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We previously reported the association of the major histocompatibility complex class II HLA-DQB1*0201
allele with hepatosplenic schistosomiasis. The aim of this study was to evaluate the cytokine responses of
peripheral blood mononuclear cells (PBMCs) and the serum levels of immunoglobulin isotypes. The study
population was selected from a schistosomiasis endemic area. No significant differences in cytokine pro-
files were detected in PBMCs stimulated with Schistosoma mansoni soluble egg antigen (SEA), regardless of
the subjects DQB1*0201 genotype or infection status. However, previously infected DQB1*0201 positive
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The major outcome of a Schistosoma mansoni infection is
hronic hepatosplenic schistosomiasis in which granulomatous
nflammation and fibrosis of the liver leads to potentially fatal
ortal hypertension (Andrade, 2004). Approximately 5% of indi-
iduals living in S. mansoni endemic areas develop hepatosplenic
isease despite treatment (José C. Bina, personal communica-
ion). The investigation of host genetic determinants for disease
everity is a developing field in schistosomiasis research, and cer-
ain major histocompatibility complex (MHC) alleles have been
ssociated with schistosomal hepatosplenomegaly. Among Egyp-
ian individuals, positive associations were reported for human
eukocyte antigen (HLA) A1 and B5 (Salam et al., 1979), A2
nd B12 (Hafez et al., 1991), B5 and DR3 (Assaad-Khalil et
l., 1993) and a gamma interferon (IFN-�) gene polymorphism
Blanton et al., 2005). In a study in Southern Brazil, however,
o association was observed between HLA-A1 or B5 expression
nd hepatomegalic disease (Cabello et al., 1991). In northeast-
rn Brazil, we previously studied three loci (DRB1, DQA1, and

QB1) and detected an association between DQB1*0201 and hep-
tosplenic disease (Secor et al., 1996). The same allele, especially
n combination with DRB1*0301, was subsequently associated

ith post-schistosomal hepatic fibrosis caused by Schistosoma
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er levels of IgG4 compared to DQB1*0201 negative individuals (P < 0.05).
© 2008 Elsevier B.V. All rights reserved.

aponi (S. japonicum) infection in Chinese patients (Hirayama et al.,
999).

It is possible that these genetic determinants may interfere
n schistosomal pathogenesis and the host immune response. For
nstance, late stage human infection is characterized by polarization
rom a potentially protective Th1-type immune response to a Th2-
ype response (Pearce and MacDonald, 2002). In addition, there is
trong evidence from animal models to support the involvement
f a Th2-type response in the severity of granulomatous inflam-
ation and fibrosis of the liver (Farah et al., 2000; Reiman et al.,

006). However, the association is unclear in humans as peripheral
lood mononuclear cell (PBMC) responses have been associated
ith higher levels of either tumor necrosis factor alpha (TNF-�)

Mwatha et al., 1998) or interleukin (IL)-13, IL-4, IL-5 and IL-10 that
ave been linked to progressive or end-stage liver disease (de Jesus
t al., 2004; Montenegro et al., 1999; Alves Oliveira et al., 2006).
n additional mechanism may involve the expression of differ-
nt immunoglobulin isotypes as they have been associated with
rotection and susceptibility to re-infection (Demeure et al., 1993;
aldas et al., 2000). The present report focuses on the influence of
he HLA-DQB1*0201 allele on immune response-related cytokine
roduction and immunoglobulin isotype production.

The study population was selected from a schistosomiasis

ndemic area (Itaquara, Bahia, Brazil). Field studies have been car-
ied out at this location since 1989 when the overall prevalence
f S. mansoni infection was 90%. Annual surveys are carried out
n this region for schistosomiasis and other helminth infections
nd any infected individuals are subsequently treated. Thirty-three

http://www.sciencedirect.com/science/journal/0001706X
http://www.elsevier.com/locate/actatropica
mailto:miter@bahia.fiocruz.br
dx.doi.org/10.1016/j.actatropica.2008.04.004
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ndividuals resident in the endemic region and previously treated
or a S. mansoni infection were selected for inclusion in this study.
pon re-evaluation, 23 volunteers were negative by stool sam-
le for S. mansoni eggs (egg-negative), while 10 individuals had
een reinfected (egg-positive) by S. mansoni. The HLA-DQB1*0201
tatus of the egg-negative (previously infected) group was deter-
ined as negative (n = 14) or positive (n = 9) as described previously

Secor et al., 1996). Egg-positive (re-infected) individuals included
even positive individuals and three negative individuals for the
LA-DQB1*0201 genotype. All individuals provided informed writ-

en consent and samples were collected according to protocols
pproved by the Human Ethical Committee of the Oswaldo Cruz
oundation. All infected individuals in the study were subsequently
reated for schistosomiasis and other parasitic infections.

