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Human susceptibility to Schistosoma mansoni infections is controlled by the SM1 locus on chromosome 5 in
q31-q33. This genetic region encodes cytokines which regulate the development of helper T lymphocytes. In the
present work, a clonal analysis of CD41 T lymphocytes of homozygous resistant and homozygous susceptible
subjects was undertaken to evaluate whether SM1 controls helper T-cell differentiation. Of 121 CD41 T-cell
clones (TCC) from three susceptible (S) and three resistant (R) subjects, 68 proliferated when stimulated by
parasite antigens. Parasite-specific TCC derived from susceptible subjects (33 STCC) produced 10- to 1,000-
fold less interleukin-4 and -5 than TCC from resistant subjects (25 RTCC). Clones from both patient groups
produced, however, the same amount of gamma interferon. Parasite-specific STCC were type 1 helper (Th1) or
Th0/1, whereas RTCC were either Th2 or Th0/2. These results, together with the localization of SM1 in
5q31-q33, indicate that the SM1 locus controls the differentiation of Th2 lymphocytes.

In an area where schistosomiasis is endemic, infections are
heterogeneous, low and high levels of infection can be re-
corded in subjects living in similar conditions of exposure to
the parasite. Since high levels of infection are a factor in
disease development, we and others have attempted to identify
the reasons for high levels of infection. It was shown that
exposure to infection and environmental factors cannot fully
account for the heterogeneity of infection levels in an endemic
population, and several studies have indicated that infection
intensities depended on individual resistance and susceptibility
levels (4, 9, 10, 30, 31). At least two important components of
the mechanisms of immune resistance, immunoglobulin E (8,
11, 14, 24) and eosinophils (6, 15, 28) were identified, and
resistance has been associated with an increased production of
interleukin-4 (IL-4) and IL-5 (7, 13, 20, 25). It was also ob-
served that resistance depended on at least two major factors:
the age of the subjects (4, 5, 9, 10) and some inherited factor(s)
that segregated in Brazilian families as a major locus (SM1),
which was mapped to chromosome 5 in the q31-q33 region (2,
19). This result was confirmed in a Senegalese population (21).

The 5q31-q33 region comprises a number of cytokine genes
or genes encoding cytokine receptors which are critical for
helper T-cell (Th) differentiation. This and the various reports
showing that Th1 or Th2 lymphocytes play a central role in
immunity to infectious pathogens (1, 18) led us to test whether
SM1 affected the differentiation of Th1 or Th2 subsets. In a
previous work, we showed that resistance to infection was
associated with Th2 or Th0/2 cells (7); the aim of the present
study was to evaluate Th-cell subsets in the most susceptible
subjects. The data indicate that susceptibility is associated with
a reduced ability to develop Th2 lymphocytes.

MATERIALS AND METHODS

Patients. This work was performed on Brazilians described previously (9, 10)
who were born and who lived in Caatinga do Moura, a village of an area where
S. mansoni is endemic. These subjects had average or high levels of water
contact; resistant subjects (ages 10, 21, and 33 years) excreted fewer than 100
eggs/g of feces, whereas susceptible subjects (ages 15, 16, and 18 years) excreted
more than 2,500 eggs/g. Parasitological and epidemiological data, including wa-
ter contact, have been measured for several years and are recorded as described
previously (9, 10). Genotypes were defined according to the transmission biallelic
gene model predicted by segregation analysis (2); this model takes into account
the influences of covariates such as age, sex, and water contacts. Genotypes were
confirmed by the linkage analysis data (19). These subjects were either homozy-
gous for the allele that determines resistance to infection or were homozygous
for the allele that determines high rates of infection.

Preparation and characterization of properties of TCC. T-cell clones (TCC)
were derived from peripheral blood mononuclear cells (PBMC) as previously
described (7). Briefly, blood mononuclear cells were purified by centrifugation
on a Ficoll-Hypaque cushion and cultured for 10 days with 10 U of recombinant
human IL-2 (Chiron, Amsterdam, Holland) per ml and 10 mg of schistosome
larval extracts per ml prepared from mechanically transformed schistosomula
(9). T lymphocytes were cloned by limiting dilution with irradiated PBMC, as
feeder cells, in the presence of 5 mg of phytohemagglutinin and 10 U of IL-2 per
ml (7). The specificity of TCC for schistosome extracts was tested in a blasto-
genesis assay by using autologous PBMC as antigen-presenting cells. TCC with
a stimulation index of .2 were considered specific (spTCC), whereas TCC with
a lower stimulation index were considered to be of unknown specificity
(uspTCC). To assess lymphokine production, TCC were stimulated with 10 ng of
phorbol myristate acetate (PMA; Sigma, St. Quentin Fallavier, France) and 1 mg
of anti-CD3 monoclonal antibody (MAb; Immunotech, Marseille, France) per
ml. Because it was not possible to bleed patients several times, stimulations with
parasite extracts were not used. Previous works have shown that polyclonal
stimulations do not modify the lymphokine secretion pattern of established TCC
(29).

