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Abstract: Background: Atopic dermatitis (AD) is one of common chronic and relapsing inflammatory diseases with a
strong genetic predisposition. Abnormal cytokine production might have an effect on the biology of AD development.
Objective: The aim of this study was to identify whether polymorphisms of interleukin (IL)-4, IL-6 and IL.-18 were asso-
ciated with AD susceptibility. Methods: Relevant investigations between 2000 and 2015 were searched from online
databases. The value of odds ratio (OR) and its 95% confidence interval (Cl) were calculated to assess these rela-
tionship. Results: A total of 14 papers were finally selected for this study, including 1550 controls and 1021 AD pa-
tients. There were seven studies for IL-18, five for IL-4, and four for IL-6 polymorphisms, respectively. Meta-analysis
revealed an obvious relationship between IL-18 -137G/C polymorphism and AD under the homozygous model (CC
vs. GG: OR=0.27, 95% CI=0.13-0.54, P=0.0002) and recessive model (CC vs. GC+GG: OR=0.31, 95% CI=0.16-0.61,
P=0.0007) in a fixed-effect model. The GA genotype of IL-6 nt565G/A polymorphism in heterozygous model was
correlated with increased the risk of AD (GA vs. GG: OR=0.68, 95% CI=0.48-0.96, P=0.03) as well. However, this
significant association was not found in other genotypes (all P>0.05). Conclusions: These results indicated that CC
genotype of IL-18 -137G/C polymorphism and GA genotype of IL-6 nt565G/A polymorphism were risk factors for AD.

Future studies with large population were still needed to further explore these corrections.
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Introduction

Atopic dermatitis (AD), commonly called atopic
eczema, were considered to be a one kind of
chronic and relapsing inflammatory diseases of
skin with high heterogeneity and heritability [1].
It is characterized by xerosis, recurrence, pruri-
tus, and distributed eczematous skin lesions
[2], posing a significant burden on healthcare
resources [3]. AD typically begins during infan-
cy or early childhood, and it can affect 15%-
30% of children and up to 10% of adults, lead-
ing to significant morbidity [4]. More than 60%
of children with AD are at risk to develop asth-
ma and allergic rhinitis [5]. Prevalence contin-
ues to vary and has changed in different regions
of the world [6]. Although the exact etiology of
AD remains unknown, genetic predisposition
like cytokines (interleukin) and environmental
factors like microorganisms (Staphylococcus
aureus and Malassezia) might be in parts
attributed to a pathogenic role in AD [7]. Many
AD patients have a favorable response to topi-

cal medications and anti-itch methods. howev-
er, a part subset require additional systemic
therapies [8]. Therefore, exploration of novel
biomarkers was urgent for early detection and
targeted therapies for AD patients.

AD is regarded as mediated by type 2 T-helper
(Th2)-type immunity. Genetic factors of specific
immune and inflammatory mechanisms are
involved in AD risk, and abnormal cytokine pro-
duction has been implicated in its pathogene-
sis [9]. Several effector T cell subsets, such as
pro-inflammatory cells, together with the anti-
inflammatory, immune-modulating Treg cells,
seem to play a role in this condition [10]. Inter-
leukin (IL) genes are a group of cytokines that
contribute to cell migration, growth, differentia-
tion, and inflammatory and anti-inflammatory
responses by the immune system [11]. They are
also implicated in cancer and inflammatory dis-
ease [12, 13]. IL-4 gene, localized on human
chromosomal region 5q31-33, encodes a glyco-
protein [14]. High amounts of IL-4-producing T
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cells at birth may enhance the risk of subse-
quent development of AD [15]. IL-6 gene is
located on human chromosome 7p15 [16]. It is
regarded as a prominent target for clinical
intervention, and has context-dependent pro-
and anti-inflammatory properties [17]. IL-18
gene is located on human chromosomal region
11922.2-22.3 [18]. It can induce the produc-
tion of immunoglobulin E (IgE) and Th2 cyto-
kines by antigen-stimulated helper T cells [19].
Serum levels of IL-4, IL-6 and IL-18 were found
significantly higher in children with AD, and
importantly correlate with clinical severity of AD
[20-22]. Studies have confirmed that IL-4, IL.-6
and IL-18 might be candidate genes for atopic
health outcomes [23], and cytokine-directed
therapies for treatment of AD [24].

Functional polymorphisms of IL genes may
affect constitutive and inducible pathways for
cytokine production, contribute to the disease-
associated cytokine imbalance, and thus influ-
ence susceptibility to AD. Many studies have
identified the role of IL-4, IL-6 and IL-18 genes
polymorphisms in AD, however, the results
remain inconclusive. Furthermore, with small
sample sizes, these studies lacked adequate
statistical power to detect small to moderate
effects. Therefore, we conducted this meta-
analysis to systematically review all the pub-
lished studies on this issue to obtain a relative-
ly reliable results of IL-4, IL-6 and IL-18 polymor-
phisms in AD susceptibility.

Materials and methods
Study design

Systematic online document retrieval was car-
ried out to search relevant literature published
from January 2000 to 2015 in databases of
PubMed, Web of science, CNKI (China National
Knowledge Infrastructure), Medline and Emba-
se. “Atopic dermatitis or atopic eczema or atop-
ic diseases”, “the interleukin genes or IL genes
or IL-4 or IL-6 or IL-18” and “polymorphism or
variant or mutation” as well as their combina-
tion were employed as the searching words.
The search was only limited on English and
Chinese languages. In addition, for cases of
similar articles reported by same authors, only
the newest paper was included.

