Effect of mouse strain on humoral responses to Schistosoma mansoni irradiated cercariae vaccine
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ABSTRACT
In murine schistosomiasis, the highest level of resistance to cercarial challenge is obtained by vaccination with radiation-attenuated (RA) cercariae. To identify candidate vaccine antigens relevant to the vaccine model, we examined by ELISA and Western blot parasite antigens recognized by antibodies from mice vaccinated with Schistosoma mansoni RA cercariae. To optimize recognition, several factors that may influence protection level in this model were assessed; specifically, we examined the effect of (i) single versus double vaccinations with RA cercariae, and (ii) the genetic background of mouse strains, high-responder versus moderate responder. We found that the number of vaccinations alters antibody specificity and modifies relative antibody titers against particular tegumental antigens. RA cercariae vaccine appeared to be immunogenic against supernatant 2 (Sup.2) and surface membrane pellet (SMP) tegumental target antigens in different mouse strains. However, the immunogenicity against Sup.2 was higher than that against SMP, moreover, general increase in antibody response with boosts. Also, the present study aims to provide information on the molecules recognized by RA cercariae vaccine sera derived from different inbred mice, several bands in Sup.2 immunoblots were recognized with variations in the number and pattern of bands observed. In conclusion, RA vaccine is effective vaccine against schistosomiasis. 
INTRODUCTION

Schistosomiasis is one of the major parasitic diseases, second only to malaria in term of human suffering, caused by intravascular digenetic trematodes of the genus Schistosoma (blood fluke). Over 200 million people in 76 countries and territories in the world are infected, 600 millions are at risk, 120 millions are symptomatic, 20 millions suffer the severe consequences of the infection and 20,000 deaths are estimated to be associated with schistosomiasis (WHO, 2002).
Despite decades of intense efforts to control human schistosomiasis, the disease is still one of the major health problems in Africa and parts of South America and Asia. Although education, improved sanitation, eradication of the snail vector, and chemotherapeutic cure of infected patients are important for reducing the prevalence and morbidity in areas of endemicity, only an effective vaccine can provide protection against reinfection (Bergquist and Colley, 1998; Capron, 1998; Wilson and Coulson, 1998).

Several defined vaccine candidate antigens of Schistosoma (S.) have shown promise in large animal vaccination experiments. However, vaccination of mice in the laboratory with either single recombinant antigens or DNA encoding forms of the individual antigens has so far failed to induce significant protection against Schistosoma cercarial challenge infection as judged by worm reduction, although specific antibodies were generated. This is in contrast to the results achieved using RA vaccines which are highly protective. Even in large animal vaccination experiments, the protection levels obtained with single defined antigens were far below those achieved using the attenuated vaccines. One possible interpretation is that the immune responses induced by single antigen vaccination may not be strong enough to combat the challenging infection (Zhang et al., 2002)
More progress has been made using laboratory animal models. The most effective and reproducible protocol to date is vaccination with RA cercariae (Coulson, 1997; Hewitson, 2005), which results in a 50 to 80% reduction in challenge worm burden. Unlike the analogous attenuated-sporozoite malaria vaccine (Rieckmann       et al., 1979), this Schistosome vaccine has not been tested in human volunteers, primarily for reasons of safety (Coulson, 1997; Hewitson, 2005).

In mice vaccinated with RA cercariae, the induction of immunity is essentially dependent on B cells (Jankovic et al., 1999), with antibody response. Thus an optimal vaccination strategy against Schistosomes may involve generating a humoral response (Wynn and Hoffmann, 2000). The present study aims to provide information on the molecules recognized by RA cercariae vaccine sera derived from two different inbred strains of mice.  

MATERIALS AND METHODS
1. Mice

Five to six-week-old female inbred BALB/c and C57BL/6 and outbred CD1 mice from the Schistosome Biological Materials Supply Program, Theodore Bilharz Research Institute (SBSP/TBRI), Giza, Egypt, were used.

