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Abstract: An association study of a cohort of 177 Sudanese patients infected with Schistosoma mansoni {82 (46%) males and 95 (54%)
females} was conducted to investigate the correlation of four polymorphisms {IFN-γ rs2069705 (C/T), IFN-γ R1 rs11914 (G/T),
rs1327474 (A/G), and IL-13 rs1800925 (-1055) (C/T)} to the regression and progression of liver fibrosis 39 months after treatment with
praziquantel (PZQ). Regression and progression phenotypes were evaluated by ultrasound. DNA from patients infected with S.
mansoni was extracted, purified and amplified by PCR. Allelic typing was done using RFLP, primer extension reaction, DHPLC, and
allelic discrimination assays (TAQ-MAN). SDS (Sequence Detection Systems) software was used for genotyping. There was an
association between IL-13 rs1800925 T allele and the low grades of periportal fibrosis (PPF) (P = 0.02). No significant association was
found between three polymorphisms (IFN-γ rs2069705 (C/T) P = 0.5, rs1327474 (A/G) P = 0.3 and IFN-γ R1 rs11914 (G/T), and PPF
as response to PZQ. We conclude that IL-13 rs1800925 T allele is protective against PPF (P = 0.02).
Keywords: Periportal fibrosis (PPF), Regression, Progression, Praziquantel (PZQ), Polymorphisms.

1. Introduction
Many parasites cause chronic infections in human with mild clinical symptoms, while others cause severe disease
(Dessein et al, 2001). Periportal fibrosis of the liver (PPF) is a serious consequence of S. mansoni infection that
involves remodelling of the extra-cellular matrix (ECM) and excessive deposition of collagen along the branches of the
portal tract (Booth et al, 2004). PPF is formed due to the granulomatous reactions around the schistosome eggs in the
liver, and it represents one of the main mechanisms of tissue repair (Grimaud and Lortat-Jacob, 1994).

Corresponding author:
Dr. Siddig A. G. Rahoud, Albaha University, Faculty of Science & Arts, Baljurashi, KSA. E-mail: srahoud@gmail.com.

12

IL-13 Polymorphism (IL-13 rs1800925 (-1055) (C/T) is Associated with Severe Hepatic Fibrosis in Human
Schistosomiasis

Genetic factors explain, at least in part, why some individuals resist infection in general more successfully than others
do, although they are living in the same environment with the same living conditions. Other factors such as health
condition, acquired immunity and the variability of infectious agent have contributory effect (Kwiatkowski, 2000).
Studies in animal models indicated that disease development is affected by interleukin 10 and 12 (IL 10, 12) and
tissue-necrosis factor (TNF-α) which regulate the granulomatous response (Wynn et al, 1998, 1995, Leptak and
McKerrow, 1997). It was found that, fibrosis following granulomatous inflamation was dependent on the fibrogenic
action of cytokines such as IL-4 (Cheever et al, 1994), transforming growth factor TGF-β1 and on the antifibrogenic
effect of interferon-γ (Czaja et al, 1989a, 1989 b).
In human schistosomiasis many reports mentioned the antifibrogenic effect of interferon-γ (IFN-γ) in hepatic fibrosis
(Duncan and Berman, 1985, Tamai et al, 1995, Mallat et al, 1995 and Marquet et al, 1999). Polymorphisms such as
IFN-γ +2109 and IFN-γ +3810 were associated with severe hepatic fibrosis in human (Chevillard et al , 2003). Recent
studies had shown that human susceptibility to S. mansoni infection is controlled by genetic loci: SM1 located in
chromosome 5q31-q33 which controls the infection levels in Brazilian population (Dessein et al, 1999b) and we have
shown that susceptibility to PPF is controlled by SM2 which located in chromosome 6q22-q23 and that is closely linked
to IFNGR1 (gene encoding the alpha chain of the IFN-γ receptor) in a Sudanese population (Henri et al, 2002). In
addition to other factors which include gender, age, duration and intensity of infection (Mohamed-Ali et al, 1999 ), we
have shown in the same cohort of patients that severe PPF is associated with an increase in TNF-α production and the
progression to severe PPF in Schistosomiasis was not associated with polymorphisms in the TNF-α gene (Moukoko et
al, 2003).
Based on the above findings, and since SM2 locus was reported to control the progression of the disease (Dessein et
al, 2001), we suggest that, the regression of PPF also could be, at least in part, under genetic control. The aim of this
study is to investigate the correlation of four polymorphisms {IFN-γ rs2069705 (C/T), IFN-γ R1 rs11914 (G/T),
rs1327474 (A/G), and IL-13 rs1800925 (-1055) (C/T)} to the regression and progression of liver fibrosis in S. mansoni
infected subjects after PZQ therapy.

2. Material and Methods
Four polymorphisms (IFN-γ rs2069705 (C/T), IFN-γ R1 rs11914 (G/T), rs1327474 (A/G), and IL-13 rs1800925
(-1055) (C/T) were identified in this study (Table1) using three genotyping methods. Study area and population,
parasitological examination, clinical and ultrasound evaluations, fibrosis grading, regression and progression
phenotypes (Fig: 1, 3 & 4) were evaluated as reported by Rahoud et al. (2010). DNA from patients infected with S.
mansoni was extracted using standard salting-out method (Sambrook et al, 1989), purified and amplified by PCR
(Model MBS 0.25 Hybaid,) in a 30µl reaction.