Selection criteria

Inclusion criteria of this study: 1) case-control
study mainly researched on the effect of IL.-4,
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IL-6, IL-18 polymorphisms on AD risk; 2) patients
should meet the diagnostic criteria of AD
described by Hanifin and Rajka [25], healthy
controls must be matched with patients at age
and sex; 3) the information of genotype and
allele of AD patients and healthy controls were
available to obtained; 4) all data of the results
were represented by OR with 95% CI. And the
exclusion criteria: 1) studies with duplicate
data; 2) without control group; 3) review or con-
ference papers; and 4) data could not be
obtained.

Data extraction and analysis

According to the PRISMA guidelines, the data
from all included articles were extracted and
evaluated through two experienced investiga-
tors independently. The information of author,
year of publication, ethnicity, mean age, coun-
try, genotype methods, number of sample,
allele and genotype distributions in AD patients
and healthy controls, and the Hardy-Weinberg
equilibrium (HWE) in controls were extracted
and recorded, respectively.

Statistical analysis

The correlation between IL-4, IL-6, IL-18 poly-
morphisms and AD risk was presented through
ORs and its 95% ClI under five genetic models:
allele model (A vs. a), homozygous model and
heterozygous model (AA vs. aa; Aa vs. aa), dom-
inant model and recessive model (AA+Aa vs.
aa; AA vs. Aataa). Z test was performed to
assess the significance of ORs and P<0.05
considered statistical significant. I? test and the
Q statistic test were carried out to measure the
Between-study heterogeneity. When the effect
was homologous (I°<50% and P of the Q
test>0.01), the fixed-effect model was applied;
else, the analysis was performed by the ran-
dom-effect model. All data were performed and
analyzed through using Review manager 5.2.

Results
Characteristics of eligible articles

Through filtering using inclusion and exclusion
criteria, 14 papers were finally be selected for
next research, including 1021 AD and 1550
controls. Figure 1 showed the selection pro-
cess of this meta-analysis. Of the 14 studies, 2
papers were written in Chinese [26, 27] and 12
were written in English [28-39]. Three genes
containing five polymorphic sites were con-
cerned: IL-4 gene (-590C/T), IL-6 gene (-174G/
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Table 1. Main characteristics of included studies in this meta-analysis
Firstauthor Year Country Ethnicity Mean age Sample size  Genotyping SNP
Cases Controls Cases Controls method
Ohnishi H 2003  Japan Asian 49+46  4.8+4.4 18 20 PCR-SSP 118 -137G/C
Reich K 2003 Germany Caucasian 27.3+9.5 36.9+13.4 94 214 PCR-RFLP IL6 -174G/C
Chang YT 2006 Taiwan Asian 26.9 94 186 Sequencing IL-4 -590C/T
Osawa K 2007  Japan Asian 3146 23+3 21 100 PCR-SSP IL-18 -137G/C, -607C/A
Luo XY 2008  China Asian  4.82+2.91 8.43+3.76 82 100 PCR-SSP IL-18 -137G/C, -607C/A
Kato T 2009  Japan Asian 271 32.6 160 104 PCR-RFLP I-18 -137G/C
QuSB 2010  China Asian 2849 2648 28 52 PCR-SSP I-18 -137G/C, -607C/A
Trzeciak M 2010 Poland Caucasian - - 67 46 ARMS-PCR 1.-:18 -137G/C
Ibrahim GH 2012  Egypt African 6.9+3.5 28.5+8.6 25 25 PCR-RFLP I-18 -137G/C
Kayserova J 2012 Czech Caucasian - 94 103 PCR-SSP  1-4 -590C/T; IL-6 -174G/C, nt565G/A
Republic
Stavric K 2012 Republic of Caucasian ~ 0.5-5 67 301 PCR-SSP -4 -590C/T; IL-6 -174G/C, nt565G/A
Macedonia

Gharagozlou M 2013 Iran Asian - 89 139 PCR-SSP IL-6 -174G/C, nt565G/A
Hussein YM 2014  Egypt African 8.1+4.3  8.9+3.4 106 100 PCR-RFLP IL-4 -590C/T
Lesiak A 2014  Poland  Caucasian 11.4 11.4 76 60 PCR-RFLP IL-4 -590C/T

-, not available; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; SSP, sequence-speciic primers.

C, nt565G/A) and IL.-18 gene (-137G/C, -607C/
A). The included articles contained nine coun-
tries and three ethnicities (Asian, African and
Caucasian). The numbers of sample were from
38 to 368 in 1414 studies. The genotype distri-
butions in the controls were in line with HWE
except two studies for IL-4 and for IL-6,
respectively [35, 37]. The main characteristics
of 14 studies were recorded in Table 1. The
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allele and genotype information of cases and
controls were presented in Table 2.

