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INTRODUCTION

Chronic helminth infections are associated with impaired 
immune responsiveness [1], and helminth parasites have been 
widely attributed with the ability to manipulate and down-
modulate protective immune responses [2]. Schistosoma man-
soni infection, a chronic disease of the tropics is caused by dis-
seminated worm eggs that induce CD4+ T-cell mediated granu-
lomatous inflammation, fibrosis, and occasional death [3]. In 
the murine model of the disease, the acute stage (8-10 weeks) 
of the vigorous granulomatous response dominated by type 2 
cytokine production is spontaneously down-modulated at the 
chronic stage (16-20 weeks) with diminished granuloma de-

velopment [3]. The factors relevant to immune-modulation of 
granuloma size include CD8+ suppressor effector cells, CD4+ 
suppressor inducer and effector cells, macrophages, cross-regu-
lation of Th1 and Th2 cells, antiidiotypic antibodies (Schistoso-
ma japonicum) and antiidiotypic T cells (S. mansoni and S. ja-

ponicum) [4]. 
Immunization using soluble egg antigen (SEA) from S. man-

soni has been shown to provide immunity in mice, thus pro-
tecting the mice from challenge by S. mansoni cercariae. This 
protective immunity was characterized as a SEA-specific T-cell 
proliferation accompanied by IFN-γ and IL-2 production and 
cytotoxic CD8+ T-cell activation, which contributed to a marked 
reduction in the number of granulomas and the amount of fi-
brosis, leading to survival of the mice [5]. Taking advantage of 
the naturally occurring regulatory system for the purpose of re-
ducing the excessive granulomatous inflammation in schisto-
somiasis has been achieved by Sadler et al. [6]. In the same 
context, the induction of granuloma hyporesponsiveness has 
been achieved by repeated injection with eggs or SEA in S. man-
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soni infection and in S. japonicum infection [7].
In recent years, a new category of CD4+ CD25+ T regulatory 

(Treg) lymphocytes have been identified that maintain immune 
tolerance to self and they are involved in immune regulation 
of various conditions, such as autoimmune diseases [8], graft 
organ transplantation, and infectious diseases [9]. In infec-
tious diseases, Treg may be induced in antigen-specific manner 
and may suppress tissue destruction resulting from immune 
responses [10]. Several publications indicated that the CD4+ 
CD25+ Treg subset, which spontaneously arises in the thymus 
[11], can also be peripherally induced by antigen [12] and 
functions in the regulation of parasite-induced immunopa-
thology [13]. 

More recently, the Foxp-3 gene which encodes a forkhead-
winged helix transcription factor Scurfin [14] was found to be 
expressed by and required for the generation of CD4+ CD25+ 
Treg [15]. The aim of this study is to localize CD4+ CD25+ T 
cells within the liver granulomas of both infected and immu-
nized mice. It was of interest to characterize their function and 
association with Foxp-3 gene expression and changes in the 
dynamics of splenic cytokine profiles in order to clarify their 
role in the regulation of egg-induced immunopathology. 

MATERIALS AND METHODS

Animals and parasites 
C57BL/6 mice (6-8 weeks old) were obtained from the Schis-

tosome Biological Supply Program, Theodor Bilharz Research 
Institute (SBSP, TBRI, Giza, Egypt) and kept under standard 
housing conditions. All procedures related to animal experi-
mentation met the International Guiding Principles for Bio-
medical Research Involving Animals as issued by the Interna-
tional Organizations of Medical Sciences.

Preparation of S. mansoni soluble egg antigen (SEA)
S. mansoni SEA was purchased from SBSP, TBRI. The crude 

SEA preparation was purified, sterilized by filtration through 
0.45 µm filters (Nalgene Brand Product, Sybran Corp., Roch-
ester, New York, USA) and the protein content was estimated 
using the Bio-Rad kit (Bio-Rad Laboratories, Hercules, Califor-
nia, USA) according to Bradford [19].

