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Short Communication

Maternal schistosomiasis: IL-2, IL-10 and regulatory T 
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Abstract
Introduction: We evaluated IL-10, IL-2 and regulatory T cells (Treg), in response to ovalbumin (OA), in offspring from 
schistosomotic mouse mothers. Methods: We used animals born (BIM) or suckled (SIM) from infected mothers; and mice 
born/suckled from infected (BSIM) or non-infected mothers (CONTROL). After OA+adjuvant immunization, spleen cells 
were cultured, with or without OA, and doubly marked for cytometry. Results: BIM showed fewer CD4+/IL-2+ and more 
B220+/IL-10+ cells, whereas the SIM group showed increased Treg frequency. BSIM had fewer B220+/IL-10+ and Treg cells. 
Conclusions: Separately, gestation or nursing induced immunosuppressive cells in infected mothers, but improved anti-OA 
immunity when combined. 
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Schistosoma mansoni infection is highly prevalent in 
tropical regions, including Northeast and Southeast Brazil1. 
In endemic regions, there is a high prevalence of Schistosoma 
infections in pregnant women2. During the chronic phase 
of schistosomiasis, egg antigens induce T-helper 2 (Th2)-
dependent granuloma [interleukin (IL)-4, IL-13, IL-5, and 
eosinophils], which negatively regulate the Th1 response 
[interferon gamma (IFN-γ), tumor necrosis factor alpha 
(TNF-α), and macrophages],  triggered by infectious larvae or 
heterologous antigens3. IL-10, Treg and regulatory B (Breg) 
cells down-regulate both the Th1 and Th2 immune responses 
during the chronic phase4,5. 

The attenuation of the granulomatous inflammatory response 
was also observed in the offspring of infected mothers6. This 
immunomodulatory phenomenon of homologous antigen was 
associated with the transfer of parasite antigens or anti-parasite 
antibodies through the placenta or breast milk7. However, very 
little is known about the alterations of the immune response 
to heterologous antigens in the offspring of schistosomotic 
mothers8,9. 

In an experimental model, this phenomenon was shown to be 
related to the effects of pregnancy or nursing in infected mothers 
on the immune response to ovalbumin (OA). Suckling from 
infected mothers enhanced the OA-specific humoral response 
and IL-2 secretion. In contrast, gestation in S. mansoni-infected 
mice impaired OA-specific humoral immunity in an IL-10-
dependent manner10. Here, the production of IL-10 and IL-2 in 
immune cells was investigated, as well as the frequency of the 
Treg cells, in response to OA in these offspring.

Four-week-old, female Swiss Webster mice were infected 
with 20 S. mansoni cercariae, São Lourenço da Mata (SLM) 
strain. At 60 days post-infection, the females were caged with 
male mice at a 1:1 ratio. The same procedure was performed with 
non-infected females. Immediately after birth, the newborns 
from S. mansoni-infected or non-infected mothers were housed 
in cages with interchanged mothers. After adoptive nursing, 
four groups of male mice were formed (n=10): offspring 
mice born from infected mothers (BIM) suckling from non-
infected mothers; offspring of non-infected mothers suckling 
from infected mothers (SIM); and two groups of mice born 
and suckling from infected mothers (BSIM) or non-infected 
(CONTROL) mothers. Six-week-old mice were immunized, 
subcutaneously, with 100µg of ovalbumin (OA) (grade V; 
Sigma-Aldrich) emulsified in complete Freund’s adjuvant 
(CFA) (Sigma-Aldrich), at the base of the tail (0.1ml/animal). 
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FIGURE 1: Frequency of CD4+ and IL-2+(A) or FoxP3+(B) cells in adult mice born (BIM) or suckling in infected mothers (SIM); mice born and suckling 
in infected (BSIM) or non-infected mothers (CONTROL) when immunized with OA+CFA. 5 × 105 cells cultured with OA (500µg/ml), or not, were labeled 
with FITC anti-CD4 and PerCP anti-IL2 (A) or PE anti-FoxP3 (B). SIM: suckling in infected mothers; BSIM: born and suckling from infected mothers;  
BIM: born from infected mothers; CONTROL: non-infected mothers; OA: ovalbumin; CD4+: cluster of differentiation 4+; IL: interleukin; CFA: complete 
Freund’s adjuvant; FITC: fluoresceína isotiocianato; PE: phycoerythrin. *p <0.05 when compared to respective CONTROL groups.

The mice were housed in the animal care facility at the Aggeu 
Magalhães Institute, Oswaldo Cruz Foundation-FIOCRUZ, 
Recife, PE, Brazil. 

After 8 days of immunization, the spleen cell suspension 
was aseptically obtained and cultivated (humidified incubator 
CO2; at 37°C) at a final concentration of 5×106 cells/ml with 
OA (500μg/ml) or without antigenic stimulus, or in only 
culture medium (non-stimulated cells), for 24h. Double 
labeling was performed after incubation (4oC, 30 min) with 
fluorochrome-labeled antibody solutions, at a concentration 
of 0.5mg/106 cells: PE-Cy5 (phycoerythrin and cyanine) 
anti-mouse cluster of differentiation (CD)3, fluoresceína 
isotiocianato (FITC) anti-mouse B220, or FITC anti-mouse 
CD14 plus PE anti-mouse IL-10; FITC anti-mouse CD4 
and Peridinin-Chlorophyll-protein (PerCP) anti-mouse IL-2 
or PE anti-mouse FoxP3 (BD Biosciences). After washing, 
the cells were analyzed by flow cytometry (FACSCalibur, 
BD-Pharmingen, San Diego, CA, USA). The frequency of 
positive cells was analyzed using the program Cell Quest: 
The lymphocyte region was determined using a granularity 
SSC (Side Scatter) and size FSC (Forward Scatter) plot. 
Antigen-presenting cells were selected based on granularity 
and expression of CD14+ or B220+. Limits for the quadrant 
markers were always set based on negative populations and 
isotype controls. A descriptive analysis of the frequency of 
cells in the upper right quadrant (double-positive cells) was 
performed. Statistical differences (p < 0.05) between groups 
were assessed using a one-way analysis of variance and 
Mann-Whitney test. All procedures were repeated three times. 