2. Parasites 

Cercariae of an Egyptian strain of S. mansoni were obtained from SBSP/TBRI, and used for irradiation and infection immediately after shedding from Biomphalaria alexandrina snails. Cercariae used for immunization were attenuated by exposure to 330 W/cm2 UV light from an S-68 Mineralight Lamp (Ultra-Violet Products, San Gabriel, California) for 3 min, as described previously (El Ridi et al., 2004).
3. Preparation of antigens

S. mansoni adult worms were washed by inversion 10 times in ice-cold Hanks’ buffer (Biochrom.), in order to remove serum and host proteins, and incubated in 10 vol. of Hanks’ buffer supplemented with 1 mM phenylmethylsulfonyl fluoride/2 mg/ml leupeptin as a protease inhibitor (Sigma, Steinheim, Germany) 0.2% Triton X-100 (Bio-Rad, Richmond, CA), for 20-30 min on ice, with agitation and last min vortexing. The supernatant, which contains the surface membranes and surface membrane/syncytium solubilized antigens (Sup-1), was centrifuged at 15,000 (g at 4ºC for 1 hr to sediment all membranes (Triton insoluble pellet, SMP). Then the supernatant containing Triton X-100-soluble tegumental antigens (Sup-2) was removed, and 50-100 µl aliquots were stored at (70ºC to be thawed only once. A suitable vol. of 1x reducing Laemmli sample buffer (LSB, 62.5 mM Tris-Hcl, pH 6.8, 10% glycerol, 2.0% sodium dodecyl sulfate, 5% 2-mercaptoethanol, and 0.002% bromophenol blue) was added on the antigens in the pellet with occasional vortexing on ice for 1/2 hr, heated for 5 min at 90ºC until no trace of pellet remained and stored at –70ºC in 100 l aliquots SMP until use.

4. Sera preparation 
Pooled sera were obtained from C57BL/6, BALB/c or CD1 mice (10 mice/group) 4 weeks after the first (1x RA) or second (2x RA) immunization with RA cercariae. Sera samples were kept in aliquots at -20oC till use.
5. Enzyme-linked immunosorbent assay (ELISA)


Wells of polystyrene plates (Costar) were coated with 750 ng SMP or Sup-2 in 100 l carbonate/bicarbonate buffer, pH 9.6. The wells were blocked with 1% bovine serum albumin in 0.05 M phosphate-buffered saline (PBS), pH 7.1, washed with PBS/0.05% Tween 20 (washing buffer), and incubated with 100 l control, 1x RA, or 2x RA sera diluted 1:200, 1:400, and 1:800 in washing buffer. Wells were then incubated with 100 μl alkaline phosphatase (ALP) labeled anti mouse IgM (μ chain-specific) or anti mouse IgG (γ chain-specific) conjugate (Pharmingen, San Diego, California, USA), diluted 1:5000 in washing buffer.  Reactivity was estimated spectrophotometrically at 405 nm after adding p-nitrophenyl phosphate substrate (Pierce, Rockford, Illinois, USA).

For antibody isotype determination, isotype-specific horseradish peroxidase (HRP)-labeled mouse monoclonal antibody (MoAb) to mouse IgG1 and IgG2a, and AKP-labeled rat MoAb to mouse IgG2b and IgG3 (Pharmingen) were used. Reactivity was estimated spectrophotometrically (Multi-Skan) at 405 nm after adding p-nitrophenylphosphate (Pierce) and 1-Step™ABTS (2,2'-azinobis [3-thylbenzothia-zoline- 6-sulfonic acid]-diammonium salt, Pierce) substrate for AKP- and HRP-labeled conjugates, respectively. Sera-giving absorbance values higher than the cut off value (=mean absorbance of wells with plasma from uninfected control mice+‏2SD) were considered positive.
6. Western blotting

   6.1-Separation of supernatant 2 (SUP-2) by sodium dodecyl sulphate polyacrylamide gel         

         electrophoresis (SDS-PAGE)

          S. mansoni Sup-2 molecules were separated under non reducing conditions in 10% slab gels by discontinuous sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE), according to Laemmli (1970).  Apparatus and chemicals were purchased from Bio-Rad (Hercules, California, USA).  Both assemblies of apparatus and gel preparation were performed according to operation manual. The separating gel was 10% acrylamide, and the separating buffer used was 1.5 M Tris-HCl, pH 8.8 and 0.4% SDS, while the stacking gel was 5% acrylamide, 0.5 M Tris-HCl, pH 6.8 and 0.4% SDS.  Both separating and stacking gels were polymerized by the addition of 10% ammonium persulfate and N,N,N-tetra-methyl-ethylene-diamine (TEMED).  For preparative gels, Sup-2 molecules (250 g/gel) were treated with Laemmli sample buffer, boiled for 5 min, and immediately loaded into the gel.  Prestained SDS-PAGE molecular weight (M.w) Standards, Low Range (Bio-Rad) were run in parallel.  Electrophoresis was carried out in running buffer (25 mM Tris-OH, 192 mM glycine, 0.1% SDS), at constant current of 7 mA/gel for 2 hr. After electrophoresis, the gel was either Coomassie blue stained to visualize the protein bands or electroblotted for further immunological detection.