The correlation between IL-4 polymorphism
(-590C/T) and AD risk

Summary ORs and test for heterogeneity were

shown in Table 3. There were five studies con-
taining 391 AD patients and 734 healthy con-
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Table 2. Alleles and genotypes information of each gene in each single included study

Gene Case Control HWE
IL-4
-590C/T cc TC TT C T CcC TC T C T
Chang YT~ 1 38 55 40 148 4 73 109 81 291 0.12
Kayserova J 54 30 4 138 38 77 20 5 174 30 0.09
Stavric K 11 15 1 37 17 95 187 4 377 195  <0.001
Hussein YM 66 32 8 164 48 68 26 6 162 38 0.30
Lesiak A 2 31 43 35 117 3 26 31 32 88 0.70
IL-6
-174G/C GG GC CC G C GG GC CC G C
Reich K 27 48 19 102 86 66 104 44 236 192 0.97
Kayserova J 43 33 17 119 67 30 53 20 113 93 0.92
Stavric K 33 23 9 89 41 144 132 25 420 182 0.79
Gharagozlou M 63 22 4 148 30 42 93 4 177 101 <0.001
nt565G/A GG GA AA G A GG GA AA G A
Kayserova J 44 32 17 120 66 33 54 16 120 86 0.73
Stavric K 33 23 9 89 41 153 123 25 429 173 0.99
Gharagozlou M 63 22 4 148 30 93 42 4 228 50 0.96
I-18
-137G/C GG GC CC G C GG GC cC G
Ohnishi H 15 3 0 33 3 13 7 0 33 7 0.64
Osawa K 18 3 0 39 3 74 25 1 173 27 0.78
Luo XY 43 38 1 124 40 71 27 2 169 31 0.95
Kato T 123 36 1 282 38 75 24 5 174 34 0.28
Qu SB 23 5 0 51 5 38 13 1 89 15 0.99
Trzeciak M 46 15 6 107 27 13 16 17 42 50 0.13
Ibrahim GH 11 9 5 31 19 11 8 6 30 20 0.25
-607C/A CC CA AA C A CcC CA AA C A
Osawa K 4 11 6 19 23 18 48 34 84 116 0.99
Luo XY 24 43 15 91 73 39 45 16 123 77 0.88
Qu SB 9 11 8 29 27 13 28 11 54 50 0.85

*, Genotype frequencies were estimated based on reported allele frequencies, assuming HWE among cases and controls;

HWE, Hardy-Weinberg Equilibrium.

trols. There was no heterogeneity found
between these studies. Thus, the fixed-effect
model was applied to synthesize and analyze
these data. The results illustrated that the fre-
quency of T allele was higher in AD patients
than that in healthy controls (47.1% vs. 43.7%).
However, there was no significant difference
between -590C/T polymorphism of IL-4 gene
and AD risk through analyzing the following
classification (T vs. C: OR=1.17, 95% CI=0.94-
1.47,P=0.17; TTvs. CC: OR=1.50, 95% CI=0.75-
3.02, P=0.25; TC vs. CC: OR=1.37, 95%
Cl=0.94-2.00, P=0.11; TT+TC vs. CC: OR=1.36,
95% CI=0.95-1.95, P=0.09; TT vs. TC+CC:
OR=1.10, 95% CI=0.77-1.58, P=0.61) (Figure
2).
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Relationship between IL-6 polymorphisms
(-174G/C, nt565G/A) and AD risk

Duo to analyzing IL-6 -174G/C polymorphism,
four articles were included (341 patients and
757 controls). No significant correction was
found between -174G/C polymorphism of IL-6
gene and AD risk under each genetic classifica-
tion (C vs. G: OR=0.73, 95% CI=0.46-1.17,
P=0.19; CC vs. GG: OR=0.94, 95% CI=0.61-
1.45, P=0.78; GC vs. GG: OR=0.49, 95%
Cl=0.21-1.15, P=0.10; CC+GCvs. GG: OR=0.54,
95% Cl=0.25-1.20, P=0.13; CC vs. GC+GG:
OR=1.13, 95% CI=0.77-1.66, P=0.54) (Figure
3). For nt565G/A polymorphism of IL-6 gene,
three articles contained 247 patients and 543
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Table 3. Meta-analysis of IL-4, IL-6, IL.-18 polymorphisms with risk of

