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Abstract
Schistosomiasis is an important public health concern in more than 76 developing countries.
Advent of an anti-schistosome vaccine would undoubtedly add to the existing control measures
and may eventually help in the elimination of this disease. In the present study we have attempted
to dissect the role(s) of antibodies in Sm-p80 mediated protection by intravenously transferring
pooled sera from mice immunized with Sm-p80-pcDNA3 or purified IgG from baboons
immunized with Sm-p80-pcDNA3, into naïve C57BL/6 mice, respectively, prior to challenge with
cercariae. The passive transfer of antibodies from protected mice (homologous transfers) as well
as transfer of total IgG from baboons (heterologous transfers), into naïve mice showed statistically
significant reductions in worm burden and the number of eggs in the tissues. Immunizations of
antibody knockout mice (µMt−/−; B10.129S2 (B6)-Igh-6tm1Cgn/J) with recombinant Sm-p80 in
the presence of CpG-motif oligodeoxynucleotides as an adjuvant, resulted in substantial reduction
of Sm-p80-mediated protection, compared to C57BL/6 (normal) control group of mice. Down
regulation of cytokines that have important effects on B cell proliferation as well as the recovery
of higher number of parasites in antibody knockout indicated a significant role(s) of antibodies in
Sm-p80-mediated protection against Schistosoma mansoni in mice. In toto, these studies appear to
suggest that antibodies play a significant role in Sm-p80 mediated protection.
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Introduction
In spite of the ongoing efforts to control human schistosomiasis, the morbidity of the disease
is still on the rise. Currently there are 210 million estimated infections[1;2] and up to 779
million people are at risk of getting the infection[3;4]. It is obvious that the current control
programs to reduce morbidity and mortality have been inadequate and many commonly
employed measures have been ineffective especially in the settings of the developing
world[3–7]. It would therefore be sagacious to also concentrate on other potential control
strategies, for examples, an appropriate protective vaccine that could be integrated into
ongoing control programs[6–8]. To this effect, application of contemporary progress to
move towards testing and evaluating candidate vaccines with respect to formulation,
adjuvant systems and spectrum of immune responses would be an important step forward.

Efforts to develop a so far elusive vaccine has led to the description of more than one
hundred schistosome antigens that have shown varying degrees of protection against
challenge infection in animal models, predominately in mice[6;9;10]. In this regard, one
notable antigen, Sm-p80 has shown significant and consistent protective efficacy that has
been mostly characterized by cellular effectors related to important mediator cytokines
especially IL-2, IL-12 and IFN-γ in mice and nonhuman primate models[11–15]. Sm-p80
has been implicated in schistosome immune evasion process through its role(s) in surface
membrane turnover[15;16]. Even though a large repertoire of Sm-p80-based immunization
strategies have been shown to greatly reduce both adult worms and egg production in
vaccinated animals[12;17–22]; the role(s) of antibodies in Sm-p80-mediated protections has
not yet been fully elucidated. Therefore the objective of the present study was to decipher
the role(s) of antibodies in Sm-p80-mediated protection via the transfer of sera obtained
from mice vaccinated with Sm-p80-pcDNA3[19] and transfer of purified total IgG obtained
from the baboons vaccinated with Sm-p80-pcDNA3[18] into naïve C57BL/6 mice and then
determine the levels of protection following an experimental challenge. To further dissect
the role(s) of antibodies and to corroborate the results of passive transfer experiments, using
a previously optimized Sm-p80-based vaccination strategy[18], antibody deficient mice
(µMt−/−; B10.129S2 (B6)-Igh-6tm1Cgn/J) of the genetic backbone of the C57BL/6 [23] were
immunized and the protection was determined. Results of both passive transfer and
immunizations using knockout mice revealed an important role for antibodies in Sm-p80-
mediated protection against experimental challenge infection in mice.

Materials and Methods
Parasites

Biomphalaria glabrata snails, infected with Schistosoma mansoni were provided by the
Schistosomiasis Resource Center, Biomedical Research Institute, Rockville, MD.

Source of Serum and purified IgG for Passive Transfer Experiments
The sera used in homologous transfer experiments were obtained from C57BL/6 mice which
were used in our previously published studies[19]. These mice were immunized with either
pcDNA3 alone or with Sm-p80-pcDNA3[19]. For the heterologous experiments, IgG was
purified from sera of individual baboons, which were used in our previously published
studies[18]. Individual baboons were immunized with either pcDNA3 or Sm-p80-
pcDNA3[18].

