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Introduction

Summary

The 13q33-34 region harbours a susceptibility locus to Ascaris lumbricoides,
although the underlying genes are unknown. Immunoglobulin (Ig)E and IgG
confer protective immunity and here we sought to investigate in an endemic
population whether LIG4, TNFSF13B and IRS2 genes influence IgE and IgG
levels against Ascaris and the ABA-1 allergen as a putative resistance marker.
Mite-allergic asthmatic patients were analysed for potential relationships
between Ascaris predisposition and allergy. One thousand and sixty-four sub-
jects from Cartagena, Colombia, were included. Single nucleotide polymor-
phisms (SNPs) were genotyped using TagMan assays. Antibody levels were
measured by enzyme-linked immunosorbent assay. Linear and logistic regres-
sions were used to model effects of genotypes on antibody levels. The GG
genotype of LIG4 (rs1805388) was associated with higher IgE levels to Ascaris
compared with other genotypes. TNFSF13B (rs10508198) was associated
positively with IgG levels against Ascaris extract and IgE levels against ABA-1.
In asthmatics, IRS2 (rs2289046) was associated with high total IgE levels.
Associations held up after correction by population stratification using a set
of 52 ancestry markers, age, sex and disease status. There was no association
with asthma or mite sensitization. In a tropical population, LIG4 and
TNFSF13B polymorphisms are associated with specific IgE and IgG to Ascaris,
supporting previous linkage studies implicating the 13q33 region. Our results
suggest that genes protecting against parasite infections can be different to
those predisposing to asthma and atopy.
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alleles have been reported to be associated with resistance to
infection [3,4]. Further research showed that Ascaris suscep-

Ascaris lumbricoides infection is an important health
problem in tropical regions. Immunity to this nematode
probably involves mechanisms similar to allergic reactions,
including specific immunoglobulin (Ig)E synthesis. Studying
the genetic regulation of these mechanisms promotes our
understanding of both resistance to parasite infections and it
potential links with the pathogenesis of allergic diseases [1].
Genetic studies on the immune response to Ascaris have
identified several pertinent loci. The role of the major histo-
compatibility complex (MHC) was studied initially in mice,
showing that both IgG and IgE antibody repertoires against
a 14-4 kDa antigen/allergen, ABA-1 of A. suum is determined
genetically and restricted to the I-A°® locus and RT1" haplo-
type of the MHC of mice and rats, respectively [2]. In
humans, human leucocyte antigen (HLA) A30/31 and DQw2
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tibility is polygenic and involves other genes, such as STAT6
encoded in a non-MHC region [5-7]. Epidemiological
studies have described considerable diversity in Ascaris sus-
ceptibility among subjects living under the same conditions;
indeed, infection intensity is typically overdispersed, with
10-20% of the population harbouring most of the parasites
[8]. Pedigree studies in the Jirel population of Nepal
demonstrated a strong genetic component accounting for
30-50% of the variation in worm burden [9], also observed
in animal models of infection [10]. Williams-Blanguero et al.
[11] performed genomic scans for quantitative trait loci
(QTL) influencing A. lumbricoides susceptibility in Jirels,
implicating two chromosomal regions with significant
effects on variation in egg counts at 13q33-34 [log, of the
odds (LOD) score 4-3] and 1p32 (LOD score 3-01). Recently,
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Table 1. Polymorphisms analysed in this study.

Genetic influences on antibody responses to Ascaris

Transcript
Gene name Protein encoded dbSNP SNP Genomic location location Functional effect
LIG4 Ligase-1V rs1805388 G/A 13933.3 G299A Missense substitution (Thr9lIle)
107661592 Exon 2 Enzymatic activity affected
TNFSF13B B cell activating factor (BAFF) rs10508198 C/IG 13933.3 Intron 3 Unknown
107740789
IRS-2 Insulin receptor substrate-2 1rs2289046 T/C 13934 5276 Unknown
109205907 3'UTR

SNP, single nucleotide polymorphism; 3"UTR, three-prime untranslated region.

the 13g33 region was confirmed as a QTL for Ascaris suscep-
tibility, although underlying genes are still unknown [12].