allergic dermatitis

Correlation between IL-18
(-137G/C, -607C/A) poly-

morphism and the risk of

Gene SNPs N Test for association Test for heterogeneity
OR (95% Cl) P Ph 2 Model AD
IL-4 -690C/T Seven articles concerned
Tvs.C 5 1.17(0.94,1.47) 047 063 0% F the IL-18 -137G/C variant,
TT vs. CC 5 1.50(0.75,3.02) 0.25 098 0% F including 401 AD patients
TC vs. CC 5 1.37(0.94,2.00) 0.11 032 15% F and 447 controls. Meta-
TT+TCvs. CC 5 1.36 (0.95, 1.95) 0.09 0.42 0% F ana|ys]s revealed an obvi-
TTvs.TC+CC 5 1.10(0.77,1.58) 0.61 0.91 0% F ously association between
IL-6 -174G/C the -137G/C polmorphism
Cvs.G 4 0.73(0.46,1.17) 0.9 0.001 82% R of IL-18 gene and the risk of
CCvs. GG 4 0.94(0.61,1.45) 0.78 039 0% F AD for the homozygous
GC vs. GG 4 0.49(0.21,1.15) 010 <0.0001 88% R model (CC vs. GG: OR=0.27,
CC+GCvs.GG 4 0.54(0.25,1.20) 0.3 <0.0001 88% R 95% CI=0.13-0.54, P=0.0-
CCvs.GC+GG 4 1.13(0.77,1.66) 054 059 0% F 002) and recessive model
e
Avs. G 3 0.93(0.72,1.20) 0.58 040 0% F 0-07) in the fixed-effect
AAvs. GG 3 1.17(0.67,2.02) 0.58 0.44 0% F o
model as shown in Figure
GAvs. GG 3 0.68(0.48,0.96) 0.03 027 23% F 5. However, this significant
AA+GAvs.GG 3 0.77 (0.56,1.07) 0.12 026 25% F correction was not found in
AAvs. GA+GG 3 1.45(0.86,2.43) 0.16 0.79 0% F other classification (C vs. G:
IL-18 -137G/C OR=0.62, 95% CI=0.33-
Cvs.G 7 0.62(0.33,1.18) 0.5 <0.0001 79% R 1.18, P=0.15; GC vs. GG:
CC vs. GG 6 0.27(0.13,0.54) 0.0002 017 36% F OR=0.75, 95% CI=0.40-
GC vs. GG 7 0.75(0.40,1.41 0.38 0.006 67% R 1.41, P=0.38; CC+GC vs.
CC+GCvs.GG 7 0.65(0.32,1.31) 0.23 0.0003 76% R GG: OR=0.65, 95% Cl=
CCvs.GC+GG 6 0.31(0.160.61) 0.0007 0.38 6% F 0.32-1.31, P=0.23) in the
IL-18 -607C/A random-effect model. For
Avs.C 3 112(0.82,152) 049 060 0% F -607C/A polymorphism  of
AAvs. CC 3 121(0.64,228) 056 071 0% F IL-18 gene, only three arti-
CAvs. CC 3 116(0.70,1.94) 056 030 17% F cles were included. We fo-
AA+CAvs.CC 3 1.19(0.73,1.93) 0.48 039 0% F und that -607C/A polymor-
phism was not related with
AAvs.CA+CC 3 1.11(0.65,1.89) 0.69 0.68 0% F

AD susceptibility in any

N, number of included studies; OR, odds ratio; 95% Cl, 95% confidence interval; Ph,
p-value for the Q-test; F, the fixed-effect model; R, the random-effect model.

controls. Our result showed that only the GA
genotype in heterozygous model was obviously
correlated with increased the risk of AD (GA vs.
GG: OR=0.68, 95% CI=0.48-0.96, P=0.03) in
the fixed-effect model as shown in Figure 4.
While no relationship was found bet-ween
nt565G/A polymophism of IL-6 and the risk of
AD in other genetic models (A vs. G: OR=0.93,
95% CI=0.72-1.20, P=0.58; AA vs. GG:
OR=1.17, 95% CI=0.67-2.02, P=0.58; AA+GA
vs. GG: OR=0.77, 95% CI=0.56-1.07, P=0.12;
AA vs. GA+GG: OR=1.45, 95% CI=0.86-2.43,
P=0.16).
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classification (A vs. C: OR=
1.12, 95% CI=0.82, 1.52,
P=0.49; AA vs. CC: OR=

1.21, 95% CI=0.64, 2.28, P=0.56; CA vs. CC:
OR=1.16, 95% CI=0.70, 1.94, P=0.56; AA+CA
vs. CC: OR=1.19, 95% CI=0.73, 1.93, P=0.48;
AA vs. CA+CC: OR=1.11, 95% CI=0.65, 1.89,
P=0.69).

Sensitivity analysis and publication bias

Each study in each comparison model was
deleted every time to estimate whether the sin-
gle article affects the overall ORs. In the pres-
ent study, the results indicated that the pooled
ORs were not remarkably changed. Publication
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Figure 2. Forest plots for IL-4 -590C/T polymorphism and atopic dermatitis risk under allele model (A), homozygous
model (B), heterozygous model (C), dominant model (D), and recessive model (E).
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A AD cases Controls
d an ota en ota :

Reich K 86 188 192 428 26.4%
Kayserova J 67 186 93 206 25.0%
Stavric K 41 130 182 602 24.9%
Gharagoziou M 30 178 101 278 23.7%
Total (95% CI) 682 1514 100.0%
Total events 224 568

Heterogeneity: Tau? = 0.19; Chi? = 16.36, df = 3 (P = 0.0010); I* = 82%

Test for overall effect: Z = 1.32 (P = 0.19)

B AD cases Controls
Reich K 19 46 44 110 35.3%
Kayserova J 17 60 20 50 36.2%
Stavric K 9 42 25 169 18.1%
Gharagoziou M 4 67 4 46  10.3%
Total (95% CI) 215 375 100.0%
Total events 49 93

Heterogeneity: Chi? = 3.01, df = 3 (P = 0.39); I = 0%
Test for overall effect: Z=0.28 (P = 0.78)

C AD cases Controls
en ota en otal Weigh

Reich K 48 75 104 170 254%
Kayserova J 33 76 53 83 24.6%
Stavric K 23 56 132 276 25.2%
Gharagoziou M 22 85 93 135 24.9%
Total (95% Cl) 292 664 100.0%
Total events 126 382

Heterogeneity: Tau? = 0.65; Chi? = 24.05, df = 3 (P < 0.0001); I* = 88%

Test for overall effect: Z = 1.63 (P = 0.10)