PCR Conditions
Briefly, PCR conditions were initial denaturation step at 94 °C for 5 min, second denaturation 35 cycles at 94 °C for
1 min, annealing temperature at 53 °C for 45 seconds, first elongation at 72 °C for 45 seconds and final elongation at 72
°C for 10 min. The annealing temperature is variable according to the type of polymorphism.
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Allelic Typing by Restriction Fragment Length Polymorphism (RFLP)
RFLP method was used to screen interferon gamma (IFN-γ) 12q14 rs2069705 polymorphism (C/T). Briefly, PCR
fragment of 303bp length including the IFN-γ rs2069705 polymorphism was generated with use of a forward primer
(Seq.# rs2069705 F) TCCAATGTGCCAAAATAATAATAAA and a reverse one (Seq.# rs2069705 R)
AAGCCCTCCACTCTTTGGTT (All form Operon Biotechnologies, GmbH, 50829, Germany). The PCR product was
digested overnight at 37 °C in water path with restriction enzyme AluI (Roche Diagnostics GmbH, Mannheim,
Germany).
The digested PCR products (5 µl) with 5 µl Loading dye (Bromophenole blue) in acrylamide gel, run in TBE 1% at
110 volts for 2 hours, stained with ethidium bromide (0.5 µg/ml) for 10 minutes, and then visualized under the
photo-documentation system (Baby Imager, Appligene). AluI enzyme (from Arthrobacter luteus bacteria) cuts
whenever the AG ↓ CT or TC ↓ GA sites were found within the PCR fragment. The Alu1 analysis of the PCR product
obtained from subjects bearing the IFN-γ rs2069705 homozygous T/T alleles gives three bands (193, 110 and 19 bp) on
acrylamide gel (Sigma). Subjects bearing the IFN-γ

rs2069705 homozygous C/C alleles also give three bands (174,

110 and 19 bp). Whereas the same analysis performed on subjects bearing the IFN-γ

rs2069705 heterozygous T/C

alleles gives four bands (193, 174, 110 and 19 bp). Bands 110 and 19 bp are not relevant in the genotyping (Fig: 2).
Allelic typing by primer extension reaction, DHPLC, and allelic discrimination assays (TAQ-MAN) was performed
following the procedures described by Syvanen, A.C.(2001), ODonovan, M.C. et al(1998) and Mc Guigan, F.E. and
Ralston, S.H.(2002) respectively. SPSS (Statistical Package for Social Science) software was used for statistical
analysis and SDS (Sequence Detection Systems) software for genotyping.

3. Results
This study was conducted in Um-Zukra, a Sudanese village endemic for S. mansoni. The role of four polymorphisms
(IFN-γ rs2069705 (C/T), IFN-γ R1 rs11914 (G/T), rs1327474 (A/G), and IL-13 rs1800925 (-1055) (C/T) in controlling
the regression of liver fibrosis in Schistosoma mansoni infected subjects after PZQ therapy has been investigated (Table
1).

Screening for Polymorphism in the Promoter Region of IFN-γ Gene.
Table 2 shows the allele frequency of polymorphism IFN-γ rs2069705 (C/T) in 136 study subjects of Um-Zukra
population. The percentage of patients having genotype C/T heterozygous alleles, C/C and T/T homozygous alleles was
(40, 29.4 %, 2, 1.5 % and 94, 69.1 %) respectively. The allele frequency of the wild type allele (allele C) was 16.2 %,
and that of mutant allele (allele T) was 83.8 %. When the different genotypes of SNP IFN-G rs2069705 (C/T) were
crossed tabulated with fibrosis grades before treatment, the genotype frequency of C/C homozygous was (1, 0.74 %) in
patients with fibrosis grade one (F I) and grade three (F III), while the genotype frequency of C/T heterozygous and T/T
homozygous together was (94, 69.1 %) in patients with fibrosis grade one (F I) and was (40, 29.4 %)

in patients with

fibrosis grade three (F III), (table 3). No association was reported between SNP IFN-G rs2069705 (C/T) and fibrosis
grade (P = 0.5). Table 4 shows the different genotypes of SNP IFN-G rs2069705 (C/T) when crossed tabulated with
disease prognosis (regression and progression phenotypes). No difference in genotype frequency of C/C homozygous in
patients with regression phenotype and those with progression phenotype (1, 0.74 %) in both cases. The genotype
frequency of C/T heterozygous and T/T homozygous together was (46, 33.8 %) in patients with regression phenotype
and was (88, 64.7 %) in those with progression phenotype. No association was reported between SNP IFN-G rs2069705
(C/T) and disease prognosis (P = 0.5).
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Screening for Polymorphism in the Coding Sequence (Exon1) of IFN-GR1 Gene
Table 5 shows the allele frequency of polymorphism IFN-GR1 rs11914 (G/T) in 103 study subjects of Um-Zukra
population. The percentage of patients having genotype

G/T heterozygous and T/T homozygous alleles was (30, 29.1%

and 73, 70.9 %) respectively. No patient with genotype G/G homozygous was found in this study subjects. The allele
frequency of the wild type allele (allele G) was 17 %, and that of mutant allele (allele T) was 83 %. When the different
genotypes of polymorphism IFN-GR1 rs11914 (G/T) were crossed tabulated with fibrosis grades before treatment, the
genotype frequency of G/T heterozygous and T/T homozygous together was (65, 63.1 %) in patients with fibrosis grade
one (F I) and was (38, 36.9 %) in patients with fibrosis grade three (F III) see table 6. Table 7 shows the different
genotypes of SNP IFN-GR1 rs11914 (G/T) when crossed tabulated with disease prognosis (regression and progression
phenotypes). The genotype frequency of G/T heterozygous and T/T homozygous together was (39, 37.9 %) in patients
with regression phenotype and was (64, 62.1 %) in those with progression phenotype.

