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Abstract Host resistance to Leishmania infection is

mediated by cellular immune responses leading to macro-

phage activation and parasite killing. Interleukin-18

(IL-18) known as interferon-c (IFN-c) inducing factor,

stimulates IFN-c production by T cells. Taking into

account the important role of IL-18 in the defense against

visceral leishmaniasis (VL) and the known effect of IL-18

gene polymorphisms on its production, the aim of this

study was to investigate the probable relationship between

IL-18 gene polymorphisms and the susceptibility to VL.

The study groups included 118 pediatric patients who

suffered from VL and 156 non-relative healthy people as

the controls from the same endemic area. IL-18 gene

polymorphisms at the positions -656 G/T, -137 G/C and

?105A/C (codon 35/3) were analyzed by polymerase chain

reaction-restricted fragment length polymorphism (PCR–

RFLP). The results showed that the frequency of T allele at

the position -656 was significantly higher in the controls,

compared with that in the patients (P = 0.047), but it

couldn’t tolerate Bonferroni correction. Regarding the IL-

18 genotypes, there was no significant difference between

the patients and controls. Although the frequencies of ATG

single haplotype and AGG/ATG double haplotype were

significantly higher in the controls (P = 0.043) and the

patients (P = 0.044), respectively, the two P values

couldn’t tolerate Bonferroni correction. Furthermore, a

strong linkage disequilibrium was observed among the

-656, -137 and ?105 single nucleotide polymorphisms of

IL-18 gene (all Ps \ 0.001). In conclusion, this study

suggests that the inheritance of T allele at the position

-656 may be considered as a genetic factor for resistance

to VL.

Keywords Interleukin-18 � Genetic polymorphisms �
Visceral leishmaniasis � Iran

Introduction

Visceral leishmaniasis (VL) is a systemic infectious dis-

ease caused by an intracellular protozoan belonging to

Leishmania species. The majority of VL cases are caused

by L. chagasi (in Latin America), L. donovani (in Africa,

India, and south Asia), and L. infantum (in the Mediterra-

nean littoral and the Middle East region) [1]. L. tropica is

also reported as a causative agent for VL [2]. The disease is

characterized clinically by prolonged fever, weight loss,

hepatomegaly, splenomegaly, hypergammaglobulinemia

and pancytopenia leading to death in the absence of

treatment. The worldwide incidence of VL is estimated to

be annually around 500,000 with over 50,000 deaths [1].

Leishmania can survive and replicate inside macro-

phages by modulating the antimicrobial activity of the cells

as well as increasing the host cell membrane fluidity and
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disrupting lipid rafts which in turn affects the antigen pre-

sentation capability of host antigen presenting cells (APCs)

[3]. Host resistance to Leishmania infection is mediated by

cellular immune response and requires effective activation

of macrophages, dendritic cells (DCs) and antigen specific

CD4? and CD8? T cells [4]. CD4? T cells are responsible for

the production of cytokines critical for the activation of

macrophages such as IFN-c [5]. After exposure to IFN-c,

intracellular killing in macrophages occurs by nonoxidative

mechanisms through the generation of nitric oxide and its

metabolites from L-arginine after the induction of inducible

nitric oxide synthase [6]. Then, IFN-c is the key cytokine in

immune response against leishmaniasis.

Interleukin-18 (IL-18), a member of the IL-1 cytokine

superfamily, is now considered as a key regulator of innate

and acquired immune responses [6, 7]. It is originally iden-

tified as a factor capable of inducing IFN-c production by T

cells. This cytokine promotes neutrophil activation, reactive

oxygen intermediate synthesis, cytokine release, and cell

degranulation [7–9]. Furthermore, recent studies suggest that

IL-18 up-regulates intracellular adhesion molecule-1

(ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1)

expression on the endothelial cells [10]. Several studies have

demonstrated the importance of IL-18 in immunity against

VL and the outcome of the disease. It is shown that during the

infection of phagocytes with different species of Leishmania,

the release of IL-18 is increased [11]. Furthermore, it is

proved that Leishmania infected IL-18-deficient mice had

significantly lower IFN-c production as well as lower serum

IL-12 levels, indicating a reduced Th1 response [12]. Hence,

IL-18 could be considered as an inducer for Th1 response in

Leishmania infection.