Animals, Passive Transfer and Immunization
This study comprised of three separate components: (i) passive transfer of sera obtained
from previously immunized mice[19], into naïve mice, i.e., homologous transfer (Ho); (ii)
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passive transfer of purified IgG obtained from previously immunized baboons[18] into naïve
mice, i.e., heterologous transfer (He); and (iii) immunization of normal C57BL/6 and
antibody knockout mice with previously optimized Sm-p80-based immunization scheme[19]
Briefly, 107 naïve C57BL/6 mice were purchased from Charles River Laboratory
(Wilmington, MA) and 20 antibody deficient mice (µMt−/−; B10.129S2 (B6)-Igh-6tm1Cgn/
J) were purchased from Jackson Laboratories (Bar Harbor, ME).

For the homologous transfer experiments, 20 C57BL/6 mice were randomly divided into
two groups [control (HoC) and experimental (HoE)]. The control group of mice received
100µl pooled sera obtained from mice previously immunized with pcDNA3[19]; whereas
the animals in the experimental group were given 100µl pooled sera obtained from mice
previously vaccinated with Sm-p80-pcDNA3[19]. Intravenous injections were given at days
−6 and −2 before challenge with schistosome cercariae. This schedule was selected based
on the average in vivo half life of heterologous antibodies, in particular mouse IgG which is
6–8 days for the first half life [24] however, antibodies persist for at least 10 additional days
after the first half life in the murine system. The first half life of most nonhuman primates
IgG is at least 2 weeks[25]. This schedule thus allows for appreciable amounts of antibodies
to be present when the mice were experimentally challenged and reach lung stage which
peaks at day 5–6 for S. mansoni [26].

For the heterologous transfer experiments, 57 C57BL/6 naïve mice were divided into two
groups [20 mice in the control group (HeC) and 37 mice in the experimental group (HeE)].
In this case, Melon TM Gel IgG spin purification kits were used to purify IgG from sera
sample of each baboon a[18]s per the manufacturer’s protocol (Thermo Fisher Scientific
Inc., Rockford, IL). One hundred µg of purified total IgG from individual baboons (IT08,
IT09, and IT12; see [18]for further details) immunized with pcDNA3, was given
intravenously to mice in the control group. Similarly, mice in the experimental group were
given 100µg of purified total IgG obtained from individual baboons (IT94, IN07, IG29,
IP15, IP17, and IG97; see [18] for further details) vaccinated with Sm-p80-pcDNA3.
Intravenous injections were given at days −6 and −2 before challenge with cercariae.

For the rSm-p80 immunization experiment, 20 antibody knockout mice (µMt−/−;
B10.129S2 (B6)-Igh-6tm1Cgn/J) were divided into two groups (10 animals each for control
and experimental groups, respectively). In parallel, 20 normal C57BL/6 mice (10 for the
control group and 10 for the experimental group) were also used in this experiment for
comparison purposes. Each animal in the control groups of both the antibody knockout mice
and C57BL/6 group received 50µg of synthetic CpG-motif ODN (Coley Pharmaceutical
Group, Wellesley, MA) followed by two successive monthly immunizations for two months;
whereas the experimental groups of knockout mice and normal C57BL/6, received 25µg of
rSm-p80 plus 50µg of CpG-motif ODN[17] Mice from all of the groups were boosted with
the same formulation, a month apart, for two months, as previously outlined[17] All the
above described experiments were repeated at least twice.