Experimental data have shown that mechanisms influenc-
ing migration of larvae, ability to expel parasites and anti-
body production determine Ascaris susceptibility [13],
specific IgE (sIgE) against Ascaris being one of the best-
supported factors determining resistance [14-17]. An
up-regulation of IgE synthesis during infection, especially in
putatively immune subjects [ 18], and sIgE to ABA-1 has been
observed among people with the lowest worm loads and
natural resistance to Ascaris [19]. In addition, a linkage signal
at the 13g33-34 region and total IgE levels (tIgE) was
detected in the Jirel population [11].

Previous studies have used faecal egg counts as a quanti-
tative phenotype of Ascaris infection, but considering that
sIgE is protective and IgE synthesis is thought to be con-
trolled genetically, we sought to investigate whether poly-
morphisms of genes LIG4 (ligase IV), TNFSFI3B (B cell
activation factor) and IRS2 (insulin receptor substrate-2),
both genes located proximal to the maximum linkage peak
within the 13q33-34 region and related mechanistically to
antibody production, are associated with tIgE, sIgE and sIgG
to Ascaris in a population living in the tropics and exposed
endemically to this nematode. Furthermore, considering
genetic studies suggesting that Ascaris resistance predisposes
to asthma and atopy [7], we included a case—control study to
investigate whether those polymorphisms are associated
with these traits.

Methods

Study design

The population lived in Cartagena, a tropical city in Colom-
bia, whose genetic background derives from an admixture
between Spaniards, Africans and Native Americans [20,21].
All subjects lived in an urban, non-industrialized setting,
having access to water and electricity and belonging to the
lower three (of six) socio-economic strata in the city. Nema-
tode infection is endemic, and most people are naturally
exposed to A. lumbricoides. One thousand and sixty-four
subjects participated, including 636 non-related healthy vol-
unteers without history of asthma, allergy or other diseases

as evaluated by a questionnaire. To investigate associations
between aforementioned factors and asthma by a case—
control study, we included 428 asthmatic patients recruited
from the Social Security Clinic and public health centres in
the years 2002-2005. Asthma was defined according to the
Global Initiative for Asthma (GINA) criteria, using a stan-
dardized questionnaire tested previously in patients with a
history of physician-diagnosed asthma [22,23]. The diagno-
sis was confirmed by a physician belonging to the research
staff, sustained on a clear clinical history with clinical
symptoms as described previously [24,25]. The Bioethics
Committee of the University of Cartagena approved the
study; a full verbal explanation of the investigation was
given and written informed consent was obtained from
all participants.

Genotyping

Three SNPs in LIG4 (rs1805388), TNFSFI13B (rs10508198)
and IRS2 (rs2289046) were chosen (Table 1) according to the
following criteria: (i) a minor allele frequency higher than
10%; (ii) experimentally confirmed or suspected functional
effect; and (iii) and availability of tag SNPs for African and
European panels in the HapMap database. Genomic DNA
was extracted from peripheral white blood cells using
the salting-out method described by Miller eral. [26].
Polymorphisms were genotyped using validated TagMan
5’-exonuclease assays, designed and manufactured by
Applied Biosystems (Foster City, CA, USA). After amplifica-
tion, end-point detection of fluorescence was performed at
60°C and automatic genotype calling was achieved with a
quality value above 98% using the 7300-system sps software
in a 7300-real time—polymerase chain reaction (PCR) system
(Applied Biosystems).

Ascaris and mite extracts

Ascaris extract was prepared by an acetone—saccharose pre-
cipitation method [27]. Because it is the source employed
currently for in vitro testing, and because of its almost iden-
tical protein profile with A. lumbricoides [28], Ascaris suum
extract was used in this study. Adult worms were washed in
0-85% sterile saline with 0-01% of penicillin and streptomy-
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cin and homogenized in 4 ml of 0-25 M saccharose per gram
of parasite. Extraction was performed by shaking the homo-
genate several times in cold acetone (—80°C), centrifuged at
9500 g, lyophilized and reconstituted in phosphate-buffered
saline (PBS) pH 7-2 in a proportion of 0-4 ml per initial
volume of homogenate. Finally, the supernatant was dialyzed
against PBS pH 7-2 using a 3500 molecular weight cut-off
membrane. Protein concentration (1-8 mg/ml) was deter-
mined by the Lowry method. The lyophilized extract was
kept at —20°C until used. Extracts of Dermatophagoides
pteronyssinus and Blomia tropicalis were produced as
described previously [29].

