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Abstract

Objectives

To assess the value of serum Interleukin-13 (IL-13) levels as an
immunological marker in atopic upper respiratory diseases, to clar-
ify its differences in atopic and non atopic bronchial asthma and to
determine the role of an Interleukin -13 receptor alpha 1 (IL-13 Ra,)
gene Single Nucleotide Polymorphism (SNP) (A1398G) in the patho-
genesis of these diseases.

Methods

Seventy-five patients were compared with 25 age-matched
healthy volunteers. Serum total immunoglobulin E (Ig E) and IL-13
levels were measured by enzyme-linked immune sorbent assay and
the IL-13Ra, gene (A1398 G) was screened by specific polymerase
chain reaction.

Results

There was a non significant association between G allele fre-
quencies of the IL-13Ra, (1398) gene polymorphism (42%, 38%
and 30% for atopic asthma, non atopic asthma, and allergic rhinitis,
respectively) as compared to in controls. There were a significant
increase in the serum level of total IgE & IL-13 towards heterozygous
AG and homozygous GG than homozygous AA in atopic asthma,
non atopic asthma, and allergic rhinitis patients. There was a signif-
icant increase in the serum level of total IgE & IL-13 towards homo-
zygous GG than heterozygous AG in atopic asthma (p=0.035), non
atopic asthma (p=0.014), and allergic rhinitis patients (p=0.003) for
IgE and (p<0.001) in all groups for IL-13 as shown by LSD test.
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Conclusion

Serum interleukin (IL) 13 can be used as an immunological mark-
er in atopic upper respiratory diseases and to differentiate between
atopic and non atopic bronchial asthma.
Keywords: Immunoglobulin E (Ig E); Interleukin -13 Receptor Alpha
1 (IL-13 Ra,); Single Nucleotide Polymorphism (SNP)

Introduction

Asthma is associated with atopy and with IgE-mediated inflam-
mation of the airways, which occurs via release of Interleukin (IL)-4
and IL-13, both of which have been included in the pathogenesis of
asthma in multiple human and animal studies [1]. Human IL-13 is
a protein with a molecular mass of 13 KDA, which has four a heli-
cal bundles (aA, aB, aC and aD) [2]. In Saudi Arabia, the prevalence
of asthma is higher than in other Arab countries, with substantial
regional variations [3-5]. Saudi Arabia has increasing prevalence of
childhood atopic asthma. Allergic disease was reported to be very
common in primary school-aged children in different areas of Saudi
Arabia, including Taif city, with figures closer to the highest risk re-
gions in the world [6-9].

It has an important role as an effector molecule in asthma through
multiple mechanisms, including induction of production of immuno-
globulin (IgE) by B-cells [10], attraction of eosinophils to the airway
[11], metaplasia of goblet cell and increase mucus secretion, and air-
way remodeling [12]. A wealth of data supports a role for IL-13 in me-
diating asthma pathology. IL-13 produces its effect via receptor which
is heterodimeric and composed of two membrane proteins, [13] IL-
4Ra and either a low affinity IL-13Ral or high affinity IL-13Ra2. [14]
IL-13 binds to IL-13 binding chain (IL-13Ral) at low affinity in the
absence of IL-4Ra, whereas in the presence of IL-4R, the site becomes
of high affinity [15]. IL-13Ral is widely expressed and has been de-
tected on nearly every cell tested except human T cells, while, the
human IL-13Ral gene is present on the X q24 chromosome possibly
suggesting a role in X-linked immune disease [16].

The C-terminal alpha helix D, which is one of the four alpha helices
that constitutes IL-13, contains key residues for binding with both IL-
13Ral and IL-13Ra2, whereas IL-13 interaction with IL-4Ra is medi-
ated via helices A and C [3]. Analysis of crystal structures of ternary
complexes composed of IL-13 or IL-4 binding with IL-13Ral and IL
4Ra chain gives idea about shared receptor interactions with distinct
cytokine, explaining the different affinities of cellular responses to
IL-4 and IL-13 [16]. Association of the IL-13Ral/IL-4R receptor com-
plex by IL-13 results in stimulation of a variety of signal transduction
pathways. Upon forming a dimmer of IL-13Ral with IL-4Ra, JAK1
and Tyk-2 kinases become phosphorylated and activated which lead
to phosphorylation of tyrosine residues on the IL-4Ra and IL-13Rq,
chains [17].

