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Abstract

Background Asthma is a multifactorial respiratory dis-

ease determined by interactions of multiple disease sus-

ceptibility genes and environmental factors. Interleukin

(IL)-18 is an important cytokine for initiating and perpet-

uating the catabolic and inflammatory response in allergic

asthma. A number of single nucleotide polymorphisms that

influence IL-18 production are found in the gene promoter

region.

Objectives The aim of this study was to investigate the

association of IL-18 -607C/A promoter polymorphism

with asthma and whether this polymorphism influenced the

severity of asthma in affected children. The influence of

this promoter gene polymorphism on total serum IgE level

in studied subjects was also investigated.

Subjects and Methods This study was carried out at the

Allergy Clinic of Abu El Reesh Children’s Hospital at

Cairo University, Egypt. This study included 40 asthmatic

children, subdivided into four groups according to different

degrees of asthma severity, and 20 apparently healthy

subjects as the control group. All cases were subjected to

history taking, clinical examination, and the following

laboratory investigations: complete blood count, total

serum IgE level assay by ELISA and genomic DNA

extraction, and analysis for IL-18 -607C/A promoter gene

polymorphism using the PCR-RFLP (restriction fragment

length polymorphism) technique.

Results In the present study the IL-18 -607AA genotype

frequency was higher in cases (22.5 %) than in the control

group (15 %); however, the difference was not statistically

significant (p = 0.773). No statistically significant differ-

ence between the degree of asthma severity and IL-18

-607C/A polymorphism was found (p = 0.489). No sig-

nificant association could be detected upon comparing the

frequencies of C and A alleles among the two studied

groups (p = 0.366). Also, no significant differences were

demonstrated for the allele frequencies when the inter-

mittent with mild [odds ratio (OR) = 2.72, 95 % CI

1.03–2.33, p = 0.067], intermittent with moderate, and

severe (OR = 2.8, 95 % CI 1.01–8.5, p = 0.066) asthma

groups were compared. The median value of the total

serum IgE level in asthmatic cases with the mutant

genotype (AA) was significantly higher [360 IU/L

(96.6–1,340 IU/L)] than in the control group [119 IU/L

(70.6–158.9 IU/L)] (p = 0.033).

Conclusion No significant statistical difference was

encountered regarding the distribution of IL-18 -607C/A

genotypes and allele frequencies in asthma patients and

healthy controls. Also, there were no significant associa-

tions between asthma severity and different genotypes or

alleles. The median value of the total serum IgE level in

asthmatic cases with the mutant genotype (AA) was sig-

nificantly higher than in the control group. Thus, IL-18

-607AA genotype frequency might be related to higher

total serum IgE.

1 Introduction

Asthma is a syndrome characterized by intermittent nar-

rowing of the small airways of the lung, with subsequent

airflow obstruction and symptoms of wheeze, cough, and
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breathlessness. An important characteristic of asthma is

airways hyper-responsiveness, which is the exaggerated

narrowing of the airways in response to provocative agents

[1].

In Egypt, asthma is a common health problem that

causes considerable morbidity and appreciable mortality

and imposes much demand on the time and costs of med-

ical and hospital care [2]. The prevalence of asthma in

children (2–12 years) is nearly 8.2 %. In Giza, the preva-

lence of asthma among school children was found to be

5–15 and 2.46 % among high and low socioeconomic

classes, respectively [3].

As a chronic inflammatory disease, much of the research

related to asthma has been focused on pro-inflammatory

mechanisms, and advances have been made in defining

mechanisms that control inflammation and induce immune

tolerance to specific antigens [4].

New insights in the pathogenesis of asthma suggest the

role of lymphocytes; airway inflammation in asthma may

represent a loss of normal balance between two ‘‘oppos-

ing’’ populations of T helper (Th) lymphocytes. Two

types of Th lymphocytes have been characterized: Th1 and

Th2. Th1 cells produce interleukin (IL)-2 and interferon

(IFN)-c, which are critical in cellular defense mechanisms

and promote pro-inflammatory immune reaction in

response to infection. Th2, in contrast, generates a family

of cytokines (IL-4, IL-5, IL-6, IL-9, and IL-13) that can

mediate allergic inflammation and promote antibody-

dependent immune response. As a result, there is a great

interest in using cytokines as markers of human immune

function [5].