Experimental design
The mice were divided into 3 groups (20 per group). One 

group was immunized 7 days before infection; animals were 

intravenously injected with 4 doses (10 µg of the SEA each in 
10 µl PBS) given 2 days apart (SEA group). The second group 
(infected group) received no immunization before infection. 
All animals in the previously mentioned groups were infected 
by tail immersion with 25 cercariae of an Egyptian strain of S. 
mansoni. A third group, untreated and not infected, was used 
as uninfected control. Mice were sacrificed at weeks 8 and 16 
post-infection (PI).

Parasitological parameters
Worm burden

Perfusion of adult worms from the liver and porto-mesen-
teric system was performed 8 and 16 weeks after infection ac-
cording to Duvall and Dewitt [20].

Tissue egg load
The number of eggs per gram tissue (liver and intestine) was 

studied according to the procedure by Cheever [21].

Oogram pattern
The percentages of immature, mature, and dead ova in the 

small intestines were computed from a total of 100 eggs per 
intestinal segment and classified according to the categories 
previously defined by Pellergrino et al. [22].

Histopathological study
Granuloma measurement

Livers of mice were fixed in 10% buffered formalin, processed 
into paraffin blocks, serially cut at 4 μm thickness, and stained 
with hematoxylin and eosin. Hepatic granuloma measurements 
were done according to Von Lichtenberg [23] using an ocular 
micrometer for those containing a central ovum only.

The percent reduction in granuloma diameter relative to the 
infected controls was calculated as follows: 

                                          Mean diameter of control’s 
     % reduction of                - mean diameter of test’s
granuloma diameter =                                                           ×100

                                     Mean diameter of control group

Counting was carried out in 5 successive microscopic fields 
(10×10) in serial tissue sections of more than 250 μm apart.

Granuloma isolation and cell separation
Hepatic granulomas were isolated and enzymatically dis-

persed according to Ragheb and Boros [24]. Granuloma cells 
were used for the CD4+ CD25+ T regulatory cell separation. 
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Some of the granuloma samples were mixed with Trizol (Invi-
trogen, Carlsbad, California, USA) and immediately frozen in 
liquid nitrogen for RNA preparation.

Flow cytometric enumeration of Tregs cells in hepatic 
granuloma

Granuloma cells were isolated from the liver tissue of infect-
ed mice as described by Ragheb and Boros [24]. Briefly, livers 
were perfused with sterile PBS to remove blood cells. The tis-
sue was passed through a sterile stainless sieve and washed 
twice with cold PBS. The pellet of granulomas was resuspend-
ed in RPMI 1640 medium containing 1 mg/ml collagenase D 
(Roche) and 4 U/ml DNase I (Invitrogen) and digested for 20-
30 min at 37˚C. The digested material was passed through a 
cell strainer (100 µm) and washed twice with RPMI 1640 me-
dium. Erythrocytes were lysed with ACK buffer (PharMingen, 
Country), and cells were washed twice with RPMI 1640 medi-
um. Cell suspension were stained by adding 10 µl of anti-CD4 
FITC labeled and 10 µl of anti-CD25 PE and then sorted for 
the 2 target populations by flow cytometry using FACS Calibur 
Sorter (BD Biosciences, Sunnyvale, California, USA).

Measurement of FOXP-3 by real-time PCR
RNA was extracted from the frozen liver samples using Trizol 