Purification of recombinant ABA-1 (rABA-1)

cDNA encoding ABA-1 from A. suum was cloned into
pGEX-1AT, and expressed as a glutathione-S-transferase
(GST) fusion protein in Escherichia coli BL21. The protein
represents a single A-type repeat unit of the ABA-1 polypro-
tein (ABA-1A), with only a few amino acid differences from
the ABA-1 of A. lumbricoides and fully immunologically
cross-reactive [30-32]. Expression was induced by adding
isopropyl B-D-thiogalactopyranoside (0-1 mM) and incu-
bating 4 h at 37°C. The ABA-1-GST fusion protein was iso-
lated by affinity chromatography on glutathione-Sepharose
beads and rABA-1 was released from the GST fusion partner
by digestion with thrombin, collected, dialyzed and kept at
—20°C.

Total IgE and mite-specific IgE

Total IgE was determined in duplicate using an enzyme-
linked immunosorbent assay (ELISA) kit (RIDASCREEN;
R-Biopharm, Darmstadt, Germany), according to the manu-
facturer’s instructions. Levels above and below 343 IU/ml
[mean tIgE in the control group+1 standard deviation
(s.d.)] were considered as high and low, respectively. Because
B. tropicalis and D. pteronyssinus are the main source of
sensitization in tropical environments [33-35] and the
prevalence of IgE sensitization to other aeroallergens is very
low in Cartagena [36], sIgE against these two mite extracts
was determined by indirect ELISA, as described previously
[24]. Atopy was defined as positive sIgE to at least one of the
two mite extracts tested.

Specific IgE and IgG to Ascaris extract and rABA-1

This was detected by ELISA using microtitre plates
(Immulon-4 Dynatech, Chantilly, VA, USA) following the
same protocol as for the mite antibody ELISA. The appro-
priate concentrations of antigen and secondary antibody
were obtained by titration. Ascaris extract and rABA-1 (1 ug/
well) were diluted in 64 mM sodium carbonate/bicarbonate
buffer (pH 9-6) incubated overnight, washed with 0-1%
Tween-20/PBS (TPBS) and blocked with 3% bovine serum

albumin (BSA)/PBS. Serum samples diluted 1 : 5 in blocking
buffer were added to the wells and incubated overnight,
washed and incubated with 100 ul of anti-human IgE
alkaline-phosphatase conjugate (Sigma, St Louis, MO,
USA) diluted 1:500. The assay was developed with
p-nitrophenylphosphate chromogen (15 mg/ml; Sigma) and
the absorbance measured at 405 nm using a Spectrophotom-
eter (Spectra MAX 250 Molecular Device; Sunnyvale, CA,
USA). IgE levels above 0-113 optical density (OD) (mean OD
of six negative, non-allergic, non-parasitized controls + 3
s.d.) was considered positive. To determine specific 1gG
(sIgG) against Ascaris, sera samples were diluted 1 : 200 and
for detecting sIgG against rABA-1 diluted 1 : 50. The second-
ary antibody was anti-human IgG alkaline phosphatase con-
jugate diluted 1 : 10 000. For both nematode antigens, a level
above 0:65 OD (mean OD of four sera of non-parasitized
subjects + 3 s.d.) was considered as positive. All samples were
assayed in duplicate, and interassay and intra-assay variation
coefficients were lower than 15% and 10%, respectively.