Polymorphisms in these receptor molecules contribute to the ge-
netic effects on asthma susceptibility and atopic diseases as allergic
rhinitis. For example, asthma susceptibility was significantly elevated
in Korean children by gene-gene interaction between IL-4 T-590C
and IL-4Ra Gln 551 Arg alleles [18-19] and between IL-13 C-1112T
and IL- 4Ra Ser478 Pro alleles in Dutch population [20]. Also, a non
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coding polymorphism in IL-13Ral (A+1398G) was linked to in-
creased IgE levels in British population [21].

On the basis of the important role of the IL-13/IL-4 pathway in
atopy and asthma, it was hypothesized that genetic variation in IL-
13Ral may lead to the development and/or predict severity of asthma
and atopy [22-24].

Patients and Methods

The study was conducted by the Clinical Laboratory Department
Faculty of Applied Medical Sciences and Pediatric Departments at the
Faculty of Medicine Taif University, Saudi Arabia.

Participants

Seventy-five patients and 25 healthy controls were studied. None
of the participants received antihistamine, systemic or topical corti-
costeroids in the 3 weeks prior to clinical evaluation and they all un-
derwent skin prick testing. The patients were divided into 3 groups: 1)
those with atopic bronchial asthma (n=25), 2) those with non atopic
bronchial asthma (n=25) and 3) those with allergic rhinitis (n=25),
who met the criteria defined by Meltzer [25]. Asthma phenotypes and
bronchial responsiveness were determined by a pediatric physician.
Following the American Thoracic Society guidelines [26], asthma was
confirmed by a history of chest tightness and wheezing during the
previous 12 months, a greater than 12% reversibility of FEV1 sponta-
neously or after b2-agonist inhalation, and/or a methacholine provo-
cation test result with a PC20 less than 16 mg/ml. Atopy was defined
by a positive skin prick test (wheal diameter >3 mm) to at least one
of 12 common aeroallergens [18]. Non-atopy was defined by negative
skin prick test to the 12 common aeroallergens. Then on atopic con-
trol subjects had no history of asthma or other allergic diseases, neg-
ative skin prick tests, normal total IgE values (<100 IU/ml), normal
lung function tests, and no airway hyper responsiveness (PC20>16
mg/ml). All the patients and healthy individuals gave their written
consent before blood sample collection. In addition to a full history
and clinical examination, stool and urine analysis was performed in
all cases to exclude factors that could influence measurements.

Collection of blood samples

6 ml of blood was taken from each participant under complete
aseptic conditions and divided into 2 portions; 1.5 ml of whole blood
was collected in sterile EDTA-containing tubes for DNA extraction,
and the rest was left for 30 to 60 minutes for spontaneous clotting at
room temperature and then centrifuged at 3000 rpm for 10 minutes.
Serum samples were separated into another set of tubes and kept fro-
zen at -20°C for determination of total IgE and IL-13.

Determination of serum IL-13

Serum IL-13 was measured by sandwich Enzyme-Linked Immune
Sorbent Assay (ELISA) (KOMABIOTECH Inc., Gayang Technotown,
Korea), with the minimum detectable dose established as 1 pg/ml.

Total IgE measurements

Total serum IgE levels were also measured by sandwich ELISA
(General Biologicals Corporation, Hsinchu, Taiwan), with assay sen-
sitivity for total IgE of 5.0 IU/ml.

Detection of (A1398G) gene polymorphism

Genomic DNA was extracted from whole blood using abios-
pingenomic DNA purification kit (Bioflux, Bioer, R&D Department,

Ferrotec, China). Participants were genotyped for the A1398G SNP
in genomic DNA by PCR based restriction fragment length poly-
morphism [21]. Fragments were amplified in 50 pl reaction mixtures
containing 10 ul genomic DNA, 30 pl one step PCR mixture (1 unit
Taq polymerase, 10 mMKcL, 10 mM (NH,),SO,, 20 mM TrisHcl (pH-
8.75), 0.1% Triton X-100, 0.1 mg/ml BSA and 200 pum dTNPs) and 1
ul of each primer (BioBasic Inc., Ontario, Canada) and 8 ulDdH20.
The thermo cycling conditions consisted of an initial denaturation
at 95°C for 12 min, followed by 35 cycles of denaturation at 95°C
for 30 s, annealing for 2 min at 45°C and extension at 72°C for 40 s,
followed by a final extension step at 72°C for 5 min, using a Gene-
Amp PCR PTC-100 thermal cycler (M] Research, Inc., Watertown,
Massachusetts. USA).

