediction of peptides to different HLA mole-
cules [22,23].

In this study, 11 paramyosin epitopes were selected by
TEPITOPE by their ability to bind to several HLA-DR mol-
ecules. Peptides promiscuity was confirmed by an in vitro
proliferative response of PBMC from individuals living in
areas endemic for schistosomiasis and in vitro HLA-binding
assays. Although a correlation between TEPITOPE predic-
tion and in vitro proliferative response was observed for the
majority of paramyosin peptides, for some peptides such as
Para (151–167), Para (355–371) and Para (584–600) no cor-
relation was detected. One possible explanation for this
TEPITOPE analysis discrepancy could be the fact that the
algorithm predicts HLA binding and not necessarily T cell
recognition. Additionally, the effective response depends not
only on the ability of a given peptide to bind to different HLA
molecules, but also on the individual T cell receptor reper-
toire. Para (151–167) and Para (584–600), for which
TEPITOPE analysis predicted an ability to bind to only two
and one HLA-DR molecules, respectively; were able to
induce a proliferative response in a greater number of indi-
viduals. This contrasting result may be explained by the
usage of HLA-DR alleles in TEPITOPE analysis being dis-
tinct, to some extent, from those observed in the studied
population. For example, HLA-DR 14, 16, 17 and 18 mole-
cules are present in the individuals studied here and these
alleles are not used in the TEPITOPE algorithm.

With regard to the HLA-binding assay, it confirmed the
ability of Para (6–22), Para (210–226) and Para (355–371) to
bind to a great number of HLA-DR molecules. These
paramyosin epitopes were able to bind to eight [Para (210–
226) and Para (355–371)] and six [Para (6–22)] of the eight
most prevalent HLA-DR used in the binding assay. Even
though Para (13–29) was able to bind to eight HLA-DR mol-
ecules, showing its promiscuity, we decided to not select this
peptide for further vaccine studies because it was recognized
preferentially by T cells of infected individuals (Fig. 1b).
With regard to HLA frequency within the population, no
predominance of a particular HLA-DR allele expression was
observed. HLA-DR expression in each individual, correlated

with the response to a given peptide, could not be performed
due to a low numbers of HLA-typed patients.

Herein, Para (210–226) showed some relevant character-
istics as a potential candidate to compose a peptide vaccine
against schistosomiasis. This peptide was recognized by
18·5% of the individuals tested, and Para (210–226) was also
able to bind to all the HLA-DR molecules used in the pep-
tide-HLA binding assay. These results confirm Para (210–
226) promiscuity, but what makes this peptide interesting in
composing an anti-schistosome vaccine is its ability to
induce cellular responses in individuals resistant to S. man-
soni reinfection compared to infected patients. In a prelimi-
nary study performed by our group using far fewer subjects,
we also demonstrated the ability of Para (210–226) peptide
to induce proliferative responses in individuals resistant to
reinfection [24]. A recent study performed with mice
infected with S. mansoni has shown that chronic infection is
related to IL-10 production, which can be responsible for the
Th2 type of immune response observed after egg deposition
[25]. IL-10 mediates IFN-γ suppression in human schistoso-
miasis, and therefore T cell proliferative responses to S. man-
soni antigens in infected individuals are reduced [26].
However, we believe that preferential recognition of Para
(210–226) by the RR group compared to the SR group can-
not be attributed to immunomodulation mediated by IL-10
produced by the SR group, as no statistically significant dif-
ference was observed between both groups regarding prolif-
erative responses to PHA. Because the human immune
response to paramyosin has been associated with resistance
to S. mansoni infection and reinfection [11–13], this peptide
might represent one possible component responsible to
induce resistance in individuals living in areas endemic for
schistosomiasis. Additionally, Para (6–22) and Para (355–
371) peptides induced T cell responses in 20% and 14·6% of
tested individuals, respectively, and bound to six and eight of
the HLA alleles studied in the in vitro HLA-binding assay.
These results indicate the immunological relevance of these
epitopes as potential vaccine candidates. Furthermore, Para
(6–22) possesses only three amino acids that are different
from the Taenia solium paramyosin B cell epitope identified
in a phage display library [27], and may suggest Para (6–22)
as a potential B cell epitope.

The relative ease and low cost of preparation, safety and
prolonged shelf life and the ability to focus on defined
epitopes has encouraged the use of synthetic peptide vac-
cines against animal and human disease [28]. The amino
acid sequence of the most schistosome vaccine antigens
shows several regions with relevant identity to the mamma-
lian counterpart. Paramyosin synthetic peptides used in this
study did not present identity with mammalian peptides, but
present high identity with peptides from S. japonicum and
other parasites such as T. solium. Para (6–22), Para (210–
226) and Para (355–371), the most promiscuous peptides
from paramyosin, presented 100%, 100% and 82·4% identity
with S. japonicum myoprotein peptides, respectively, and



C. T. Fonseca et al.

546 © 2005 British Society for Immunology, Clinical and Experimental Immunology, 142: 539–547

85·7%, 58·8% and 0% identity with T. solium. The identity
with peptides from S. japonicum and T. solium open the pos-
sibility for use of these peptides as candidates to compose a
multivalent vaccine.

Several immunodominant epitopes from other S. mansoni
antigens have also been identified and used successfully as
antigens in immunization protocols. A B cell epitope of 9B
antigen, peptides from SG3PDH, Sm14 or from Sm-37-
GAPDH, together with Sm-10-DLC, were able to induce
partial protective immunity in the murine model [29–34].
With regard to parasite paramyosin T cell immunodominant
epitopes, a peptide in the 176–192 position of the T. solium
paramyosin was identified using the murine model [34].
Also, T. solium paramyosin B and T cell epitope mapping
demonstrated that B cell immunodominant epitopes are
present in the C-terminal region of this protein, while T cell
epitopes are located in the N-terminus and central region of
T. solium paramyosin [35].

Herein, Para (6–22), Para (210–226) and Para (355–371),
the most promiscuous paramyosin peptides identified by
this study, are located in the N-terminus and central region
of the S. mansoni paramyosin amino acid sequence. These
peptides were able to induce a PBMC proliferative response
in a great number of individuals living in areas endemic for
schistosomiasis; however, T cell recognition cannot be
attributed to HLA-DR molecules’ predominance in these
individuals, as HLA-DR low-resolution typing demon-
strated a broad distribution of HLA-DR alleles in the popu-
lation studied. Para (6–22), Para (210–226) and Para (355–
371) immunological features demonstrated here suggest
these peptides as potential candidates in the composition of
an anti-schistosomiasis vaccine. However, our understand-
ing is that an efficient anti-schistosomiasis vaccine should
contain peptides from other S. mansoni antigens, because
14·6% of the individuals included in this study did not
respond to any paramyosin peptide.
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