Studies have shown that the maximal capacity of cytokine

production varies among individuals and correlates with sin-

gle nucleotide polymorphisms (SNPs) in the cytokine genes

[13–15]. Moreover, it is shown that gene polymorphisms

could play important roles in susceptibility and/or resistance

of different people to the same infectious diseases [16–18].

Considering the importance of IL-18 in the defense against VL

and the effect of IL-18 gene polymorphisms on its production,

this study aimed at investigating the probable association

between IL-18 gene polymorphisms and susceptibility to VL.

Materials and methods

Sample collection and DNA extraction

This study was carried out on 118 pediatric patients suffering

from VL [56 females (47.5 %) and 62 males (52.5 %) with

age range 6 months to 14 years, mean ± SD = 3.2 ±

2.3 years] and 156 non-relative healthy controls [72 females

(46.1 %) and 84 males (53.9 %) with age range 9–16 years,

mean ± SD = 12.9 ± 2.1 years] from the same endemic

area. Some of the patients and controls were the same as those

participating in our previous studies investigating the probable

relationship between IL-1b, LT-a and TLR4 gene polymor-

phisms and susceptibility to VL [16, 19]. All the patients were

admitted with the diagnosis of VL to the pediatric infectious

diseases ward of Namazi hospital, affiliated with Shiraz

University of Medical Sciences, Shiraz, Fars, Iran, based on

clinical manifestation such as anemia, hepatosplenomegally

and fever, with positive bone marrow smear and/or IFA

(indirect fluorescent antibody) C1/128 for Leishmania para-

site. Blood samples were taken from all the patients and

controls following obtaining informed written consents from

children’s parents, and DNA was extracted from all of the

blood specimens using the salting out method. This study was

approved by the Research Ethics Committee of Shiraz Uni-

versity of Medical Sciences.

Polymerase chain reaction-restriction fragment length

polymorphism (PCR–RFLP)

IL-18 gene polymorphisms were analyzed by PCR–RFLP.

For each sample, three PCR reactions were set up using

three specific sets of primers [17] for the positions -656

G/T, -137 G/C and ?105A/C (codon 35/3) of IL-18 gene.

Each PCR cocktail contained 250 ng of genomic DNA,

19 PCR buffer, 0.5 lM specific primers set (Primm, Italy),

0.5 units Taq DNA polymerase, 0.2 mM dNTPs mix (all

from CinnaGen, Iran), and specific concentration of MgCl2
(Table 1). PCRs were performed by a thermocycler set

(5530 Mastercylcler, Eppendorf, Germany) under the fol-

lowing thermal conditions: a denaturation step for 3 min at

94 �C followed by 35 cycles of a denaturation for 45 s at

94 �C, annealing for 45 s at specific temperatures

(Table 1), extension for 45 s at 72 �C and finally an

extension step for 3 min at 72 �C. The products were

digested by specific restriction enzymes (Fermentas, Lith-

uania) (Table 1). Lastly, the digested products were run on

a 3 % agarose NA gel (Amersham Bioscience AB, Swe-

den) and studied on UV transilluminator after being stained

by ethidium bromide (CinnaGen-Iran). The sequences of

the primers, annealing temperatures, MgCl2 concentra-

tions, restriction enzymes and DNA product sizes after

digestion are shown in Table 1.

Statistical analysis

Allele and genotype frequencies were estimated by direct

gene counting. Data were analyzed using Chi Square test

with the level of significance set at less than 0.05 by EPI

info 2000 and SPSS software version 16. Odds ratio and

95 % confidence interval were calculated by EPI info

2,000. Arlequin software package version 3.1 was used to
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estimate the haplotype and haplogenotype frequencies and

Hardy–Weinberg equilibrium. Furthermore, linkage dis-

equilibrium (LD) measures, R2 and D’, were estimated by

LD2SNPing program V 2.0 (http://www.bio.kuas.edu.tw/LD

2SNPing).

