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Induction of prominent Thl response in C57Bl/6 mice immunized
with an E. coli-expressed multi T-cell epitope EgA31 antigen
against Echinococcus granulosus
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Abstract: First step in developing an epitope-based vaccine is to predict peptide binding to the major histocompatibility complex
(MHC) molecules. We performed computational analysis of unique available EgA31 sequence to locate appropriate antigenic pro-
pensity positions. T-cell epitopes with best binding affinity values of < 50% inhibitory concentration were selected using different
available servers (Propred and IEDB). Peptides with 100% population coverage were selected. A DNA fragment corresponding to
the furin linker enriched in Golgi apparatus was inserted sequentially between each epitope sequences in a synthetic DNA in order
to cleave the chimeric protein into four separated peptides. Subsequently, the synthetic DNA was cloned into the pGEX4T-1 and
pEGFP-N1 vectors and GST-ChEgA31 was expressed in E. coli strain BL21-DE3. The recombinant protein was detected by western
blotting using an HRP-conjugated polyclonal anti-GST antibody. Fusion protein purified by affinity chromatography was used to
raise antisera in rabbits. Results in agar gel immunodiffusion assay indicated induction of specific antibodies against multiepitope
antigen in the tested rabbits. Cytokine assay was carried out in C57Bl/6 mice and the levels of cytokines were analyzed by sandwich
ELISA. Interestingly, production of specific IFN-y was prominently higher in mice immunized with GST-ChEgA31 and pEGFP-
ChEgA31 (6501300 pg/ml) compared to control groups. No difference was observed in the level of IL-10 and IL-4 in immunized
and GST control group. Challenge study with 500 live protoscolices of Echinococcus granulosus on immunized mice demonstrated
protectivity level (50-60%). Based on our results, it appeared that the chimeric protein in the study was able to stimulate T-helper

cell-1 (Th1) development and high level of cell mediated immunity in mice.
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Cystic hydatid disease is considered as one of the ma-
jor zoonotic parasitic diseases all around the world. This
disease is caused by an infection with larval stages of the
tapeworm Echinococcus granulosus Batsch, 1786. Adult
worms develop in the small intestine of definitive hosts
— dogs and other canids (Thompson 1995). Sheep, cattle,
goats, camels and pigs serve as intermediate hosts. Inges-
tion of eggs by natural intermediate hosts or by man, who
serves as accidental host, may result in development of
larval stages (hydatid cysts).

Cystic hydatid disease may cause economic losses and
health problems in human population. Therefore, many
attempts were made to prevent transmission of E. granu-
losus eggs from definitive to intermediate hosts (Light-
owlers et al. 1996, Heath and Koolaard 2012). Serologi-
cal tests and potential vaccines were developed by using
purified products of parasite and recombinant antigens
(Kittelberger et al. 2002, Dalton et al. 2003).

In a number of previous studies, several recombinant
proteins were expressed and analyzed as immunological
indicators or vaccine candidates for solving the cross-re-
activity problems. One of them, Eg95, belongs to a gene
family which conferred a high degree of protection of
sheep against challenge infection with eggs of E. granulo-
sus (Lightowlers et al. 1999, Chow et al. 2001). In another
study, EgM, EgA31 and EgTrp proteins have been shown
to stimulate high protective immunity in dogs (Zhang et
al. 20006, Petavy et al. 2008).

Previously, the role of paramyosin in schistosomiasis
(Nara et al. 1994), filariasis (Li et al. 1993) and a related
paramyosin protein (EgA31) from E. granulosus (Sabou-
lard et al. 2003) were evaluated. EgA31 is a fibrillar pro-
tein, which has been regarded as one of the major antigens
of E. granulosus (Fu et al. 1999). It has been shown that
EgA31 expressed in metacestode stage, particularly in the
protoscolices at the subtegumental level (Fu et al. 1999,
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Fraize et al. 2005), could induce cellular and antibody
responses in EgA31-immunized dogs (Fu et al. 2000,
Saboulard et al. 2003). These observations suggest that
EgA31 is highly immunogenic. The aim of the present
study was to design and express an epitope vaccine, based
on T-cell epitopes of EgA31 protein of E. granulosus and
to evaluate its immune response in mice.