Statistics

Statistical analyses were performed using the Statistical
Package for the Social Sciences software (spss version 16
for Windows; SPSS Inc., Chicago, IL, USA). Comparison of
demographic characteristics between asthmatics and con-
trols were performed by y* tests and Student’s -test, as
needed. The phenotypes included in the analyses were
asthma as a dichotomous trait (presence/absence), tIgE,
sIgE against Ascaris extract, rABA-1, D. pteronyssinus and B.
tropicalis, sIgG against Ascaris extract and rABA-1. Com-
parisons of allele and genotype frequencies between asth-
matic and controls were performed using Fisher’s exact
test. Data for tIgE and sIgE were logo-transformed (IgE,)
to be used in the regression models. IgG data were used
directly in the analysis as they were distributed normally.
Logistic regression was used to model the effect of geno-
types and age and sex on asthma. In the total sample, linear
regression was used to model the effect of genotypes on
antibody levels, including age, sex and asthma as covariates.
Departures from Hardy—Weinberg equilibrium and LD
(D’) between SNPs were assessed with ARLEQUIN software.
The significance level was set at P < 0-05 and, because mul-
tiple testing was performed, P values were corrected using
the formula P.=1— (1 —-P)" To detect gene—gene interac-
tions we applied the Multifactor Dimensionality Reduction
(MDR) software, version 1-1-0 (Computational Genetics
Laboratory, Dartmouth Medical School, Hanover, NH,
USA).

Correction by population stratification

A panel of 52 ancestry informative markers (AIMs) was also
genotyped in the Cartagena sample (37). These markers
show large differences in frequency between the parental
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Table 2. Demographic characteristics of the population.

Genetic influences on antibody responses to Ascaris

Study population (1 = 1064)

Variables Asthmatics (n =428) Healthy controls (n = 636) P value
Age* 362 * 18-2 (8-84 years) 35-7 + 18-0 (8-89 years) 0-68
Gender, female (%) 266 (62-1) 359 (56-4) 0-07
Duration of asthma 179 = 147 - -
Total IgE, TU/ml* 7542 (251-1075) 129-7 (47-326-3) <0:001
IgE to Blomia tropicalis (OD)* 0-886 * 1-1 0-160 = 0-2 <0-001
IgE to Dermatophagoides pteronyssinus (OD)* 0-575 + 0-8 0-146 = 02 <0-001
Mite sensitized (%) 339 (79-2) 207 (32:5) <0-001
Nematode Ig levels (OD)*
IgE to Ascaris 0-194 = 0-26 0-137 = 0-11 < 0-001
IgE to rABA-1 0-184 £ 0-17 0-152 £ 0-11 <0-001
IgG to Ascaris 2-:01 = 0-54 2:10 = 0-62 0-01
IgG to ABA-1 149 = 0-50 1-73 £ 0-58 < 0-001

"Median (interquartile range). *Mean * standard deviation; OD, optical density units; Ig, immunoglobulin.

populations and were used to control for the presence of
genetic structure due to admixture. To test for association
of the SNPs in the candidate genes within the phenotypes
correcting by genetic population structure, we used the
program ADMIXMAP (available at http://sourceforge.net/
projects/admixmap). This is a general-purpose program for
modelling population admixture with genotype and pheno-
type data, based on a combination of Bayesian and classical
methods. For this analysis, the Cartagena population was
modelled as formed by admixture between three subpopu-
lations: European, Native American and West African. Score
tests for allelic association with the traits, conditional on
individual admixture and age and sex as covariates were
constructed by testing the coefficient b for the effect of the
allele under study (coded as 0, 1 or 2 copies) in a regression
model. An approximation to the maximum likelihood esti-
mate of the effect size was obtained from the score test by
dividing the score by the observed information. P < 0-05 was
considered statistically significant.

Results

Demographic data concerning the population studied are
summarized in Table 2. Both total and specific IgE levels
against nematode and mite allergens were significantly
higher in asthmatics, while IgG against Ascaris extract and
rABA-1 were significantly higher in controls. Neither total
nor sIgE levels were significantly different between smokers
and non-smokers, both in patients and controls (data not
shown). Genotype distributions of SNPs were in Hardy—
Weinberg equilibrium in asthmatics, controls and the total
sample. Allele and genotype frequencies are shown in
Table 3; we found no association between any polymor-
phism and asthma. In the total sample, D’ values were not
statistically significant, indicating that they were not in
linkage disequilibrium, and remained similar when analys-
ing either asthmatics or controls individually.