Results

In this study three known SNPs of IL-18 gene were ana-

lyzed using PCR–RFLP. The electrophoretic patterns of

IL-18 gene polymorphisms are shown in Fig. 1. The results

of the allele and genotype frequencies of IL-18 gene

polymorphisms in the patient and control groups are

demonstrated in Table 2. As it is shown, the frequency of T

allele at position -656 was significantly higher in the

controls compared with that in the patients (63.4 vs.

55.0 %, P = 0.047, OR = 0.71, 95 % CI = 0.49–1.01 and

study power = 51 %), but it couldn’t tolerate Bonferroni

correction. Furthermore, A allele at the position ?105 and

C allele at the position -137 were more frequent in the

controls than in the patients, but the differences were not

significant (74.4 vs. 71.2 %, P = 0.36, OR = 1.19, 95 %

CI = 0.80–1.78 and 24.4 vs. 22.9 %, P = 0.68, OR =

0.92, 95 % CI = 0.61–1.40; respectively).

Regarding the IL-18 genotypes, there was no significant

difference between the patients and controls. In both con-

trol and patient groups, the most frequent genotypes were

?105AA, -656TG and -137GG. The distribution of

genotypic variants met the Hardy–Weinberg equilibrium

except at the position ?105 A/C.

The comparison of the haplotypes showed that the dis-

tribution of ATG haplotype (positions ?105, -656 and

-137, respectively) was higher in the controls compared

with that in the patients with VL (58.6 vs. 50.0 %,

P = 0.043, OR = 0.70, 95 % CI = 0.49–1.01, study

power = 52 %), but the P value could not tolerate the

Boferroni correction (Table 3). This haplotype was

the most frequent one in both groups (58.6 and 50.0 % in

the control and patient groups, respectively).

According to the genotyping data in the patients with

VL and controls, 34 haplo-genotypes were reconstructed.

The frequencies of the most common haplo-genotypes are

demonstrated in Table 3 and the rare haplo-genotypes (less

than 5 %) were omitted from the table. Distribution of

AGG/ATG haplo-genotype was higher in the patients with

VL than that in the controls (12.7 vs. 5.7 %; P = 0.044,

OR = 2.38, 95 % CI = 0.94–6.15, study power = 50 %).

Again, this P value was not likely to bear the Bonferroni

correction. The most frequent haplo-genotype in both study

groups was ATG/ATG (37.2 and 28.8 % in the control and

patient groups, respectively).

Moreover, strong LDs (P \ 0.001 for all comparisons)

were detected between -607, -137 and ?105 SNPs in

both control and patient groups. The LD measures, D0 and

R2, are shown in Figs. 2 and 3.

Discussion

Similar to other intracellular parasites, resistance to Leish-

mania infection requires IL-12-driven Th1 immune response

leading to the production of IFN-c and activation of mac-

rophages [20, 21]. IL-18 is a peliotropic cytokine which can

Table 1 Polymerase chain reaction (PCR) primers and conditions for IL-18 gene amplifications

IL-18 polymorphisms PCR primers Annealing

temp.(�C)

MgCl2

(mM)

Restriction

enzymes

Fragment

sizes (bp)

?105 (A/C) F: AGATTTAATGTTTATTGTAGAAAACCTGGACTC 55 3 Dde I A: 109 ? 32

R: CAGTCATATCTTCAAATAGAGGCCG C: 141

-656 (G/T) F: AGGTCAGTCTTTGCTATCATTCCAGG 60 1 Mwo I G: 96 ? 24

R: CTGCAACAGAAAGTAAGCTTGCGGAGAGG T: 120

-137 (G/C) F: CACAGAGCCCCAACTTTTACGGCAGAGAA 60 1.5 Mbo II G: 116 ? 39

R: GACTGCTGTCGGCACTCCTTGG C: 155

Fig. 1 The electrophoretic patterns of IL-18 gene polymorphisms
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regulate both natural and acquired immune systems [7–10].