(Invitrogen). Isolated pure RNA for reverse transcriptase-poly-
merase chain reaction (RT-PCR) was prepared by treating RNA 
samples with RNase free DNAse I (Promega Corporation, Madi-
son, Wisconsin, USA). Further, samples were extracted with 
buffered phenol and then chloroform: isoamylalcohol (24:1). 
The recovered RNA was ethanol precipitated and stored in 
RNAse-free distilled water. The purity of RNA samples was as-
sessed spectrophotometrically. The presence of relative mRNA 
species was evaluated by the SYBR Green method using the 
ABI Prism 7700 Sequence Detector System (Applied Biosys-
tems, Foster City, California, USA). Primers were designed for 
PCR by using Gene Runner Software (Hasting Software, Inc., 
Hasting, New York, USA). The RNA sequences used for primer 
design were obtained from the Gene Bank (forward, 5́ -GGC 
CCT TCT CCA GGA CAG A-3́  and reverse 5́ -GCT GAT CAT 
GGC TGG GTT GT-3́ ). All primer sets had a calculated anneal-
ing temperature of 60°. RT-PCR was performed in duplicate in 
a 25 µl reaction volume containing 2X SYBR Green PCR Master 
Mix (Applied Biosystems), 900 nm of each primer, 2-3 µl of 
cDNA and the volume was adjusted with pure distilled water. 
The RT-PCR amplifications were 2 min at 50° followed by 40 

cycles of denaturation for 15 sec and annealing⁄extension at 
60° for 1 min. Real-Time PCR data were analyzed using v.1.7 
Sequence Detection Software (PE Biosystems, Foster City, Cali-
fornia, USA). Relative expression of the genes was calculated 
by using the comparative CT method as described earlier by 
Gerard et al. [25]. Relative transcript levels were normalized to 
the 18s rRNA genes. For comparison, transcript levels of naive, 
uninfected mice were set at 1 and data from infected mice are 
reported as fold increase over 1 baseline. Dissociation curves 
were used to verify the specificity of the PCR products.

Cytokine measurements
Splenic cells were cultured at a concentration of 1×106 cells/

ml in 24-well microtitre plates (Corning Glass Works, Corn-
ing, New York, USA) in the presence of 5 µg/ml SEA. The cul-
ture supernatants were harvested at 24 hr to assay IL-4 and IL-
10, TNF-α and TGF-β, and at 72 hr for INF-γ measurement 
[26]. The supernatant was stored at -20˚C until assayed. Cyto-
kines were assayed by sandwich ELISA, using a cytokine detec-
tion kit (Genzyme Immunobiologicals, Cambridge, Massa-
chusetts, USA). The level of cytokines was calculated by refer-
ence to standard curves constructed with unknown amounts 
of all the studied cytokines in (pg).

Statistical analysis
Data are expressed as the mean±SD. Comparison between 

the mean values of different parameters in the studied groups 
was performed using 1-way ANOVA test, with post-hoc using 
LSD test. The data were considered significant if P-value was 
≤0.05. Statistical analysis was performed with the aid of the 
SPSS computer program (version 16 windows). 

RESULTS

Parasitological and histopathological parameters
The results in Table 1 show significant reduction in the gran-

uloma diameter (21%) on comparing SEA immunized group 
with the infected control group. Moreover, a significant reduc-
tion was also noticed in the mean number of S. mansoni adult 
worms, the mean number of ova/gram tissue (liver and intes-
tine) and The percent of immature ova at both at weeks 8 and 
16 PI in the group immunized with SEA compared to the in-
fected control groups (P <0.01). In contrast, the percent of 
dead ova was higher at weeks 8 and 16 PI in the immunized 
group compared to the infected control.
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Flow cytometric enumeration of Treg cells in hepatic 
granuloma

The percentage of T regulatory cells (CD4+ CD25+) was in-
creased significantly (P<0.01) in the immunized group com-
pared to the infected control at weeks 8 and 16 PI (Fig. 1) 

FOXP-3 expression in granulomatous livers of the 
different studied groups using quantitative real time PCR

The FOXP-3 expression in hepatic granuloma was increased 
from 10 fold at 8 weeks to 30 fold at week 16 PI in the infected 
control group. However, its expression in the immunized 
group showed increase from 30 fold at week 8 to 70 fold at 
week 16 PI (Fig. 1). 

