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Induction of protective T-helper 1 immune responses against
Echinococcus granulosus in mice by a multi-T-cell
epitope antigen based on five proteins
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Mehdi Shamsara', Habibellah Paykari’, Majid Tebianian?

National Institute of Genetic Engineering and Biotechnology, Shahrak-e-Pajoohesh, Tehran, Iran
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In this study, we designed an experiment to predict a potential immunodominant T-cell epitope and evaluate the
protectivity of this antigen in immunised mice. The T-cell epitopes of the candidate proteins (EgGST, EgA31, Eg95,
EgTrp and P14-3-3) were detected using available web-based databases. The synthesised DNA was subcloned into
the pET41a+ vector and expressed in Escherichia coli as a fusion to glutathione-S-transferase protein (GST). The
resulting chimeric protein was then purified by affinity chromatography. Twenty female C57BL/6 mice were im-
munised with the antigen emulsified in Freund'’s adjuvant. Mouse splenocytes were then cultured in Dulbecco’s
Modified Eagle’s Medium in the presence of the antigen. The production of interferon-y was significantly higher in
the immunised mice than in the control mice (> 1,300 pg/mL), but interleukin (IL)-10 and IL-4 production was not
statistically different between the two groups. In a challenge study in which mice were infected with 500 live pro-
toscolices, a high protectivity level (99.6%) was demonstrated in immunised BALB/C mice compared to the findings
in the control groups [GST and adjuvant (Adj)]. These results demonstrate the successful application of the predicted
T-cell epitope in designing a vaccine against Echinococcus granulosus in a mouse model.
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Echinococcus granulosus is the causative agent of
hydatidosis, one of the most prevalent helminthic dis-
eases in humans. E. granulosus is a cestode that requires
two hosts to complete its life cycle. A wide spectrum
of mammals, including sheep and humans, can serve
as intermediate hosts for the parasite, as its larvae can
create hydatid cysts in these hosts. The adult form of
these worms develops in the small intestine of animals
belonging to the family Canidae. Several reports regard-
ing the economic losses and health problems caused by
this zoonosis have been published (Thompson 1995).
Accordingly, many attempts have been made to design
a vaccine against E. granulosus.

For this purpose, various recombinant proteins have
been expressed and analysed as immunological indica-
tors or vaccine candidates. EgA31, which belongs to the
paramyosin family and EgTrp, which shares high simi-
larity with the tropomyosin protein, have been evalu-
ated as two protective antigens in dogs (Fu et al. 1999).
These antigens are particularly interesting because both
are expressed at the protoscolex stage (Fu et al. 1999).
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In a previous study, Eg95 induced a significant immune
response in sheep (Woollard et al. 2000). Other reports
discussed the roles of P14-3-3 (Siles-Lucas et al. 2008),
recombinant myophilin (Sun et al. 2011) and phospho-
glucose isomerase as protective antigens. However,
none of these proteins has been found to induce relevant
protectivity against E. granulosus in its definitive host.
The present study was undertaken to design a chimeric
protein consisting of a multi-epitope antigen based on
the five major antigens of E. granulosus: EgA31, EgTrp,
EgGST, Eg95 and P14-3-3. This chimeric protein was
designated ChMEA.

MATERIALS AND METHODS

T-cell epitope prediction and construction of the chi-
meric protein - The sequences of the EgTrp, EgA31, P14-
3-3 and EgGST antigens were analysed by the Propred
and IEDB servers and potential T-cell epitopes were pre-
dicted. The server helped to identify allele-specific bind-
ing regions in the candidate antigens. Eighteen peptides
[14 peptides from the EgTrp, EgGST, EgA31 and P14-3-3
proteins and an additional 4 linear epitopes from the EG95
protein that had been previously mapped (Woollard et al.
1998)] were combined for the construction of the synthet-
ic DNA. The 15 amino acids (EAAAKEAAAKEAAAK)
between the glutathione-S-transferase protein (GST) tag
of the pET41la+ expression vector and the chimeric an-
tigen were regarded as a linker. The predicted peptides
were assembled with a furin linker (RVKR) between
the two epitopes. A partial HIV Tat sequence (AAARK-
KRRQRRR) was added as a trans-membrane domain
in the C-terminal region of the protein. All of the rare
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codons of the multi-epitope DNA were optimised accord-
ing to the Escherichia coli codon usage table available in
the National Centre for Biotechnology Information data-
base. The synthetic gene was 2,112 base pairs in length
and it was subcloned into the EcoRI and X#%ol restriction
sites of the pET41a+ expression vector.