MATERIALS AND METHODS

Prediction of T-cell epitopes

In order to locate the potential T-cell epitopes, computation-
al analysis of unique EgA31 sequence, consisting of 1836 bp
and 600 amino acids residues (GenBank accession number
AF067807), was performed. ProPred server (www.imtech.res.
in/raghava/propred), was used to predict MHC Class-II binding
regions and peptides with the high binding affinity were selected.

Multiepitope cassette construction

The predicted peptides were assembled with a furin linker
(RVKR) between every two epitopes to cleave the chimeric
protein into four seperated peptides (Bass et al. 2000, Thomas
2002). Additionally, BamHI, EcoRI and Xhol restriction sites
were linked into the 5' and 3' positions of synthetic DNA to fa-
cilitate the cloning process into pPGEX4T1 and pEGFP-N1 plas-
mids (Pasteur Institute, Iran). All rare codons were optimized
in multiepitope DNA. Double digested plasmid and synthetic
DNA were ligated using T4 DNA ligase enzyme (Fermentas)
and transformed into DH5a competent cells (Pasteur Institute,
Iran). Positive colonies were selected and confirmed by PCR
amplification.

Expression and affinity purification of fusion protein

Plasmid pGEX-ChEgA31 was transformed into E. coli
BL21-DE3 and protein expression was induced by addition of
0.1 mM IPTG (Fermentas) in 2YT medium at 120 rpm, for 5 h
at 30°C. Protein purification was performed by centrifuging
the cell suspension at 5000 rpm, 10 min at 4°C, and resuspend-
ing the pellet in binding buffer (1x PBS). Sonication was per-
formed six times for 1 min with 1 min interval. PMSF (Sigma
Aldrich) was added at the final concentration of 1 mM and then
treated with 2% Triton X-100 (Merck) for an hour at room tem-
perature. The treated samples were pelleted by centrifugation at
15000 rpm for 20 min. Glutathione sepharose 4B was added to
the supernatant and incubated on a shaker for an hour at room
temperature. The beads were washed twice with 500 pl binding
buffer and GST-ChEgA31 was eluted with 50 mM reduced glu-
tathione (Sigma Aldrich) in Tris-HCI pH 8.

Western blotting analysis

Immunoblotting was performed to detect the expression
of GST-ChEgA31 by anti-GST HRP conjugated antibody
(GE Healthcare Life Science). Briefly, after electrophoresis
on 12% SDS-PAGE for three hours at 100 V, the protein bands
were electro-transferred onto a PVDF membrane (Millipore) and
blocked for an hour in 1% BSA (Sigma Aldrich). After washing
three times with PBS-T, the membrane was incubated in anti-GST
horse radish peroxidase (HRP) conjugated antibody at the dilution
of 1:5000 in PBS-T for an hour. Finally, the reaction was devel-
oped with H,0, and 4-chloro-1-naphtol (4CN) (Sigma Aldrich).

Detection of GFP-ChEgA31 in CHO cells
Expression of GFP-ChEgA31 protein was detected by
a Nikon fluorescence microscope and RT-PCR. Chinese hamster
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ovary (CHO) cells were transfected with 2 pg each of plasmid
DNA (pEGFP-ChEgA31 and pEGFP-N1) using Gene Pulser
XL (BioRad) according to the manufacturer’s instructions. For
microscopic analysis, CHO cells were seeded on 25 c¢cm? flask
(Sigma Aldrich) and grown in RPMI medium (Gibco BRL)
supplemented with 10% fetal bovine serum (Gibco BRL) and
1% penicillin-streptomycin (Gibco BRL) with 5% CO, at 37°C.
Total RNAs from transfected CHO cells with pEGFP-ChEgA31
and pEGFPNI1 were prepared by RNA purification Kit (Roche)
with DNasel (RNase-free) to eliminate DNA contamination.
One step RT-PCR kit (Roche) was used for RT-PCR.