Parasite challenge, worms and egg count determination
Two days after the last serum or IgG transfer (day zero); all of the mice from both passive
transfer groups were exposed to 150 cercariae. The animals which were immunized with
ODN or rSm-p80 plus ODN were exposed to 150 cercariae one month after the last booster.
Six weeks post-challenge, all of the animals were sacrificed and adult parasites were
recovered by perfusion of the hepatic portal vein. Reduction in worm burden and egg
production was determined as previously outlined[17–19;21;22;27]

Torben et al. Page 3

Vaccine. Author manuscript; available in PMC 2012 March 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Enzyme-linked immunosorbent assay (ELISA)
Sera samples were collected from mice of both homologous and heterologous passive
transfer experiments, immediately before sacrifice. Using ELISA, antibody titers for IgA,
IgG (including all subtypes IgG1, IgG2a, IgG2b, IgG3, and IgG4) and IgM were
determined, as described previously[18;19]

Splenocyte proliferation assays and cytokine production by proliferating splenocytes
After sacrificing each animal from both homologous and heterologous passive transfer
experiments as well as the rSm-p80 immunization of antibody knockout experiments, the
spleen of each animal was minced and washed in RPMI 1640 complete media. For in vitro
splenocyte proliferation assays, the concentration of rSm-p80 was optimized to develop a
standard assay; a 96-well flat-bottom plates seeded with 5×105 pooled splenocytes of each
respective group in total volume of 200µl, then stimulated with 0.5µg nonspecific mitogen
(ConA) or with 1.2µg rSm-p80. Subsequently, the cells were incubated at 37°C with 5%
CO2, for 24 h and after removing the supernatant of each sample for cytokine assessment,
proliferation was determined by MTT as described previously[18] ELISA Panel Kit
(eBioscience, San Diego, CA) was used to estimate the production of IL-2, IL-4, IL-10 and
IFN-γ in the supernatant of the proliferating splenocytes as described
previously[17;19;21;27].

In vitro expression of cytokines in Sm-p80 stimulated splenocytes by RT-PCR
The splenocyte samples from each animal of both homologous and heterologous passive
transfer experiments as well as the rSm-p80 immunization of antibody knockout and normal
C57BL/6 groups were pooled in their respective groups. The cells were then cultured for
24h in six-well plates at 370C with 5% CO2. Triplicate wells were treated with rSm-p80
(12µg/ml); and the other three wells without any antigen stimulation as described
previously[17]. The RNA from each group was extracted by TRIzol reagent. Established
standard procedures were used for reverse transcription reactions of cDNA synthesis and for
the estimation of relative expression of major cytokines[17;21;22;27].The relative
concentration of each cytokine was determined using the Quantity One Program (Version
4.6.2., Bio-Rad, Hercules, CA). Relative fold difference in cytokine mRNA expression was
calculated after rSm-p80 stimulated control and experimental groups minus 1.

Flow Cytometric Analysis
In order to track Th1 and Th2 profile changes after immunization of the antibody knockout
and C57BL/6 mice, the harvested splenocytes were seeded into 24 well plate (2×106 cells
each well) for flow cytometry assay. The cells were incubated with or without rSm-p80
(10µg/ml) overnight; and 4h before the end of incubation, Brefeldin A at a dilution of
1:1000 was added. Direct staining was performed to indentify CD3 and CD8 positive cells.
Intracellular staining was performed to detect IFN-γ or IL-4 secreting cells. The data
obtained were analyzed using BD CellQuset™ Prosoftware (BD Biosciences, San Jose,
CA).

Statistical analysis
For the analysis of these data, MINTAB 15.1 (Kruskal-Wallis Test) was applied to make
comparison of control and experimental groups involving non-normal distributions.
SigmaPlot version 11.0 (One-way ANOVA followed by Dunnetts procedure) was used to
compare experimental and control groups; minimum type I error of α = 0.05 was considered
for statistically significant differences.
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Results
Protection at the level of worm and egg reduction

The homologous serum transfer and heterologous purified IgG transfer from mice [19] and
baboons[18] immunized with Sm-p80 were repeated twice as shown in (Figs 1 and 2). The
results of both independent experiments were combined to determine the mean number of
adult parasites per individual mouse and the corresponding percent recovery (Fig 1C and Fig
2C). The empirical cumulative distribution function curves indicate the relative effect of the
Sm-p80 specific serum and IgG transfer. The parasite recovery in the homologous
experimental animals (HoE) was significantly reduced (p < 0.01) with a relative protection
of 31%. Similarly in the purified IgG transfer experiment (HeE), the number of worms
recovered was reduced in the experimental animals as compared to their respective controls.
The reduction in the number of parasites in the heterologous experimental test group was
45% (p < 0.01). The recovery of parasites in the knockout (µMt−/−; B10.129S2 (B6)-
Igh-6tm1Cgn/J) experimental group was lower compared to its respective control; the relative
protection in this case was 18% (p<0.05). However, the corresponding parasite reduction in
the normal C57BL/6 experimental group was 63% (p< 0.01).