Expression of chimeric antigen - The pET41-ChMEA
plasmid encoding a fusion protein of 704 amino acids (81
kDa) was transformed into E. coli strain BL21 (DE3). A
single colony was transferred into 5 mL of 2Y T medium
and the culture was then incubated on a platform shaker
at 37°C until an optical density of 0.8 was reached. The
chimeric protein was induced by incubation with 0.1
mM isopropyl-B-D-thiogalactopyranoside (IPTG) for 4
h at 22°C.

Western blotting analysis - Expression of the chimeric
protein was visualised by Western blotting using a goat
polyclonal anti-GST antibody conjugated to horseradish
peroxidase (HRP) (GE Healthcare Life Sciences). So-
dium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) was performed using a 10% polyacrylamide
gel. The proteins were transferred onto a polyvinylidene
difluoride membrane, which was incubated for 2 h in
blocking buffer (1% bovine serum albumin). The mem-
brane was incubated with the HRP-conjugated anti-GST
antibody at a dilution of 1:5,000 for 1 h and then washed
twice with phosphate-buffered saline (PBS)/Tween. The
blots were developed using 4CN and H,0,.

Purification of the chimeric protein - Following IPTG
induction of the bacterial culture, the cell pellet was re-
suspended in binding buffer (1X PBS) and the cells were
disrupted by six cycles of sonication, with each cycle
consisting of 1 min of sonication followed by 1 min of
no sonication. Phenylmethanesulfonyl fluoride was then
added to a final concentration of 1 mM. Following treat-
ment with 2% Triton X-100 for 1 h on ice, the suspension
was centrifuged at 10,000 g for 20 min. Then, a 500-uL.
sample of 50% glutathione beads was added to the su-
pernatant, which was subsequently incubated for 2 h at
4°C. The glutathione beads were then washed twice with
2 mL of binding buffer. Finally, the fusion protein was
eluted by the addition of 50 mM reduced glutathione.

Enzyme assay using I-chloro-2, 4-dinitrobenzene
(CDNB) - The chimeric protein (GST-ChMEA) was de-
tected by assessing its enzymatic activity via incubation
with the substrate CDNB. The GST-mediated reaction of
CDNB with glutathione produces a conjugate that was
measured by the absorbance at 340 nm using an Ultrospec
2000 U V-visible spectrophotometer (Pharmacia Biotech).
The absorbance was measured at 340 nm at 1 min inter-
vals for 10 min by first blanking the spectrophotometer.

Immunisation of C57BL/6 and BALB/C mice - Trial
I: 20 female C57BL/6 mice (7-8 weeks of age) (provided
by the Experimental Animal Centre at the Razi Vaccine
and Serum Research Institute, Iran) were immunised by
subcutaneous injection with 50 pg of antigen emulsified
in Freund’s complete/incomplete adjuvant in the three
sessions every second week (day 0, day 14, day 28). Trial
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II: this trial included female BALB/C mice (7-8 weeks of
age, provided by the same source as mentioned in Trial I)
that were divided into four groups of five each including
one main group (GST-ChMEA) and three control groups
[PBS, adjuvant (Adj) and GST]. The PBS group was
injected with phosphate buffer only. The Adj group of
mice was subcutaneously injected with PBS + Freund’s
incomplete adjuvant, the GST group was injected with
50 pg of GST and the GST-ChMEA group was immu-
nised with 50 pg of GST-ChMEA. All antigens were in-
jected subcutaneously three times after being emulsified
in Freund’s incomplete adjuvant at 14-day intervals.

The national guideline of the Razi Institute was fol-
lowed throughout the experiments that involved labora-
tory animals by minimising the suffering to which the
animals were exposed.

Evaluation of interleukin (IL)-4, IL-10 and interferon
(IFN)-y - Two weeks after the last immunisation, sple-
nocytes from the C57BL/6 mice were cultured in a 24-
well plate containing 1.5 x 10° cells/well in the presence
of Dulbecco’s Modified Eagle’s Medium supplemented
with 10% foetal calf serum and a penicillin/streptomycin
mixture. Fifteen micrograms of the recombinant protein
was used to stimulate the splenocytes. Seventy-two hours
after stimulation, supernatants were collected and used
for cytokine analysis. IL-4, IL-10 and IFN-y production
was measured with an ELISA kit (Quantikine R&D) us-
ing an ELISA Reader (BioRad model 680). Each assay
was performed in duplicate. The endotoxicity of the puri-
fied protein was evaluated by the Limulus amoebocyte
lysate assay (Pyrotell Associates, Cape Cod, USA) and
rabbit pyrogen tests before cultivation in all of the relevant
experiments.