  6.2- Electroblotting

Resolved Sup.2 molecules were electrotransferred onto nitrocellulose membranes (NC) (0.22 m, Bio-Rad) as described by Towbin et al. (1979). Transfer was performed using a transblot cell (Bio-Rad) according to the operating manual instructions. NC membrane was wetted with transfer buffer (25 mM Tris-HCl, 192 mM glycine and 20% methanol), and placed on one side of the gel; the gel and the membrane were then sandwiched between pads of scotch brite and filter paper and placed into the blotting cassette. Transfer was done at constant volt (100 V) for 45 min at 4oC. After transfer, the membrane was rinsed several times and proteins were visualized by staining with Ponceau S (0.2% Ponceau red in 3% trichloroacetic acid, 3% sulfosalicylic acid, Sigma, USA). The membrane was destained and the blot stored at 4oC.

  6.3- Immunostaining

Sera pooled from 5-10 control, infection, 1x RA, and 2x RA vaccine mouse groups were allowed to react at a final dilution of 1:100 with 2-mm wide vertical strips from Sup-2 blots, blocked previously with 5 % milk in PBS.  The strips were then probed with 100 μl ALP labeled anti mouse IgM (μ chain-specific) or anti mouse IgG (γ chain-specific) conjugate (Pharmingen), diluted 1:5000 in washing buffer.  The reaction was developed with Western Blue StabilizedTM (nitroblue tetrazolium/5-bromo-4-chloro-3-indolyl-1-phosphate) substrate (Promega, Madison, Wisconsin, USA).

7- Periodate oxidation test

In some experiments, Sup-2 or SMP molecules were subjected to mild periodate oxidation at acid pH to degrade carbohydrate determinants while preserving protein epitopes (Woodward et al., 1985). Control and treated wells were incubated, for 1 h at 25ºC, with 50 mM sodium acetate buffer pH 4.5, and 10 mM sodium-metaperiodate (Sigma) in 50 mM sodium acetate, respectively. The plates were then incubated with 50 mM sodium borohydride (Sigma) in D-PBS for 30 min at room temperature, and blocked with 1% human serum albumin (Alba pure, Broadmeadows, Australia). Loss in integrity of the carbohydrate moieties was checked by reactivity with 400 ng/well HRP-conjugated Arachis hypogaea (specific for D-gal-β-(1→3)-galNAc), and Triticum vulgaris (specific for [β 1→4)-D-glcNAc]2)) lectins (ICN Biomedicals, Costa Mesa, CA) with mean absorbance ± SD of, respectively 0.029 ± 0.002 and 1.123 ± 0.035 against intact, and 0.003 ± 0.002 and 0.259 ± 0.009 against periodate-treated Sup-2. Sera (1:200 and 1:400-diluted) were tested by ELISA, in duplicate or triplicate, against intact and periodate-treated Sup-2 and SMP antigens, as described above.
RESULTS

1. Tegumental Antigen Preparations Profile
SDS-PAGE (10% gel, 1 mm) was carried out under non reducing conditions to show adult S. mansoni worm SMP and Sup.2 profile (Fig. 1).
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Figure 1. Gel profile of adult S. mansoni tegumental worm antigens.  SDS-PAGE (10% gel, non-reducing conditions) of SMP (50 g) and 10, 20, and 30 g Sup-2.  Migration  position  and M.w (kDa)  of  prestained  low M.w protein  standards (Bio-Rad)  are  shown  on  left.
2. Humoral Response