The number of eggs per gram of the liver and intestine was also quantified and is
summarized in Table 1. In both tissues the numbers of eggs were significantly lower in
homologous and heterologous experimental groups. The decrease in egg production in mice
of the homologous transfer experiment was 59%, whereas the reduction in egg production of
the heterologous transfer group of mice was 90%. Both of these values were statistically
significant (p < 0.01). Additionally, the egg reduction was 47% in the normal C57BL/6
experimental immunization group. The corresponding reduction in egg production in the
antibody knockout animals was lower (36%), however egg reduction in both groups was
significant (p < 0.05).

Antibodies Profiles
In addition to the passively transferred antibodies, in both Sm-p80 specific serum and IgG
transfer experiments, the considerable protection as a function of adult parasite reduction
and decrease in egg production may be due to the induction of antibody responses in the test
groups. The titers of both IgG and IgM ranged from 3200 to 6400 (Fig 3, A and B). The end
titers of IgG2a and IgG2b are 800 and 3200 respectively; that is relatively lower
nevertheless the differences were statistically significant as compared to controls (Fig 4, B
and C). The titers of IgG1 and IgG3 tend to be higher, 800 and 6400, respectively; but not in
all groups of mice that received serum or purified IgG (Fig 4, A and D). IgA was not
detectable in both transfer experiments (data not shown). In summary, IgM, IgG and some
of the IgG subtypes (Fig 4, A–D) were found to be significantly induced in Sm-p80 specific
serum (HoE) and purified IgG (HeE) groups of mice.

In vitro splenocytes proliferation and cytokines
The in vitro proliferation of splenocytes from transfer groups showed marked differences
between the Sm-p80 specific antibody transfer groups and its corresponding controls (Table
2). Proliferations of splenocyte resulted in a significantly higher stimulation as compared to
the controls without rSm-p80 stimulation. Higher IFN-γ production was observed in the
homologous experimental group (228.6 pg/ml) and the change was significant in the
heterologous experimental animals (125.3 pg/ml) (Table 3). The level of IL-2 production
was relatively higher but insignificant in response to Sm-p80. However, the profile of these
cytokines was very different in knockout (µMt−/−; B10.129S2 (B6)-Igh-6tm1Cgn/J)
experimental animals (KoE) as well as in its corresponding normal experimental (NE)
animals which received a combination of rSm-p80 plus ODN immunizations (Table 3). Both
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IL-2 and IFN-γ production in the supernatant of proliferating splenocytes were quite high, in
both of these groups. The difference of IFN-γ was more than double which was statistically
significant (p<0.01). However, the changes in the level of IL-4 and IL-10 were not
statistically significant (p>0.05).

mRNA cytokine expression via RT-PCR
Additionally the mRNA cytokine expression of 27 cytokines was estimated after in vitro
stimulation of splenocytes with Sm-p80 by RT-PCR. The expressions of several important
cytokines were found to be changed when stimulated with the antigen. The cytokines which
were upregulated or down-regulated are summarized for all transfer groups in Fig 5. The
expression of cytokines (IL-6 and TNF-α) was induced in homologous experimental group
(Fig.5, upper right panel), while IL-3 was down regulated; the remaining cytokines were not
affected by the in vitro stimulation with rSm-p80. The cytokine expression in heterologous
transfer groups also displayed a unique pattern. Cytokines including IL-6, IL-12α, IL-17,
INF-γ and TGFβ1 were induced in the splenocytes of heterologous experimental animals
(Fig. 5, lower right panel).