Screening for Polymorphism in the Promoter Region of IL-13 rs1800925 Gene
Table 8 shows the allele frequency of polymorphism IL-13 rs1800925 (C/T) in 138 study subjects of Um-Zukra
population. The percentage of patients having genotype C/T heterozygous alleles, C/C and T/T homozygous alleles was
(62, 44.9 %, 53, 38.4 % and 23, 16.7 %) respectively. The allele frequency of the wild type allele (allele C) was 61 %,
and that of mutant allele (allele T) was 39 %. When the different genotypes of SNP IL-13 rs1800925 (C/T) were
crossed tabulated with fibrosis grades before treatment, the genotype frequency of C/C homozygous was (30, 21.7 %) in
patients with fibrosis grade one (F I) and was (23, 16.7 %) in patients with fibrosis grade three (F III), while the
genotype frequency of C/T heterozygous and T/T homozygous together was (64, 46.4 %) in patients with fibrosis grade
one (F I) and was (21, 15.2 %) in patients with fibrosis grade three (F III), see table 9. There was an association between
SNP IL-13 rs1800925 (C/T) and fibrosis grade (P = 0.02).
Table 10 shows the different genotypes of SNP IL-13 rs1800925 (C/T) when crossed tabulated with disease
prognosis (regression and progression phenotypes). The genotype frequency of C/C homozygous in patients with
regression phenotype was (15, 10.9 %) and was (38, 27.5 %) in those with progression phenotype. The genotype
frequency of C/T heterozygous and T/T homozygous together was (35, 25.4 %) in patients with regression phenotype
and was (50, 36.2 %) in those with progression phenotype. There was no association between SNP IL-13 rs1800925
(C/T) and disease prognosis (P = 0.08).

Screening for Polymorphism in the Un-translated (UTR) Region of IFN-GR1 Gene
Table 11 shows the allele frequency of polymorphism IFN-GR1 rs1327474 (A/G) in 99 study subjects of Um-Zukra
population. The percentage of patients having genotype A/G heterozygous alleles, A/A and G/G homozygous alleles
was (30, 30.3 %, 61, 61.6 % and 8, 8.1 %) respectively. The allele frequency of the wild type allele (allele A) was 77 %,
and that of mutant allele (allele G) was 23 %. When the different genotypes of SNP IFN-GR1 rs1327474 (A/G) were
crossed tabulated with fibrosis grades before treatment, the genotype frequency of A/A homozygous was (33, 33.3 %)
in patients with fibrosis grade one (F I) and was (23, 28.3 %) in patients with fibrosis grade three (F III), while the
genotype frequency of A/G heterozygous and G/G homozygous together was (26, 26.3 %) in patients with fibrosis
grade one (F I) and was (12, 12.1 %) in patients with fibrosis grade three (F III) (Table 12). There was no association
between SNP IFN-GR1 rs1327474 (A/G) and fibrosis grade (P = 0.1). Table 13 shows the different genotypes of SNP
IFN-GR1 rs1327474 (A/G) when crossed tabulated with disease prognosis (regression and progression phenotypes).
The genotype frequency of A/A homozygous in patients with regression phenotype was (20, 20.2%) and was (41,
41.4%) in those with progression phenotype. The genotype frequency of A/G heterozygous and G/G homozygous
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together was (15, 15.2 %) in patients with regression phenotype and was (23, 23.2 %) in those with progression
phenotype. There was no association between SNP IFN-GR1 rs1327474 (A/G) and disease prognosis (P = 0.3).

4. Discussion
Genotyping of Single Nucleotide Polymorphisms (SNP)
Polymorphisms are heritable genetic markers. The majority of human DNA sequence variation is attributed to the
single nucleotide polymorphism (SNP), in which there is a change in a single nucleotide, while insertions or deletions
of one or more bases, and repeat length polymorphisms (microsatellites) are also found. In normal individual SNP
occurs once in every 1000-2000 nucleotides, suggesting that about 10 million SNP are present across the whole genome
(Cargill et al, 1999; Knight, 2001). Only a small proportion of these polymorphisms are of functional relevance by
causing structural alteration of the protein encoded by a gene or by altering neighbouring regions of DNA that control
gene regulation. All these changes are of potential value as genetic markers for mapping regions of DNA that determine
disease susceptibility (Kwiatkowski, 2000).
The pathologies of many infectious diseases are influenced by the profiles of cytokine production in
pro-inflammatory (Th1) and anti-inflammatory (Th2) T cells. Differences in cytokine profiles among individuals appear
to be at least in part, due to allelic polymorphism within regulatory regions of cytokine gene (Bidwell et al, 1999).
Many studies have examined the relationship between cytokine gene polymorphism and susceptibility to severity of
disease (Henri et al, 2002b; Chevillard et al, 2002; Jahromi et al, 2000; Koch et al, 2002).
In a study done in Sudanese population of endemic area for S. mansoni, that two polymorphisms located in the third
intron of the IFN-γ gene are associated with PPF. The IFN-γ +2109 (A/G) polymorphism is associated with higher risk
for developing PPF, whereas the IFN-γ +3810 (G/A) polymorphism is associated with less risk for developing PPF.
These polymorphisms result in changes in nuclear protein interactions with the intronic regions of the gene, suggesting
that they may modify IFN-γ mRNA expression (Chevillard et al, 2003). In a different study on the same population,
Moukoko et al, (2003) found no evidence of association between four polymorphisms of TNF-γ gene (TNF-γ -376 G/A,
-308 G/A, -238 G/A, and +488 G/A) and PPF.
In this study, four polymorphisms (IFN-γ rs2069705 (C/T), IFN-γ R1 rs11914 (G/T), rs1327474 (A/G), and IL-13
rs1800925 (-1055) (C/T) were screened for possible association with the PPF response to PZQ treatment (Table 2.1).
The selection of the genes of (IFN-γ, IFN-γ R1, and IL-13) cytokines is based on their Role in the regulation of
granuloma formation as reported by many authors (Henri et al, 2002b; Chevillard et al, 2002; Jahromi et al, 2000; Koch
et al, 2002; Chevillard et al, 2003; Moukoko et al, 2003).