Animals

All animal experiments were performed using 7-8 week-old
female C57BL/6, Balb/C mice and 12 week-old female rab-
bits of 2.5 kg (provided by the experimental Animal Centre
of Razi Vaccine and Serum Research Institute, Iran). Animals
were housed in appropriate conventional animal care facilities
and handled following international guidelines required for ani-
mal experiments. All experimental protocols of this study were
conducted in accordance with national and international ethical
guidelines (NIH, Guide for the Care and Use of Laboratory Ani-
mals) and were approved by the Institutional Committee.

Producing polyclonal antibody

Trial 1 included chimeric antigen (GST-ChEgA31) and two
control groups (GST and PBS+Adj). Three young (12 weeks)
female rabbits were injected subcutaneously on day 0, 14, 28
with 200 pg purified antigens. Freund’s complete and incom-
plete adjuvant were used in the study. Trial 2 included one DNA
vaccinated (pEGFP-ChEgA31) and one control DNA (pEGFP-
N1) groups. Two rabbits were injected with 50 g DNA in 500 pl
sterile PBS intramuscularly three times with intervals of 14 days.
Blood samples from these animals were collected two weeks
after last injection and the ChEgA31 specific antibodies were
detected using agar gel immunodiffusion (AGID) assay. Gel
diffusion plates consisting of 0.8% agar and 8.5% NaCl were
allowed to stand at room temperature for 72 h before reading.

Immunization of C57BL/6 mice

Female C57BL/6 mice, 7-8 weeks old were divided in
five groups of ten each. Trial 1 included one main group
(GST-ChEgA31) and two control groups (Adj, GST). Adj group
mice were subcutaneously injected with Freund’s adjuvant,
GST group were injected with 50 ug GST and GST-ChEgA31
group were immunized with 50 pg of GST-ChEgA31. All an-
tigens were injected three times subcutaneously by emulsified
in Freund’s adjuvant with intervals of 14 days. Second trial
included two groups of mice (pEGFP-N1, pEGFP-ChEgA31)
which were injected with 10 pg of DNA in 50 pl sterile PBS into
the quadriceps muscle of each leg.

Evaluation of 1L-4, IL-10 and IFN-y by ELISA

In cell culture seven groups were considered including two
main groups (GST-ChEgA31 and pEGFP-ChEgA31) and five
control groups (Adj, GST, Cm(GST), Cm(GSTChEgA31),
pEGFP-N1). Two weeks after immunization, spleen cells of
C57BL/6 mice were cultured in triplicate at 1.5 x 10° cells/well
in 24-well plates (Corning, USA) in DMEM medium (Gibco,
USA) supplemented with 10% fetal calf serum (Sigma Aldrich)
and penicillin/streptomycin. Spleen cells from different mice
groups were in vitro stimulated with the same antigen (15 pg)
as mentioned in the inoculation protocol. Spleen cells from two
groups immunized by DNA cassettes (pEGFP-N1, pEGFP-ChE-
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gA31) were in vitro stimulated with GST-ChEgA31. Superna-
tants were collected for cytokine analysis 72 h after stimulation.
Production of IL-4, IL-10 and IFN-y were measured by ELISA
kit (Quantikine R&D). Endotoxicity of the purified protein was
evaluated by Limulus amoebocyte lysate LAL (Cape Cod, Pyro-
tell kit) and Rabbit pyrogen test before cell culture.
Experimental infection of immunized mice with live proto-
scolices

Experiment 1 included Balb/C mice immunization with chi-
meric antigen (GST-ChEgA31) and two control groups (GST
and Adj). Two weeks after the final immunization five mice
were challenged with live protoscolices in each group. Viability
of protoscolices was assessed by 0.1% eosin staining. Immu-
nized mice and control groups were injected intraperitoneally
with 500 viable protoscolices suspended in RPMI to a final vol-
ume of 500 ul/mice.