Challenge with protoscolices - In this experiment, 15
immunised BALB/C mice from Trial II were used. Two
weeks after the final immunisation, five mice from each
group were challenged with live protoscolices (E. granu-
losus, G1 genotype). The viability of the protoscolices
was assessed by the eosin (0.1%) staining method. Im-
munised and control mice were injected intraperitone-
ally with 500 viable protoscolices suspended in RPMI
at a final volume of 500 puL/mice. Three months post-
challenge, the mice were examined for the presence of
hydatid cysts. The level of protection in mice was deter-
mined according to following method: (1 - average num-
ber of cysts observed in the test group/average of cysts
observed in the control group) x 100 = percentage of pro-
tectivity in immunised mice (Dempster et al. 1995).

Statistical analysis - Data obtained from the cytokine
assays were analysed by Student’s ¢ test and p < 0.05 was
considered statistically significant. SPSS software (ver-
sion 11.5) was used for statistical analysis.

RESULTS

Eighteen antigenic peptides with appropriate acces-
sibility, hydrophilicity and antigenic propensity were se-
lected from the EgTrp, Eg95, EgGST, EgA31 and P14-3-3
proteins. The peptides with the greatest predicted bind-
ing affinity are shown in Table I. The chimeric protein
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TABLE I
List of 18 peptides selected from five proteins

Gene Peptide sequence Position Length
EgA3l VLLSKIKSLEKTAK 87-100 14
EgA3l MRIMALEAENERLRISAAEKQ 153-173 21
EgA31 LVGADNSKTTVQSIRNEMRGIQVQIQLLRGGYLDL 242-275 35
EgA3l LRKASIQKQKLELKDTIIS 459-488 23
EgTrp MNDWLSKVKNIQTEVDTVQESLQEAISK 43-70 32
EgTrp LRIVGNNMKSLEVSEQESLQREESYEE 197-223 31
EgTrp LEEQVKEAKYIA 144-155 12
EgTrp AERQVSKLQNE 242-252 11
Eg95 TETPLRKHFNLTPV 29-42 14
Eg95 SLKAVNPSDPLVYKRQTAKF 65-84 20
Eg95 DIETPRAGKKESTVMTSGSA 119-136 20
Eg95 SALTSAIAGFVFS 139-151 13
EgGST LEKYPRLKAYLS 175-185 12
EgGST IDGDFKLTQSGAI 64-76 13
EgGST LAYWDIRGLAEQ 5-16 12
P14-3-3 MAKMRNELNNEEANLL 39-54 16
P14-3-3 LIQICNDVLALPVLPI 99-114 16
P14-3-3 IFYYKMMGDYYRYSAEVQ 124-141 18

in these peptides, 32 epitopes were identified. Bold residues indicate the primary amino acid of the major histocompatibility

complex II epitopes.

was successfully expressed in E. coli strain BL21 (DE3)
and purified by affinity chromatography using Glutathi-
one Sepharose 4B beads (Fig. 1).

Fourteen days post-immunisation, the sizes of the
spleen and mesenteric lymph nodes in the immunised
and control mice were measured using a micrometer. As
shown in Fig. 2, the spleen and mesenteric lymph nodes
from the mice immunised with GST-ChMEA were sig-
nificantly larger than those from the control mice.

Cytokine assay - Cytokine levels were evaluated
by ELISA. Significantly greater IFN-y production was
observed in mice immunised with the chimeric pro-
tein (12.8 ng/mL) (Fig. 3A), but IL-10 and IL-4 levels
were not statistically different between the immunised
and control adjuvant groups (Fig. 3B, C). In this study,
the chimeric protein was found to be highly effective at
stimulating T-helper 1 (Thl) responses and cell-mediat-
ed immunity in C57Bl/6 mice.