The primer sequences used for the IL-13Ra, (1398) gene polymor-
phism were as follows:

5 - TCA GTC ATG GAG ATA ATT TA 3’ (sense)
5 - TGA GCT GCC TGT TTA TAA AT 3’ (antisense)

The products were digested using Msel (New England Biolabs),
which digested the +1398A allele into 85 and 45 bp fragments and
yielded a single 130 bp band for the +1398G allele. The 20 pl of PCR
products were digested with 5 U of the restriction enzyme at 65°C for
16 h, and separated on 3% agarose gel stained with ethidium bromide.

Data analysis

Statistical analysis was conducted using version 11 of the statistical
package SPSS for Windows [27]. A P value of <0.05 was considered
statistically significant.

Results

(A1398G) Frequencies

The frequencies of the AA, AG, and GG genotypes of IL-13Ral
gene polymorphism were, respectively, 52%, 32%, and 16%in controls,
40%, 36%, and 24% in atopic asthma patients, (Figure 1) 44%, 36%,
and 20% in non atopic asthma patients, and 56%, 28%, and 16% in
allergic rhinitis patients. The X*values for atopic asthma, non atopic
asthma and allergic rhinitis were 3.4, 1.35, and 41, respectively, and
the presence of these genotypes was not significantly associated with
the presence of atopic conditions or with non atopic asthma compared
to the control group (P=0.182, P=0.51, and P=0.812, respectively)
(Tablel).

Control Atopic Asthma Non Atopic Allergic Rhinitis
Group Group Asthma Group Group
No Percent No Percent No Percent No Percent
AA 13 52% 10 40% 11 44% 14 56%
AG 8 32% 9 36% 9 36% 7 28%
GG 16 4% 24 6% 520% 4 16%
X2 3.4 1.35 0.41
p 0.182(>0.05) 0.5 (>0.05) 0.812(>0.05)
Table 1: Genotype Frequencies for I-13Ra, gene polymorphism in all studied
group.
As compared to control group (statistical significance, P<0.05). P values cal-
culated using the X2 test.

1398G allele frequencies

There was non significant association between G allele frequencies
of the 1398 polymorphism in the atopic asthma, non atopic asthma,

J Allergy Disord Ther ISSN: 2470-749X, Open Access Journal

DOI: 10.24966/ADT-749X/100007

Volume 3 ¢ Issue 1+ 100007


http://dx.doi.org/10.24966/ADT-749X/100007

Citation: Hussein YM, Alghamdy AAN, Dahlawi HA, Zaini RG, Almaleki AA, et al. (2017) Effect of Genetic Factors on Atopic and Non Atopic Asthmatic and

Allergic Rhinitis Saudi Children in Taif Area. ] Allergy Disord Ther 3: 007.

e Page 30f 6 @

Figure 1: Genotype frequencies for Il-13Ra1 gene polymorphism in atopic
asthma group.

and allergic rhinitis groups compared to the control group (P>0.05
for each group) (Table 2). In atopic asthma OR=1.5; 95% CI (0.8-2.7),
non atopic asthma (OR=1.3; 95% CI; 0.7-2.3), and allergic rhinitis
(OR=0.9; 95% CI, 0.5-1.65) (Table 2).

Group No percent Odds Ratio (95% CI)
Control group 16 32%
Atopic asthma 21 42% 1.5(0.8-2.7)
Non atopic asthma 19 38% 1.3 (0.7-2.3)
Allergic rhinitis 15 30% 0.9 (0.5-1.65)
Table 2: Odds ratio for 1398 G allele in studied groups.

Association between (A1398G) polymorphism and IL-13
and IgE Levels

We studied the association between the parameters measured and
the allelic variants of the (A1398G) polymorphism by analysis of vari-
ance and showed that there was a significant increase in the serum lev-
el of total IgE & IL-13 towards heterozygous AG and homozygous GG
than homozygous AA in atopic asthma (p<0.001), non atopic asthma
(p<0.001), and allergic rhinitis patients (p<0.001) as shown by LSD
test but not in control group. There was a significant increase in the
serum leve] of total IgE & IL-13 towards homozygous GG than hetero-
zygous AG in atopic asthma (p=0.035), non atopic asthma (p=0.014),
and allergic rhinitis patients (p=0.003) for IgE and (p<0.001) in all
groups for IL-13 as shown by LSD test. But not in control group (Table
3).

IL-13 and IgE levels

There was a highly significant increase of serum total IgE & II-
13 as regard atopic asthma group (p<0.001), and allergic rhinitis
group (p<0.001) as compared with the control group and in atopic
asthma and allergic rhinitis when compared with non atopic asthma
(p<0.001). There was no statistically significant difference between
non atopic asthma and control group, or between atopic asthma and
allergic rhinitis groups as regard serum total IgE & IL-13 (p>0.05)
(Table 4).