D AD cases Controls
dy © ents ota ents ota eig

Reich K 67 94 148 214 25.3%
Kayserova J 50 93 73 103 24.7%
Stavric K 32 65 157 301 25.3%
Gharagoziou M 26 89 97 139 24.7%
Total (95% Cl) 341 757 100.0%
Total events 175 475

Heterogeneity: Tau? = 0.57; Chi? = 24.16, df = 3 (P < 0.0001); I = 88%

Test for overall effect: Z = 1.51 (P = 0.13)
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Figure 3. Forest plots for IL-6 -174G/C polymorphism and atopic dermatitis risk under allele model (A), homozygous
model (B), heterozygous model (C), dominant model (D), and recessive model (E).

bias in our meta-analysis was assessed via the
funnel plot. Each dot represents one included
study. As shown in Figure 6, no publication bias
was found in this meta-analysis.
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Discussion

In the present meta-analysis, we screened out
14 relevant studies. The results demonstrated

Int J Clin Exp Med 2017;10(5):7375-7386
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Figure 5. Meta-analysis for IL-18 -137G/C polymorphism and atopic dermatitis risk under homozygous model (A: CC

versus GG) and recessive model (B: CC versus GC+GG).

that GA genotype of IL-6 nt565G/A polymor-
phism in heterozygous model, CC genotype of
IL-18 -137G/C in homozygous model and reces-
sive model, were significantly associated with
increased the risk of AD. This significant rela-
tionship was not found neither in other geno-
types of IL-6 nt565G/A and 1L-18-137G/C poly-
morphisms, nor in all alleles and genotypes of
IL-4 -590C/T, IL-6-174G/C and IL-18-607C/A
polymorphisms. This is the first meta-analysis
concerning these three gene polymorphisms in
AD risk.

IL-4 is crucial for the growth and development
of the Th2 cells, and can induce IgE production
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which is linked to the pathophysiology of ana-
phylaxis and other acute allergic reactions [40].
Elevated IgE may reflect increased responses
of Th2 cytokines with a concomitant decrease
in interferon-gamma production in patients
with AD [41]. Higher serum IL-4 concentration
was found in AD patients at the time of diagno-
sis and correlated with disease activity before
and after treatment [41]. IL-4 also mediates
other genes, which was considered to partici-
pate in the pathogenesis of AD [42, 43].
Recently, a new therapeutic strategy that tar-
gets blocking IL-4 signaling has been shown
significant improvement in patients with mod-
erate-to-severe AD [44]. The emerging evidence
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Figure 6. Funnel plot for the association between IL-4 polymorphism (A) and IL.-18 polymorphism (B) and the risk of

atopic dermatitis.

showed that IL-4 polymorphisms were signifi-
cantly associated with AD risk. Kawashima et
al. found that the frequency of the T allele of
IL-4 -590 C/T polymorphism was higher espe-
cially in Japanese, which could promote IL-4
gene promoter transcriptional activity, thus
influenced AD predisposition [45]. He et al.
demonstrated that IL-4 -589C/T was associat-
ed with the development of AD in at-risk chil-
dren at 24 months of age [46]. However, Elliott
et al. showed that the IL-4 -590C/T polymor-
phism had a limited association with AD risk in
childhood [47]. In our study, we did not find a
significant association between IL-4 -590C/T
variant and AD risk.

IL-6 is a key cytokine in the host defense mech-
anism and can function as both a pro-inflam-
matory cytokine and an anti-inflammatory cyto-
kine. It regulates the T cell differentiation and
activation [48], and plays a crucial role in the
acute phase response [49] and in physiological
and pathological conditions [50]. Family mem-
bers of IL-6 can regulate cell invasion, metasta-
sis, migration, proliferation, survival, angiogen-
esis and inflammation via gp130 [51]. Serum
levels of IL-6 was found statistically significantly
higher in AD patients than controls, and a sta-
tistically significant correlation between serum
levels of IL-6 and Scoring Atopic Dermatitis in
children with AD was found, indicating that
serum levels of IL-6 might be useful in the
assessment of disease severity and follow-up
of children with AD [52]. Several studies con-
cerned the IL-6 polymorphisms. However, the
results were not consistent. Kayserova et al.
showed an association between IL-6 -174C/G
and nt565A/G polymorphisms and AD risk [36].
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Gharagozlou et al. demonstrated that the G
allele and GG genotype of IL-6 -174C/G poly-
morphism was associated with increased the
risk of AD [37]. While Reich et al. and Stavric et
al. found no association between IL-6 -174C/G
and nt565A/G polymorphisms and AD risk [35,
39]. Our statistical analysis showed that only
GA genotype of IL-6 nt565G/A polymorphism in
heterozygous model was significantly associat-
ed with AD.