IL-18 is a unique cytokine that enhances innate immu-

nity and both Th1- and Th2-driven immune responses.

Originally described as an IFN-c-inducing factor that is

produced by Kupffer cells, activated macrophages, kerati-

nocytes, intestinal epithelial cells, osteoblasts, and adrenal

cortex cells, IL-18 was found to act in synergy with IL-12

to promote the development of Th2 immune response by

induction of IL-13. So, according to its role in regulation of

the Th1/Th2 balance, IL-18 is considered to be a candidate

asthma susceptibility gene [6].

The gene for human IL-18 is located on chromosome

11q22.2–22.3, a region that has been previously linked to

atopy-related traits [7]. Several polymorphisms have been

identified in the IL-18 gene; among them, -607C/A and

-137C/G in the promoter region have been studied in detail

with respect to etiopathogenesis of allergic diseases [8, 9].

The -607C/A variant disrupts a cyclic adenosine

50-monophosphate (cAMP) responsive element-binding

protein-binding site. It influences the quantitative expres-

sion of the IL-18. Thus, this polymorphism seems to

account for differential IL-18 expression and changes in

the production of this cytokine [10].

Previous studies have suggested that genetic polymor-

phisms of IL-18 and its receptor were associated with

elevated serum IgE levels, atopy, and/or asthma in various

populations [11–13].

In an extension of this research, we sought to investigate

the association between the IL-18 -607C/A promoter

polymorphism and asthma in group of Egyptian children

with bronchial asthma and whether this polymorphism

influenced the severity of asthma in affected children. Also,

the relationship between the IL-18 gene polymorphism and

the serum total IgE level was determined.

2 Subjects and Methods

This study was carried out at the Allergy Clinic of Abu El

Reesh Children’s Hospital at Cairo University, Egypt.

Informed oral consents were taken from all participants and

the study was approved by the local ethical committee.

Sixty subjects participated in this study: 40 asthmatic

patients (19 males and 21 females) divided into intermittent

asthma [15 (37 %)] and persistent asthma [25 (63 %)],

which were further subdivided according to severity into

mild [13 (32 %)], moderate [10 (25 %)], and severe [2

(5 %)]. Severity of asthma was diagnosed mainly accord-

ing to symptoms and the degree of pulmonary function

tests. Twenty healthy subjects (11 males and nine females)

with no personal or family history of asthma or other atopic

manifestations were included as control group. The age of

both groups ranged from 2 to 12 years. The diagnosis of

asthma was according to Global Initiative for Asthma

(GINA) guidelines [14]. Patients with other health prob-

lems such as gastroesophageal reflux disease, cardiac dis-

ease, chronic chest diseases other than asthma, any

systemic diseases, or who were treated with systemic cor-

ticosteroids within 2 weeks before sampling were excluded

from the study (exclusion criteria).

All patients were subjected to a detailed clinical evalu-

ation including history, clinical assessment of asthma

severity, and physical examination (both general and chest

examination).

All subjects were subjected to complete blood count

(CBC), total serum IgE level, and genomic DNA extraction

and analysis for IL-18 -607C/A promoter polymorphism.

2.1 Specimen Collection

From each patient, 5 mL venous blood was withdrawn;

1 mL was collected in an EDTA tube for CBC assay, 2 mL

in plain tubes, sera were separated for assay of the total

serum IgE level, and 2 mL in sterile EDTA vacutainers for

DNA extraction and analysis for IL-18 -607C/A promoter

polymorphism using PCR-RFLP (restriction fragment
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length polymorphism) analysis. Samples were stored at

-20 �C until the time of assay.