Peripheral blood mononuclear cells (PBMCs) were isolated from
0 ml heparinized blood by density gradient centrifugation on
icoll Histopaque (Sigma–Aldrich, St. Louis, MO, USA) as described
reviously (Velupillai et al., 2000). PBMCs were cultured with sol-
ble egg antigen (SEA) from S. mansoni (5 �g/ml), Concanavalin
(5 �g/ml), or medium alone as a control. SEA was prepared as

escribed elsewhere (Harn et al., 1989). Supernatants were col-
ected at 24 h for IL-10 and TNF-� and at 72 h for IL-5 and IFN-�.
andwich ELISAs were performed following the manufacturer’s
nstructions for TNF-�, Duo-set kit (R&D System, Minneapolis, MN,
SA); IFN-� kit from Genzyme (Cambridge, MA, USA) and IL-5 and

L-10 kits from PharMingen (BD, Mountain View, CA, USA).
Specific levels of IgM, IgA, IgE, IgG1, IgG2, IgG3 and IgG4 against

. mansoni SEA were analyzed by ELISA, as described previously
Li et al., 1995). Briefly, microtiter plates were incubated with the

ollowing antibodies diluted in PBS-Tween 80 (0.05%): monoclonal
nti-human IgA (1:15,000), anti-human IgE (1:2500), purified anti-
uman IgM (1:15,000) conjugated to peroxidase and monoclonal
nti-human IgG1 (1:2000), IgG2 (1:15,000), IgG3 (1:2000) and IgG4
1:15,000) conjugated to biotin (Sigma–Aldrich). Tetramethylben-

n

l
e
d

ig. 1. Cytokine production in PBMCs from HLA-DQB1*0201 positive and negative individ
timulated with SEA, Concanavalin A or RPMI medium were evaluated. HLA refers to pres
+, active infection) or absence (−, previous infection) of eggs in stool samples of individu
a 108 (2008) 131–134

idine (TMB) and peroxidase substrate solution B (1:1) were used
or detection of peroxidase activity (Kirkegaard & Perry Laborato-
ies, Gaithersburg, MD, USA). The reaction was stopped with 2N
2SO4 and read at 450 nm by a spectrophotometer linked to MDS-
oftmax software. Cut-off values for the ELISA were calculated
sing sera collected from a group of individuals (n = 17) resident

n the city of Salvador, a non-endemic region for schistosomia-
is. The cut-off value was calculated as the mean optical density
OD450) plus three standard deviations and was determined to
e 0.14. Statistical analyses were performed using non-parametric
ann–Whitney and Kruskal–Wallis tests using GraphPad Prism 4.0

oftware (GraphPad Software, San Diego, CA, EUA), P-values <0.05
ere considered significant in this study.

No significant differences in cytokine production were detected
ollowing SEA stimulation of PBMCs from egg-positive or egg-
egative individuals (Fig. 1) regardless of their DQB1*0201 status.

n addition, no significant differences were observed after Con-
anavalin A stimulation.

In the present study, SEA stimulated PBMCs from previously
nfected DQB1*0201 positive individuals produced significantly
ower levels of anti-SEA IgG4 compared to previously infected
QB1*0201 negative individuals (P < 0.05, Fig. 2). Among this group,
7.1% (8/14) of DQB1*0201 negative individuals had detectable
evels of IgG4 above the cut-off compared to only 11.1% (1/9) of
QB1*0201 positive individuals, although this difference was not

ignificant (P < 0.05). No differences in IgG4 levels were observed
etween individuals with an active infection (egg-positive). There
ere no significant differences in the levels of the other antibody

sotypes evaluated, either in egg-positive or egg-negative subjects

or with regard to their DQB1*0201 status.

High IgG4 serum levels have been related to advanced stage
iver fibrosis in S. mansoni infections (Bonnard et al., 2004; Silveira
t al., 2002). In addition, Hagan and colleagues reported epi-
emiological evidence that low serum IgE and high serum IgG4

uals actively or previously infected with S. mansoni. The cytokine profiles of PBMCs
ence (+) or absence (−) of the HLA-DQB1*0201 allele and egg refers to the presence
als in the study population. The vertical bars represent the mean ± SEM.
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ig. 2. Serum immunoglobulin isotype profiles from HLA-DQB1*0201 positive and
ertical bars represent the mean ± SEM and the * indicates a statistically significant

evels correlated with re-infection by Schistosoma haematobium (S.
aematobium) (Hagan et al., 1991). Subsequently, similar observa-
ions were reported for S. mansoni (Demeure et al., 1993; Caldas et
l., 2000). This is likely a consequence of early excessive production
f IgG4 antagonizing the potentially protective IgE immunological
athways (Hagan et al., 1991). The influence of HLA polymorphisms
n antibody isotypes in schistosomiasis was recently reported. The
RB1*13 allele was associated with higher, post-treatment, lev-
ls of IgE against various schistosoma antigens and with a lower
requency of re-infection (Booth et al., 2006). The majority of stud-
es on IgG4 levels have been hampered by the high frequency of
ndetectable levels of this isotype in young individuals, especially
hildren (Herrod, 1993; Moss et al., 1992). In the present report the
ean age of the egg-negative group was 35 ± 14 and 32 ± 08 for
QB1*0201 positive and negative individuals, respectively.

In the present work we could not find a plausible relationship
etween the HLA-DQB1*0201 allele and its effect on the immune
esponse and, more specifically, on cytokine profiles. Low levels of
gG4 among previously infected DQB1*0201 carriers suggest that
ndividuals with a previous history of infection are less suscep-
ible to re-infection and this may be an important factor in the
evelopment of hepatosplenic disease (Demeure et al., 1993; Caldas
t al., 2000). Since the presence of HLA-DQB1*0201 is associated
ith hepatosplenic disease (Secor et al., 1996) and high serum

gG4 is indicative of progression to liver fibrosis (Bonnard et al.,
004; Silveira et al., 2002), the results of our study imply that the
usceptibility of DQB1*0201 positive individuals to re-infection is
ndependent of IgG4 levels.

In the present study, we did not detect any significant differences
n the immune response during active infection and DQB1*0201
tatus, however, our study population may not have been large
nough to detect such an association due to the small num-
er (n = 10) of egg-positive (re-infected) patients. Further studies

nvolving larger numbers of actively infected individuals will be
equired to clarify the interactions between host genetic back-
round, immune response and susceptibility to severe forms of
isease.
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