   2-1. ELISA

Inbred (BALB/c and C57BL/6) and outbred (CD1) mice sera were tested for antibody titer and isotypes against Sup.2 and SMP antigens by ELISA in two tests for each experiment. Experiments were performed to compare the levels of humoral immune response between different mouse strains after single (1x) or twice (2x) vaccinations with RA cercariae.  IgM and IgG antibodies in sera from RA cercariae-immunized mice recognized both Sup.2 (Fig. 2a&b), and SMP (Fig. 3a&b) target antigens up to 1:800 dilution. Higher antibody titers were observed with Sup.2 target antigens. No significant anti-Sup.2 and anti-SMP IgM (Fig. 2a&3a) or IgG (Fig. 2b&3b) antibodies were demonstrated in sera taken after one exposure to irradiated cercariae in outbred CD1 or inbred C57BL/6 mice, respectively. Moreover, these CD1 mice sera lack IgG against SMP antigen (Fig. 3b).  
Sera from 1x and 2x RA-vaccinated BALB/c mice produced significant amounts of IgM and all IgG classes (IgG1, IgG2a, IgG2b and IgG3) against Sup.2 antigen at 1:200 dilution (Table 1).  2x vaccinated C57BL/6 mice produced significant amounts of IgG1, IgG2a and/or IgM against Sup.2 target antigens (Table 1).  IgG1, IgG2a and IgG2b were demonstrated in sera of both 1x and 2x RA-vaccinated outbred CD1 mice strain against Sup.2 antigen (Table 1).
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Figure 2. Induction of anti-Sup.2 IgM (A) and IgG (B) antibodies response following RA vaccination. The figure shows the anti-Sup.2 ELISA absorbance values obtained using pooled sera from different mice strains, 4 weeks after first (1x) or second (2x) immunization with RA cercariae.
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Figure 3. Induction of anti-SMP IgM (A) and IgG (B) antibodies response following RA vaccination. The figure shows the anti-SMP ELISA absorbance values obtained using pooled sera from different mice strains, 4 weeks after first (1x) or second (2x) immunization with RA cercariae.

    Table 1. Antibody isotypes response of inbred and outbred mice to S. mansoni Sup.2

	Mice

strain
	Mice

group
	IgG1
	IgG2a
	Mean ± SD
IgG2b
	IgG3
	IgG

	BALB/c
	Control
	0.066 ± 0.004
	0.052 ± 0.009
	0.038 ± 0.002
	0.017 ± 0.006
	0.026 ± 0.010

	
	(Cut off)
	0.074
	0.070
	0.040
	0.029
	0.045

	
	1x
	0.196 ± 0.020
	0.159 ± 0.001
	0.125 ± 0.020
	0.070 ± 0.003
	0.085 ± 0.020

	
	2x
	1.640 ± 0.130
	0.910 ± 0.036
	0.515 ±0.010
	0.110 ± 0.020
	0.260 ± 0.020

	C57BL/6
	Control
	0.026 ± 0.001
	0.120 ± 0.010
	0.187 ± 0.040
	0.022 ± 0.001
	0.070 ± 0.018

	
	(Cut off)
	0.027
	0.120
	0.267
	0.023
	0.106

	
	1x
	0.100 ± 0.010
	0.080 ± 0.020
	0.069 ± 0.003
	0.005 ± 0.006
	0.060 ± 0.017

	
	2x
	0.830 ± 0.080
	0.250 ± 0.002
	0.026 ± 0.130
	0.035 ± 0.010
	0.140 ± 0.004

	CD1
	Control
	0.034 ± 0.003
	0.149 ± 0.010
	0.240 ± 0.050
	0.027 ± 0.120
	0.093 ± 0.020

	
	(Cut off)
	0.037
	0.169
	0.340
	0.267
	0.133

	
	1x
	0.250 ± 0.010
	0.700 ± 0.270
	0.570 ± 0.010
	0.047 ± 0.005
	0.164 ± 0.080

	
	2x
	0.950 ± 0.210
	0.895 ± 0.300
	1.200 ± 0.270
	0.112 ± 0.270
	0.299 ± 0.020


1x = mice exposed once to RA vaccine.
2x = mice exposed twice to RA vaccine.
Cut off = mean + 2 SD.
Test sera were assayed for isotypes response against Sup.2 in ELISA experiment. Pooled sera from each mice strain showing significantly (P<0.05) higher absorbance than control sera (absorbance higher than absorbance of eight control sera+2SD) were consider positive.
2-2. Western blot  