Discussion

The prevalence of asthma, allergic rhinitis, has increased great-
ly over the past years [28]. Atopy is characterized by the interaction
between multiple genetic and environmental factors. It has been well
established that genetic factors have an important effect on the risk
of developing atopic disease and several genome-wide searches have
proved linking atopy to loci on multiple chromosomes [29,30]. IL-13
produces its effect through its receptor, a hetero dimer composed of
IL-4Ra and IL-13Ral. Firstly, IL-13 binds to the IL-13Ral chain on

the surface of cells with an affinity of approximately 10 to 10° M in
both mouse and human systems [31]. Upon IL-13 association with
IL-13Ral, IL-4Ra is recruited to form the high affinity (~107° to 10"
M) receptor complex [23-31].

However, IL-13 responsiveness has been reported in the absence of
IL-4Ra, suggesting the presence of alternate receptor forms. AHR, air-
way mucus production, and lung eosinophilia were distinguished in
mice with transferred OVA-specific IL-13 producing T cells but lack-
ing IL-4Ra, but not in those lacking STAT®6 [32]. Also, in mice lacking
IL-13 airway inflammation, fibrosis, and mucus cell hyperplasia, were
diminished [33], but persisted in animals deficient in IL-4 [34] or IL-
4Ra [33], suggesting that IL-13 may produce its effects through an
IL-4Ra-independent pathway in this asthma model [15-24,33-35].

Three fibronectin type III sub units (D1, D2, and D3) compose the
extracellular r portions of IL-13Ral [36]. Significant impairment of
the IL-13 response may be due to mutation of IL-13 and IL-13Ra, as
found in mutation of Leu 319 and Tyr 321 in the D2 and D3 respec-
tively of IL-13Ra [36]. IL-13 induced signals or responses was not able
to be mediated through IL-13Ral lacking the intracellular domain,
supporting the possibility that IL-13Ral is required for signaling [37].

We reported that there was a no significant association between
IL-13Ral polymorphism (+A1398G) and the susceptibility of atop-
ic asthma, non atopic asthma or allergic rhinitis in Egyptian chil-
dren while hetero- or homozygosity for the risk allele of IL-13Ral
A+1398G was significantly associated with increased total IgE & IL-
13 levels in children with atopic asthma, non atopic asthma and al-
lergic rhinitis. Konstantinidis et al., [38] reported that no association
between IL-13Ral (A+1398G) and asthma susceptibilityor severity
or with the development of atopic phenotype in Caucasian families
while, IL-13Ral polymorphism (A+1398G) included in the control of
IgE production.

Kim et al., [39] found that IL-13Ral (+A1398G) were not linked
to the susceptibility of asthma or atopic asthma and that hetero- or
homozygosity for the risk allele of IL-13Ral A+1398G was signifi-
cantly associated with increased total IgE levels in children with atop-
ic asthma, non atopic asthma and allergic rhinitis. Heinzmann et al,,
[21] reported that non coding polymorphism in IL-13Ral (A+1398G)
was associated with increased level of IgE in British population with
restriction among different ethnic groups as in Japanese people. This
may suggest that this non-coding polymorphism of IL-13Ral has a
functional effect for the binding of IL-13, or alternatively that the IL-
13Ral A+1398G polymorphism is associated with as yet undiscov-
ered polymorphisms in the regulatory or codingregions of the gene
encoding IL-13Ral. Another possibility is that IL-13Ral could have
additional unknown signaling functions that are impacted by this
polymorphism.

Collectively, these studies indicate that IL-13Ral is likely to play
a critical role not only in binding but also in signaling of IL-13. We
reported also a highly significant increase of serum total IgE & IL-
13 levels in atopic asthma and allergic rhinitis groups as compared
with the control group and in atopic asthma and allergic rhinitis
when compared with non atopic asthma. There was no statistically
significant difference between non atopic asthma and control group
or between atopic asthma and allergic rhinitis groups and there is a
positive correlation between IL-13 and IgE levels in these groups. This
finding consistent with observations by EL-Helaly et al. [40], Turato
et al,, [41] and Gergen et al.,[42] who reported from National health
and nutrition examination survey (2005, 2006) that total IgE level
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Groups Measurement AA AG GG P® value
Atopic asthma Serum 1I-13 pg/ml 13.73 £ 0.46 15.98 + 0.5 18.87 £ 1.06 <0.001
Serum IgE IU/ml 2448 £42.6 360.66 £10.67 394.3+5.83 <0.001
Nonatopic asthma Serum 1I-13 pg/ml 4.37 £ 0.54 6.38 £ 0.69 7.88 £0.21 <0.001
Serum IgE 1U/ml 68.63 £ 9.99 99.66 + 6.65 111.4+2.19 <0.001
Allergic rhinitis Serum 1I-13 pg/mi 14.12 £ 0.82 16.82 £ 0.69 19.26 £1.0 <0.001
Serum IgE 1U/ml 255.2+27.27 337 £ 14.47 384.5+12.44 <0.001