IFN-γ rs2069705 (C/T), IFN-γ R1 rs11914 (G/T), and rs1327474 (A/G) Polymorphisms and PPF
The localization of SM2 in the 6q22-23 chromosomal region close to IFN-γR1 gene (Dessein et al, 1999) identifies
this gene as a candidate to SM2 (El-Wali, 2002). IFN-γ is a key regulator of the development and functions of the
immune system. It plays a major role in immune defence against infections by various human pathogens (Henri et al,
2002a; 2002b). IFN-γ is a strong antifibrogenic cytokine that inhibits the production of extracellular matrix proteins
(ECMP) by stellate cells and increases the collagenase activity of the liver by stimulating metaloprotease (MP)
synthesis and by inhibiting the synthesis of tissue inhibitors of MP (TIMP) (Doncan et al, 1985; Tamai et al, 1995).
Polymorphisms in the IFN-γ gene (12q14), including the transcription regulatory region might affect host resistance
to infectious agents including schistosomes. Many authors had reported that, polymorphism in the IFN-γ R1 gene
(6q23-q24) has been associated with susceptibility to non-pathogenic mycobacterial infection (New port et al, 1996;
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Jouanguy et al, 1997). El-Wali, et al. (2002), were reported a polymorphism (+95 T/C) in IFN-γ R1 gene that affects
disease progression.
In this study, we investigated whether polymorphisms in IFN-γ (rs2069705 C/T) and IFN-γ R1 (rs11914 G/T,
rs1327474 A/G) genes could contribute to disease prognosis in schistosomiasis. Although, the allele frequencies of the
mutant alleles (allele T) for SNPs IFN-γ rs2069705 (C/T) and (allele G) for IFN-γR1 rs1327474 (A/G) were 83.3 % and
23 % respectively in the study subjects (Tables 3.7,3.16), but our findings indicated that, neither IFN-γ (rs2069705 C/T)
nor IFN-γ R1 (rs1327474 A/G) polymorphisms have an association with PPF (P = 0.5, P = 0.1) respectively (Tables
3.8, 3.17). No statistically significant association of IFN-γ R1 rs11914 (G/T) and PPF was found (Table 3.11). Since all
study subjects were graded before PZQ treatment (having FI, FII, and FIII), the presence of high frequencies of mutant
allele (allele T) 83.3 % for SNP IFN-γ rs2069705 (C/T) and 83 % for IFN-γ R1 rs11914 (G/T) in the study subjects
(Tables 3.8. 3.10), could not be explained unless the allele frequencies in the control group (subjects with F0) were
performed.

IL-13 rs1800925 (-1055) (C/T) Polymorphism and PPF
In the present study, we were evaluated whether the polymorphism (IL-13 rs1800925 (-1055) C/T) has an association
to PPF induced by S. mansoni infection. Tables (3.14, 3.15) show the frequency of different genotypes of SNP IL-13
rs1800925 (C/T) when cross-tabulated with the grade of fibrosis before treatment and disease prognosis respectively, in
138 study subjects. We found that IL-13 rs1800925 T/T homozygous and C/T heterozygous genotypes were more
frequent (46.4 %, n = 64, P = 0.02) in subjects with low grade of fibrosis (F I) (Table 3.14), and on the other hand, were
more frequent (36.2 %, n = 50, P = 0.08) in subjects with progression phenotype (Table 3-15). IL-13 rs1800925 T/T
and C/T genotypes were reported to associate with low grades of PPF. The risk for PPF to reverse to lower grades is
increased by IL-13 rs1800925 T allele.
The pathologies of many infectious diseases including schistosomiasis, are influenced by the profiles of cytokine
production in pro-inflammatory (Th1) and anti-inflammatory (Th2) T- cells, and the differences of these profiles in any
individual appear to be due, at least in part, to allelic polymorphism within regulatory regions of cytokine gene (Bidwell
et al, 1999). Th2-mediated immunity is critical to human defences against schistosomiasis, since schistosomes are
vulnerable to immune attack when in the skin and lungs (Phillips and colley, 1978; Sher, 1977).
Repeated antigenic challenge through the skin by molecules released from schistosomula biases the immune response
to Th2, and this response is in particular eosinophils and IgE, which has been reported to be associated with protection
against infection (Dessein et al, 1988; Rihet et al, 1991; Hagan et al, 1991; Demeure et al, 1993).
IL-13 gene is located on chromosome 5q31, and it was reported to play a unique role in skin and lung immunity
against schistosome (Hirrick and Bottomly, 2003; Kouriba et al, 2005). Biochemical and molecular studies have shown
that IL-13 is the major stimulus for the development of egg-induced liver fibrosis (Chiaramonte et al, 1999). In
experimental animals, when the activity of IL-13 is blocked (IL-13 -/ - animals), the mortality is delayed indicating the
major contribution of IL-13 to the progression of the chronic murine schistosomiasis (Fallon et al, 2000). In vitro
studies demonstrated the ability of IL-13 to stimulate collagen deposition by fibroblasts (Chiaramonte et al, 1999). In
human schistosomiasis, IL-13 has been reported to exhibits chemotactic activity for human eosinophils and may play a
role in eosinophil survival by stimulating the production of granulocyte-macrophsge colony stimulating factor
(GM-CSF) (Mentink-Kane and Wynn, 2004).
Previous studies on 5q31-q33 locus had showed an association between IL-13 rs1800925 (-1055 C/T) polymorphism
and Schistosoma haematobium infection and protection against schistosomes is increased by the IL-13 rs1800925 T/T
genotype (Kouriba et al, 2005). In other studies on asthma, IL-13 rs1800925 T allele was reported to increase gene
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transcription (Wills-karp et al, 1998). This is in agreement with the fact that IL-13 cytokine enhances resistance to
infection by schistosome in humans (Kouriba et al, 2005). In this study, IL-13 rs1800925 T/T and C/T genotypes were
reported to be associated with low grades of PPF due to S. mansoni infection. The risk for PPF to reverse to lower
grades of fibrosis is increased by IL-13 rs1800925 T allele.