Titration of cytokines. Cytokines were measured by enzyme-linked immu-
nosorbent assay in 24-h culture supernatants. Anti-IL-4 MAb, anti-gamma in-
terferon (IFN-g) MAb (Mabtech), and anti-IL-5 (Pharmingen) coated plates
(Nunc) were incubated overnight with dilutions of culture supernatants. Plates
were then washed four times with phosphate-buffered saline with 0.05% Tween
and then incubated with biotinylated MAb anti-IL-4, anti-IL-5, or anti-IFN-g
antibody for 4 h. At the end of this period, the plates were washed four times and
incubated for 2 h with a dilution of alkaline phosphatase-conjugated streptavidin.
Finally, plates were washed again four times, and the alkaline phosphatase
activity was revealed by adding p-nitrophenyl phosphate (Sigma). The absor-
bancy was read at 495 nm in a plate reader (Bio-Rad). The sensitivity of the
titration assays were 20 pg/ml.
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Statistical analysis. The statistical analyses were performed by using the Stu-
dent’s t test on the logarithm of the cytokine concentrations (to approximate a
normal distribution).

RESULTS

Schistosome-specific TCC from homozygous resistant sub-
jects produce more IL-4 and more IL-5 than specific TCC from
homozygous susceptible individuals. TCC were derived from
PBMC from three patients homozygous for the allele(s) that
determines resistance to infection and from three patients ho-
mozygous for the allele(s) that determines high-level infec-
tions. Of 121 CD41 TCC, 68 (56%) proliferated when stimu-
lated with parasite larval extracts and were termed specific
TCC (spTCC); the others, referred to as clones of unknown
specificity (uspTCC), did not. There was no association be-
tween clone proliferation and the resistant (R) or susceptible
(S) status of the donor.

Production of IL-4, IL-5, and IFN-g by these clones was
assessed. Almost all clones produced IL-4, IL-5, and IFN-g
(Fig. 1); thus, most of them did not exhibit a fully polarized
Th1 or Th2 phenotype; however, spTCC from the two study
groups differed markedly in two aspects: first, TCC from ho-
mozygous resistant subjects produced significantly (P , 0.01)
more IL-4 (4,700 to 14,000 pg/ml versus 120 to 760 pg/ml; all
geometric means) and more IL-5 (66,000 to 226,000 pg/ml
versus 70 to 2,560 pg/ml) than did spTCC from homozygous
susceptible individuals (Fig. 1). Second, the pattern of IL-4,
IL-5, and IFN-g secretion was characteristic of each group:
resistant subjects yielded clones producing more IL-4 and IL-5
than IFN-g, whereas IFN-g was produced in greater quantities
than IL-4 and IL-5 by spTCC from susceptible subjects. No
consistent difference was recorded between the amounts of
IFN-g produced by TCC from the two study groups. No sig-
nificant correlation was observed between the ability of TCC to
proliferate and their cytokine secretion profiles.

Genetic susceptibility to schistosome infection is associated
with Th0/1 or Th1 TCC. Cytokine ratios are presented in Fig.
2 for spTCC from resistant and susceptible subjects. On aver-

age IL-4/IFN-g ratios of spTCC from susceptible subjects var-
ied from 0.12 to 0.44 (geometric mean) and were 10 to 100
times lower than those of resistant subjects, which varied from
3.7 to 12. Likewise, IL-5/IFN-g ratios for spTCC from suscep-
tible subjects varied from 3.6 to 12, whereas the average values
for spTCC from resistant subjects varied from 40 to 188. Tu-
mor necrosis factor beta (TNF-b) levels measured in the su-
pernatants of spTCC did not differ consistently between TCC
from both study groups (data not show).

Phenotypes of TCC of unknown specificity. The cloning pro-
cedure allows for the emergence of clones that are not specific
for parasite antigen (uspTCC); the phenotypes of uspTCC
from two resistant (R1 and R3) and two susceptible (S1 and
S2) subjects were studied. Levels of IL-4, IL-5, and IFN-g
production by uspTCC from S1 and S2 were comparable to the
observations made with spTCC from the same susceptible sub-
jects (data not shown). TCC of unknown specificity from R3
were comparable to spTCC from the same subjects; they pro-
duced comparable (P . 0.2) amounts of IL-4 (2,400 versus
7,000 pg/ml) and IL-5, (85,000 versus 158,000 pg/ml). However,
uspTCC from the R1 subject exhibited a phenotype closer to
that of TCC from the susceptible subjects: they produced less
IL-4 (930 versus 14,400 pg/ml; P 5 0.003) and less IL-5 (3,700
versus 226,000 pg/ml; P 5 0.04) than spTCC from the same
subjects (Fig. 3). Specific TCC and uspTCC from R1 and R3
produced, however, comparable amounts of TNF-b and IFN-g
(data not shown). These findings are consistent with the con-
clusion that spTCC of resistant and susceptible individuals
differ in IL-4 and IL-5 production, but not in IFN-g produc-
tion.

