Int. J. Med. Sci. 2014, Vol. 1|

1147

9oy, B . . .
WS e International Journal of Medical Sciences

2014; 11(11): 1147-1153. doi: 10.7150/1jms.9412

Research Paper

Impact of Single Nucleotide Polymorphism in IL-4, IL-4R
Genes and Systemic Concentration of IL-4 on the
Incidence of Glioma in Iraqi Patients

Haidar A. Shamran' ¢, Subah J. Hamza?, Nahi Y. Yaseen3, Ahmad A. Al-Juboory#, Dennis D Taub5, Robert
L. Prices, Mitzi Nagarkatti®, Prakash S. Nagarkatti6, Udai P. Singh6 **

SUE e

Medical Research Unit, School of Medicine, University of AL-Nahrain Iraq, Baghdad
Biotechnology Department, School of Science, University of AL-Nahrain, Iraq, Baghdad
Iragi National Cancer Center, University of AL-Mustansiriya, Iraq, Baghdad
Neuroscience Hospital, Neurosurgery, Iraq, Baghdad

Center for Translational Studies, Medical Services, VA Medical Center, Department of Veteran Affairs, Washington DC, USA

Department of Pathology, Microbiology and Immunology, School of Medicine, University of South Carolina, SC, USA

>4 Corresponding author: Udai P. Singh, Ph.D., Department of Pathology, Microbiology and Immunology, University of South Carolina,
Columbia, SC 29208. Phone: (803) 216-3423; Fax: (803) 216-3413; Email: udai.singh@uscmed.sc.edu

© Ivyspring International Publisher. This is an open-access article distributed under the terms of the Creative Commons License (http://creativecommons.org/
licenses/by-nc-nd/3.0/). Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited.

Received: 2014.04.16; Accepted: 2014.08.06; Published: 2014.08.22

Abstract

Glioma is the most common and believed to be one of the most aggressive tumors of the central
nervous system (CNS) in humans. Very little information is available on the etiology and patho-
genesis of these tumors to date. A significant gap remains in our current understanding of the
molecular pathways involved in the genesis, progression and clinical behavior of these tumors.
Recently, several single nucleotide polymorphisms (SNPs) have been identified in cytokine gene
sequences, particularly within the promoter region of these genes, and have been shown to be
associated with the development of different types of brain tumors. The present study investigates
the association of C-33T SNP in the interleukin-4 (IL-4) gene with systemic IL-4 level and the
S503P SNP in the IL-4R gene with the incidence of glioma.

Blood samples were collected from 100 histologically confirmed adult patients with glioma, and 30
apparently healthy individuals from the same area. DNA was extracted from each blood sample,
and the IL-4 and IL-4R genes were amplified using polymerase chain reaction (PCR) with
gene-specific primers. Systemic IL-4 concentration was assessed in serum samples from each
participant by enzyme-linked immunosorbent assay (ELISA). We observed a negative association
between the homozygous genotype (CC) of the SNP C-33T of the IL-4 gene with the incidence of
glioma (OR=0.19, 95% CI=0.035-1.02), while the T allele of the SNP demonstrated a significant
protective association against glioma. Similarly, the heterozygous (CT) and homozygous mutant
(CC) of the SNP S503P of the IL-4R gene demonstrated a significant association with glioma de-
velopment (OR=0.405, 95% CI=0.17-0.969 and OR=0.147, 95% Cl=0.036-0.6 respectively), while
the C allele exhibited a highly significant association with protection from glioma formation.

These findings suggest that the T allele of the SNP C-33T in the IL-4 gene and the C allele of the
SNP S503P in IL-4R may have a protective role against glioma development.
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Introduction

Tumors of the central nervous system (CNS)
represent about 2% of all cancers. Glioma is the most
common tumor of the CNS and in adults accounts for

almost 80% of primary malignant brain tumors [1].
The most common type of glioma (glioblastoma mul-
tiform) is associated with a median survival of only
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12-15 months [2]. In Iraq, as published in the cancer
registry, CNS tumors are the fifth most common tu-
mor in adults and the second most common in chil-
dren. However, these tumors are the most challenging
regarding their cure due to lots of complications. For
example, the total surgical removal of an organ or
tumor, which is used with other cancers, cannot be
applied to cure brain tumors because each region of
the brain has a vital function [3].