5. Conclusion
There was an association between IL-13 rs1800925 T allele and the low grades of PPF (P = 0.02). No significant
association was found between three polymorphisms (IFN-γ rs2069705 (C/T) P = 0.5, rs1327474 (A/G) P = 0.3 and
IFN-γ R1 rs11914 (G/T), and PPF as response to PZQ. IL-13 rs1800925 T allele is protective against PPF.

Acknowledgments
The authors would like to thank the people of Um-Zukra village for their continuous cooperation. This study was
supported by the Institute of Nuclear Medicine, Molecular Biology and Oncology, University of Gezira, Ministry of
Higher Education and Scientific Research Sudan.

References
[1]. Dessein, A. J.; Chevillard, C.; Marquet, S.; Henri, S.; Hillaire, D.; and Dessein, H. (2001). Genetics of parasitic infections. Am.
Soc. Pharmacol. Exper. Therap. 29:484-488.
[2]. Booth, M.; Mwatha, J. K.; Joseph, S.; Jones, F. M.; Kadzo, H.; Ireri, E.; Kazibwe, F.; Kemijumbi, J.; Kariuki, C.; Kimani, G.;
Ouma, J. H.; Kabatereine, N. B.; Vennervald, B. J.; and Dunne, D. W. (2004a). Periportal fibrosis in human Schistosoma
mansoni infection is associated with low IL-10, low IFN-γ, high TNF-α, or low RANTES, depending on age and gender. J.
Immunol. 172: 1295-1303.
[3]. Grimaud, J. A.; and Lortat-Jacob, H. (1994). Matrix receptors to cytokines: from concept to control of tissue fibrosis dynamics.
Pathol. Res. Pract. 190 (9-10): 883-890.
[4]. Kwiatkowski, D. (2000). Susceptibility to infection, science, medicine, and future. B.M.J. 321: 1061-1065.
[5]. Wynn, T.A.; and Cheever, A.W. (1995). Cytokine regulation of granuloma formation in schistosomiasis. Curr. Opin. Immunol.
7: 505-511.
[6]. Wynn, T. A.; Cheever, A. W.; WilliamsM, E.; Hieny, S.; Caspar, P.; Kuhn, R.; Muller,W.; and Sher, A. (1998). IL-10 regulates
liver pathology in acute murine Schistosomiasis mansoni but is not required for immune down-modulation of chronic disease. J.
Immunol. 160: 4473-4480.
[7]. Leptak, C. L.; and McKerrow, J. H. (1997). Schistosome egg granulomas and hepatic expression of TNF-alpha are dependent
on immune priming during parasite maturation. J. Immunol.158: 301-307.
[8]. Cheever, A. W.; Williams, M. E.; Wynn, T. A.; Finkelman, F. D.; Seder, R. A.; Cox, T. M.; Hieny, S.; Caspar, P.; and Sher,
A.(1994). Anti-IL-4 treatment of

Schistosoma manson infected mice inhibits development of T cells and non-B, non-T cells

expressing Th2 cytokines while decreasing egg-induced hepatic fibrosis. J. Immunol. 153: 753-759.
[9]. Czaja, M .J.; Weiner, F. R.; Flanders, K. C.; Giambrone, M. A.; Wind, R.; Biempica, L.; and Zern, M. A. (1989a). In vitro and
in vivo association of transforming growth factor-beta 1 with hepatic fibrosis. J. Cell. Biol.108: 2477-2482.

18

IL-13 Polymorphism (IL-13 rs1800925 (-1055) (C/T) is Associated with Severe Hepatic Fibrosis in Human
Schistosomiasis