After 8 days of OA in vivo immunization, the non-stimulated 
cell cultures from the offspring born from schistosomotic 
mothers showed significantly lower CD4+/IL-2+ cell frequency 
(SIM=0.3%; BIM=0.1%; BSIM=0.1%; CONTROL=0.4%). 

Upon in vitro OA stimulation, low CD4+/IL-2+ frequency 
was observed in the SIM group when compared to CONTROL 
and other experimental groups (SIM=0.2%; BSIM=0.5%; 
BIM=0.8%; CONTROL=0.8%) (Figure 1A). With regards to 
CD4+/FoxP3+ cells, we observed high frequency in the SIM 
group, without in vitro antigenic stimulus, when compared 
to that in the CONTROL group (SIM=1.5%; BSIM=0.6%; 
BIM=0.6%; CONTROL=0.4%) (Figure 1B). 

With regards to CD3+ (Figure 2A), B220+ (Figure 2B), 
CD14+ (Figure 2C) cells and IL-10 production, there was a 
significantly increased B220+/IL-10+ cell frequency in the 
BIM group when stimulated with OA, in comparison to that of 
non-stimulated cells (Figure 2B). 

Based on these results, pregnancy affords a decrease in 
intracellular IL-2 production by T lymphocytes and favors the 
presence of B lymphocytes with IL-10. These finding suggest 
the existence of an immune-suppressive background, that may 
be due to the passage, through the placenta, of antigens from 
eggs and worms of S. mansoni, inducing the generation of IL-10-
producing dendritic cells and B lymphocytes11,12. It is important 
to mention that after in vitro OA restimulation, IL-2 production 
was recovered and a higher frequency of IL-10-producing 
B lymphocytes was achieved. Taken together, these results 
suggest partial impairment of the anti-OA immune response in 
BIM mice. In fact, we observed notable damage to the humoral 
response (antibodies production) and a slight alteration in 
cellular immunity in response to OA in these offspring10. 

Previous contact with milk from infected mothers improved 
Treg cell frequency after in vivo OA immunization. It is possible 
that the parasitic antigen properties in eliciting Treg cell responses4, 
together with the suppressive microenvironment of the gut 
mucosa13, enabled this Treg background. Nevertheless, the OA 
restimulation in vitro lowered the Treg levels (Figure 1B, white bar).  
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FIGURE 2: Frequency of CD3+(A), B220+(B), or CD14+(C) cells, and IL-10+ in adult mice born (BIM) or suckling in infected mothers (SIM); mice born and 
suckling in infected (BSIM) or non-infected mothers (CONTROL) when immunized with OA in CFA. 5 × 105 cells cultured with OA (500µg/ml), or not, were 
labeled with PE-Cy5 anti-CD3(A), FITC anti-B220(B), or FITC anti-CD14(C), and PE anti-IL-10. SIM: suckling in infected mothers; BSIM: born and suckling 
from infected mothers; BIM: born from infected mothers; CONTROL: non-infected mothers; CD: cluster of differentiation; IL: interleukin; OA: ovalbumin; 
CFA: complete Freund’s adjuvant; FITC: fluoresceína isotiocianato; PE: phycoerythrin. *p <0.05 when compared to non-stimulated cells from BIM groups.
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These results suggest that immunization with CFA followed by 
a boost antigen (for example, in vitro restimulation) can render 
Treg-mediated immune regulation defective. APC-derived 
cytokines and intracellular signal transduction pathways induce 
an anti-OA stimulatory environment that can hinder Treg cell 
activation14. Interestingly, intracellular IL-2 production by 
lymphocytes in response to OA was not observed. This could 
be due to its rapid secretion after in vitro antigenic stimulus. In 
agreement with this, high levels of this cytokine were detected 
in the supernatant from the SIM group cell culture10.

Interest ingly,  the  BSIM group had at tenuated 
immunosuppressive cells compared to the SIM and BSIM 
groups: few Treg cells plus the recovery of IL-2 production 
and low induction of B220+IL-10+ cells in response to OA. 
Our results therefore highlight the importance of pregnancy 
followed by nursing for controlling immunosuppressive status 
of offspring during their adult life.

The expansion of Breg and Treg cell types (IL-10/IFN-γ 
double producers and Foxp3+ Tregs) might contribute to 
prevention of diabetes in Non Obese Diabetic (NOD) or asthmatic 
mice5,15. Previously, S. mansoni antigens were able to inhibit the 
Th1-mediated autoimmune disease Type 1 diabetes15, as well as 
Th2-meditated allergic diseases. Therefore, the demonstration of 
resistance or susceptibility of offspring during the development 
of allergic disorders that are inherently Th2-driven, as compared 
with Inflammatory Bowel Disease (IBD), in which the 
pathophysiology is mediated by Th1/Th17 responses, would be 
important to identify the regulatory mechanism in offspring from 
schistosomotic mothers.

These results suggest that contact with parasitic antigens 
in early life can modulate immunity to non-related antigens, 
such as those of autoimmune diseases, allergies, heterologous 
infections, and vaccines in individuals from areas endemic for 
schistosomiasis.
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