IL-18, a powerful activator of B-cells and an
important regulator in both innate and acquired
immune responses, is a novel cytokine [53]. It
is also a proinflammatory cytokine, which plays
an central role for Thl and Th2 cytokine, and in
inflammatory responses with emphasis on
autoimmune diseases [54, 55]. L-18 can up-
regulate IgE production in AD patients [56]. In
unstimulated monocytes, decreased IL-18 pro-
duction and down-regulation of mRNA expres-
sion of IL-18 were significantly associated with
AD [57]. Serum IL-18 has been found to be
associated with AD severity. Evidences have
shown that serum IL-18 concentration in young
children or adults with AD was significantly
higher than that of corresponding controls,
especially in moderate to severe disease [58-
60]. Previous studies have suggested that IL-18
gene polymorphisms might be involved in the
development of AD by contributing to a func-
tional dysregulation of the IL-18 production in
vivo [61]. The haplotype T-T-C were strongly
associated with the allergic type of AD [62]. In
our study, we found that CC genotype of IL-18
-137G/C in homozygous model and recessive
model, were significantly associated with
increased the risk of AD.
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There were several limitations in the present
meta-analysis. Firstly, AD is a very heteroge-
neous disease; the severity of disease was not
contained in most of included studies, which
might restrict the accuracy of our results.
Secondly, the number of included studies for
some gene mutations was small, or the sample
size of included studies was less. Thirdly, the
age difference, unknown time of disease onset,
and cases with various concomitant atopic dis-
eases added to the between-study heterogene-
ity, which might influence our results. Fourthly,
the contributions of haplotype and interaction
effects such as gene-gene or gene-environ-
ment to AD require further study.

In conclusions, our results suggested that GA
genotype of IL-6 nt565G/A polymorphism, CC
genotype of -137G/C polymorphism of IL-18
gene, might be significantly associated with
increased the AD risk. Our results might lay a
foundation for the later research on the mecha-
nism and treatment of AD. However, it is urgent
to conduct more large-scale studies to confirm
the relationship between IL gene polymor-
phisms and the risk of AD.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Shaogiong Xie, De-
partment of Dermatology, Shanghai Dermatology
Hospital, NO.1278 Baode Road, Zhabei District,
Shanghai 200443, China. Tel: 086-021-61833139;
Fax: 086-021-61833139; E-mail: shaoqie711@126.
com

References

[1] Sabin BR, Peters N and Peters AT. Atopic der-
matitis. Allergy and Asthma Proceedings 2012;
33 Suppl 1: S67-9.

[2] Todd G. Epidemiology of atopic dermatitis.
SAMJ: South African Medical Journal 2014;
104: 710-715.

[3] Mancini AJ, Kaulback K and Chamlin SL. The
socioeconomic impact of atopic dermatitis in
the United States: a systematic review. Pediatr
Dermatol 2008; 25: 1-6.

[4]  Williams H and Flohr C. How epidemiology has
challenged 3 prevailing concepts about atopic
dermatitis. J Allergy Clin Immunol 2006; 118:
209-213.

7384

(5]

[12]

(13]

(14]

(15]

(19]

Flohr C and Mann J. New insights into the epi-
demiology of childhood atopic dermatitis. Al-
lergy 2014; 69: 3-16.

DaVeiga SP. Epidemiology of atopic dermatitis:
a review. Allergy Asthma Proc 2012: 33: 227-
34.

Glatz M, Bosshard PP, Hoetzenecker W and
Schmid-Grendelmeier P. The Role of Malasse-
zia spp. in Atopic Dermatitis. J Clin Med 2015;
4:1217-1228.

Denby KS and Beck LA. Update on systemic
therapies for atopic dermatitis. Curr Opin Al-
lergy Clin Immunol 2012; 12: 421-426.

Mu Z, Zhao Y, Liu X, Chang C and Zhang J. Mo-
lecular biology of atopic dermatitis. Clin Rev
Allergy Immunol 2014; 47: 193-218.
Auriemma M, Vianale G, Amerio P and Reale
M. Cytokines and T cells in atopic dermatitis.
Eur Cytokine Netw 2013; 24: 37-44.

Yokota T, Arai N, Vries JD, Spits H, Banchereau
Jand Zlotnik A. Molecular biology of interleukin
4 and interleukin 5 genes and biology of their
products that stimulate B cells, T cells and he-
mopoietic cells. Immunol Rev 1988; 102: 137-
187.

Coussens LM and Werb Z. Inflammation and
cancer. Nature 2002; 420: 860-867.

Yao X, Huang J, Zhong H, Shen N, Faggioni R
and Fung M. Targeting interleukin-6 in inflam-
matory autoimmune diseases and cancers.
Pharmacol Ther 2014; 141: 125-139.

Arai N, Nomura D, Villaret D, Malefijt RD, Seiki
M and Yoshida M. Complete nucleotide se-
quence of the chromosomal gene for human
IL-4 and its expression. J Immunol 1989; 142:
274-282.

Herberth G, Heinrich J, Rdder S, Figure | A,
Weiss M and Diez U. Reduced IFN-y-and en-
hanced IL-4-producing CD4+ cord blood T cells
are associated with a higher risk for atopic der-
matitis during the first 2 yr of life. Pediatr Al-
lergy Immunol 2010; 21: 5-13.

Yasukawa K, Hirano T, Watanabe Y, Muratani
K, Matsuda T and Nakai S. Structure and ex-
pressio n of human B cell stimulatory factor-2
(BSF-2/1L-6) gene. EMBO J 1987; 6: 2939.
Hunter CA and Jones SA. IL-6 as a keystone cy-
tokine in health and disease. Nature Immunol
2015; 16: 448-457.

Nolan KF, Greaves DR and Waldmann H. The
human interleukin 18 GenelL18Maps to 119-
22.2-q22. 3, Closely Linked to the DRD2 gene
locus and distinct from mapped IDDM Loci.
Genomics 1998; 51: 161-163.