The Thr9lle variant of LIG4 is associated with specific
IgE levels to Ascaris

In the total sample, using a linear regression model including
age, sex and asthma as covariates, the genotypes of Thr9lle
were associated with IgE,, against Ascaris extract (P=0-01,
P.=0-03). This association was driven by a higher level
of IgE in those individuals carrying the wild-type geno-
type (average IgE., Thr/Thr=0-279 versus Thr/Ile + Ile/
Ile = 0240, P = 0-008, P. = 0-024). This genotypic association
was also detected when only asthmatic patients were consid-
ered in the analysis, and similar Thr/Thr genotype carriers
had higher levels of sIgE against Ascaris (average IgEi,
Thr/Thr = 0-336 versus Thr/Ile + Ile/Ile = 0-266, P =0-009,
P.=0-027). These associations were also observed when
individual admixture estimates were included in the analysis
(P=0-01, P. = 0-03); sIgE to rABA-1 and sIgG levels (Ascaris
and rABA-1) were not affected by this polymorphism. There
was no association of this polymorphism of LIG4 with
asthma, tIgE or sIgE levels to the mites B. tropicalis and D.
pteronyssinus when analysed as quantitative or dichotomous
variables.

Specific IgG levels to Ascaris are strongly influenced
by TNFSF13B

The intronic variant in TNFSFI13B (G3980>C, rs.10508198)
was not associated with sIgE against Ascaris, neither as a
quantitative nor a dichotomous trait. The results were
similar when stratifying according to disease status and after
correcting by population stratification. Interestingly, in
the total population, G3980>C was associated significantly
with sIgG levels against Ascaris (P=0-001, P. = 0-003) after
adjusting for age, sex and asthma. Levels of sIgG to Ascaris
were significantly higher in carriers of the wild-type GG
genotype (average OD *s.d.=2-11 = 0-5) compared to
the GC+ CC carriers (1-97 = 0-58; P=0-001, P.=0-003
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Table 3. Allele and genotype distribution among asthmatic and controls.

Asthma risk

Gene Genotype Asthmatic patients Healthy controls OR (95% CI)* P-value
LIG4 (rs1805388) G 717 (84-2%) 1068 (84:9%) 0:95 (0-74-1-21) 0-68
A 135 (15-8%) 192 (15-2%)
GG 302 (70-9%) 450 (71-4%)
GA 113 (26:5%) 168 (26:7%)
AA 11 (2:6%) 2 (1-9%)
Total Genotyped 426 630
TNFSF13B (rs10508198) G 702 (82-8%) 1058 (83-7%) 0-93 (0-73-1-18) 0-93
C 146 (17-2%) 206 (16:3%)
GG 290 (68-4%) 440 (69-6%)
GC 122 (28-8%) 178 (28:2%)
cC 12 (2:8%) 14 (2:2%)
Total Genotyped 424 632
IRS2 (rs2289046) T 573 (67:3%) 852 (67:7%) 0-98 (0-82-1-18) 0-88
C 279 (32-7%) 406 (32:3%)
TT 196 (46-0%) 296 (47-1%)
TC 181 (42:5%) 260 (41-3%)
CC 49 (11-5%) 73 (11:6%)
Total Genotyped 426 629

Logistic regression (age- and sex-adjusted); CI, confidence interval; OR, odds ratio.

Fig. 1a). After correcting for population structure, the
G3980>C polymorphism remains associated consistently
with sIgG against Ascaris (P = 0-004, P.=0-012).

We found no association of any genotype of G3980>C
with sIgE or sIgG against rABA-1 in the total sample
(P=0-23 and P = 0-61, respectively). However, when includ-
ing only asthmatic patients, we found a significant relation-
ship between genotypes and sIgE levels against rABA-1
(P=0-02, P.=0-06), and this effect was driven by lower
levels in CC homozygotes (P =0-003, P.=0-009, Fig. 1b).
This association was maintained after adjusting by indi-
vidual admixture estimates in the asthmatic group
(P=0-031, P.=0-09). There was no association of any allele
or genotype of this polymorphism with asthma, tIgE and
sIgE levels to B. tropicalis or D. pteronyssinus.

