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According to epidemiological observations, Opisthorchis felineus liver fluke invasion is negatively associ-
ated with the development and severity of allergic diseases in endemic regions of Russia. We hypothesized
that the invasion is an important factor in gene-environmental interactions (GEI) underlying allergy.
To prove this, we tested 10 single nucleotide polymorphisms of immune response modifying genes in
428 individuals stratified by atopic bronchial asthma presence and O. felineus invasion. Using regression
models, a statistically significant interaction between the rs6737848 polymorphism of SOCS5 gene and O.
felineus invasion was observed (pj,: =0.001, OR=5.66, 95% CI 1.96-16.31 for dominant model; p;,: =0.003;
OR=4.38, 95% CI 1.68-11.45 for additive model). The interaction is based on the statistically significant
association between the SOCS5 gene and atopic bronchial asthma in patients without O. felineus infec-
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Allergy tion, while no such association is seen in patients infected by the helminth. These data confirm for the
Gene-environment interaction first time the importance of the helminth invasion as an environmental factor influencing the associa-
SOCS5 gene tion between genetic factors and atopic bronchial asthma. In particular, O. felineus diminishes the risk of

atopic bronchial asthma associated with the SOCS5 gene polymorphism.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Atopic bronchial asthma (BA) is a common multifactorial
disorder caused by complex interplay between genetic and envi-
ronmental factors. Gene-environmental interaction (GEI) studies
of BA and other allergic diseases attract remarkable interest and
infectious agents are considered as having an essential role in the
GEI for asthma-related phenotypes (Vercelli, 2010). The growing
body of evidence suggests that the helminth invasion influences
the prevalence of asthma and allergy in endemic regions (Rodrigues
et al., 2008; Leonardi-Bee et al., 2006). Opisthorchis felineus is
a parasitic worm (type Plathyhelmintha, class Trematoda, family
Opisthorchiidae), which causes opisthorchiasis, a primarily liver
infection in humans. Its major region of distribution is the Ob-
Irtisch rivers basin running from the south to north of West Siberia
(Russia). People in this area are being infected by O. felineus through
the eating of fresh or undercooked fish, the intermediate host of the
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parasite (Mordvinov et al., 2012). According to the pilot screening,
the prevalence of O. felineus invasion is 32.8% and 11.2% in rural and
urban populations of West Siberia, respectively. It has been shown
that O. felineus invasion negatively correlated with specific atopic
sensitization by skin-prick tests (Ogorodova et al., 2007).

The studies of the GEIs are typically grounded on biological
hypotheses about the role of functional SNPs in candidate genes
that most likely interact with a given environmental agents and
mediate the exposure effect (Vercelli, 2010). The genes regulating
immune response, especially those influencing T-helper 2 (Th2)
immune response, e.g. genes involved in Th2 cytokines signaling
pathways, play the critical role in the protective host response
against helminthes (Kouriba et al., 2005; Peisong et al., 2004).
Notably, some of these genes are also candidates for BA and allergy
(Quinnell, 2003).

Shared candidate genes and pathways as well as epidemiolog-
ical evidences of the significance of helminthic invasion for the
development of allergic diseases allowed us suggesting that O.
felineus can be an important component of GEI underlying BA and
other allergic diseases.

To test this hypothesis, we examined the impact of the inter-
action between the single nucleotide polymorphisms in genes
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Table 1
Patient demographics.

Characteristics Patients with bronchial asthma

Patients without bronchial asthma

Positive for Opisthorchis
felineus invasion

Negative for Opisthorchis
felineus invasion

Positive for Opisthorchis
felineus invasion

Negative for Opisthorchis
felineus invasion

Number of subjects 102 104
Age (£SD)? 443+12.7 40.72+12.9
Male/female 23/79 27[77

Median IgE levels, IU/ml (IQR") 109.8 (85-180)

151.3 (107-360)

102 120
37.4+13.0 31.9+11.1
8/94 19/101

52.2 (18-234) 15.0 (1.8-38.57)

2 SD, standard deviation.
b IQR, inter-quartile range.

encoding interferon-y (IFNG), interferon-y receptor 2 (IFNGR2),
interleukin-4 (IL4), interleukin-4 receptor subunit-o (IL4RA), GATA
binding protein 3 (GATA3), T-box transcription factor 21 (TBX21),
protein inhibitor of activated STAT 4 (PIASY), protein inhibitor
of activated STAT 3 (PIAS3), signal transducer and activator of
transcription 5B (STAT5B), and suppressor of cytokine signaling 5
(50CS5) and O. felineus invasion on the risk of atopic BA in the city
of Tomsk.