b. calculated using analysis of variance

Table 3: Association between IL-13Ra1 (A1398G) variant and Interleukin (IL) 13 levels and Immunoglobulin (IgE) levels.

Measurement Control Atopic asthma Non atopic asthma Allergic rhinitis
IgE 1U/ml 70.1+18.5 322.32 +71.126* 88.36 + 19.84 298.8 + 56.85*
11-13 pg/ml 5828+ 1.2 15.78 £ 2.1* 579+15 15.7+2.1*

*- P value <0.05

Table 4: Serum Interleukin (IL) 13 and Immunoglobulin (Ig) E Levels in all Groups studied.

predicted asthma among atopic subjects but not among non atopic
individuals. Elevation of serum IL-13 in asthma group agreed with
Lee et al,, [43] who evidenced that the expression of IL13, IL4, and
IL5 were increased in acute asthmatic patients so they may be deeply
involved in the pathogenic process of asthma [44].

Yang et al., [45] suggested that anti-IL-13 monoclonal antibody in-
hibits airway hyper responsiveness, inflammation and airway remod-
eling in a chronic mouse model of asthma. These findings also con-
firmed with Kumar et al., [33] and Follettie et al., [46] who concluded
that inhibition of IL-13 has considerable potential as a therapeutic
strategy in chronic asthma. Thom et al.,, [47] optimized the affinity
of a human IL-13-neutralizing antibody, a therapeutic candidate for
the treatment of asthma, more than 150-fold. Ippoliti et al., [48] [who
observed a significant reduction in asthma and rhinitis scores in the
immunotherapy group compared with the placebo group associated
with a significant decrease in IL-13 after 6 months of therapy.

We can explain the non significant difference in IL-13 level be-
tween atopic asthma and allergic rhinitis that both conditions have
similar mechanisms and underlying pathogenesis, many of the cells,
mediators, cytokines, and neurotransmitters involved in the biology
of asthma and rhinitis are the same [22]. Indeed, up to 45% of patients
with asthma have allergic rhinitis while 93.5% of those with allergic
rhinitis were also asthmatic [49]. Feleszko et al., [50] found a posi-
tive correlation between IL-13 levels and serum IgE concentrations
in children with allergic asthma. This can be explained by that the
most important inducers of the release of IgE are IL-4 and IL-13 [51-
54]. These cytokines stimulate transcription of the gene for the epsi-
lon class of the constant region (C€) of the immunoglobulin heavy
chain [22,51,55-56]. In the other hand, Hussein et al., [57] denied this
correlation suggesting that IL-13 role in the pathogenesis of allergic
diseases was not only by inducing IgE production but also by oth-
er mechanisms. This hypothesis was concordant with animal models
where mechanisms responsible for asthma and allergic rhinitis were
independent of IgE levels [58].

However, other studies doubt on the role of serum total IgE as an
important indicator of atopic diseases [59,60] found that both atop-
ic and non atopic asthmatics had raised serum total IgE levels. The
difference may be due to different population who were included in
the study or to the different age groups or due to the severity of the

disease. Future work will be required to identify gene-gene and gene-
environment interactions on a genome-wide level, with the aim of
fully understanding the genetic risk factors for asthma and atopy, the
pathogenesis of these common diseases, and perhaps describing new
treatment strategies aimed at changing IL-13 signaling via IL-4Ra/IL-
13Ral.

Conclusion

The significant association of hetero- or homozygosity for the risk
allele of IL-13Ral A+1398G with increased total IgE and IL-13 levels
in children with atopic asthma and allergic rhinitis may suggest that
this non-coding polymorphism of IL-13Ral has a functional effect
for the binding of IL-13, or alternatively that the IL-13Ral A+1398G
polymorphism is associated with as yet undiscovered polymorphisms
in the regulatory or coding regions of the gene encoding IL-13Ral.
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