[10]. Duncan, M.R.; and Berman, B. (1985). Gamma interferon is the lymphokine and beta interferon the monokine responsible for
inhibition of fibroblast collagen production and late but not early fibroblast proliferation. J. Exp. Med. 162: 516-527.
[11]. Tamai, K.; Ishikawa, H.; Mauviel, A.; and Uitto, J. (1995). Interferon gamma coordinately upregulates matrix metalloprotease
(MMP)-1 and MMP-3 but not tissue inhibitor of metalloproteases (TIMP), expression in cultured keratinocytes. J. Invest.
Dermatol. 104: 384-390.
[12]. Mallat, A.; Preaux, A. M.; Blazejewski, S.; Rosenbaum, J.; Dhumeaux, D.; and Mavier, P. (1995). Interferon alpha and gamma
inhibit proliferation and collagen synthesis of human Ito cells in culture. Hepatology. 21: 1003-1010.
[13]. Marquet, S.; Abel, L.; Hillaire, D.; and Dessein, A. J. (1999) Full results of the genome-wide scan which localises a locus
controlling the intensity of infection by Schistosoma mansoni on chromosome 5q31-q33.European Journal of Human
Genetics.7: 88-97.
[14]. Chevillard, C.; Moukoko, C. E.; Elwali, N. M. A.; Bream, J. H.; Kouriba, B.; Argiro, L.; Rahoud, S.; Mergani, A.; Henri, S.;
Gaudart, J.; Mohamed-Ali, Q.; Young, H. A.; and Dessei, A. J. (2003). IFN-γ polymorphisms (IFN-γ +2109 and IFN-γ +3810)
are associated with severe hepatic fibrosis in human hepatic schistosomiasis (Schistosoma mansoni). J. Immunol. 171:
5596-5601.
[15]. Dessein, A. J.; Marquet, S.; Henri, S.; El Wali, N. M. A.; Hillaire, D.; Rodrigues, V.; Prata, A.; Mohamed Ali, Q.; Gharib, B.;
Reggi, M.; Magzoub, M. M. A.; Saeed,O. K.; Abdelhameed, A. A.; and Abel, L. (1999b).Infection and disease in human S.
mansoni are under distinct major gene control. Microbes & infection. 1: 561-567.
[16]. Henri, S.; Dessei, A. J.; Chevillard, C.; Paris, P.; Godard, J.; Camilla, C.; Saeed, O. K.; Mirgani, A.; Bucheton,B.; Rahoud, S.;
Elwali, N. m. A.; Fert, V.; Montero, F.; Mohamed-Ali, Q.; and Magzoub, M. M. A (2002). Cytokine regulation of periportal
fibrosis in humans infected with Schistosoma mansoni: IFN-gamma is associated with protection against fibrosis and
TNF-alpha with aggravation of disease. J. Immuno. 169:929-36.
[17]. Mohamed-Ali, Q.; Elwali, N. M. A.; Abdelhameed, A. A.; Mergani, A.; Rahoud, S.; Elagib, K.; Saeed, O. K.; Abel, L.;
Magzoub, M. M.A.; and Dessein, A. J. (1999) Susceptibility to periportal (Symmers) fibrosis in human Schistosoma mansoni
infections: Evidence that intensity and duration of infection, gender, and inherited factors are critical in disease progression. J.
Infec. Dis. 180: 1298-1306.
[18]. Moukoko, C.E; Elwali, N. m. A.; Saeed, O. K.; Mohamed-Ali, Q.; Gaudart, J.; Dessei, A. J; and Chevillard, C. (2003). No
Evidence for a Major Effect of Tumor Necrosis Factor Alpha Gene Polymorphisms in Peripotal Fibrosis Caused by
Schistosoma mansoni Infection. Infec. Immunity. 17 (10): 5456-5460.
[19]. Dessein, A. J.; Chevillard, C.; Marquet, S.; Henri, S.; Hillaire, D.; and Dessein, H. (2001). Genetics of parasitic infections. Am.
Soc. Pharmacol. Exper. Therap. 29:484-488.
[20]. Rahoud, S., Mergani, A., Khamis, A. H., Saeed, O. K., Mohamed-Ali, Q., Dessein, A. J and Elwali, N. E. (2010). Factors
controlling the effect of praziquantel on liver fibrosis in Schistosoma mansoni infected patients. FEMS Immunol. Med.
Microbiol.58 (1):106-112.
[21]. Sambrook, J.; Fritsch, E. F.; and Maniatis, T. (1989). Molecular cloning: A Laboratory Manual, 2nd ed. Cold Spring Harbor
Lab. Press, New York, pp 3-105.

IL-13 Polymorphism (IL-13 rs1800925 (-1055) (C/T) is Associated with Severe Hepatic Fibrosis in Human
Schistosomiasis

19

[22]. Syvanen, A. C. (2001). Accessing genetic variation: genotyping single nucleotide polymorphisms. Nat. Rev. Genet. 2 (12):
930-942.
[23]. O'Donovan MC, Oefner PJ, Roberts SC, Austin J, Hoogendorn B, Guy C, Speight G, Upadhyaya M, Sommer SS, and
McGuffin P (1998). Blind analysis of denaturing high performance liquid chromatography as a tool for mutation detection.
Genomics 52: 44-49.
[24]. McGuigan, F. E. and Ralston, S. H. (2002) Single nucleotide polymorphism detection: allelic discrimination using TaqMan.
Psychiatr. Genet. 12(3):133-136.
[25]. Cargill, M.; Altshuler, D.; Ireland, J.; Sklar, P.; Ardlie, K.; and Patil, N. (1999). Characterization of single-nucleotide
polymorphisms in coding regions of human genes. Nat. Genet. 22: 231-238.
[26]. Knight, J. (2001). Polymorphisms in tumor necrosis factor and other cytokines as risks for infectious diseases and the septic
syndrome. Curr. Infect. Dis. Rep. 3: 427-439.
[27]. Kwiatkowski, D. (2000). Susceptibility to infection, science, medicine, and future. B.M.J. 321: 1061-1065.
[28]. Henri, S.; Dessei, A. J.; Chevillard, C.; Paris, P.; Godard, J.; Camilla, C.; Saeed, O. K.; Mirgani, A.; Bucheton,B.; Elwali, N. m.
A.; Fert, V.; Montero, F.; Mohamed-Ali, Q.; and Magzoub, M. M. A (2002a). Cytokine regulation of periportal fibrosis in
humans infected with Schistosoma mansoni: IFN-gamma is associated with protection against fibrosis and TNF-alpha with
aggravation of disease. J. Immuno. 169:929-36.
[29]. Chevillard, C.; Henri, S.; Stefani, F.; Parzy, D.; and Dessei, A. J. (2002). Two new polymorphisms in the human interferon
gamma (IFN-γ) promoter. Eur. J. Immuno. Genet. 29: 53.
[30]. Jahromi, M. M.; Millward, B. A.; and Demaine, A. G. (2000). A polymorphism in the promoter region of the gene of
interleukin-6 is associated with susceptibility to type 1 diabetes mellitus. J. Interferon Cytokine Res. 20: 885.
[31]. Koch, O.; Awomoyi, A.; Usen, S.; Jallow, M.; Richardson, A.; Hull, J.; Pinder, M.; Newport, M.; and Kwiatkowski, D. (2002).
IFNGR1 gene promoter polymorphisms and susceptibility to cerebral malaria. J. Infect. Dis. 185: 1684.
[32]. El-Wali, N. M. A. (2002). Infectious diseases and tropical pathologies. PhD thesis.
[33]. Newport, M. J.; Huxley, C. M.; Huston, S.; Hawrylowicz, C. M.; Oostra, B. A.; Williamson, R.; and Levin, M. (1996). A
mutation in the interferon-gamma-receptor gene and susceptibility tyo0 mycobacterial infection. N. Engl. J. Med. 335
(26):1941-1949.
[34]. Jouanguy, E.; Lamhamedi-Cherradi. S.; Altare, F.; Fondaneche, M. C.; Tuerlinckx, D.; Blanche, S.; Emile, J.F.; Gaillard, J. L.;
Schreiber, R.; Levin, M.; Fischer, A.; Hivroz, C.; and Casanova, J. L. (1997). Partial interferon-gamma-receptor1 deficiency in
a child with tuberculoid bacillus calmetteguerin infection and a sibling with clinical tuberculosis. J. Clin. Invest. 100 (11):
2658-2664.
[35]. Bidwell, J.; Keen, L.; Gallagher, G.; Kimberly, R.; Huizinga, T.; McDermott, M. F.; Oksenberg, J.; McNicholl, J.; Pociot, F.;
Hardt, C.; and Alfonso, S. D. (1999). Cytokine gene polymorphism in human disease: on-line databases. Genes and Immunity.
1: 3-19.
[36]. Phillips, S. M.; and Colley, D. G. (1978). Immunologic aspects of host responses to schistosomiasis: resistance,
immunopathology, and eosinophil involvement. Prog. Allergy. 24:49-182.
[37]. Sher, A. (1977). Immunity against Schistosoma mansoni in the mouse. Am. J. Trop. Med. Hyg. 26:20-28.