Similarly, in the rSm-p80 stimulated splenocytes of antibody knockout (µMt−/−;
B10.129S2 (B6)-Igh-6tm1Cgn/J) mice and matching normal C57BL/6 experiments (rSm-p80
and ODN) immunized groups, a number of the cytokines including IFN-γ, IL-5, IL-12β,
IL-16, and IL-17 were upregulated (Fig.6, right upper panel). The number of upregulated
cytokines in the normal C57BL/6 rSm-p80 plus ODN immunization group (Fig.6, right
lower panel) was notable due to the increased expression of TGFβ1, TGFβ2, TNF-α, IL-2,
IL-12α, IL-16, IL-17, IL-18, IL-20, IL-22 and IL-23. The comparison in all cases was based
on the percent fold change as the level of quantified expressions on gels, as described
previously[17;21;22]

Flow Cytometery
The in vitro rSm-p80-stimulated splenocytes of both ODN immunization and rSm-p80 plus
ODN immunization groups of knockout (µMt−/−; B10.129S2 (B6)-Igh-6tm1Cgn/J) and the
normal animals were analyzed by flow cytometry for intracellular synthesis of IFN-γ and
IL-4 by CD3 positive CD8 T cells. In the rSm-p80 plus ODN immunization groups,
significant populations of CD8 T cells were stained for intracellular IFN-γ; specifically,
7.89%, and 8.89% for the knockout and the normal animals, respectively. Considerable
populations of 5.75% (knockout) and 4.3% (normal) were stained for intracellular IL-4 as
well. On the other hand, only ODN immunization of the antibody knockout mice induced
1.86% IL-4 and 1.53% IFN-γ producing CD8 T cells, and the same immunization in the
normal animals induced 3.42% IL-4 and 3.32% IFN-γ producing CD8 T cells. In this case,
the percentage of IFN-γ producing cell populations of the knockout control with rSm-p80
stimulation was significantly different from its corresponding negative control in which only
1.53 % of the CD8 T cells were IFN-γ producing. The flow cytometry results are
summarized in Fig.7, A and B.

Discussion
Previous studies from our laboratory have demonstrated significant levels of Sm-p80
mediated protection against S. mansoni challenge; mostly the roles of signature cytokines
IL-2, IL-12 and IFN-γ have been consistently demonstrated as the essential players of the
antigen (Sm-p80) induced protection against the parasite[12;13;17–19;21;22;27]. This can
be correlated to the production of toxic nitrogen oxide metabolites that have been implicated
to be key mechanism of microbicidal activity of IFN-γ dependent effectors such as
macrophages in killing the schistosomula of S. mansoni[28–32]. This is the first study that
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has demonstrated that upon transfer of Sm-p80 specific serum and purified IgG from Sm-
p80-pcDNA vaccinated mice and baboons into naïve mice, confers protection against
challenge infection. Simultaneous study of rSm-p80 immunization of the antibody knockout
mice on the other hand, showed decreased but not completely abolished the Sm-p80-
mediated protection as compared to higher protection in normal C7BL/6 mice. This
indicates the importance of both antibodies and cellular effectors in the rSm-p80-mediated
protective effects.

In our previously published studies, Sm-p80-pcDNA vaccination of C57BL/6 resulted in
59% and 84% reduction of worms and eggs respectively[19], and simultaneous direct Sm-
p80-pcDNA immunization in baboons resulted in 38% and 32 % reduction of worms and
eggs[18]. Similarly, in the present study, protection in the experimental transfer groups from
the mice and baboons appeared to be significant; for example in the Sm-p80 specific serum
transfer (homologous), the protection was 31.14% and 58.71% as the level of parasites and
egg per gram of tissues; transfer of purified IgG from baboons similarly reduced worms by
45% and eggs by 90%, which is significant.

The notable drop in rSm-p80-mediated protection from 63% (in normal C57BL/6) to 18% in
the antibody knockout group of mice has demonstrated that antibodies are one of the
essential elements of Sm-p80-mediated protective components against S. mansoni challenge.
This is reinforced by the consistent induction of antibodies, as described in our previously
published studies on Sm-p80-based vaccination strategies[17–19;21;22] and by others[33–
36]. The high reduction in egg production in the heterologous transfer is noteworthy and this
effect may be a consequence of the parasite specific antibodies which may mediate the
effector function of macrophages on the normal maturation[31] and coupling of female
worms. This is consistent with our prior observations in which we have shown pronounced
reductions in egg production using Sm-p80 vaccine formulations[18].