The IRS2 gene is associated with total IgE levels in
asthmatics

In the total sample, the T5276>C (rs.2289046) polymor-
phism of IRS2 was not associated with any of the specific
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antibody isotypes to Ascaris extract or rABA-1. In addition,
no association was observed with asthma, tIgE levels or sIgE
to mites. However, when only asthmatics were included in
the analysis, an association between genotypes and tIgEi,
levels was found (P=0-009, P.=0-027); carriers of the
mutant allele C were grouped (average tIgE * s.d.
=2-69 * 0-47) and compared with those individuals with
the TT genotype (2-81 = 0-42, Fig. 2). The effect of age and
sex was corrected in the model (P = 0-01, P. = 0-03) and this
association was still observed after correcting by population
structure (P =0-01, P. = 0-03). There was no significant pre-
diction of phenotypes with any of the genotype combina-
tions when looking for gene—gene interactions, considering
all possible models.

Discussion

Two genome-wide linkage scans have previously detected a
QTL in the 13q33 region influencing Ascaris susceptibility
[11,12]. Here, we show that variants of LIG4 and TNFSF13B
genes are associated with IgE and IgG levels against Ascaris.
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Fig. 2. Association between insulin receptor substrate-2 (IRS2)
(rs2289046) and total immunoglobulin E levels in asthmatics. This
association was driven by higher levels in TT genotype carriers.

Our results were obtained in a sex- and age-matched popu-
lation, being the largest sample size yet for an association
study of IgE response to Ascaris, with a power of 0-90 to
detect an odds ratio of 1-5 for asthma. Although the genetic
backgrounds of ours and the Jirel population will differ in
many respects, the 13933 region effect on two related phe-
notypes (namely, faecal egg-counts and specific antibodies
against Ascaris) was detected, supporting the idea that this
region harbours an important locus or loci controlling sus-
ceptibility to this nematode.

The environmental conditions make our population par-
ticularly suitable for genetic studies on the IgE response for
two main reasons. First, Ascaris infection is endemic in the
region [38] and, despite the fact that the population under
study live in an urban setting, limited sanitary conditions
prevail, and Ascaris exposure will occur early in life. Sec-
ondly, the city is in a tropical area and the population is
exposed perennially to high concentrations of mite allergens
[39-41], with about 30% of the population exhibiting IgE
sensitization to mites but without allergic symptoms [42].
Under these conditions, particular gene—environment inter-
actions could emerge that make it easier to detect the effects
of genetic polymorphisms on the strength and specificity of
antibody responses.

The associations we have observed clearly prompt eluci-
dation by direct experimentation. In addition, as we
employed tag SNPs, we cannot define whether the associated
variants are causal or proxies of other polymorphisms, and
therefore it will very important to analyse additional SNPs in
the same genes in order to define variants associated prima-
rily with the phenotypes included in the study. However,
those genes participate in different pathways of IgE synthesis.
We found a dose relationship between Thr9lle of LIG4 and
sIgE levels against Ascaris, and ligase-IV is an essential
enzyme of the non-homologous end-joining pathway and
class-switch recombination [43,44]. The substitution of

Genetic influences on antibody responses to Ascaris

threonine by isoleucine decreased to around 50% the adeny-
lation and double-strand ligation activity of ligase-IV [45]. It
is possible that this variant could influence the immunoglo-
bulin recombination rate and IgE isotype levels during
infection.

The G3980C polymorphism of TNFSFI13B was associated
with the IgG responses to Ascaris and the IgE response to
rABA-1. This gene encodes the cytokine B cell activating
factor (BAFF), a member of the ligand tumour necrosis
factor superfamily that controls B cell development and
induces immunoglobulin secretion, B cell proliferation, dif-
ferentiation and survival [46]. BAFF is expressed in myeloid-
derived cells and alternative splicing generates four isoform
variants [47]. Previous studies have demonstrated that an
isoform lacking exon 3 is a dominant negative inhibitor of
the full-length BAFE, negating its function by forming
homomultimers and heteromers [48]. Although the effect of
this SNP is unknown, it could influence alternative splicing
and transcriptional regulation of TNFSF13B.