2. Material and methods

A total of 428 ethnically Russian people were enrolled into the
study. The participants live in Tomsk Region (Russia), where O.
felineus infection is endemic. Among them, there were 222 healthy
volunteers without history of BA and allergy, including 102 with O.
felineus invasion, and 206 individuals with atopic BA, including 102
individuals infected by O. felineus (Table 1).

The diagnosis of BA was defined according to the Global Initia-
tive for Asthma criteria (Bateman et al., 2008), using standardized
questionnaire, physical and laboratory examination. Atopic status
was determined by skin-prick tests to the most common locally
encountered allergens. Total serum immunoglobulin-E (IgE) lev-
els were measured using ELISA (Vector-best, Russia). The invasion
of the participants by O. felineus was established by Kato-Katz
technique for stool examination and a custom-designed real-time
polymerase chain reaction assay (Ogorodova et al., 2009).

The study was approved by the Bioethics Committee of the
Siberian State Medical University. A full verbal explanation of the
study aim and protocol was given to all the participants and written
informed consent was obtained from them.

Ten SNPs in the genes involved in the regulation of the Th1/Th2
immune responses cytokine pathways were chosen for the study.
All SNPs were selected based on the criteria of the frequency of
a minor allele (at least 10% in Caucasians) and known or pro-
posed functional significance. The selection of the SNPs in promoter
regions of the IFNG (rs2069705) and IFNGR2 (rs17880053) was
based on the potential impact of the SNPs on binding sites for tran-
scription factors. Using published data, we selected IL4 rs2070874
(Gervaziev et al., 2006), IL4RA rs1805010 (Beghé et al., 2007),
GATA3 1510905277 (Pykdldinen et al., 2005), which have been
implicated into pathogenesis of asthma and allergy. The SNPs in
the TBX21 (rs11652969), PIASY (rs3760903), PIAS3 (rs12756687),
STAT58 (rs16967593), and SOCS5 rs6737848 genes were chosen
based on the suspected functional effect: the SNPs were in the Txn
factor ChIP clusters or were tagSNPs for the region covering Txn
factor ChIP clusters (ENCODE ChIP-seq data).

Total genomic DNA was isolated from peripheral blood of the
participants by a standard phenol/chloroform extraction method.
Genotyping was done by restriction fragment length polymor-
phism technique. The details of primers for polymerase chain
reaction and restriction enzyme digestion are available on request.

Hardy-Weinberg equilibrium was assessed by the Pearson’s x2
test. Each SNP was analyzed for association with phenotypes using

logistic regression models (dominant, recessive and log-additive).
The model included the phenotypes as the dependant variables and
genotypes as the predictor variables. To test gene—-environmental
interactions, SNP genotypes, O. felineus invasion and their interac-
tion term were included into multiple logistic regression models.
Sex and age were used as covariates in the regression models. The
analysis was done using SPSS 10.0 (SPSS Inc., Chicago, IL, USA). The
significance level was set at p <0.05. To control for multiple testing,
Bonferroni correction was applied.

3. Results

The baseline characteristics of studied participants are pre-
sented in Table 1. The frequencies of the genotypes for all the
SNPs in healthy control group did not deviate significantly from
the expectation under Hardy-Weinberg equilibrium. There were
no statistically significant differences in either alleles or geno-
types prevalence between O. felineus invaded and non-invaded
individuals (data not shown), which suggests that the analyzed
polymorphisms are not essential for the genetic risk of O. felineus
invasion. Univariate logistic regression revealed an association
between the rs12756687 polymorphism of the PIAS3 gene and
BA (p=0.01; OR=1.99; 95% CI 1.18-3.39); however, it was non-
significant after Bonferroni correction for multiple testing. No other
statistically significant associations between BA and the studied
polymorphisms were found.