DISCUSSION

Human susceptibility to S. mansoni infections is controlled
by the SM1 locus in the 5q31-q33 region (2, 10, 19). This
genetic region encodes several cytokines that regulate the dif-
ferentiation of Th1 and Th2 lymphocytes. A clonal analysis of
CD41 T lymphocytes in resistant and susceptible subjects has

FIG. 1. Production of IL-4, IL-5, and IFN-g by parasite-specific CD41 TCC from resistant (left) and susceptible (right) individuals. Boxes represent the 25th to 75th
centiles, and vertical bars represent the 10th to the 90th centiles of the mean of one or two duplicate determinations performed on culture supernatants of each TCC
stimulated by anti-CD3 plus PMA. Horizontal lines are the median values. The numbers of clones were 7, 11, 7, 13, 11, and 9 for subjects R1, R2, R3, S1, S2, and S3,
respectively.

4690 RODRIGUES ET AL. INFECT. IMMUN.



been undertaken to evaluate whether this genetic control is
acting on Th1/Th2 pathways.

Of 121 CD41 TCC from three susceptible and three resis-
tant subjects, 68 proliferated when stimulated by parasite an-
tigen. Parasite-specific TCC derived from susceptible subjects
(33 STCC) produced 10- to 1,000-fold less IL-4 and IL-5 than
TCC from resistant subjects (25 RTCC). Clones from both
patient groups, however, produced the same amount of IFN-g.
Parasite-specific STCC were Th1 or Th0/1, whereas RTCC
were Th2 or Th0/2.

Precursors of Th cells require several signals to engage a
Th2 development program; critical signals are delivered by
antigen and by IL-4 (reviewed in reference 22). The effect of
IL-4 is essential during the initiation of the immune response.
Helminth antigens and allergens have a selective ability to
release IL-4 from various sources, including from NK11 sub-
sets of CD41 T cells (reviewed in reference 3), mast cells,

eosinophils, and basophils (reviewed in reference 23), and
Lack-specific CD41 T cells (17). The IL-4 polarizing effect on
the Th lymphocyte response is dominant over the effects of the
Th1 polarizing cytokines, IL-12 and IFN-g (16, 27). Thus,
when IL-4 levels are below a certain threshold, Th cells will
proceed into the Th1 pathway.

The observation that R1 TCC are Th2 when they are specific
for schistosome antigen and are Th1 when they are not specific
for parasite antigen further confirms that schistosome antigen
has a selective ability to turn on the Th2 pathway during the
course of the infection, thus indicating that infections by schis-
tosome produce the appropriate cytokine environment for Th2
development. This effect may be so marked that a normal Th1
response to a conventional antigen may, in certain subjects,
deviate toward a Th2 response (26). This is probably the case
in R3 subjects, who produced uspTCC with a Th0/2 phenotype.
The observation that spTCC from susceptible subjects are
Th0/1 or Th1 indicate that Th cells from these subjects fail to
engage in Th2 development when they are stimulated by anti-
gens that initiate the Th2 development program in most indi-
viduals. Since we linked this property to the 5q31-q33 region,
it is most likely that this phenomenon is related to the cytokine
environment in which T cells develop in susceptible subjects.
Differences in the cytokine environment in resistant and sus-
ceptible subjects could be produced by certain polymorphisms
in IL-4 or IL-12 (eventually IL-13) genes that could modify the
level of production of these cytokines.

The genetic model obtained by segregation analysis is that of
major locus with biallellic gene(s). Until the molecular analysis
of the susceptibility locus is completed, it is not possible to
decide between a simple biallellic model and more-complex
models involving more than two alleles at the susceptibility
locus. The fact that cytokine ratios follow a rather continuous
distribution between resistant and susceptible subjects could
indicate the presence of several alleles of susceptibility pro-
ducing more than one susceptible genotype. It is also possible
that the penetrance of the susceptible allele(s) may vary be-
tween study subjects, depending on the effects of covariates
such as age or exposure.

In conclusion, the results presented in this study, together
with the mapping of the SM1 locus to the human 5q31-q33,

FIG. 2. IL-4/IFN-g (left) and IL-5/IFN-g (right) ratios of S. mansoni-specific CD41 TCC derived from resistant and susceptible individuals (see legend to Fig. 1).
Results of two separate clonings performed on cells of patients S2 are presented (S2, 11 clones; S29, 9 clones).

FIG. 3. IL-4, IL-5, and IFN-g production by CD41 TCC of unknown spec-
ificity derived from subjects R1 and R3. The numbers of uspTCC were 11 and 9
for subjects R1 and R3, respectively.
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indicate that genetic control of infection by schistosomes is
linked to the differentiation of Th2 lymphocytes. These find-
ings, taken together, suggest that SM1 could play a key role in
other infectious diseases that are dependent on the balance
between type 1 and type 2 cytokines. Along this line, we have
reported that the 5q31-33 region is also involved in the control
of blood parasitemia by Plasmodium falciparum (12).
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