Our data clearly indicate that antibodies play a role in conferring Sm-p80-mediated
protection; how is this achieved is still speculative. One possible mechanism may be via the
antibody-dependent cellular cytotoxicity (ADCC)[37;38]. However, the broader concept of
ADCC in schistosome immunity is being debated in literature[39]. Nonetheless, as it relates
to this study, the parasite specific antibodies may bind to transforming immature parasites to
target for immune effectors such as natural killer (NK) cells, monocytes [31] and other
effectors through interactions with Fc region of the bound antibodies[40]. As noted
previously, the killing of schistosomula has shown to be mediated by macrophages and
endothelial cells through the key functions involving IFN-γ[41;42]. Parasite specific
antibody transfer from irradiated cercariae induced similarly displayed protection from S.
mansoni challenge[35]. The situation of ADCC and/or complement activation therefore
could be one of the possible components of protection in both homologous and heterologous
transfer experiments. The antibody responses and simultaneous induction of IFN-γ showed
the significance of IFN-γ in proliferation of antibody producing B- cells[43]. This could be
linked to the INF-γ and IL-2 in the Sm-p80 based vaccinations of mice[19] and baboons[18].
The considerable population of IFN-γ producing CD3+ CD8 T cells in the antibody
knockout and normal animals (rSm-p80 and ODN immunization) gives the measure of
cellular responses as well. Nevertheless, the reduced protection in the rSm-p80 immunized
knockout mice is indicative that the production of antibodies is one of the important
effectors induced by Sm-p80 based immunizations. Consequently, these results contradicted
the notions that underestimated the roles of B cells in protecting schistosome infections[44].
The induction of IL-4 and INF-γ in the heterologous experimental group, are in fact
associated with B-cell development and formation of plasma cells[43;45]. Moreover, the
significance of IL-17 in mediating the crucial cross-talk between immune system and tissues
can also be contemplated in the experimental transfer animals and in the rSm-p80 plus ODN
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immunizations. A role for IL-17 has already been implicated in tissue immunity[46–48].
From the mixed effectors responses we reported earlier[21;22], IL-17 seems to be a key
linker of different arms of immune responses[17–19;32]. Possible regulatory events that
involve IL-17 as well as IL-6 and IL-10 have also been suggested.[49]