While no statistically significant main effect of the SOCS5
genotypes on asthmarisk was found, a statistically significant inter-
action between the rs6737848 polymorphism of the SOCS5 gene
and O. felineus invasion was observed for dominant model (geno-
types encoding: C/C-0; G/C-1; G/G-1; pin =0.001, OR=5.66, 95% CI
1.96-16.31) and for additive model (genotypes encoding: C/C-0;
G/C-1; G/G-2; pins =0.003; OR=4.38,95% CI 1.68-11.45) for BA risk
(Table 2, Supplementary Table 1). This association remains signifi-
cant after Bonferroni correction.

Supplementary Table S1 related to this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.actatropica.
2014.07.004.

The interaction is explained by the statistically significant asso-
ciation between the rs6737848 polymorphism and BA in patients
without O. felineus invasion, with the minor allele G associated with
the decreased risk of BA in a dominant fashion (p =0.002, OR=0.28,
95% Cl=0.13-0.64) (Fig. 1), whereas no significant association is
present between the polymorphism and BA in individuals infected
by O. felineus (p=0.170, OR=1.60, 95% CI=0.81-3.17). Thus, the
rs6737848 polymorphism of the SOCS5 gene is an inherited factor
underlying the development of atopic BA in the context of absence
0. felineus invasion.

4. Discussion

To the best of our knowledge, this is the first report of the signif-
icant interaction between a genetic factor and a helminth invasion
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Table 2

0Odds ratios (95% CI) and p-values for coefficients of univariate and multivarite logistic regression models for the analysis of association between the SOCS5 rs6737848

polymorphism and atopic bronchial asthma.

Model Univariate logistic Multivariate logistic regression Multivariate logistic regression
regression without interaction with interaction?

Additive

S0Cs5? OR=0.82(0.53-1.27); p=0.370 OR=0.82(0.53-1.26); p=0.361 OR=0.34(0.16-0.72); p=0.005

0. felineus infection® _
Interaction between SOCS5 and O. felineus -

Dominant

SOCS5¢

0. felineus infection®
Interaction between SOCS5 and O. felineus -

OR=0.72(0.44-1.19); p=0.200

OR=1.05(0.71-1.56); p=0.370 OR=0.79 (0.51-1.21); p=0.277
- OR=4.38 (1.68-11.45); p=0.003

OR=0.75 (0.46-1.22); p=0.245 OR=0.28 (0.13-0.64); p=0.002
OR=1.05 (0.71-1.56); p=0.788 OR=0.77 (0.49-1.19); p=0.231
- OR=5.66 (1.96-16.31); p=0.001

2 Genotypes coding, CC-0,GC-1,GG - 2.

b Status coding, positive - 1, negative - 0.

¢ Genotypes coding, CC-0,GC-1,GG - 1.

d Qverall significance for additive model, p=0.013; for dominant model, p =0.006.
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Fig.1. The prevalence of atopic bronchial asthma according to the SOCS5 genotype in
patients with or without O. felineus invasion. The figure shows the prevalence of the
atopic asthma among the studied individuals according to whether they are invaded
or non-invaded by O. felineus liver fluke. For dominant regression model, p=0.002
for the main effect of the SOCS5 rs6737848 in non-invaded individuals; p=0.170
in invaded individuals; p=0.001 for the interaction between the SOCS5 rs6737848
and O. felineus invasion with respect to the development of atopic bronchial asthma.
Opi+, Opi—, patients with or without O. felineus invasion, respectively.

for the risk of atopic BA. Our results suggest that O. felineus dimin-
ishes the risk of BA associated with the SOCS5 gene polymorphism.