To identify the mass of antigens recognized by pooled sera from each BALB/c, C57BL/6 or CD1 mice exposed to non (control), one (1x) or two (2x) RA cercariae, Sup.2 antigen was separated by non-reducing 10% SDS-PAGE, electroblotted, probed with the sera (1:100 dilution), then with AKP labeled anti mouse IgM (μ chain-specific, Fig. 4A) or anti mouse IgG (γ chain-specific, Fig. 4B) conjugate (Pharmingen), diluted 1:5000 in washing buffer. Anti-IgM and anti-IgG sera of all mice strains reacted with several bands of Sup.2 antigen, however, anti-IgG antibodies recognized many bands with stronger intensity than did the anti-IgM.  
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Figure 4. Humoral reactivity of inbred BALB/c mice (A, lanes 1, 2, 3 and B, lanes 11, 12, 13) and C57BL/6 mice (A, lanes 4, 5, 6 and B, lanes 14, 15, 16) and outbred CD1 mice (A: lanes 7, 8, 9 and B: lanes 17, 18, 19) control mice, 1x and 2x RA-vaccinated mice, respectively to S. mansoni Sup.2 antigen in Western blotting (WB). 
A. Humoral reactivity of anti-IgM. 
B. Humoral reactivity of anti-IgG. 
Numbers on the right indicate position of bands recognized by tested mice. Migration positions and M.w (kDa) of prestained marker (Bio-Rad) are on the left.
2-3. Characterization of the nature of antigenic epitope recognized by mice sera
Adult worm tegumental antigen(s) recognized by humoral antibodies of control and RA vaccinated mice were characterized via deglycosylation experiment.

Sup-2 and SMP antigens were oxidized with sodium-m-periodate, and then tested by ELISA, in parallel with untreated molecules against serum IgM (1:200 dilution) and IgG (1:200 and 1:400 dilution) antibodies. The reactivity of HRP-labeled Arachis hypogaea and Triticum vulgaris lectins against intact and sodium m-periodate-treated S. mansoni SMP antigens was performed to determine the loss in integrity of the carbohydrate moieties. Data shown in Table (2) indicate the effectiveness of periodate oxidation in altering SMP antigens' carbohydrate epitopes.


The data shown in Tables (3 and 4) were done  in  duplicate  and the results  were expressed as mean absorbance (M) ± SD around the mean, and  indicated that serum antibodies of control and RA vaccinated mice essentially bind protein epitopes, since similar reactivities were obtained whether Sup-2 and SMP molecules were periodate-treated or not.

Table 2.  Lectin reactivity with intact and periodate-treated Sup-2 antigensa                              
	
	Mean absorbance  ± SD following probing of Sup.2 antigens with
Arachis hypogaea
	Triticum vulgaris

	
	Intact
	Oxidized
	Intact
	Oxidized

	
	0.038 ± 0.005
	0.012 ± 0.005
	0.960 ± 0.100
	0.420 ± 0.020


aSodium acetate buffer (intact) and sodium-m-periodate in sodium acetate buffer (oxidized)-treated S. mansoni SMP antigens were tested for reactivity against HRP-labeled lectins.

Table 3. Antibody reactivity of control and RA vaccinated mice strains against intact and  periodate-treated Sup-2
	Mice

Strain
	Mice

Group
	IgM
	IgG

	
	
	1:200
	1:200
	1:400

	BALB/c
	Control

(Cut off)
	Intact
	0.230 ± 0.002

(0.234)
	0.032 ± 0.001

(0.034)
	0.013 ± 0.001

(0.015)

	
	
	Treated
	0.220 ± 0.020

(0.260)
	0.037 ± 0.020

(0.077)
	0.002 ± 0.001

(0.004)

	
	1x
	Intact
	0.400 ± 0.032
	0.087 ± 0.006
	0.035 ± 0.008

	
	
	Treated
	0.400 ± 0.030
	0.078 ± 0.022
	0.022 ± 0.002

	
	2x
	Intact
	0.460 ± 0.050
	0.176 ± 0.006
	0.091 ± 0.006

	
	
	Treated
	0.400 ± 0.004
	0.177 ±0.005
	0.090 ± 0.018

	C57BL/6
	Control

(Cut off)
	Intact
	0.260 ± 0.040

(0.340)
	0.080 ± 0.002

(0.084)
	0.037 ± 0.000

(0.037)

	
	
	Treated
	0.248 ± 0.040

(0.328)
	0.050 ± 0.020

(0.090)
	0.025 ± 0.020

(0.065)