Although glioma is considered to have multiple
causes, the only established environmental risk fac-
tors are ionizing radiation and ultraviolet light [3, 4].
However, this can only explain a small number of
gliomas diagnosed as exposure to radiation is rela-
tively rare, and only a minimal percentage of indi-
viduals exposed to radiation eventually develop a
glioma [5]. Previous studies have reported a link be-
tween the immune system and gliomas, and
T-lymphocyte infiltrations have been observed in the
tumor regions of certain glioma patients [6]. However,
elevated numbers of T cells have been correlated with
a better survival in patients with Glioblastoma mul-
tiform (GBM) [6].

Several studies have examined the effects of sin-
gle nucleotide polymorphisms (SNPs) in inflamma-
tion-associated genes on the risk of developing glioma
and focused on their potential role in glioma survival.
A previous etiological study has provided evidence
that polymorphisms in the IL-4 and IL-4R genes may
play an important role in the pathways that regulate
glioma development by influencing IgE levels, thus
potentially impacting the effectiveness of treatment
via more direct cell signaling pathways [7]. However,
there are no reports on the association between the
polymorphism of cytokine genes and the develop-
ment of glioma in the Iraqi population.

IL-4 is one of the key players in the immune
system, which is secreted from T helper 2 (Th2) cells,
NK cells, mast cells, and basophils [8]. IL-4 is a plei-
otropic cytokine with multiple functions like Th2 cell
development, T and B cell growth factor, and
IgE/IgG1 class switching. A large number of single
nucleotide polymorphisms (SNPs), have been identi-
fied in the IL-4 gene [9], many of which are studied
with respect to their association with brain tumors in
different populations [10, 11]. The IL-4R gene is also
highly polymorphic and single nucleotide polymor-
phisms of IL-4R have been identified for their impli-
cation in cancer on three polymorphic sites, 175V
(rs1805010), Q576R (rs1801275) and S503p (rs1805015)
[12]. Many studies suggest that these polymorphisms
are involved in the etiology of various cancers, in-
cluding renal cell carcinoma, gastric cancer, pancre-
atic cancer, brain tumors and cervical cancer [13-17].

Although brain glioma is a major concern in Iraq,

no published information is currently available to
demonstrate the association between polymorphisms
in the IL-4 and IL-4R genes with glioma development
and progression. In addition, these mutations may
also diminish or abrogate the host tumor surveillance.
Studying these SNPs may be beneficial in developing
possible diagnostic and interventional strategies for
these patients. To this end, in the present study, we
investigated the association of SNPs in IL-4 and the
IL4R genes and the systemic level of IL-4 with the
incidence of glioma in Iraqi patients.

Materials and Methods

Five hospitals in Iraq, Neurosurgery Hospital,
Neuroscience Hospital, Al-kadimiya Teaching Hos-
pital, Al-Fallujah Hospital, and a Private Nursing
Home Hospital near Baghdad were included in this
study. Patients attending these hospitals to undergo
surgical resection of brain tumors from January 2012
to January 2013 were included in this study. Ethical
clearance to conduct the research was obtained from
these hospitals separately. Selection of patients was
accomplished after the assistance of surgeons in the
hospitals. One hundred patients were selected for this
study. All patients had glioma brain tumors of dif-
ferent grade and stages (45 men and 55 women) and
with a mean age of 40.2 years (range between 4-70).
Forty controls were selected randomly from appar-
ently healthy individuals (27 men and 13 women)
with a mean age of 33.9 years (range between 21- 55).
Individuals previously diagnosed with cancer at the
time of enrollment, were excluded from this group.
Data were collected through direct interview with the
participants, and by seeking patient's hospital record
as well as previous medical reports. Patient's claims
were followed as an alternative source of information
when his/her previous medical reports were not
available. These data included age, previous and
current occupation, smoking, drinking, residence, and
first relative family history of brain cancer.

Blood Samples

Five-milliliters (ml) of blood were taken from
normal healthy controls and patients before the initi-
ation of chemotherapy or radiation therapy. 2 mls
were kept in an EDTA tube (for the SNPs study) at
-20°C for further analysis. The remaining 3 mls were
collected in an uncoated tube and serum was obtained
by centrifugation then stored at -80°C until used for
estimation of serum levels of IL-4.

