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Abstract Visceral leishmaniasis (VL) is a parasitic dis-

ease caused by Leishmania species. According to the

important role of cellular immunity against VL, this study

was directed to determine the frequency of -607A/C

and -137G/C genotypes on promoter region of interleu-

kin-18 gene. The study groups included 91 patients with

confirmed history of VL, 106 healthy seronegative, and 79

healthy seropositive individuals. All three groups were

analyzed by amplification refractory mutation system

polymerase chain reaction (ARMS-PCR). The highest rate

of -607/A, and -607/C alleles was observed in seroneg-

ative individuals (66/67 %) and in the patients (72/83 %).

Allele frequency of -607/C is more than -607/A allele in

all groups. In position of -137, frequency of -137/G

allele in all groups was more than -137/C. Statistical

analysis of distribution of genotypes, did not reveal any

significant difference among groups. On the basis of the

results, there was no significant association between VL

and polymorphism of IL-18 promoter. The results of this

study showed that IL-18 gene promoter polymorphisms at

positions -607 and -137 are not associated with VL in

East Azerbaijan, Iran.
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Introduction

Visceral leishmaniasis (VL) is a parasitic disease caused by

protozoan parasites of the Leishmania genus. Leishmania

species are responsible for different clinical manifestations

in humans, particularly in children and immunocompro-

mised patients. The majority of VL cases are caused by L.

infantum in the Mediterranean littoral and the Middle East

region, also in Iran (Desjeux 2004). VL is endemic in some

areas of Iran such as East Azarbaijan, Ardabil and Fars

province, but in most places has been seen as sporadic

(Mohebali 2013; Oshaghi et al. 2009). These parasites live

in the macrophages and reticuloendothelial system. The

immunity against Leishmania increases by cellular immune

responses, and T helper cells play a significant role in host

resistance against the disease (Vanloubbeeck and Jones

2004). Cytokines such as IFN-c, IL-18 and IL-12 will

stimulate Th1-type cellular immune response against

infection. In VL, development of disease or control of the

infection depends on the effectiveness of IFN c-induced by

innate and adaptive cellular immune responses. It is gen-

erally accepted that IFN-c is essential for control and

protection of Leishmania infections. From several
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important antileishmanial cytokines, IFN-c plays a partic-

ularly prominent macrophage-activating role which

extends to the preparing of macrophages to secrete leish-

manicidal molecules. IFN-c activates the macrophages to

kill the parasites (Nakanishi et al. 2001; Vanloubbeeck and

Jones 2004).

IL-18 was initially known as a stimulating factor in IFN-

production c. IL-18 is a proinflammatory cytokine of IL-1

cytokines super family and regulates innate and acquired

immune responses. The IL-18 and IL-2 acts as a potent

cofactor for the expression of Th2 cytokines from NK and

T cells (Reddy 2004; Vanloubbeeck and Jones 2004). IL-

18 role was found more specific in the treatment of mice

infected with Leishmania major (Wei et al., 2004).

Single nucleotide mutations occurred in genes that

encoding of the IL-18 gene function and blood concen-

tration of this cytokine has been studied in various diseases.

For example in Behçet’s disease, gene polymorphism of

IL-18 and Th1-mediated immune activation is related to

disease establishment and severity of the disease (Lee

et al., 2006). According to the significant role of IL-18 in

protection against VL and identified effect of IL-18 gene

polymorphisms on its production, the aim of this study was

to check the possible relation between IL-18 gene poly-

morphism and patients susceptibility to VL.

Materials and methods

This study was evaluated on 91 patients with confirmed

history of VL, 106 healthy seronegative and 79 healthy

seropositive individuals. Patients (first group) with VL

were diagnosed by clinical symptoms and serological tests.

Using the immunofluorescence antibody test (IFAT) on the

healthy individual’s (with no history of VL) groupings

were done. Based on levels of antibody in the serums,

individuals were divided into seronegative and seropositive

groups. After obtaining informed consent from adult

patients or their parents (regarding children), 1–2 ml of

blood were collected in aseptic condition from individuals

living in endemic areas of the disease (Ahar, Kaleibar,

Osko) in the East Azarbaijan province.

DNA was extracted from all of the blood samples using

the salting out method (Miller et al. 1988). Then, using

amplification refractory mutation system polymerase chain

reaction (ARMS-PCR), individuals genotypes were iden-

tified at position 607A/C and 137G/C. For single nucleo-

tide mutations in the interleukin 18 promoters in both

positions 137 and 607, eight primers (Bioneer, Korea) were

used with four primers for each of the positions (Table 1).