2.2 Methodology

The total serum IgE level was determined using a Human

IgE ELISA kit (quantitative solid-phase sandwich enzyme

immunoassay technique) provided by IDLabsTM Biotech-

nology Inc. (http://www.idlabs.com).

2.2.1 DNA Isolation and Interleukin (IL)-18 -607C/A

Promoter Gene Polymorphism

Genomic DNA was isolated from peripheral blood leuko-

cytes using QIAamp DNA blood Mini kit (Qiagen GmbH)

(Hoffmann-La Roche AG, Hilden, Germany).

Enzymatic amplification was performed by PCR using

Dream TaqTM Green PCR Master Mix (supplied by Fer-

mentas UAB, Vilnius, Lithuania) and Hybaid thermal

cycler (Promega Corporation, Madison, WI, USA)

(Table 1).

Amplification of IL-18 -607C/A (rs1946518) promoter

gene region as proposed by Folwaczny et al. [15] was

performed using two sets of primers provided by Operon

Biotechnologies (GmbH/Biocampus, Germany): forward

primer 50-GCCCTCTTACCTGAATTTTGGTAGCCCTC-

30 and reverse primer 50-AGATTTACTTTTCAGTG-

GAACAGGAGTCC-30. The PCR reaction mixture (25 lL)

contained 12.5 lL 2 9 PCR Master Mix [10 9 PCR buf-

fer, 4 mmol/L MgCl2, 0.5 units Taq DNA polymerase/lL,

and 400 lmol/L of each deoxyribonucleotide triphosphate

(dNTP) (dATP, dCTP, dGTP, dTTP)], 1 lL of each primer

Table 1 Demographic data of

patients
Items Male Female Total

No % within sex No % within sex No %

Symptoms: (cough, wheezes, dyspnea) 19 100 21 100 40 100

Asthma severity:

Intermittent 8 42.1 7 33.3 15 37.5

Persistent-Mild 8 42.1 5 23.8 13 32.5

Persistent-Moderate 3 15.8 7 33.3 10 25

Persistent-Severe 0 0 2 9.5 2 5

Precipitating factors:

Infection 8 42.1 7 33.3 15 37.5

Passive smoking 3 15.8 6 28.6 9 22.5

Food allergy 3 15.8 5 23.8 8 20

Others (exercise, dust) 5 26.3 3 14.3 8 20

Seasonal variation:

Winter 10 52.6 15 71.4 25 62.5

Summer 3 15.8 2 9.5 5 12.5

Perennial 1 5.3 3 14.3 4 10

Perennial with seasonal flare 5 26.3 1 4.8 6 15

Medications:

Inhaled corticosteroids 2 10.5 0 0 2 5

Leukotrienes receptor antagonist 9 47.4 8 38.1 17 42.5

Mast cell stabilizer-one treatment 5 26.3 9 42.9 14 35

No treatment 3 15.8 4 19 7 17.5

Atopic manifestations: (conjunctivitis, dermatitis, rhinitis)

Present 8 42.1 6 28.6 14 35

Absent 11 57.9 15 71.4 26 65

Family history of atopy:

Present 7 36.8 11 52.4 18 45

Absent 12 63.2 10 47.6 22 55
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(10 pmol), 3 lL of genomic DNA, and 7.5 lL sterilized

nuclease-free water. The reaction was carried out with the

following cycles: 94 �C for 5 min; 35 cycles of 30 s

denaturation at 94 �C, 30 s annealing at 55 �C and 1 min

extension at 72 �C; and a 10-min final extension at 72 �C

after completion of the cycles (Table 2; Fig. 1).

The presence of amplified 171 bp on 1.5 % agarose gel

containing ethidium bromide was detected by performing

E/P on the gel electrophoresis apparatus and visualized by

UV transillumination (Promega, USA). Then, 7 lL of the

amplified products were digested with 5 units of FastDigest

Tru1I restriction enzyme (recognition sequence: 50 T;T A

A 30 , 30 A A T:T 50 ) at 65 �C for 10 min (supplied by

Fermentas, Vilnius, Lithuania) (Table 3).