The rationale for stimulating the recipient spleen cells with rSm-p80 for proliferation and
cytokine analysis was that the migrating schistosome larvae release excretory and secretory
proteins including Sm-p80 [50] as well as Sm-p80 released following surface membrane
turnover by the adult parasite (and from dead parasites) is capable of priming host immune
system. Since we believe that exposure to cercariae under natural conditions will provide the
necessary boosters to the vaccine, we wanted to gather data from this experiment also,
though this aspect is not directly related to the passive transfer of immunity. The stimulation
of the essential cytokines and the intracellular staining of IFN-γ producing T cells confirm
growth factor functions of the cytokines; that means as proliferation facilitating agent of
antibody producing cells and networking with cell-mediated immune effectors[9;11–
14;14;15;17–19;27]. The results of both mice and nonhuman primates have consistently
confirmed that Sm-p80 vaccine based protections involve recruitment of antibodies as well
as characteristic Th1 type responses. Additionally, this study has demonstrated that transfer
of homologous or heterologous Sm-p80 specific antibodies or IgG can confer significant
protection against S. mansoni challenge. Similarly, the protection in the antibody knockouts,
mRNA expression of signature cytokines and flow analysis explicitly show the essential role
of normal functioning B cells in amplifying protective effectors in Sm-p80 mediated
immunity.
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Figure 1.
Protection in homologous (Ho) serum transfer from Sm-p80 immunized mouse. This
experiment was done twice; (A) and (B) are two similar experiments; the result of both
experiments are combined in (C); the percentage of worm recovery in the control (HoC)
animals indicated by solid lines and in experimental (HoE) animals by broken lines; from
the empirical cumulative distribution function curves, number of worms in the HoE group
has significantly reduced relative to the controls (95% CI for the Mean, p < 0.01).
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Figure 2.
Protection in heterologous (He) purified IgG transfer from Sm-p80 immunized baboons.
This experiment was repeated twice independently (A) and (B) and results of both are
combined in (C). The percentage of worm recovery in the control (HeC) was indicated by
solid lines, while broken lines represent the experimental (HeE). The curves show the
relative effect of purified IgG transfer. The number of worms in HeE group has significantly
reduced (95% CI for the Mean, p = 0.001).
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Figure 3.
Sm-p80 specific antibody titers in immunized mice. Total IgG (A), and IgM (B), the given
titer values represent the mean of triplicate tests (±SEM). Significance (*P) is considered at
p < 0.01; 95 % confidence interval. IT12, IT08, IT09, IT94, IN07, IG29, IP15, IP17, IG97
are the identifiers of baboons from which the IgG was purified. Details of vaccination
experiment has been given previously[18].
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Figure 4.
Sm-p80 specific antibody titers of IgG subclasses in both homologous (Ho) and
heterologous (He) experiments. Shown in panels (A) IgG1; (B) IgG2a; (C) IgG2b and (D),
IgG3. The given titer values represent the mean of triplicate tests, standard error of the mean
(SEM). Significance (*p) is considered at P < 0.01; 95 % confidence interval. IT12, IT08,
IT09, IT94, IN07, IG29, IP15, IP17, IG97 are the identifiers of baboons from which the IgG
was purified. Details of vaccination experiment has been given previously[18].
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Figure 5.
mRNA expression of different cytokines after Sm-p80 stimulation of splenocytes from
homologous (Ho) and hetrologous (He) transfer animals. The cytokines which either
induced or inhibited after Sm-p80 stimulation are included in the figure; the left panels (A
and C) are homologous control (HoC) and heterologous control (HeC) groups respectively;
similarly the right panels (B and D) represent experimental groups of the homologous (HoE)
and the heterologous (HeE) transfer experiments.
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Figure 6.
mRNA expression of different cytokines after Sm-p80 stimulation in antibody knockout
(µMt−/−; B10.129S2 (B6)-Igh-6tm1Cgn/J) and normal C57BL/6 mice. The cytokines which
either upregulated or down-regulated after Sm-p80 stimulation are included in the figure; the
upper panels (left and right) are knockout control (KoC) and knockout experimental (KoE);
and similarly lower panels (left and right) represent control (NC) and experimental (NE)
normal C57BL/6 mice respectively.
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Figure 7.
A Flow cytometric analysis after 24h incubation without rSm-p80 (Mock) or with rSm-p80
stimulation. CD3 membrane marker gating is used to see IFN-γ production from CD3
positive CD8 T cells. Intracellular secretion of IFN-γ in splenocytes of control (ODN
immunized) and experimental (rSm-p80 + ODN immunized) groups of both knockout (µMt
−/−; B10.129S2 (B6)-Igh-6tm1Cgn/J) (KoC) and normal C57BL/6 (NC) mice.
B Flow cytometric analysis after 24h incubation without rSm-p80 (Mock) or with rSm-p80
stimulation. CD3 membrane marker gating is used to see IL-4 production from CD3 positive
CD8 T cells. Intracellular secretion of IL-4 in splenocytes of control (ODN immunized) and
experimental (rSm-p80 + ODN immunized) groups of both knockout (µMt−/−; B10.129S2
(B6)-Igh-6tm1Cgn/J) (KoE) and normal C57BL/6 (NE) mice.
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Table 2

Proliferation of splenocytes of homologous and heterologous mice as well as the (µMt−/−; B10.129S2 (B6)-
Igh-6tm1Cgn/J) knockout and normal C57BL/6 mice after in vitro rSm-p80 stimulation

Groups
(Transfer/Immunization)

Stimulation™

n Mock (media) Con A Sm-p80

HoC (Sera) 10 11.4 57.7 15.4

HoE (Sera) 10 10.2 46.6 25.9*

HeC (IgG) 20 4.5 28.4 12.3

HeE (IgG) 35 10.2 48.0 21.8*

KoC (ODN) 9 5.0 46.1 31.9

KoE (ODN + rSm-p80) 9 32.0 74.4 58.0**

NC (ODN) 10 47.6 76.3 50.3

NE (ODN + rSm-p80) 10 36.2 114.1 71.3**

The given codes: HoC, Homologous Control; HoE, Homologous Experimental; HeC, Heterologous Control; HeE, Heterologous Experimental; NC,
Normal C57BL/6 control; NE, Normal Experimental; KoC and KoE are Knockout control and experimental C57BL/6 mice respectively. KoC and
NC were immunized with ODN, but KoE and NE were immunized with rSm-p80 plus ODN; ODN, oligodeoxynucleotides; ™Proliferation of
splenocytes in percent

*
p < 0.01,

**
p < 0.001
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