Reactions were carried out in 0.2 ml microtubes and the

final volume was 25 ll include: 0.2 mM dNTP, 0.8 pM

common reverse primer and forward primer, 0.3 pM

internal control primer, 0.6 mM MgCl2, 1 unit TaqDNA

polymerase, 10 ll 10 9 buffer and 0.3 lg genomic DNA.

PCR was performed by a thermocycler set under the fol-

lowing thermal conditions: for 137 position, a denaturation

step for 2 min at 94 �C followed by five cycles of a

denaturation for 20 s at 94 �C, annealing for 40 s at 64 �C,
extension for 70 s at 72 �C and then followed by 25 cycles

of a denaturation for 20 s at 94 �C, annealing for 40 s at

57 �C and extension for 40 s at 72 �C and finally an

extension step for 3 min at 72 �C.
For 607 position, a denaturation step for 2 min at 94 �C

followed by seven cycles of a denaturation for 20 s at 94 �C,
annealing for 30 s at 64 �C and extension for 80 s at 72 �C
and then followed by 25 cycles of a denaturation for 20 s at

94 �C, annealing for 40 s at 57 �C and extension for 50 s at

72 �C and finally an extension step for 3 min at 72 �C.
Amplification products were analyzed by electrophore-

sis in 2 % agarose gels and detected by staining with

ethidium bromide. The obtained data using SPSS software

version 14 and Chi square test were analyzed and a prob-

ability value of less than 0.05 was considered significant.

Results

Frequency of alleles and genotypes in both positions -137

and -607 are shown in Table 2. Length of PCR products

Table 1 Nucleotide sequences of ARMS-PCR primers used for the analysis of IL-18 promoter nucleotide polymorphisms

Name of primers Nucleotide sequence of primers Location

Common reverses 137

Forward 137/G

Forward 137/C

Control Forward 137

AGGAGGGCAAAATGCACTGG

CCCCAACTTTTACGGAAGAAAAG

CCCCAACTTTTACGGAAGAAAAC

CCAATAGGACTGATTATTCCGCA

137C/G

Common reverses 607

Forward 607/C

Forward 607/A

Control Forward 607

TAACCTCATTCAGGACTTCC

GTTGCAGAAAGTGTAAAAATTATTAC

GTTGCAGAAAGTGTAAAAATTATTAA

CTTTGCTATCATTCCAGGAA

607A/C
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obtained in the -137 and -607 with the primers and under

the conditions of temperature and time was 261 and

136 bp, respectively; as well as length of pieces used as

internal control was 446 and 301 bp. The electrophoretic

patterns of IL-18 gene polymorphism are shown in Figs. 1

and 2.

According to Table 1, alleles frequency of 607/C is

more than allele 607/A in all groups. In position of 137

allele, frequency of 137/G allele in all groups was more

than of 137/C. In -607 position of Il-18 promoter AC,

alleles in seronegative individuals (37.14 %), AA alleles in

Fig. 2 The electrophoretic patterns of IL-18 gene polymorphisms in -

607A/C. Lane 1 (Ladder), Lane 2,3 homozygous CC genotype and

6,7 homozygous AA genotype that PCR product were seen with one

of the primers, Lane 4,5 heterozygous AC genotype that PCR

products were seen in both primers. Lane 8 (Negative control), length

of internal control and target gene were 301 bp and 136, respectively

Fig. 1 The electrophoretic patterns of IL-18 gene polymorphisms in -

137C/G: Lane 1 (Ladder), Lane 2,3 homozygous CC genotype and

6,7 homozygous GG genotype that PCR product were seen with one

of the primers, Lane 4,5 heterozygous CG genotype that PCR

products were seen in both primers. Lane 8 (Negative control), length

of internal control and target gene were 446 bp and 261, respectively

Table 2 Frequency of alleles and genotypes in both the -137 and -607 in the IL-18 promoter

Genotype Patients Patient group (%) Negative serum Negative serum (%) Positive serum Positive serum

(%)

Total Total

(%)