 
Splenic cytokine measurements

At week 8 PI, the profiles of pro-inflammatory splenic cyto-
kines levels, IFN-γ, TNF-α, and IL-4, were decreased significant-
ly (P<0.05, P<0.05, and P<0.01, respectively), while the lev-
els of the anti-inflammatory cytokine, IL-10 and TGF-β, were 

significantly increased (P<0.05) in immunized SEA immu-
nized group when compared with their corresponding S. man-

soni-infected group (Fig. 2). However, at week 16 PI, there is no 
significance difference between the levels of the different splen-
ic cytokines in both infected control and immunized groups.

DISCUSSION

An early paradigm of anti-helminth immune responses was 
based upon Th1/Th2 dichotomy, with resistance to schisto-
some infection being associated with Th2 responses [27]. Be-
cause it is now evident that the Th1/Th2 dichotomy does not 
sufficiently explain the balance between susceptibility and re-
sistance to helminth infections [28], there is increasing interest 
in the ability of regulatory T cells to modulate effector T cell 
responses. The beneficial nature of such regulation is suggested 
by previous findings that during infection with schistosomes, 
both Th1 and excessive Th2 responses directed against egg Ag 
can have highly deleterious consequences [29]. A lot of trials 

Table 1. Parasitological parameters detected at week 8 post-infection in animal groups

Animal groupsa Granuloma diameter Worm load Hepatic ova Intestinal ova Oogram immature Pattern mature Dead stage

Infected group.
  (8 weeks)

259.0±9.8 35.0±0.3 8,590±90.0 18,110±88.6 45.2±0.2 45.6±0.5 10.5±0.2

Immunized group 
  (8 weeks)

204.5±5.9b 18.2±0.5b 4,910±26.3b 8,895±70.0b 35.2±0.2b 45.5±0.6 18.7±1.2b

% Reduction 21% 48% 42.8 % 50.8% 23.1% Increased
43.8 %

Infected group 
  (16 weeks)

214.8±6.4 30.5±0.2 648±50.3 17,775±13.3 45.2±0.2 40.6±0.5 15.5±0.2

Immunized group 
  (16 weeks)

182.3±9.5b 17.4±0.3b 201±22.0b 7,973±20.5b 35.2±0.2b 40.5±0.6 25.7±1.2b

% Reduction 15% 49% 38.8% 45.8% 19.1% Increased
39.6 %

a10 mice in each group.
bSignificant difference from infected controls (P<0.01).

Fig. 1. Percentage of CD4+ CD25+ T regulatory cells subset and 
in Foxp-3 expression granulomas of the different studied groups.
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have been conducted to find a possible way for ameliorating 
schistosome infection severity or morbidity by inhibition of 
host reaction around S. mansoni eggs [30]. 

Natural Treg cells have a major role in the control of immune 
responses in multiple settings, including thymic development, 
autoimmunity, atopic allergy, transplantation, and infectious 
diseases. In human paracoccidiomycosis, CD4+ CD25+ Treg 
cells accumulate in characteristic granulomatous lesions and 
exert strong suppressive activity on effector cells, implying that 
Treg cells might contribute to the regulation of these lesions. 
In experimental schistosomiasis and the schistosome egg in-
jection model, Treg is reported to control both Th1 and Th2 
aspects of the immune response and play important roles in 
minimizing pathology during schistosome infections [31].

In murine schistosomiasis, the granuloma evolves through 
3 stages, the primary response, the secondary vigorous and the 
secondary modulated stages [32]. Based on this categorization, 
the dynamics of immunoregulatory responses were studied at 
weeks 8 and 16 PI. Repeated intravenous injection with anti-
gens before infection intiated primary and secondary respons-
es earlier than in natural infection. 

In this work, phenotypic T cell subsets showed significantly 
increased percentage of T regulatory cells (CD4+ CD25+) in the 
SEA immunized infected group compared to the correspond-
ing infected control group at weeks 8 and 16 PI. Similar increase 
in CD4+ CD25+ cells following egg antigen immunization was 
previously noticed in S. mansoni and S. japonicum infection [33]. 
Following T-cell receptor engagement, CD4+ CD25+ T cells can 
suppress the activation and proliferation of other CD4+ and 
CD8+ T cells in an antigen non-specific manner [34] partly by 
inhibiting IL-2 production [35]. 