The most well-known biological property of IL-18 is its

capability to induce IFN-c production in the presence of IL-

12 [7, 8]. Actually, IL-18 and IL-12 show synergism in the

induction of IFN-c production by Th1, B cells and NK cells,

promoting Th1 immune responses [7]. Moreover, IL-18 can

directly enhance the proliferation and cytotoxicity of cyto-

toxic T cells and natural killer cells [22–25].

Bearing in mind the key role of IL-18 in the patho-

genesis of leishmaniasis, this cytokine gene could be an

Table 2 IL-18 genotypes and alleles frequencies in VL patients and the controls

Genotypes and alleles Patient group n (%) Control group n (%) X2 P value* OR (95 %CI) Study power (%)

IL-18 (?105)

Genotypes

AA 69 (58.5) 91 (58.3) 0.00 0.98 1.01 (0.6-1.68) 3

AC 30 (25.4) 51 (32.7) 1.70 0.19 0.70 (0.40-1.24) 26

CC 19 (16.1) 14 (9.0) 3.22 0.07 1.95 (0.88-4.33) 41

Alleles

A 168 (71.2) 233 (74.7) 0.84 0.36 1.19 (0.80-1.78) 10

C 68 (28.8) 79 (25.3)

IL-18(-656)

Genotypes

TT 38 (32.2) 64 (41.0) 2.24 0.13 0.68 (0.40-1.16) 33

TG 54 (45.8) 70 (44.9) 0.02 0.88 1.04 (0.62-1.72) 4

GG 26 (22.0) 22 (14.1) 2.92 0.08 1.72 (0.88-3.37) 39

Alleles

T 130 (55.0) 198 (63.4) 3.92 0.047 0.71 (0.49-1.01) 51

G 106 (45.0) 114 (36.6)

IL-18 (-137)

Genotypes

GG 73 (61.9) 93 (59.6) 0.14 0.70 1.1 (0.65-1.85) 6

GC 36 (30.5) 50 (32.1) 0.07 0.78 0.93 (0.54-1.61) 5

CC 9 (7.6) 13 (8.3) 0.05 0.83 0.91 (0.34-2.37) 4

Alleles

G 182 (77.1) 236 (75.6) 0.16 0.68 0.92 (0.61-1.40) 6

C 54 (22.9) 76 (24.4)

* Each P value is the result of comparing corresponding row with the sum of other related rows

Table 3 Most common IL-18 single and double haplotype distributions in VL patients and the controls

Haplotypes (?105, -656, -137) Patient group n (%) Control group n (%) X2 P value* OR (95 % CI) Study power (%)

Single haplotype

ATG 118 (50.0) 183 (58.6) 4.06 0.043 0.70 (0.49–1.01) 52

AGG 47 (19.9) 46 (14.7) 2.55 0.110 1.44 (0.90–2.30) 35

CGC 48 (20.3) 65 (20.8) 0.02 0.887 0.97 (0.62–1.51) 3

Double haplotype

ATG/ATG 34 (28.8) 58 (37.2) 2.11 0.146 0.68 (0.40–1.18) 31

ATG/CGC 9 (7.6) 24 (15.4) 3.82 0.050 0.45 (0.19–1.08) 54

AGG/ATG 15 (12.7) 9 (5.7) 4.05 0.044 2.38 (0.94–6.15) 50

AGG/AGG 6 (5.1) 6 (3.8) 0.25 0.619 1.34 (0.37–4.84) 7

ATG/AGG 10 (8.5) 15 (9.6) 0.11 0.745 0.87 (0.35–2.15) 5

CGC/ATG 6 (5.1) 11 (7.0) 0.45 0.504 0.71 (0.22–2.14) 10

* Each P value is the result of comparing corresponding row with the sum of other related rows
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important candidate in the determination of the disease