IRS2 encodes for insulin receptor substrate 2, an adaptor
molecule in the interleukin (IL)-4Rov signalling pathway
[49,50]. Here we found an association between the TT geno-
type and higher levels of total IgE in asthmatics. This effect
may probably be observed only in the context of an asth-
matic genetic background, where additional variants predis-
posing to atopy are expressed simultaneously.

In previous linkage studies, Ascaris infection was assessed
by worm load and expressed as eggs per gram of faeces, but
others have evaluated genetic associations and linkages based
on IgE antibody responses to Ascaris [6,51]. Egg identifica-
tion seems to be more specific, but it has been described that
positive serological tests are more frequent than detection of
eggs in stool samples [52,53], which has been confirmed in
animals [54], and recently the use of serological tests for
studying the impact of parasitic diseases on other immuno-
logically related conditions such as human immunodefi-
ciency virus (HIV) and allergic diseases has been well
supported and strongly recommended [28]. Because IgE
response to helminth infections is long-lasting [55] and spe-
cific antibodies against Ascaris are associated with resistance,
our results support the idea of a direct causal relationship
between 13q33 locus and Ascaris susceptibility. In our
present survey, however, we were unable to obtain samples
for parasite egg counts at the same time we collected blood
samples, but collection of parallel parasitological informa-
tion in future studies would be advantageous.

In order to analyse the antibody response in more detail,
we evaluated IgE and IgG antibodies to the rABA-1 allergen
of Ascaris. The IgE response to this protein is associated with
resistance to infection, and our data show that there is no
cross-reactivity between this nematode-specific molecule
and allergens from mite extracts [56]. It is worth noting that
the GG genotype of TNFSF13B was associated not only with
high levels of sIgG to Ascaris extract, in agreement with
reports suggesting that the IgG response is protective
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[57,58], but also with elevated sIgE levels to rABA-1 in
asthmatics. The association of those phenotypes with the
wild-type allele G, which is present in about 70% of the
general population, suggests strongly that they are quantita-
tive traits for susceptibility, conferring a selective advantage.
Unfractionated extracts of Ascaris contain many different
antigenic components, some of them cross-reactive with
mites [56] and other nematodes, and IgE targeting irrelevant
allergens could therefore confound the detection of any pro-
tective effect of sIgE. Therefore, the inclusion of rABA-1 in
this investigation allowed us to identify clearly an important
relationship of TNFSF13B with the protective antibody
response to Ascaris.

The potential relationships between these polymorphisms
and allergy are also interesting. Some authors consider that
IgE antibodies to Ascaris are an independent risk factor for
asthma and allergic sensitization [52,59], and genetic vari-
ants conferring resistance to Ascaris could predispose to
atopy in non-parasitized populations [7]. Our findings,
when adjusting for covariates including IgE to mites, con-
trast with these results. Remarkably, the associations found
in this study were only to sIgE against Ascaris, and not
against mites. How LIG4 and TNFSF13B polymorphisms
regulate IgE and IgG responses in such a particular way
remains to be defined experimentally.

In summary, we found that polymorphisms of LIG4,
TNFSFI3B and IRS-2 modulate antibody levels. These
results support previous linkage studies, and suggest that
genes underlying the QTL for Ascaris susceptibility at the
13933 region regulate IgE and IgG responses against Ascaris
antigens and, by promoting a protective humoral response,
could influence Ascaris susceptibility. IRS2 was associated
with high tIgE levels among asthmatics, suggesting a rela-
tionship between genes controlling responses to Ascaris and
atopy in this region. There was no association with asthma,
and experimental studies are needed to reveal the molecular
mechanisms defining how these polymorphisms may influ-
ence specific IgE reactivity to Ascaris antigens, but not to
mite allergens.
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