The regulatory activity of Treg cells appears to stem from 
their expression of Foxp-3, a transcription factor that acts as an 
important regulator of the Treg phenotype [36]. Indeed, we 
found that Foxp-3 was highly expressed in CD4+ CD25+ T cells 
from S. mansoni egg antigen-immunized mice compared to in-
fected control group at both weeks 8 and 16. The differences 
in T cell subset profile within the hepatic granuloma might be 
reflected by the functional activity of T cells. Thus, the reduc-
tion in granuloma diameter was concurrently associated with 
increased CD4+ CD25+ T cells and elevated Foxp-3 transcripts. 
Our results was with agreement with Maher et al. [37] who 
stated that at 16 weeks of the infection, the livers of mice bear-
ing the down-modulated granulomas had greatly elevated 
Foxp-3 transcripts. Moreover, the percentage of CD4+ CD25+ 

cells greatly increased within the down-modulated granulo-
mas. Our data also revealed decrease of IL-4, a Th2 cytokine, 
in SEA immunized group compared to the infected control 
group at week 8 PI. This observation was consistent with a sig-
nificant increase in CD4+ CD25+ T cells [38].

In this study, administration of SEA prior to infection result-
ed in decreased worm load, hepatic and intestinal ova together 
with change in oogram pattern. This could be due to enhance-
ment of immune response or would be acting as assort of pri-
mary infection that somewhat hinders the challenge one. Sim-
ilarly, immunization with SEA of lung stage schistosomula pri-
or to infection induced protective effect, manifested by reduc-
tion in parasitological parameters, increased levels of specific 
immunoglobulins as well as raised hepatic mRNA expression 
of TNF-α and TGF-β [39]. In the present work, at week 8 PI, 
the levels of IFN-γ and TNF-α in SEA immunized group were 
significantly reduced compared to the infected controls, show-
ing the most pronounced reduction of granuloma diameter. 
The cytokines play an important role in regulation of the in-
flammatory granulomatous response in schistosomiasis [40]. 
IFN-γ and TNF-α appears to play an important role in the gen-
eration and maintenance of egg induced granuloma [41]. The 
diminished focal and systemic production of IFN-γ and TNF-α 
may be implicated in the downmodulation of the granuloma-
tous response [42] It is possible that the acceleration of destruc-
tion of ova may have resulted in decreased liberation of egg 
antigens into circulation to a level unable to stimulate splenic 
cells to secrete these cytokines.

The requirement for IL-10 is critical in several important hu-
man diseases, including schistosomiasis, wherein marked in-
creases in host morbidity and mortality are observed when IL-
10 levels are low or absent [43]. In murine S. mansoni infec-
tion, IL-10 reduces hepatocyte damage induced by the eggs of 
the parasite, is essential for maintenance of a non-lethal chron-
ic infection and inhibits inappropriate immune responses in 
experimental models [43]. CD4+ CD25+ T cells secrete immu-
nosuppressive cytokines, like IL-10 and TGF-β [44]. Our data 
revealed significantly elevated IL-10 and TGF-β in SEA immu-
nized group compared to the infected control group at week 8 
PI. Thus, in this study on murine S. mansoni infection, CD4+ 
CD25+ T cells were, at least in part, an important contributor 
to IL-10 production. Thus, blocking IL-10 or modulating CD4+ 
CD25+ T cells could control helminth infection [41]. 

In summary, the present study has shown that the magnitude 
and phenotype of the egg-induced effect on T helper response 
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were found to be controlled by a parallel response within the 
T regulatory population. In agreement with previous publica-
tions CD4+ CD25+ Treg cells provide protection not only in 
autoimmune but also in worm parasite-induced immuopa-
thology. Artificially enhanced induction of Treg cell activity 
may thus be considered as a modality in the suppression of 
the schistosome egg-induced immunopathology.
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