	
	1x
	Intact
	0.290 ± 0.040
	0.038 ± 0.007
	0.022 ± 0.002

	
	
	Treated
	0.283 ± 0.023
	0.030 ± 0.020
	0.018 ± 0.004

	
	2x
	Intact
	0.374± 0.023
	0.097 ± 0.006
	0.049 ± 0.001

	
	
	Treated
	0.382 ± 0.001
	0.090 ± 0.020
	0.043 ± 0.004

	CD1
	Control

(Cut off)
	Intact
	0.276 ± 0.030

(0.336)
	0.080 ± 0.002

(0.084)
	0.031 ± 0.009

(0.049)

	
	
	Treated
	0.275 ± 0.080

(0.335)
	0.067 ± 0.020

(0.107)
	0.060 ± 0.010

(0.080)

	
	1x
	Intact
	0.270 ± 0.008
	0.126 ± 0.002
	0.052 ± 0.016

	
	
	Treated
	0.242 ± 0.006
	0.149 ± 0.010
	0.052 ± 0.001

	
	2x
	Intact
	0.379 ± 0.010
	0.200 ± 0.023
	0.074 ± 0.004

	
	
	Treated
	0.327 ± 0.040
	0.167 ± 0.030
	0.070 ± 0.006


1x = mice exposed once to RA vaccine.

2x = mice exposed twice to RA vaccine.

Cut off = mean + 2 SD.
Table 4. Antibody reactivity of control and RA vaccinated mice strains against intact and periodate-treated SMP
	Mice

strain
	Mice

Group
	IgM
	IgG

	
	
	1:200
	1:200
	1:400

	BALB/c
	Control

(Cut off)
	Intact
	0.126 ± 0.005
(0.136)
	0.020 ± 0.001

(0.022)
	0.054 ± 0.070

(0.194)

	
	
	Treated
	0.141 ± 0.020

(0.181)
	0.030 ± 0.006
(0.042)
	0.011 ± 0.002
(0.015)

	
	1x
	Intact
	0.229 ± 0.000
	0.059 ± 0.007
	0.021 ± 0.001

	
	
	Treated
	0.240 ± 0.036
	0.065 ± 0.007
	0.025 ± 0.002

	
	2x
	Intact
	0.258 ± 0.020
	0.056 ± 0.005
	0.020 ± 0.002

	
	
	Treated
	0.250 ± 0.030
	0.060 ± 0.000
	0.022 ± 0.000

	C57BL/6
	Control

(Cut off)
	Intact
	0.100 ± 0.008
(0.116)
	0.043 ± 0.009
(0.061)
	0.018 ± 0.005
(0.028)

	
	
	Treated
	0.110 ± 0.007

(0.124)
	0.041 ± 0.010

(0.061)
	0.030 ± 0.010

(0.050)

	
	1x
	Intact
	0.159 ± 0.008
	0.038 ± 0.007
	0.022 ± 0.002

	
	
	Treated
	0.168 ± 0.002
	0.030 ± 0.020
	0.018 ± 0.004

	
	2x
	Intact
	0.281 ± 0.000
	0.025 ± 0.001
	0.012 ± 0.003

	
	
	Treated
	0.220 ± 0.001
	0.026 ± 0.003
	0.014 ± 0.005

	CD1
	Control

(Cut off)
	Intact
	0.178 ± 0.020

(0.218)
	0.060 ± 0.001
(0.062)
	0.018 ± 0.000
(0.018)

	
	
	Treated
	0.147 ± 0.010

(0.167)
	0.058 ± 0.006
(0.070)
	0.020 ± 0.002
(0.024)

	
	1x
	Intact
	0.145 ± 0.001
	0.076 ± 0.009
	0.019 ± 0.002

	
	
	Treated
	0.128 ± 0.003
	0.077 ± 0.010
	0.010 ± 0.005

	
	2x
	Intact
	0.210 ± 0.010
	0.065 ± 0.004
	0.024 ± 0.001

	
	
	Treated
	0.161 ± 0.002
	0.066 ± 0.001
	0.021 ± 0.004


1x = mice exposed once to RA vaccine.

2x = mice exposed twice to RA vaccine.

Cut off = mean + 2 SD.
DISCUSSION
Various defined antigens in their purified or recombinant forms have been used for vaccine studies in murine schistosomiasis (Tarrab-Hazdai et al., 1985; Balloul et al., 1987; Harn, 1987; King et al., 1987; Pearce et al., 1988). However, the administration of these non-living parasite antigens has not yet achieved the high level of protection that result from vaccination with RA living cercariae (Richter and Harn, 1993).