Experiment 2 included Balb/C mice immunization with one
DNA vaccine (ChEgA31-GFP) and one control DNA (pEGFP-
N1) groups (Table 2). Two weeks after the final immunization
all mice were challenged with 500 live protoscolices intraperi-
toneally. Infected mice were killed, on days 90 post-infection.
Cyst lesions were counted in immunized and control groups.
Statistical analysis

Data from cytokine assay were analyzed by t test, with
a p value < 0.05 considered significant. Software SPSS version
11.5 was used for statistical analyses.

RESULTS

Antigenic peptide prediction and DNA construction

Four antigenic peptides were selected using Antigenic
Peptides software of Harvard University (Table 1) and
putative MHC-II epitopes within the EgA31 protein were
also predicted. The selected peptides included 13 MHC
I and 30 MHC I epitopes which could identify more
than 200 MHC alleles (Table S1). To improve expression
and decrease the risk of translational error in E. coli, co-
don optimization of the synthetic DNA was done due to
the presence of a number of rare codons in EgA31 protein.
During codon optimization, unwanted restriction sites
were avoided, and more abundant codons were selected.

Analysis of chimeric protein

GST-ChEgA31 encoding a fusion protein with 254
amino acids (~38 kDa) was transformed into E. coli strain
BL21-DE3. Expression of GST-ChEgA31 was detected
by western blotting. The recombinant antigen was puri-
fied by glutathione sepharose 4B. Fig. 1 shows the SDS-
PAGE analysis of the expressed chimeric protein.

A plasmid to express chimeric antigen as GFP fusion
protein was constructed and the expression of the ChE-
gA31-GFP protein in vitro in CHO cells was confirmed
(Fig. 3A). Chinese hamster ovary (CHO) cells with
pEGFP-N1 and pEGFP-ChEgA31 constructs were trans-
fected. Fluorescent protein was visualized 72 hours after
transfection. The ChEgA31-GFP fusion protein was vis-
ible with lower intensity compared to EGFP in CHO cells
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Table 1. Prediction of antigenic peptides in EgA31 protein. Four
peptides were selected by Antigenic Peptides software of Har-
vard University in EgA31 protein. Amino acids mark in bold are
the first MHCII epitope residues.

Peptide-sequence Length  Position
VLLSKIKSLEKTAK 14 87-100
MRIMALEAENERLRISAAEKQ 21 153-173
LVGADNSKTTVQSIRNEMRGIQVQIQLLRG 35 242-275
GYLDL

LRKASIQKQKLELKDTIIS 19 459488

(Fig. 3). This may be due to decreased transfection, tran-
scription or translation efficiency.

Immune assay

After immunization with pEGFP-ChEgA31, antibod-
ies against full length protein GST-ChEgA31 were de-
tected by AGID. No reactivity was detected for pEGFP-
ChEgA31 stimulated serum against GST.

The three cytokines were assayed by ELISA. To as-
sess the level of vaccine-induced T-cell responses, the im-
mune responses of splenocytes from GST-ChEgA31 or
ChEgA31-GFP immunized mice was evaluated. One
Th2-related cytokine (IL-4), one Thl-related cytokine
(IFN-y) and one regulatory cytokine (IL-10) were tested.

Splenocytes cultured after vaccination with pEGFP-
ChEgA31 produced high level of IFN-y after stimula-
tion with GST-ChEgA31 antigen. Immunization with
GST-ChEgA31 and pEGFP-ChEgA31 induced elevat-
ed amount of IFN-y 650-1300 (Fig. 2A). In contrast,
there was no difference in the medium alone (Cm-GST
and Cm-GSTChEgA31), Adj and pEGFP-N1 groups
for IFN-y producing cells. Group of immunized mice
that received GST alone showed a low level of IFN-y
(<200 pg/ml).

Splenocytes from the Adj immunized group produced
low amount of IL-4 (< 7.5 pg/ml) and no significant differ-
ences were observed in the level of IL-4 cytokine between
Adj and other immunized groups (Fig. 2B). Negligible
level of IL-10 (between 10 to 17 pg/ml) was observed
in all immunized groups (Fig. 2C). No significant differ-
ences were observed between Adj and other three GST,
GST-ChEgA31 and pEGFP-ChEgA31 main immunized
groups.