DNA Extraction and Genotyping

DNA was extracted from each blood sample
using the gSYNCTM DNA Mini Kit with Whole Blood
Protocol (Geneaid/ Korea), according to the
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manufacturer’s protocol. The primers used for IL-4
gene amplification were 5'-GATTTGCAGTGACAAT
GTGAG-3' as the forward primer and 5'-
TCCTATGCTGAAACTTTGTAG-3' as the reverse
primers, while those for the IL-4R gene were
5'-CTTACCGCAGCTTCAGCGAC-3'as the forward
perimer and 5' CACAGTGGTTGGCTCAGAGA-3' as
the reverse primer. Template DNA (10 pl) from each
sample and primers (5 uL of each) were added to the
PCR master-mix (Bioneer/Korea) (50 ul). The mixture
was then put in a shaker and spinner for 10 cycles for
mixing. After mixing, the master-mix tubes were
transferred to the thermocycler (MyGenie 32 thermal
block/Bioneer/Korea). The PCR protocol for IL-4
gene amplification was as follows: initial denaturation
at 95°C for 5 min, followed by 30 amplification cycles
of 94°C for 30 seconds (denaturation), 60°C for 30
seconds (primer annealing) and 72°C for 1 minute
(extension). The final extension was at 72°C for 10
min. The PCR protocol for IL-4R gene amplification
was as follows: initial denaturation at 95°C for 5 min,
followed by 35 amplification cycles of 94°C for 30
seconds (denaturation), 57°C for 30 seconds (primer
annealing) and 72°C for 1 minute (extension). The
final extension was at 72°C for 10 min.

PCR Product purification

PCR product purification was carried using the
gSYNCTM PCR Product purification Mini Kit (Gene-
aid/ Korea) according to the manufacturer's instruc-
tions.

Measurement of DNA Concentration of
Purified PCR product

The DNA concentration of the Purified PCR
products was measured using a Nanodrop/UVS-99
(ACTGene/USA). All products had a concentration of
more than 100ng/mL and DNA was sequenced.

DNA Sequencing

Polymerase chain reaction products were sent to
Bioneer Company/Korea for DNA sequencing. The
obtained sequences were aligned using "ClustalW"
software with a normal sequence from GenBank
(GenBank accession number NC_000005.10 and
NC_000016.10 for IL-4 and IL-4R genes respectively)
and examined for the presence of polymorphism.

Estimation of serum levels of IL-4

An enzyme-linked immunosorbent assay
(ELISA) kit from (Maptech, USA) was used to esti-
mate serum levels of IL-4 in each sample according to
the manufacturer's instructions.

Statistical Analysis

The Statistical Package for the Social Sciences

(SPSS, version 14) was used for statistical analysis.
Risk association between the genotype and brain tu-
mor glioma susceptibility and the distribution of dif-
ferent alleles between patients and controls were es-
timated by the calculation of adjusted odds ratio and
95% confidence intervals using binary logistic regres-
sion. Chi- Square analysis was used for testing the
deviation from Hardy-Weinberg equilibrium and se-
rum levels of IL-4. All p-values < 0.05 were considered
statistically significant.

Results

Characteristics of the participants in this study

Table 1 shows the characteristics and risk factors
in this study of glioma patients and healthy controls.
Although there was some disparity in the mean of age
between the patient and control groups, a logistic re-
gression test did not reveal any significant association
between age and glioma development (OR= 1.408,
95%CI=0.581- 3.415, p=0.448). Similarly, gender does
not appear to be a risk factor for glioma as there were
no significant differences in the incidence of the dis-
ease between male and female subjects in the patient
and control groups (OR= 1.408, 95%CI=0.581-3.415).

Table I: Risk factors in patients with glioma and controls

Variables Cases Control P-value OR (95%CI)

N=100 N=40
IL-4 SNP
CcC 71(71%) 22(55%) 0173 1.0
CT 26 (26%) 13 0423 0.696 (0.287-1.688)

(32.5%)

TT 3 (3%) 5(125%) 0.053  0.19 (0.035-1.02)
IL-4R SNP
T 70(70%)  17(42.5%) 0.10 1.0
CT 25 (25%) 15(37.5%) 0.042  0.405 (0.17-0.969)
cC 5(5%) 8(20%)  0.008  0.147(0.036-0.60)
Mean age in years (SD) 35.08 30.1 0.448