The digested products were then detected on 3.5 %

agarose gel electrophoresis containing ethidium bromide:

CC wild pattern appeared as a single band of 171 bp, CA

heterozygous pattern appeared as three bands of 171, 101,

and 70 bp, and AA homozygous pattern appeared as two

bands of 101 and 70 bp (Table 4; Fig. 2).

2.3 Statistical Analysis

The data were coded and entered using the statistical

package SPSS� version 15 (SPSS Inc., Chicago, IL, USA).

The data were summarized using descriptive statistics:

mean, standard deviation, minimal and maximum values

for quantitative variables, and number and percentage for

qualitative values. Genotype frequencies fulfilled Hardy-

Weinberg equilibrium. Statistical differences between

groups were tested using the Chi-square test for qualitative

variables, independent sample t test and ANOVA with post

hoc test for quantitative normally distributed variables, and

the non-parametric Mann–Whitney test and Kruskal–Wal-

lis test were used for quantitative variables which aren’t

normally distributed. Correlations were performed to test

for linear relations between variables. p values\0.05 were

considered significant (Table 5; Fig. 3).

3 Results

There was no statistically significant difference in the fre-

quency of the A allele between asthmatics with mild per-

sistent severity and those with intermittent severity

(p = 0.067); however, the mutant A allele was found to be

a risk factor for asthma severity between the two groups

[OR = 2.72, 95 % CI 2.72 (1.1–8.08)] (Fig. 4).

There was no statistically significant difference in the

frequency of the A allele between asthmatics with inter-

mittent severity and those with moderate and severe per-

sistent type asthma (p = 0.066); however, the mutant

A allele was found to be a significant risk factor for asthma

severity between the two groups (OR = 2.8, 95 % CI

1.01–8.5) (Fig. 5).

It was found that the median value of the total serum IgE

level in asthmatic cases with mutant genotype AA was

significantly higher than in the control group (p = 0.033)

(Table 5).

4 Discussion

With regards to sex distribution, both the asthmatic group

and control group were comparable. In asthmatics, males

constituted 47 % in comparison with 52 % females, while

Table 2 Laboratory data of the

studied groups

a Data are given as

mean ± standard deviation
b Data are given as median

(25th–75th percentile)

Laboratory results Cases (n = 40) Control (n = 20) p value

Hemoglobina (g/dL) 11 ± 1.02 11.85 ± 0.82 0.769

Platelet counta (9 10/lL) 349 ± 115 336 ± 106 0.652

Total leukocytic counta (9 10/lL) 8.15 ± 3.03 7.2 ± 3.73 0.160

Absolute eosinophilic countb (cells/mm3) 100 (0–1,620) 49 (0–360) 0.339

Total serum IgEb (IU/L) 141 (9–1,528) 103 (14.8–900) 0.695

Fig. 1 Distribution of interleukin-18 -607C/A genotypes among

studied groups (p = 0.773)

Table 3 Risk estimate of interleukin-18 -607 genotypes AA and CA

and CC among studied groups

Cases

(n = 40)

Control

(n = 20)

OR 95 % CI p value

AA and CA 30/40 (75 %) 14/20 (70 %) 1.28 0.38–4.2 0.680

CC (wild) 10/40 (25 %) 6/20 (30 %)

OR odds ratio
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in the control group, males represented 55 % in compari-

son with 45 %females. Asthma prevalence is three times

higher in boys than in girls before puberty [5], yet this was

not observed in this present study, possibly due to our small

sample size.

Upon comparing asthmatic patients according to sever-

ity, it was observed that the most common type was

intermittent (37 %), followed by mild persistent, moderate

and severe persistent (33, 25, and 5 %, respectively).