Hoshino T, Wiltrout RH and Young HA. IL-18 is a
potent coinducer of IL-:13 in NK and T cells: a
new potential role for IL-18 in modulating the
immune response. J Immunol 1999; 162:
5070-5077.

Int J Clin Exp Med 2017;10(5):7375-7386


mailto:shaoqie711@126.com
mailto:shaoqie711@126.com

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

Abnormal cytokine production effected the development of AD

Werk P, Aral M, Kurutao EIB and Kireu E. Se-
rum levels of 1I-8, TnfnA And II-6 in Children
with atopic dermatitis. Gncel Pediatri 2012.
Aral M, Arican O, Gul M, Sasmaz S, Kocturk SA
and Kastal U. The relationship between serum
levels of total | g E, IL-18, IL-12, IFN-y and dis-
ease severity in children with atopic dermatitis.
Mediators Inflamm 2006; 2006: 73098.
Abdul-Muhaimen N and Muhana AH. Serum
cytokine levels in patients with chronic atopic
dermatitis: a useful clinical marker for disease
activity diyala. Journal of Medicine 2013; 5:
36-42.

Imboden M, Nieters A, Bircher A, Brutsche M,
Becker N and Wjst M. Cytokine gene polymor-
phisms and atopic disease in two European
cohorts.(ECRHS-Basel and SAPALDIA). Clin
Mol Allergy 2006; 4: 9.

Numerof RP and Asadullah K. Cytokine and
anti-cytokine therapies for psoriasis and atopic
dermatitis. BioDrugs 2006; 20: 93-103.
Hanifin J. Diagnostic features of atopic derma-
titis. Acta derm venereol (Stockh) 1980; 92:
44-7.

Song-ben Q, Meng-yang L, Li-ping Y and Bing H.
Relation of IL-18 and y-IFN to atopic dermatitis.
Progress in Modern Biomedicine 2010; 17: 22.
Luo X, Jiang L, Liu W and Wang H. Relationship
between interleukin-18 gene promoter poly-
morphism and atopic dermatitis in children.
Chinese Journal of Dermatology 2008; 41:
447-50.

Kato T, Tsunemi Y, Saeki H, Shibata S, Sekiya T,
Nakamura K, Kakinuma T, Kagami S, Fujita H,
Tada Y, Sugaya M, Tamaki K. Interferon-18
gene polymorphism-137 G/C is associated
with susceptibility to psoriasis vulgaris but not
with atopic dermatitis in Japanese patients. J
Dermatol Sci 2009; 53: 162-163.

Trzeciak M, Glen J, Roszkiewicz J and Nedo-
szytko B. Association of single nucleotide poly-
morphism of interleukin-18 with atopic derma-
titis. J Eur Acad Dermatol Venereol 2010; 24:
78-79.

Ibrahim GH, ElTabbakh MT, Gomaa AH and Mo-
hamed EA. Interleukin-18 gene polymorphisms
in Egyptian patients with allergic diseases. Am
J Rhinol Allergy 2012; 26: 385-389.

Ohnishi H, Kato Z, Watanabe M, Fukutomi O,
Inoue R and Teramoto T. Interleukin-18 is as-
sociated with the severity of atopic dermatitis.
Allergology International 2003; 52: 123-130.
Osawa K, Etoh T, Ariyoshi N, Ishii I, Ohtani M
and Kariya S. Relationship between Kaposi’'s
varicelliform eruption in Japanese patients
with atopic dermatitis treated with tacrolimus
ointment and genetic polymorphisms in the IL-
18 gene promoter region. J Dermatol 2007;
34:531-536.

7385

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

Changy, Lee W, Yu C, Liu H, Lin M and Huang
C. No association of cytokine gene polymor-
phisms in Chinese patients with atopic derma-
titis. Clin Exp Dermatol 2006; 31: 419-423.
Lesiak A, Zakrzewski M, Przybytowska K,
Rogowski-Tylman M, Wozniacka A and Narbutt
J. Basic research Atopic dermatitis patients
carrying G allele in-1082 G/A IL-10 polymor-
phism are predisposed to higher serum con-
centration of IL-10. Arch Med Sci 2014; 10:
1239.

Stavric K, Peova S, Trajkov D and Spiroski M.
Gene polymorphisms of 22 cytokines in Mace-
donian children with atopic dermatitis. Iran J
Allergy Asthma Immunol 2012; 11: 37-50.
Kayserova J, Sismova K, Zentsova-Jaresova |,
Katina S, Vernerova E and Polouckova A. 3 A
prospective study in children with a severe
form of atopic dermatitis: clinical outcome in
relation to cytokine gene polymorphisms. J In-
vestig Allergol Clin Immuno 2012; 22: 92.
Gharagozlou M, Farhadi E, Khaledi M, Behnia-
fard N, Sotoudeh S and Salari R. Association
between the interleukin 6 genotype at posi-
tion-174 and atopic dermatitis. J Investig Aller-
gol Clin Immunol 2013; 23: 89-93.

Hussein YM, Shalaby SM, Nassar A, Alzahrani
SS, Alharbi AS and Nouh M. Association be-
tween genes encoding components of the
IL-4/IL-4 receptor pathway and dermatitis in
children. Gene 2014; 545: 276-281.

Reich K, Westphal G, Konig IR, Modssner R,
Schupp P, Gutgesell C, Hallier E, Ziegler A, Neu-
mann C. Cytokine gene polymorphisms in atop-
ic dermatitis. Br J Dermatol 2003; 148: 1237-
1241.