According to the hygiene hypothesis, based on epidemiological
observations, the infection exposure reduces risk of allergic dis-
orders (Strachan, 2000). A number of genes related to bacterial
infection have been studied in the context of the gene-environment
interactions in allergy. Pattern recognition receptors, such as CD14
and Toll-like receptor (TLR) 4 are involved in the recognition and
clearance of bacterial endotoxin by activating a cascade of host
innate immune responses (Haziot et al., 1996; Poltorak et al., 1998).
The results of the CD14/-159 polymorphism studies suggest that
the C allele is a risk factor for allergic phenotypes at low levels of
microbial or house-dust endotoxin exposure, whereas the T allele
is a risk factor at high levels of exposure. These findings were
discussed as genetically determined heterogeneity for the protec-
tive effect of microbial exposure on allergic phenotypes (Martinez,
2007). In case-control and family based studies, it was found that
SNPs in CD14, TLR2, TLR4, and TLR9 genes modified associations
between country living and asthma (Smit et al., 2009). There is evi-
dence of the joint effects of genetic factors and virus infection on
the development of asthma. The variants at the 17q21 locus were
associated with asthma in children with human rhinovirus wheez-
ing illness, but not in children without human rhinovirus wheezing
illness (Caliskan et al., 2013). The interaction of six SNPs of innate
immunity genes with early life viral infections and asthma risk were
shown (Daley et al., 2012).

In the current study, we provide first proof that helminth inva-
sion can also play an important role as the environmental factor
in GEI interface for asthma and, therefore, can modify risk of the

disease in endemic regions. These results agree with the previ-
ous report suggesting the negative correlation between O. felineus
invasion and the specific allergic sensitization in urban population
(Ogorodova et al., 2007).

The molecular mechanism underlying the GEI between O.
felineus invasion and the rs6737848 polymorphism of the SOCS5
remain unknown; however, it can be explained by the impor-
tant role of the SOCS5 protein in regulation of Th1/Th2-immune
responses. In an experimental model, it was shown that the inter-
action of the SOCS5 protein with IL-4R inhibits IL-4-mediated
activation of STAT6 and differentiation of Th2-helpers (Seki et al.,
2002).The expression of SOCS5 gene was negatively correlated with
IL4 mRNA and positively correlated with Thet in blood of children
(Daegelmann et al., 2008). Based on these observations, we can
assume that the C allele of the rs6737848 polymorphism of the
SOCS5 is associated with the decreased gene expression, which, in
turn, is associated with the increased risk of IL-4-mediated allergic
response and the development of asthma. At the same time, accord-
ing to our unpublished data, O. felineus suppresses IL-4 release by
PBMCs of children with asthma, thus acting as a suppressor for the
development of allergy in predisposed individuals. This can explain
the absence of association between the SOCS5 gene and asthma in
people infected by the helminth in our study.

This proposed mechanism requires further experimental con-
firmation. Also little is known about the associations between the
SOCS5 polymorphisms with human allergic diseases, future studies
are needed to validate our findings in different populations.

5. Conclusions

In conclusion, our findings suggest that O. felineus invasion is an
important factor that diminishes the risk of atopic BA associated
with the rs6737848 SOCS5 gene polymorphism. This observation
can be taken into consideration while planning genetic studies for
asthma and allergic diseases in regions endemic for helminthes.
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Supplementary

Table S1 - Prevalence of the genotypes and the rare allele (£SE) of the SOCSH
rs6737848 polymorphism in patients stratified by the diagnosis of atopic
bronchia asthma and Opisthorchis felineus invasion

Genotypes Asthma No asthma
O. felineus O. felineus O. felineus O. felineus
negative positive negative positive
CcC 95 (0.913) 71 (0.732) 80 (0.748) 80 (0.816)
CG 8 (0.077) 23 (0.237) 26 (0.243) 16 (0.163)
GG 1 (0.010) 3(0.031) 1 (0.009) 2 (0.020)

G 0.952+0.066  0.851+0.061 0.869+0.059  0.898+0.064
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Fig. 1. The prevalence of atopic bronchial asthma according to the SOCS5 genotype in patients with or without O. felineus invasion.
The figure shows the prevalence of the atopic asthma among the studied individuals according to whether they are invaded or non-...
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