(16.2) (12.24) 1.408 (0.581- 3.415)
Family history 0.062
No 67(67%)  34(85%) 1.0
Yes 33(33%) 6 (15%) 2.615(0.953-7.377)
Sex 0.4448
Female 43(43%)  16(40%) 1.0
Male 57(57%)  24(60%) 1.408(0.581-3.415)
Smoking
Never 61(61%) 30(75%) 0.123 1.0
Ex-smoker 17(17%) 6 (15%) 0318  1.77(0.83-4.87)
Current 22(22) 4(10%) 1.92(0.612-5.828)

In contrast, there was a positive association
(although not significant) between family history of
cancer among one or more individual first relatives
and the incidence of glioma (OR= 2.615,
95%C1=0.953-7.377, p=0.062 (Table 1). Smoking status
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has been categorized into three categories: never,
ex-smokers and current smokers. A larger percentage
of subjects who never smoked were among the control
group (75% compared to 61%), while 15% of control
subjects were ex-smokers compared to 17% of glioma
patients, and 10% of the control group were current
smokers compared to 23% of glioma patients. Never-
theless, there was no significant association between
smoking and glioma (OR=1.77, 95% CI=0.83-4.87 and
OR=1.92, 95% CI=0.612-5.828 for ex- smokers and
current smokers respectively) (Table 1).

Polymorphisms in the IL-4 and IL-4R genes are
associated with glioma patients

IL-4 acts in conjunction with IL-13 in the regula-
tion of allergic inflammation [18]. It has been shown
that single nucleotide polymorphisms in the IL-4 gene
are associated with the incidence of glioma [19]. Fur-
ther, it has been reported that polymorphisms in the
IL-4R gene are associated with better survival in gli-
oma patients [19]. To demonstrate any such changes
in the present study, we initially demonstrated the
generation of PCR products using gel electrophoresis
for portions of the IL-4 and IL-4R genes in Fig. 1A and
B, respectively.

7 8 9 10 11 12 13 14

280 bp

100 bp

140 bp

100 bp

Figure |: Gel electrophoresis for (A) IL-4 PCR product visualized under UV light. M,
1000 bp marker, lane |-10: from blood of glioma patients, lane | I-14: from blood of
control group. The size of product is 280 bp and (B) IL-4R PCR product visualized
under UV light. M, 1000 bp marker, lane 1-9: from blood of glioma patients, lane
10-11: from blood of control group. The size of product is 140 bp.

In a recent report, several SNPs in the IL-4 gene
have been identified [20]. It has been shown that at
least one of the IL-4-589C>T (rs 2243250) allele shows
functional polymorphisms. Furthermore, this allele

has been shown to increase IL-4 transcriptional activ-
ity [21]. Here the sequencing involved portion of the
IL-4 gene extending from nucleotide number
132009730 to nucleotide number132009449 on chro-
mosome 5. Similarly, for the IL-4R gene, the se-
quencing involved part of the gene extending from
nucleotide number 27374160 to nucleotide number
27374299 on chromosome 16. The results of the DNA
sequencing of the PCR product for the portion of the
IL-4 gene (forward strand) clearly demonstrates the
IL-4 polymorphism. The arrow indicates that the po-
sition of SNP rs2070784 represents (a), the genotype
CG; (b) TC and (c) TT (Fig. 2). Similarly, DNA se-
quencing for part of the IL-4R gene (reverse strand)
also shows polymorphisms at position SNP rs1805015
representing (a) the genotype TT; (b) TC and (c) CC
(Fig. 3).

SNP rs2070784 within the IL-4 gene is
protective in glioma patients

SNP rs2070784 (IL4) has three genotypes: CC,
CT, and TT in both glioma and control groups (Table
1). In glioma patients, these genotypes account for 71
(71%), 26 (26%), and 3 (3%) respectively, compared
with 22 (55%), 13 (32.5%), and 5 (12.5%), respectively
in the control group. Although it appears that the T
allele in CT and TT genotypes is associated with a
protective effect against glioma, the association is in-
significant for the CT genotype (OR=0.696,
95%CI=0.287-1.688, p=0.423), but very close to signif-
icance (p=0.053) for the TT genotype (OR=0.19,
95%CI=0.035-1.02).
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i

@

Figure 2: DNA sequencing from portions of the IL-4 gene from the forward strand
are shown. The arrow indicates the position of SNP rs2070784 a: represents the
genotype CC; b: TCand c: TT.
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Figure 3: DNA sequencing for a portion of the IL-4R gene from the reverse strand is
shown. The arrow indicates the position of SNP rs1805015 a: represents the geno-
type TT; b: TC and c: CC.

frequency of the mutant C allele was significantly
different (p=0.025) with 38.75% among the control
subjects versus 17.5% in glioma patients, which indi-
cates the protective effect of this allele in glioma pa-
tients (Table 2).