Protective immunity in mice - All of the challenged
mice (5 in each group) were euthanised after three
months and their internal organs were examined for the
presence of hydatid cysts. The number of cysts in the
control group was ~50 (in the liver, spleen and kidneys)
and the average size of the hydatid cysts was 5 mm. Ap-
proximately 99.6% of mice immunised mice with GST-
ChMEA + Adj were found to be devoid of cysts (Table
IT). Examination of the control groups (Adj + PBS and
GST + Adj) uncovered obvious parasitic lesions on the
surface of the liver, spleen and kidneys in the mice,
whereas in the test group (GST-ChMEA), only a single

lesion in one mouse was identified. Based on the number
of visible cysts, we conclude that the chimeric antigen
induced a very high level of protection (99.6-100%) in
BALB/C mice (Table II).

DISCUSSION

Over the last two decades, several studies have been
conducted to design vaccines against hydatidosis. In
these studies, several antigens have been characterised.
A potent vaccine based on Eg95 displayed high protec-
tivity in sheep against hydatidosis, but characterisation
of the Eg95 gene family members in different strains/
isolates of E. granulosus revealed substantial nucleotide
substitutions encoding amino acid substitutions (Chow
et al. 2008) that may influence protein folding (Haag et
al. 2009). Another study demonstrated that the Eg95 pro-
teins from a different genotype of E. granulosus were
unable to bind all of the antibodies raised by animals vac-
cinated with Eg95-Gl (Alvarez Rojas et al. 2013). Hence,
the protectivity of Eg95 in other hosts remains unclear.
These observations suggest that Eg95 is not efficient at
protecting against different genotypes and isolates of E.
granulosus. Other E. granulosus antigens such as EgA31,
EgTrp, EgGST and P14-3-3 have also been found to in-
duce low protectivity against hydatidosis (Fu et al. 1999,
Siles-Lucas et al. 2008). Furthermore, linear epitopes
from Eg95 that have been mapped previously (Woollard
et al. 1998) do not kill the parasite during in vitro culture
assays, nor do the peptides induce protection against the
challenge infection alone (Woollard et al. 2000). There-
fore, the present study considered five antigens (EgA31,
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GST-ChMEA M

Fig. 1A: western blotting of 81 KDa of chimeric protein by horse-
radish peroxidase-conjugated anti-glutathione-S-transferase protein
(GST) [Lane M: prestained protein molecular weight marker (Vivan-
tis, PR0602); GST-ChMEA: chimeric protein]; B: [Lane M: midrange
protein molecular weight marker) Promega, USA); A: supernatant
after purification; B: first washing by binding buffer; C: chimeric an-
tigen purified by GST-beads)].

EgTrp, EgGST, P14-3-3 and Eg95) and constructed a
model of the T-cell epitope vaccine against hydatidosis.

Epitope prediction and DNA construction - The
identification of epitopes capable of binding to multiple
major histocompatibility complex (MHC) I and MHC I1
classes will facilitate the development of new epitope-
based vaccines (Doytchinova & Flower 2003). In this
study, 18 antigenic positions were found on five candi-
date proteins using the Predicting Antigenic Peptides
software developed by Harvard University and to gather
more information about T-cell epitopes, different servers
such as MHCPred and ProPred were also utilised. The
peptides with the best binding affinity for each allele
were investigated and the epitopes that displayed affini-

ties exceeding 50 nM were selected. Forty-six epitopes
were found in the selected peptides, which covered all
of the MHC 1I alleles and provided 100% population
coverage. Codon optimisation of the synthetic DNA was
performed to improve the expression and reduce transla-
tional errors in E. coli due to the presence of rare codons
in the Echinococcus candidate proteins.

Expression and purification - To improve protein sol-
ubility, a high-density cell population was induced with a
low concentration of IPTG (0.1 mM) at a low temperature
(22°C for 4 h). The expression of the chimeric GST fusion
protein was evaluated by SDS-PAGE and Western blot-
ting using an HRP-conjugated anti-GST antibody on a ni-
trocellulose membrane (Fig. 1). The chimeric protein was
purified by affinity chromatography using Glutathione
Sepharose 4B beads. The enzymatic assay was performed
with CDNB to evaluate protein function. The results of
this study indicate that the chimeric antigen can maintain
its structure in a soluble native form after purification.