607AC 31 34.07 39 37.14 22 28.2 92 33.57

607AA 25 27.47 31 29.52 28 35.9 84 30.66

607CC 35 38.46 35 33.34 28 35.9 98 35.77

137CG 22 24.18 28 26.92 24 29.63 74 26.81

137CC 10 10.99 8 7.69 9 11.11 27 9.78

137GG 59 64.83 68 65.39 48 59.26 175 63.41

137/607

AC/CG 12 13.33 13 12.62 11 14.48 36 13.38

AC/CC 1 1.11 2 1.94 0 0 3 1.12

AC/GG 17 18.89 24 23.3 11 14.48 52 19.33

AA/CG 8 8.89 11 10.68 11 14.48 30 11.15

AA/CC 9 10 3 2.91 9 11.84 21 7.81

AA/GG 8 8.89 15 14.57 8 10.52 31 11.52

CC/CG 2 2.23 3 2.91 2 2.63 7 2.6

CC/CC 0 0 3 2.91 0 0 3 1.12

CC/GG 33 36.66 29 28.16 24 31.57 86 31.97

Allele

607/A 56 45.53 70 48.61 50 49.5 176 47.83

607C 67 54.47 74 51.39 51 50.5 192 52.17

137/C 32 28.32 36 27.27 33 31.13 101 28.77

137/G 81 71.68 96 72.73 73 68.87 250 71.23
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seropositive individuals (35.9 %) and 607 CC alleles in

patients (38.46 %) were the highest frequency. In com-

parison with other genotypes, 137 GG genotype was the

most common genotype observed among all three groups.

Totally, the most genotype observed in study population

was 607CC/137GG (31.97 %). Both 607CC/137CC and

607AC/137CC genotypes with the 1.21 % of all genotypes

obtained the lowest available genotype. Statistical analysis

of distribution of genotypes did not reveal any significant

difference among groups.

Discussion

Leishmania is an intracellular protozoan parasite that pro-

gression of disease in the host depends on the host’s cel-

lular immune response. Also resistance to infection was

performed by Th1 cells. Recovery and protection against

re-infection of Leishmania associated with TCD4 cell

count and secreted cytokines (Hajilooi et al. 2014; Hamidi

et al. 2013; Vanloubbeeck and Jones 2004). IL-18 is one of

the effective cytokines for the control of Leishmania

infection and known as a stimulating factor of IFN-c pro-

duction that plays a significant role in immune responses

(Reddy 2004; Sacks and Noben-Trauth 2002). Single

nucleotide polymorphisms (SNP) on the gene encoding IL-

18, function and blood concentrations of this cytokine have

been studied on various diseases. The modified nucleotides

of IL-18 gene in promoter region manifest the subsequent

changes in the rate of synthesis of IFN-c and IL-18 pro-

duction. The role of IL-18 on some other parasitic diseases

such as malaria, and toxoplasmosis are also investigated

(Cai et al. 2000; Kojima et al. 2004). In our study the

highest observed genotype in all studied groups was

607CC/137GG but their frequency varied in patients

(36.66 %), seronegative (28.16 %), and seropositive

(31.57 %). In the present study, the most and the least

frequency of 607AC/137GG genotype were seen in sero-

negative (23.3 %) and seropositive (14.4 %) groups,

respectively. Frequencies of 607AA/137CC genotypes

were similar in two groups of patients and seronegative, but

in the seronegative group this rate was lower than the other

groups, and seen about 7–9 % difference.

Mullen et al, have been studied the role of IL-18 in

Leishmania donovani infection on mice. The results

showed little difference in early development of infection

between the wild mice and mice with lack of IL-18. But

40–44 days after infection, the role of IL-18 was clear, so

that the parasites in the spleen, liver, bone, and brain in

mice with lack of IL-18 were more than the control group

(wild animals). Naeimi et al. (2006) in their study on

polymorphisms of IL-18 in patients with spontaneous

abortions and women who had normal vaginal delivery

(control group) observed that the G allele at position -137

(73–75 %) was higher than C allele. In another study which

was conducted on polymorphisms of IL-18 in tuberculosis

by Harishankar et al, (2007) it was observed that the G

allele frequency at position -137 (77 %) was more than C

allele. Leung et al, (2006) could not provide any indication

to assist the possible role of IL-18 gene polymorphisms in

the progress of gastric intestinal metaplasia in Chinese

population infected with Pylori. Fallah and Bazmani

(2008) showed high frequency of 128Arg allele in healthy

group and suggested a possible significant role of soluble

E-selectin levels in the inflammatory process in VL.

In conclusion, the majority of patients in -607 positions

of interleukin-18 gene were with the homozygous C/C

while the majority of healthy people had the heterozygous

A/C. It may be associated with a different expression of

this gene and its effect on the cellular immune system.

Thus carriers have higher resistance against infection with

VL but genotypes and allele frequencies showed no sig-

nificant differences between total study groups.
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