Systemic serum concentration of Interleukin-4

Glioma patients and healthy controls were ex-
amined for circulating IL-4 concentration in their sera.
The results clearly indicate a higher serum concentra-
tion of IL-4 among control group subjects
(9.62+0.27pg/mL) than that of glioma patients
(5.32+0.39 pg/mL) at a significance of p=0.028 (Figure
4). These data strongly suggest that higher concentra-
tions of IL-4 are protective against glioma.

Table 2: Allele frequency between patients and controls for the
SNPs

SNP rs1805015 (IL-4R) is protective in glioma
patients

SNP rs1805015 within the IL-4R gene has three
genotypes: TT, CT, and CC in both patient and control
groups (Table 1). In glioma patients, these genotypes
account for 70 (70%), 25 (25%), and 5 (5%), respec-
tively, when compared with 17 (42.5%), 15 (37.5%),
and 8 (20%), respectively in subjects within the control
group. Here, significance of the association between
the protective effect of allele T and glioma formation
is more obvious. For the genotype CT, the OR=0.405,
95%CI =0.17-0.969, p= 0.042, which means that indi-
viduals carrying this genotype are 2.47-fold (1/0.405)
less likely to acquire gliomas compared with indi-
viduals carrying the TT genotype. The association is
more prominent with the CC genotype where OR=
0.147, 95% CI=0.036-0.60, p=0.008, which means that
individuals carrying CC genotypes are 6.8-fold
(1/0.147) less likely to acquire glioma compared with
individuals carrying the TT genotype.

Allele analysis confirmed the aforementioned
results using Chi-square analysis for examining allele
distribution and the results indicate that both SNPs
meet the stringent Weinberg equilibrium. For SNP
rs2070784, frequencies of the C allele (wild-type)
among patient and control groups are 84% and
71.25%, respectively, while frequency of the T allele
(mutant) among patients and control subjects were
significantly different (p=0.02) at 16% and 28.75%,
respectively. Similarly, the frequency of the wild type
T allele at rs1805015 among glioma patients and con-
trols were 82.5% and 61.25%, respectively, while the

SNPs Alleles Cases Control %2 p-value
IL-4 C (wild) 168(84%) 57 (71.25%) 5585  0.02
rs2070784 T (mutant) 32 (16%) 23 (28.75%)
IL-4R T (wild) 165(82.5%)  49(61.25%) 14.32  0.0025
rs180505 C (mutant) 35(17.5%)  31(38.75%)
E
=
10 o
e o
s £
7 c
s =
]
s ©
b ]
a =
c
32 3 ]
: | £
- L . o
< - )
e _Glioma pationts S

Figure 4: Mean serum concentration of IL-4 (pg/ml) in glioma patients and control
group subjects as described in the materials and methods.

Discussion

Studies have reported an association between
glioma susceptibility and various inflammatory fac-
tors that either modulate the immune response or
serve as a surrogate for immune dysfunction (e.g.,
polymorphisms in immune genes, immunoglobulin E
levels (IgE), atopic conditions and use of antihista-
mine) [22, 23]. Interleukin-4 is one of the key players
in an immune response and dysregulation in the
production of this cytokine and/or its receptor may
strongly influence the immune system with subse-
quent decreased or increased susceptibility to glioma
[24]. The results from our current study clearly indi-
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cate a protective role of SNPs in the 1L-4 (rs2070784)
and IL-4R (rs1805015) gene against glioma. These re-
sults are in agreement with a previously published
study [19].

While the precise mechanism of this protection is
not fully understood, it is thought that SNP rs2070784
(C-33T) results an increase in IL-4 production [25]. In
the present study, we also noted a significant increase
in serum levels of IL-4 among control versus glioma
patients, while the SNP rs1805015 (S503P) is thought
to amplify the action of IL-4. Therefore, it is reasona-
ble to believe that these SNPs increase production and
amplify IL-4 levels, thereby influencing glioma sus-
ceptibility in the patients. For the SNP C-33T in the
IL-4 gene, the exact mechanism for this increment
(change in IL-4 production) is not known. However,
since the SNP is located within 5'UTR of the gene, it
may be possible that gene alterations may influence
gene transcription and/or mRNA stabilization, per-
haps involving specific functional motifs such as
conformational loops and hairpins that play an im-
portant role in function and transcription control, es-
pecially in 5'UTR [26]. Another study suggests that
the locus containing C-33T is part of a cAMP respon-
sive element binding protein (CREB)-binding site and
CREB is a regulatory protein involved in the regula-
tion of IL-4 expression through the modification of the
CREB-binding site [27]. Hence, the SNP may result in
increased IL-4 production through an increase in the
response to cAMP.