Immune response assay - The specific cytokines pro-
duced by the splenocytes isolated from the immunised
C57BL/6 mice were evaluated by ELISA. IFN-y is an
important immunoregulatory cytokine (Billiau & Mat-
thys 2009) that plays a pivotal role in host protection by
exerting anti-proliferative and immunoregulatory activi-
ties. It has a wide spectrum of actions, as it induces many
cells to produce different cytokines and up-regulates the
expression of various membrane proteins, including the
class I and IT MHC antigens. IFN-y also influences the
development of the Th cell phenotype by inhibiting Th2
differentiation and stimulating Th1 development (Pestka
et al. 2004). Previous studies revealed that the sheep hy-
datid fluid elicits both Thl and Th2 cell activation in
human cystic echinococcosis (Rigano et al. 1995a, b).
The induction of a cytokine-related Th2 response leads
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Fig. 2: production of interferon (IFN)-y, interleukin (IL)-4 and IL-10 by splenocytes isolated from mice immunised with the chimeric protein,
as tested by the sandwich ELISA kit (Quantikine R&D). A: level of IFN-y; B: level of IL-4; C: level of IL-10; Adj: mice immunised with adju-
vant; Cm [glutathione-S-transferase protein (GST)]: cytokine levels in the absence of GST; Cm (GST-ChMEA): cytokine levels in the absence
of GST-ChMEA; GST: cytokine levels in the presence of GST in mice immunised with the GST protein; GST-ChMEA: cytokine levels in the
presence of the GST-ChMEA in mice immunised with the GST-ChMEA protein. Box plot designed by SPSS 11.5. Asterisk means p < 0.001.



412 Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 108(4), June 2013

16

15

Cell number
mm

3

|}

10

0n= 8 8 8 8
& & &
PRy

14
13

; £ e

65

- -

55
x
m | - ‘ E

E as i
40 -
>
30 [R——
e I 1 3 &
f » & ;;“G-
¢ &

Fig. 3: immunisation of mice with glutathione-S-transferase protein (GST) induced a significant increase in spleen cell number (A) and in spleen
size (B) as well as a slight increase in size of mesenteric lymph nodes (C). C-adjuvant (Adj): injected mice with adjuvant; control-phosphate-
buffered saline (PBS): injected mice with phosphate buffer; GST: injected mice with GST protein alone; GST-ChMEA: injected mice with the

chimeric protein; *: p <0.001; **: p <0.006.

TABLE 11

Percentage of protectivity in immunised mice

Protection
Mice Cysts levels
Groups ) () (%) P
PBS + Adj 5 50 -
GST + Adj 5 43 <14
GST-ChMEA + Adj 5 0-1 99.6 <0.001

Adj: adjuvant; GST: glutathione-S-transferase protein; PBS:
phosphate-buffered saline.

to susceptibility to hydatid disease, but a Thl response
results in protective immunity against hydatidosis (Rig-
ano et al. 1995a, b, Ortona et al. 2003, Mezioug & Touil-
Boukoffa 2009). From an evolutionary perspective, Th2
immunity is a suitable response to metazoan invaders
because it helps to control the parasites’ growth and re-
store the damage that they cause (Diaz & Allen 2007).
The Th2-type response permits the establishment of in-
fection during secondary infections caused by the spread
of protoscolices following the accidental rupture of fer-
tile cysts (Mourglia-Ettlin et al. 2011). Previous studies
demonstrated that the native antigen model is not suit-
able for inducing protective immunity due to an increase
in IL-10 levels that results in a Th2 response to different
antigens such as EgA31 and EgTrp (Fraize et al. 2005).
Increased levels of IFN-y and IL-4 have been observed
in mice immunised with recombinant myophilin (Sun
et al. 2011). However, these proteins have the ability to
produce a mixed Th1-Th2 response and the presence of
a Th2 response may render the host capable of tolerating
the presence of the parasite.

In this study, the effects of an epitope-based chimeric
antigen (ChMEA) on the expression of cytokines in the
splenocytes of immunised mice were evaluated. Surpris-
ingly, the production of IFN-y was prominently higher

in mice immunised with the chimeric protein (> 1,300
pg/mL) than in the control mice. Interestingly, the negli-
gible IL-10 (< 14 pg/mL) and I1L4 (< 8 pg/mL) production
did not differ statistically between the immunised and
control adjuvant groups. The challenge infection results
indicate that the chimeric antigen is a potent inducer of
the protective Thl immune response in a mouse model
of E. granulosus infection (Table II).

Previous studies reported that vaccines that trigger
Thl responses instead of Th2 responses are highly ef-
fective against echinococcosis. This study may mark the
beginning of a new era in designing vaccines based on
particular Thl epitopes that specifically stimulate the
Thl response and protective immunity.
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