In all examined groups, medium alone resulted in cy-
tokines values as low as those from non-stimulated splen-
ocytes. Both GST-ChEgA31 and GFP-ChEgA31 induced
high level of IFN-y and elicited strong Thl responses in
C57BL/6 mice. In contrast, negligible amount of Th2 cy-
tokines (IL-4 and IL-10) were observed.

Therefore, our data derived from pEGFP-ChEgA31
group are consistent with GST-ChEgA31 inducing IFN-y.
Cytokine assay evidenced the capacity of ChEgA31 part
of GST-ChEgA31 protein and pEGFP-ChEgA31 to in-
duce the expression of a Thl-related cytokine (IFN-y).
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Fig. 1. A — SDS-PAGE analysis of expressed chimeric protein, lane M: mid-range protein molecular weight marker (Promega),
lanes A, B: pGEX-ChEgA31 before induction, lane C: chimeric protein after an hour, lane D: chimeric protein after 3 h induction,
lane E: chimeric protein after 16 h induction; B — immunoblotting of fusion antigen by anti-GST horse radish peroxidase conjugated
antibody, lane GST-ChEgA31: chimeric protein induced by 1 mM IPTG in BL21 cell after 16 h, lane GST: GST protein of PGEX4T1
plasmid induced after 16 h, lane M: prestained protein marker (Fermentas); C — purification of chimeric protein by affinity glutath-
ione sepharose 4B, lane A: postsonication pellet of chimeric protein, lane B: purified chimeric protein (first elution), lane C: purified
chimeric protein (second elution), lane M: protein size marker (Fermentas).
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Fig. 2. Cytokine levels in supernatant of cultured spleen cells of immunized mice. Box plots designed by SPSS software for three
cytokines levels 1L4, IL10 and IFN-y tested by sandwich ELISA kit. A — level of IFN-y; B — level of IL-4; C — level of IL-10. For
each cytokine seven groups were considered: GST — cells from mice immunized with GST protein, cultured in presence of GST;
Cm(GST) — cells from mice immunized with GST protein, cultured in absence of GST; GST-ChEgA31 — cells from mice immunized
with GST-ChEgA31 protein, cultured in presence of GST-ChEgA31; Cm(GST-ChEgA31) — cells from mice immunized with GST-
ChEgA31 protein, cultured in absence of GST-ChEgA31; pEGFP-ChEgA31 — cells from mice immunized with pEGFP-ChEgA31,
cultured in presence of GST-ChEgA31 * p < 0.001; pEGFP-N1 — cells from mice immunized with pEGFP-NI1, cultured in presence
of GST-ChEgA31; Adj — cells from mice immunized with adjuvant, cultured in presence of adjuvant.
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Fig. 3. Expression of ChEgA31-GFP fusion protein in CHO
cells; visualized 72 hours after transfection by fluorescence mi-
croscopy; A — CHO cells transfected with pEGFP-ChEgA31;
B — CHO cells transfected with pEGFP-N1.

Experimental infection

Mice in control groups developed cyst lesions of pro-
toscolices infection in the spleen, liver and kidney. Indi-
vidual lesions exhibited the same morphology including
a central parasitic vesicle of approximately 4-6 mm of
diameter.

Experiment 1: Immunization with GST-ChEgA31 re-
sulted in a significant decrease (~50%) in the number of
hydatid cysts established in mice at three months after
infection compared with the number of cysts in control
mice group (Table 2). Mice immunized with the GST-
ChEgA31 protein developed significantly fewer cysts
following the challenge infection in comparison with the
GST control mice (P < 0.001; Table 2).

Experiment 2: Vaccination with pEGFP-ChEgA31
yielded a significant reduction (~60%) in the degree of
cyst load at three months after infection compared to the
pEGFP-NI control group (P < 0.001; Table 2).