20

IL-13 Polymorphism (IL-13 rs1800925 (-1055) (C/T) is Associated with Severe Hepatic Fibrosis in Human
Schistosomiasis

[38]. Dessein, A. J.; Begley, M.; Demeure, C.; Caillol, D.; Fueri, J.; Dos Reis, M. G.; Andrade, Z. A.; Prata, A.; and Bina, J.C.
(1988). Human resistance to Schistosoma mansoni is associated with IgG reactivity to a 37-kDa larval surface antigen. J.
Immunol. 140:2727-2736.
[39]. Rihet, P. ; Demeure, C. E.; Bourgois, A.; Prata, A.; and Dessein. A. J. (1991). Evidence for an association between human
resistance to Schistosoma mansoni and high anti-larval IgE levels. Eur. J. Immunol. 21:2679-2686.
[40]. Hagan, P.; Blumenthal, U. J.; Dunn, D.; Simpson, A. J.; and Wilkins, H. A. (1991). Human IgE, IgG4 and resistance to
reinfection with Schistosoma haematobium. Nature. 349:243-245.
[41]. Demeure, C. E.; Rihet, P.; Abel, L.; Ouattara, M.; Bourgois, A.; and Dessein, A. J. (1993). Resistance to Schistosoma mansoni
in humans: influence of the IgE/IgG4 balance and IgG2 in immunity to reinfection after chemotherapy. J. Infect. Dis.
168:1000-1008.
[42]. Herrick, C. A.; and Bottomly, K. (2003). To respond or not to respond: T cell in allergic asthma. Nat. Rev. Immunol.
3:405-412.
[43]. Kouriba, B.; Chevillard, C.; Bream, J. H.; Argiro, L.; Dessein, H.; Arnaud, V.; Sangare, L.; Dobo, A.; Beavogui, A. H.; Arama,
C.; Traore, H. A.; Doumbo, O.; and Dessein, A. (2005). Analysis of the 5q31-q33 locus shows an association between
IL-13-1055 C/T IL-13-591 A/G polymorphisms and Schistosoma haematobium infection. J. Immunol. 174:6274-6281.
[44]. Chiaramonte, M. G.; Donaldson, D. D.; Cheever, A. W.; and Wynn, T. A. (1999). An IL-13 inhibitor blocks the development
of hepatic fibrosis during a T-helper type 2-dominated inflammatory response. J. Clin. Invest. 104: 777-785.
[45]. Fallon, P. G.; Richardson, E., J.; McKenzie, G. J.; and McKenzie, A. N. J. (2000). Schistosome infection of transgenic mice
defines distinct and contrasting pathogenic roles for IL-4 and IL-13: IL-13 is a profibrotic agent. J. Immunol. 164: 2585-2591.
[46]. Mentink-Kane, M. M.; and Wynn, T. A. (2004). Opposing roles for IL-13 and IL-13 receptor alpha 2 in health and disease.
Immunological Reviews. 202: 191-202.
[47]. Wills-Karp, M.; Luyimbazi, J.; Schofield, X. X. B.; Neben, T. Y.; Carp, C. L.; and Donaldson, D. D. (1998). Interleukin-13:
central mediator of allergic asthma. Science. 282:2258-2261.