The exact mechanism by which SNP S503P in the
IL-4R gene amplifies the action of IL-4 is not well
known. IL-4 binds with the type I IL-4Ra complex
composed of the IL-4Ra chain, common (yC) chain,
and/or the type II IL-4R complex composed of the
IL-4ra chain and IL-13Ral chain [28]. Signal trans-
duction downstream of both of these receptors occurs
via signal transducer and activator of transcription-6
(STAT6) and the insulin receptor substrate pathways
[17]. STAT6 promotes transcription of GATA3 (a
TH2-cell inducer) and MHC 1I to induce IgE class
switching in B cells [29]. Furthermore, the amino acid
encoded by SNP rs1805015 is located in the intracel-
lular domain of the IL-4R close to the sub-
strate-binding site, and it is part of the insulin-IL-4
receptor (IRS) motif. This motif contains a tyrosine
residue at position 495, which is phosphorylated by
Janus Kinase I (JAK1) [30]. This amino is crucial for
binding and tyrosine phosphorylation of IRS-1 and
IRS-2, which consequently initiate signal transduction
cascade towards cell proliferation [31]. Several studies
have also suggested that stimulation in IL-4R and
STAT®6 signaling results in enhanced STAT6 activity,
which may cause an increase in TH2 cell differentia-
tion [32], which is the case in the presence of SNP

rs1805015 in the IL-4R gene.

Increased plasma concentrations of IL-4 through
several mechanisms can influence the immune status
of an affected individual and result in many pheno-
types beyond the scope of the immune system. Col-
lectively these effects may alter susceptibility to brain
tumor development. It has been shown that cytokines
suppress DNA synthesis and cell proliferation in
normal astrocytes and low-grade astrocytoma cell
lines, but not in GMB cell lines [33]. These results
suggest that IL-4 may interfere with the progression
from low to high-grade glioblastoma [34]. In contrast,
growth-inhibitory properties of mouse IL-4 on im-
planted glioma cell lines limits its ability to promote
eosinophil infiltration and to inhibit angiogenesis [35].
Supporting the latter assumption is the observation
that IL-4 blocks corneal neo-vascularization by fibro-
blast growth factor in mice and inhibits the migration
of human microvascular cells [36].

The most plausible theory for the protective role
of high concentration of IL-4 against glioma is its role
in allergy, which is well documented and inversely
associated with glioma risk [37]. IL-4 is implicated in
many cellular and biochemical events that account for
allergy and it regulates Th2 cells, mast cells, eosino-
phils, neutrophils, goblet cell hyperplasia, IgE pro-
duction, adhesion molecules, chemokines, and airway
hyperresponsiveness. It has been shown that admin-
istration of IL-4 (or IL-13) to mice induces asthma
symptoms [18]. Towards this, the SNP C-33T was
particularly found to be associated with increased risk
of asthma [38]. If such an association is present, it is
reasonable to assume that eliminating the allergy
from those who suffer from this disease may increase
the incidence of glioma among them. In a recent study
it has been shown that oral administration of antihis-
tamine is significantly associated with glioma risk
among individuals reporting a history of aller-
gies/asthma [39]. However, it is not clear whether
allergies can reduce glioma risk or their relative ab-
sence in glioma patients is merely a reflection of the
immunosuppressive effect of the tumor [40]. Addi-
tional supporting evidence for the inverse association
between allergy and glioma is that serum levels of IgE
in a clinical trial on the IgE blocking drug omalizumab
showed a higher rate of solid tumors in the treated
group compared to the control group [41]. Further-
more, glioma cases exhibit lower IgE levels than pop-
ulation-based frequency-matched controls [7], and
patients with higher IgE levels have a better anti-
tumor defense or less aggressive tumors with weaker
anti-immunologic effects [42].

These observations and results from the present
study suggest that SNPs C-33T and S503P may have a
protective role against glioma through induction of an
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allergic status. However, more detailed studies in
relation to allergic status are required for more confi-
dence in this conclusion.
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