DISCUSSION

All previously described vaccines against Echinoc-
occus granulosus were composed of whole proteins. In
the present study we focused on T-cell epitopes, which
are exposed to the immune system. We sought to increase
Th1 and avoid Th2 immune response in a fusion protein
by combining the MHCII epitopes. For this purpose, dif-
ferent epitopes were combined genetically to build up
a concatenated chimeric protein. Initially, the antigenic
sites of EgA31 protein were predicted. In silico epitope
prediction can be used to develop new epitope-based
vaccines (Doytchinova and Flower 2003). In the present
study it was found that there are four antigenic regions
in EgA31 protein. The peptides with the best binding af-
finities for each allele were investigated and the epitopes
with < 50 nM affinity were selected to design a chimeric
protein using statistical models for predicting both class I
and II alleles (Guan et al. 2003). As there are 90% correct
predictions, MHCPred has currently been the most reliable
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Table 2. Vaccination of mice with GST-ChEgA31 and pEGFP-
ChEgA31 against protoscolices. The immunized mice (n =5 in
every group) were challenged intraperitoneally with 500 live
protoscolices and the level of protection was assessed three
months post infection.

No. of le-
sions

Groups % protection P-value

level

Experiment 1

PBS+Adj 50 0

GST+Adj 43 <14

GST-ChEgA31+Adj 25 50 P<0.001
Experiment 2

pEGFP-N1 51 0

pEGFP-ChEgA31 20 ~60 P<0.001

predictive tool (Hattotuwagama et al. 2004). In a study
conducted by Wiwanikit (2007) bioinformatic tools were
successfully used to determine malaria epitopes. Accord-
ing to their report the epitope-based approach is valid and
acceptable. In this study, epitopes with 100% population
coverage were selected by MHCPred software based on
MHC II alleles (Kolaskar and Tongaonkar 1990).

Song et al. (2009) reported that inclusion body for-
mation and protein insolubility observed during protein
expression and purification are considered to represent
a limitation in the large-scale purification of proteins.
Thus, to avoid the problem of insolubility, the chimeric
protein was expressed as a GST fusion protein using
pGEX4T1 vector. Solubility was improved by induc-
tion of IPTG at low concentration (0.1 mM) and incu-
bation at low temperature (28 °C). Moreover, 2% Triton
X-100 added during purification step could also be one of
the factors for achieving improved solubility.

Comparison of GST-ChEgA31 reactivity to sera of
rabbits immunized with pEGFP-ChEgA31 DNA cassette
showed that the GST-ChEgA31 protein was able to in-
duce antibody responses, which may be due to both parts
of fusion protein. The GST-ChEgA31 antigen and pEG-
FP-ChEgA31 DNA cassette elicited high antibody titre in
the immunized rabbit sera compared to those of control
groups.

IFN-y is an important immunoregulatory cytokine,
which plays key roles in host defence by using anti-pro-
liferative activity (Wheelock 1965, Billiau and Matthys
2009). IFN-y induces the production of cytokines and up-
regulates the expression of various membrane proteins,
including class I and II MHC antigens. IFN-y also influ-
ences T-helper cell phenotype development by inhibiting
T-helper cell-2 (Th2) differentiation and stimulating Th1
development (Pestka et al. 2004, Schoenborn and Wilson
2007).

However, limited information is available regarding
Thl and Th2 cytokine production in the early phases of
aprimary E. granulosus infection, although both cytokine
levels are low in the early stages of infection, but are
raised subsequently (Bauder et al. 1999). Several stud-
ies have indicated that Th2-dominated immunity in cystic



echinococcosis is associated with increased susceptibility
to the disease because of the anti-inflammatory action of
IL-10. In contrast, Thl activation is assumed to induce
protective immunity (Kakkos et al. 2001, Siracusano et al.
2008, 2012, Sudireddy and Subhash 2009).

In the present study, IFN-y levels were significant-
ly increased in splenocytes of C57Bl/6 mice immu-
nized with GST-ChEgA31 and pEGFP-ChEgA31 (650—
1300 pg/ml). However, no significant differences were
observed in the levels of Th2 cytokines (IL-10 and IL-4)
in the immunized and control groups (GST and pEGFP-
N1). These results indicate that the GST-ChEgA31 anti-
gen and pEGFP-ChEgA31 DNA cassette are potent in-
ducers of cell-mediated immunity but do not stimulate
Th2 development.
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