IL-13 Polymorphism (IL-13 rs1800925 (-1055) (C/T) is Associated with Severe Hepatic Fibrosis in Human
Schistosomiasis

21

Tables & Figures
Table 1: Selected single nucleotide polymorphisms (SNPs), their chromosomal and structural location.
Polymorphism (SNP)

Gene

Chromosomal location

Gene Bank ID

Structural location

C/T

IFN-γ

12q14

rs2069705

Promoter

G/T

IFN-γ R1

6q23-q24

Rs11914

Exon 1

A/G

IFN-γ R1

6q23-q24

rs1327474

UTR

C/T

IL-13

5q31

rs1800925 (-1055)

Promoter

Table 2: The frequency of different genotypes of IFN-γ rs2069705 (C/T) in 136 study subjects.
Genotype

Frequency

(%)

Allele frequencies

C/T

40

(29.4)

Allele C

16.2 %

C/C

2

(1.5)

Allele T

83.8 %

T/T

94

(69.1)

Total

136

(100)

Table 3: The frequency of different genotypes of SNP (IFN-GR1 rs2069705 C/T) when cross-tabulated with the grade of fibrosis
before treatment in 136 study subjects.
Fibrosis grade

C/C (%)

C/T or T/T (%)

Total (%)

FI

1 (0.74)

94 (69.1)

95 (69.9)

FIII

1 (0.74)

40 (29.4)

41 (30.1)

Total

2 (1.5)

134 (98.5)

136 (100)

(P = 0.5)

Table 4: The frequency of different genotypes of SNP IFN-GR1 rs2069705 (C/T) when cross-tabulated with the disease prognosis in
136 study subjects.
Disease prognosis

C/C (%)

C/T or T/T (%)

Total

Regression

1 (0.74)

46 (33.8)

47 (34.6)

Progression

1 (0.74)

88 (64.7)

89 (65.4)

Total

2 (1.5)

134 (98.5)

136 (100)

(P = 0.5)
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Table 5: The frequency of different genotype IFN-GR1 rs11914 (G/T) in 103 study subjects.
Genotype

Frequency

(%)

Allele frequencies

G/T

30

(29.1)

Allele G 17 %

T/T

73

(70.9)

Allele T

G/G

0

(0)

Total

103

(100)

83 %

Table 6: The frequency of different genotypes of SNP IFN-GR1 rs11914 (G/T) when cross-tabulated with the disease prognosis in
103 study subjects.
Fibrosis grade

G/G (%)

G/T or T/T (%)

Total (%)

FI

0 (0)

65 (63.1)

65 (63.1)

FIII

0 (0)

38 (36.9)

38 (36.9)

Total

(0)

103 (100)

(100)

(P = 0.5)

Table 7: The frequency of different genotypes of SNP IFN-GR1 rs11914 (G/T) when cross-tabulated with the disease prognosis in
103 study subjects.
Disease prognosis

G/G (%)

G/T or T/T (%)

Total (%)

Regression

0 (0)

39 (37.9)

39 (37.9)

Progression

0 (0)

64(62.1)

64 (62.1)

Total

0 (0)

103 (100)

103 (100)

Table 8: The frequency of different genotypes of SNP IL-13 rs1800925(C/T) in 138 study subjects.
Genotype

Frequency

(%)

Allele frequencies

C/T

62

(44.9)

Allele C

61 %

C/C

53

(38.4)

Allele T

39 %

T/T

23

(16.7)

Total

138

(100)
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Table 9: The frequency of different genotypes of SNP IL-13 rs1800925 (C/T) when cross-tabulated with the grade of fibrosis before
treatment in 138 study subjects.
Fibrosis grade

C/C (%)

C/T or T/T (%)

Total (%)

FI

30 (21.7)

64 (46.4)

94 (68.1)

FIII

23 (16.7)

21 (15.2)

44 (31.9)

Total

53 (38.4)

85 (61.6)

138 (100)

(P = 0.02)

Table 10: The frequency of different genotypes of SNP IL-13 rs1800925 (C/T) when cross-tabulated with the disease prognosis in
138 study subjects.
Disease prognosis

C/C (%)

C/T or T/T (%)

Total (%)

Regression

15 (10.9)

35 (25.4)

50 (36.2)

Progression

38 (27.5)

50 (36.2)

88 (63.8)

Total

53 (38.4)

85 (61.6)

138 (100)

(P = 0.08)

Table 11: The frequency of different genotypes of SNP IFN-GR1 rs1327474 (A/G) in 99 study subjects.
Genotype

Frequency

(%)

Allele frequencies

A/G

30

(30.3)

Allele A 77 %

A/A

61

(61.6)

Allele G 23 %

G/G

8

(8.1)

Total

99

(100)

Table 12: The frequency of different genotypes of SNP IFN-GR1 rs1327474 (A/G) when cross-tabulated with the grade of fibrosis
before treatment in 99 study subjects.
Fibrosis grade

A/A (%)

A/G or G/G (%)

Total (%)

FI

33 (33.3)

26 (26.3)

59 (59.6)

FIII

28 (28.3)

12 (12.1)

40 (40.4)

Total

61 (61.6)

85

99 (100)

(P = 0.1)
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Table 13: The frequency of different genotypes of SNP IFN-GR1 rs1327474 (A/G) when cross-tabulated with the disease prognosis
in 138 study subjects.
Disease prognosis

A/A (%)

A/G or G/G (%)

Total (%)

Regression

20 (20.2)

15 (15.2)

35 (35.4)

Progression

41 (41.4)

23 (23.2)

64 (64.6)

Total

61 (61.6)

38 (38.4)

99 (100)

(P = 0.3)

Figure 1: State of PPF 39 months post- treatment reported as phenotypes.

Figure 2: Genotyping of IFN-γ rs2069705 polymorphism (C/T) in DNA samples of Sudanese patients infected with S. mansoni
showing T/T, C/C homozygous and T/C heterozygous.
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Figure 3: The clustering of regression phenotype (Half-dark symbols) in certain families, stable phenotype (Crossed symbols) and
not evaluated person (Open symbols).
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Figure 4: The clustering of progression phenotype (Dark symbols) in certain families, stable phenotype (Crossed symbols) and not
evaluated person (Open symbols).