outcome. Recent genetic studies suggest that some single

nucleotide polymorphisms (SNPs) in the human IL-18 gene

can affect the production of this cytokine [14, 15]. Con-

sidering the involvement of these polymorphisms in alter-

ing IL-18 level and the crucial role of this cytokine in the

defense against VL, the present study aimed to investigate

the probable relationship between IL-18 gene variants and

the susceptibility and/or resistibility to Leishmania. In our

previous study, we found a complete linkage disequilib-

rium (R2 = 1, P \ 0.0001) for the two polymorphisms at

the positions -656 and -607, as well as for three poly-

morphisms at the positions -137, ?113 and ?127

(R2 = 1, P \ 0.0001) [26]. Therefore, in the present study,

we just genotyped the polymorphisms of IL-18 gene at the

positions -656, -137 and ?105.

Previous studies showed that the presence of nucleotide

G at the position -137 and A at the position ?105 of IL-18

gene are associated with higher IL-18 production and

potentially IFN-c production [13–15]. So, we predicted that

these high producing alleles must be more frequent in the

controls, compared with those in VL patients; however, our

results did not show any significant differences in the

distribution of these alleles between the patients and con-

trols. This lack of association may be due to the limited

number of patients and controls participating in this study.

Contrary to the two aforementioned polymorphic sites, the

frequency of T allele at the position -656 was significantly

higher in the controls than in the patients with VL. Then, T

allele (-656) could be considered as a resistance factor for

VL.

In addition to the genotypes and alleles, inherited com-

bination of SNPs and polymorphic haplotypes can influence

predisposition to different diseases. The frequency of ATG

haplotype (positions ?105, -656 and -137, respectively)

was significantly higher in the controls and the inheritance

of AGG/ATG haplo-genotype (positions ?105, -656 and

-137) was significantly more frequent in patients

(P = 0.043 and P = 0.044, respectively). What is more, the

inheritance of this haplo-genotype can suggest 2.38 times

more chance for involvement in VL. Although the differ-

ences between the frequencies of ATG haplotype and AGG/

ATG haplogenotype are significant among the study groups,

again the P values could not bear Bonferroni correction.

In this study, some P values could not tolerate Bonfer-

roni correction. Also, statistical analysis didn’t show

enough power. For example, -656 T allele was signifi-

cantly higher in the controls than that in the patients

(P = 0.047), but the study power didn’t support it (51 %).

It might be due to the limited number of the participants in

the study.

To the best of our knowledge, there is no published

study report concerning IL-18 gene variants and VL in

other countries. Therefore, it was impossible to compare

the results of this study to others, so, further investigations

into this issue seem warranted. Nevertheless, there are

several studies on IL-18 gene variants and susceptibility to

other infectious and non infectious diseases. In a previous

study, it was shown that the inheritance of high producing

alleles, genotypes, haplotypes and haplogenotypes of IL-18

gene can be considered as an influential genetic factor in

the protection against Brucella infection [26]. Zhang et al.

[27] suggested that Chinese people carrying C allele at the

position -137 of IL-18 gene may be protected against

HBV infection and individuals carrying AA genotype at

the position -607 may be closely linked to the inhibition of

HBV-DNA replication. Folwaczny and colleagues could

not find any relationship between polymorphisms of IL-18

gene and predisposition to periodontitis [17]. Leung and

Fig. 2 Linkage disequilibrium plot of IL-18 polymorphisms in R2

and D’ value in patients. Dark color cells are representative of high

linkage disequilibrium (LD)

Fig. 3 Linkage disequilibrium plot of IL-18 polymorphisms in R2

and D’ value in the controls. Dark color cells are representative of

high linkage disequilibrium (LD)
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colleagues could not provide any evidence supporting the

probable role of IL-18 gene polymorphisms in the devel-

opment of gastric intestinal metaplasia in Chinese popu-

lation infected with H.pylori [28].

In conclusion, based on the present findings, it is sug-

gested that the inheritance of T allele at the position -656

may be considered as a genetic factor for resistance to VL.
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