The irradiation dose of RA cercariae, the host's genetic background, and the number of vaccinations are known to affect the level of resistance conferred by RA (Hsu et al., 1981; Lewis and Wilson, 1982; James and Sher, 1983; Simpson et al., 1985; Reynolds and Harn, 1992). The S. mansoni RA cercariae vaccine is highly effective in rodents and primates but has never been tested in humans, primarily for safety reasons (Eberl et al., 2001). So our studies were performed in the experimental murine model, and the influences of these parameters were compared side by side between various experimental groups.

Protective immunity to Schistosomes and other helminth parasites has focused on molecules at or near the parasite surface because they are of interest to parasites and host and, thus, are likely to be involved in key host parasite interactions and serve as a target for aggressive immune attack (Simpson and Cioli, 1987). So we use Sup. 2 and SMP as target antigens for antibody in sera pooled from each inbred C57BL/6 and BALB/c and outbred CD1 mice strains vaccinated with RA vaccine.
The involvement of antibodies in the development of resistance in the RA vaccine model has been suggested by studies showing that serum of vaccinated mice can transfer protection to naïve recipients. However, protection was observed only if the serum obtained from repeatedly vaccinated mice (Mangold and Dean, 1986; Jwo and LoVerde, 1989; Deigado and McLaren, 1990). This suggests a quantitative or qualitative modification of the antibody response with multiple boosts (Dalton and Strand, 1987). Another study compared humoral responses of different responder strains to surface exposed proteins of schistosomula and found no differences (Simpson et al., 1983). 
To avoid narrowing our study to particular antigens in soluble as well as membrane-enriched preparation of adult Schistosoma stage, we utilized antibodies from three genetically distinct groups of mice with various levels of protection. We found that, our results were in contrast to their results, where RA vaccine appeared to be immunogenic against these target antigens in different mouse strains. However, the immunogenicity against Sup.2 was higher than that against SMP, moreover, after vaccination, the highest levels of antibodies were obtained with sera from the mice vaccinated with 2x RA cercariae compared with control, confirming the results of Pearce et al. (1988) and Richter and Harn (1993). 

Despite the consistently strong immunogenicity of these target antigens, as sera from all RA vaccine immunized mice were able to recognize them at dilution up to 1:800, the mice showed variable recognition to the test antigens. Only sera from BALB/c vaccinated mice produced significant amounts of IgM and all IgG classes (IgG1, IgG2a, IgG2b and IgG3) against protein's epitopes of Sup.2 antigen at 1:200 dilution (Table 1). However, 2x vaccinated C57BL/6 mice produced significant amounts of IgG1, IgG2a and/or IgM against Sup.2 target antigens (Table 1), and  IgG1, IgG2a and IgG2b were demonstrated in sera of both 1x and 2x RA-vaccinated outbred CD1 mice strain against Sup.2 antigen (Table 1). Our data are in agreement with the distinct strain differences observed in humoral responses of Schistosomes antigens-exposed mice to synthetic peptides derived from the primary sequence of S. mansoni integral membrane protein, Sm-23 (Reynolds and Harn, 1992) and triose-phosphate-isomerase (Reynolds et al., 1994). 
Several bands of antigens were found to evoke T cell mediated immunity in C57BL/6 mice vaccinated with gamma irradiated S. mansoni cercariae (Osman et al., 1994), they are capable of activating both the humoral and cellular arms of the immune response (Caulada-Benedetti et al., 1991). 
Accordingly, comparing sera of mice vaccinated once with RA cercariae of S. mansoni with sera from twice vaccinated mice, we noticed a general increase in antibody response with boosts, confirming the observation of Pearce et al. (1988) and Richter et al. (1993), in contrast to the results of Dalton and Strand (1987). These differences may be due to the use of WB in our study, whereas in their study metabolically labeled antigens were immuno-precipitated.

Mice sera exposed to RA vaccine responded to several bands in Sup.2 immunoblots with variations in the number and pattern of bands observed. Heterogeneous humoral responses against Schistosome antigens have been documented in other studies (Butterworth et al., 1985; Dessein et al., 1988; Al-Sherbiny et al., 1995).
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