In the current study, upper respiratory tract infection

represented the most common precipitating factor for

asthma in asthmatic patients (37 %), followed by passive

smoking as the second most common precipitating factor

(22.5 %); this was consistent with the findings of Loengard

[16], who studied asthmatic patients admitted to a hospital

in England over the course of 1 year. He found that most of

the adult patients (37 %) had evidence of a viral infection

and that the majority of children with episodes of wheezing

have viral infections. Our study was also consistent with

Sawicki [17] who suggested that exposure to tobacco

smoke during pregnancy and throughout childhood

increases the risk of developing asthma.

In this study, only 45 % of cases had family history of

asthma or other atopic manifestations; this is in agreement

with Bjerg et al. [18] who found that although a family

history of asthma is an important risk factor, it is neither

necessary nor sufficient for predisposing an individual to

developing asthma and that it is likely that a family history

of asthma also includes environmental and social factors.

Table 4 Allele frequency and risk estimate of interleukin-18 -607C/A in the studied groups

Cases (n = 80) Control (n = 40) OR 95 % CI p value

C (wild allele) 41/80 (51.2 %) 17/40 (42.5 %) 0.7 0.32–1.5 0.366

A (mutated allele) 39/80 (48.8 %) 23/40 (57.5 %)

OR odds ratio

Fig. 2 Distribution interleukin-18 -607C/A genotypes among asth-

matic patients with different degrees of clinical severity (p = 0.489)

Table 5 Median total serum IgE levels among interleukin-18

-607C/A genotypes in studied subjects

Genotype Number (%) Total serum IgE

(IU/L)

p value

CC wild Cases: 20 (50 %) 132 (24–325.7) 0.914

Controls: 12 (60 %) 109 (31–312.8)

AA homozygous Cases: 9 (22.5 %) 360 (96.6–1,340) 0.033*

Controls: 3 (15 %) 119 (70.6–158.9)

CA heterozygous Cases: 11 (27.5 %) 85 (9.5–1,528) 0.539

Controls: 5 (25 %) 72 (14.8–900)

Data are given as median (25th–75th percentile)

* p \ 0.05 is statistically significant

Fig. 3 Allele frequency of interleukin-18 -607 among asthmatic

patients with different degrees of clinical severity (p = 0.102)

Fig. 4 Frequency and risk ratio of the A allele between asthmatic

patients with mild persistent severity and those with intermittent

severity
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On the contrary, by reviewing population-based studies

that evaluated family history of asthma and atopic disease

in children with asthma, Bruke et al. [19] observed that a

family history of asthma in one or more first-degree rela-

tives was consistently identified as a risk factor for asthma.

The serum IgE level is often increased in allergic dis-

eases, but a normal serum IgE level does not mean that

atopy does not exist. On the other hand, a very high serum

IgE level can be accepted as one of the important pieces of

data showing the existence of allergy in the absence of

parasitic infestations [20]. This was also found in the

present study, in which a high serum IgE level was

detected in asthmatic patients with a median level of

(140 IU/L) compared with a lower median level (103 IU/L)

in control cases. However, no statistical significance was

detected between both groups (p = 0.695).

In the current study, results showed a higher absolute

eosinophilic count in cases (median 100 cells/mm3) than in

control cases (median 49 cells/mm3), but they were not of

significant statistical value (p = 0.339). However, Hussein

et al. [21] revealed a significant increase in eosinophilic

count in atopic asthmatics compared with healthy controls.

Although the IL-18 -607 mutant homozygous AA

genotype frequency was higher in cases (22.5 %) than

in the control group (15 %), no statistically significant

difference could be detected (p = 0.773). This result

was in accordance with Pawlik et al. [22], who observed

that the relative frequencies of CC, CA, and AA

genotypes among asthmatic patients were 39, 41.1, and

19.9 %, respectively, and were 35.1, 47.5, and 7.4 %,

respectively, among control group, and that the fre-

quency of this polymorphism did not differ significantly

between asthmatic patients and control individuals in a

study carried out in a Polish population (p = 0.065).

Heinzmann et al. [23] also denied that there was any

association between the IL-18 -607C/A promoter

polymorphism and bronchial asthma in children in a

German population.

However, a study by Lachheb et al. [6] revealed that the

distribution of genotypes was significantly different in

asthma patients and controls (p = 0.008). Another study by

Ma et al. [24] suggested through a meta-analysis that IL-18

-607C/A polymorphism in the promoter region was

associated with asthma risk. They found that individuals

carrying the AC/CC genotype of -607 C/A promoter

polymorphism were associated with an increased asthma

risk.

The discordance between some of the results of the

current study and those revealed by other studies might

reflect the genetic heterogeneity among different ethnic

populations that influences allele and genotype frequencies.

In the current study, no statistically significant differ-

ence between the degree of asthma severity and IL-18

-607C/A polymorphism was found (p = 0.489). This

result was in accordance with Holla et al. [25] who studied

IL-18 -607C/A gene polymorphism in adult asthmatic

Czech patients and did not find a relationship between

genotypes and different degrees of asthma severity. Also,

the study by Lachheb et al. [6] was unable to find a rela-

tionship between IL-18 -607C/A genotypes and groups of

asthma severity (p = 0.58).

Allelic variants of cytokine genes associated with pro-

moter gene region polymorphisms do not influence the

protein amino-acid sequence but can result in changes in

cytokine production. In consequence, they may alter the

immune responses mediated by the cytokine in question

and could be associated with various immunological dis-

eases [26].

In the current study, no significant association could be

detected upon comparing the frequencies of the two alleles

(C, A) among the two studied groups (p = 0.366). Also, no

significant differences were demonstrated for the allele

frequencies when the intermittent with mild (OR = 2.72,

95 % CI 1.03–2.33, p = 0.067) and intermittent with

moderate and severe [OR = 2.8, 95 % CI 1.01–8.5,

p = 0.066) asthma groups were compared.

The previous result disagree with Lachheb et al. [6],

who observed that carriers of the A allele were signifi-

cantly more frequent in the asthma group than in the

control group (43 vs. 33 %) (p = 0.02). They suggested

that asthma patients carrying the -607A allele exhibited an

increased risk of developing asthma than controls

(OR = 1.55, 95 % CI 1.03–2.33), but in accordance with

our results they observed that no significant differences

were demonstrated for the allele frequencies of the IL-18

-607C/A polymorphism when the intermittent with mild

(p = 0.58) and moderate with severe (p = 0.54) asthma

groups were compared.

According to Cardon and Bell [27], some identified

cytokine polymorphisms have been associated with aller-

gies, asthma, or elevated IgE levels; therefore, the impact

Fig. 5 Frequency and risk ratio of the A allele between asthmatic

patients with intermittent severity and those with the moderate and

severe persistent type
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of this promoter polymorphism on the total serum IgE level

was investigated in all study subjects. It was found that the

median value of the total serum IgE level in asthmatic

cases with mutant genotype AA was significantly higher

[360 IU/L (96.6–1,340 IU/L)] than in the control group

119 IU/L (70.6–158.9 IU/L) (p = 0.033), while there was

no statistical difference observed with the wild (CC) and

heterozygous (CA) genotypes.

This was in part consistent with Nieters et al. [28] who

suggested a role of IL-18 polymorphism (and other cyto-

kines) in elevated IgE levels (p = 0.013). Their study was

carried out in a German population with hay fever and

atopy. However, these results disagree with Lachheb et al.

[6] who did not find a similar association in asthmatic

children; neither did Holla et al. [25] in their study of an

adult asthmatic Czech population.

The population in the present study was geographically

different from other comparative studies with different

ethnic backgrounds, leading to a wide range of environ-

mental triggers to which different populations were

exposed, and this may explain why our results differ from

other results carried out in different populations. Besides,

the limited number of patients in this study may explain

these contradictory results.

5 Conclusion

The distribution of IL-18 -607C/A genotypes and allele

frequencies was not significantly different in asthma

patients and controls. Also, there was no significant asso-

ciation between asthma severity and different genotypes

and alleles. The median value of total serum IgE levels in

asthmatic cases with mutant genotype AA was significantly

higher than in the control group.
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