Galli SJ and Tsai M. IgE and mast cells in aller-
gic disease. Nat Med 2012; 18: 693-704.
Yoshizawa Y, Nomaguchi H, Izaki S and Kita-
mura K. Serum cytokine levels in atopic der-
matitis. Clin Exp Dermatol 2002; 27: 225-229.
Kaesler S, Volz T, Skabytska Y, Kdberle M, Hein
U, Chen KM, Guenova E, Woélbing F, Rocken M,
Biedermann T. Toll-like receptor 2 ligands pro-
mote chronic atopic dermatitis through IL-
4-mediated suppression of IL-10. J Allergy Clin
Immunol 2014; 134: 92-96.

Bao L, Shi VY and Chan LS. IL-4 regulates che-
mokine CCL26 in keratinocytes through the
Jak1, 2/Stat6 signal transduction pathway: Im-
plication for atopic dermatitis. Mol Immunol
2012; 50: 91-97.

Di Lernia V. Therapeutic strategies in extrinsic
atopic dermatitis: focus on inhibition of I.-4 as
a new pharmacological approach. Expert Opin
Ther Targets 2015; 19: 87-96.

Kawashima T, Noguchi E, Arinami T, Yamaka-
wa-Kobayashi K, Nakagawa H and Otsuka F.
Linkage and association of an interleukin 4

Int J Clin Exp Med 2017;10(5):7375-7386



[46]

[47]

(48]

[49]

(50]

(51]

[52]

(53]

(54]

7386

Abnormal cytokine production effected the development of AD

gene polymorphism with atopic dermatitis in
Japanese families. J Med Genet 1998; 35:
502-504.

He JQ, Chan-Yeung M, Becker AB, Dimich-Ward
H, Ferguson AC and Manfreda J. Genetic vari-
ants of the IL13 and IL4 genes and atopic dis-
eases in at-risk children. Genes Immun 2003;
4: 385-389.

Elliott K, Fitzpatrick E, Hill D, Brown J, Adams S,
Chee P, Stewart G, Fulcher D, Tang M, Kemp A,
King E, Varigos G, Bahlo M, Forrest S. The
-590C/T and -34C/T interleukin-4 promoter
polymorphisms are not associated with atopic
eczema in childhood. J Allergy Clin Immunol
2001; 108: 285-287.

Neurath MF and Finotto S. IL-6 signaling in au-
toimmunity, chronic inflammation and inflam-
mation-associated cancer. Cytokine Growth
Factor Rev 2011; 22: 83-89.

Banks WA, Kastin AJ and Gutierrez EG.
Penetration of interleukin-6 across the murine
blood-brain barrier. Neurosci Lett 1994; 179:
53-56.

Mihara M, Hashizume M, Yoshida H, Suzuki M
and Shiina M. IL.-6/1L-6 receptor system and its
role in physiological and pathological condi-
tions. Clin Sci 2012; 122: 143-159.

Taniguchi K and Karin M. IL.-6 and related cyto-
kines as the critical lynchpins between inflam-
mation and cancer. Semin Immunol 2014; 26:
54-74.

Arican O, Aral M, Sasmaz S and Ciragil P.
Serum levels of TNF-a, IFN-y, IL-6, IL-8, IL-12,
ILl-17, and IL-18 in patients with active psoria-
sis and correlation with disease severity.
Mediators Inflamm 2005; 2005: 273-279.
Yoshimoto T, Takeda K, Tanaka T, Ohkusu K,
Kashiwamura S, Okamura H, Akira S, Nakanishi
K. IL-12 up-regulates IL-18 receptor expression
on T cells, Thl cells, and B cells: synergism
with IL-18 for IFN-y production. J Immunol
1998; 161: 3400-3407.

Sedimbi SK, Hagg|6f T and Karlsson MC. IL-18
in inflammatory and autoimmune disease. Cell
Mol Life Sci 2013; 70: 4795-4808.

(55]

[56]

(57]

(58]

(59]

[60]

[61]

[62]

Sebelova S, I1zakovicova-Holla L, Stejskalova A,
Schdller M, Znojil V and Vasku A. Interleukin-18
and its three gene polymorphisms relating to
allergic rhinitis. J Hum Genet 2007; 52: 152-
158.

Trzeciak M, Glen J, Bandurski T, Sokotowska-
Wojdyto M, Wilkowska A and Roszkiewicz J.
Relationship between serum levels of interleu-
kin-18, IgE and disease severity in patients
with atopic dermatitis. Clin Exp Dermatol
2011; 36: 728-732.

Higashi N, Gesser B, Kawana S and Thestrup-
Pedersen K. Expression of I.-18 mRNA and
secretion of IL-18 are reduced in monocytes
from patients with atopic dermatitis. J Allergy
Clin Immunol 2001; 108: 607-614.

Hon KL, Leung TF, Ma KC, Wong CK, Wan H
and Lam CW. Serum concentration of IL-18
correlates with disease extent in young chil-
dren with atopic dermatitis. Pediatr Dermatol
2004; 21: 619-622.

Tanaka T, Tsutsui H, Yoshimoto T, Kotani M,
Matsumoto M, Fujita A, Wang W, Higa S,
Koshimoto T, Nakanishi K, Suemura M.
Interleukin-18 is elevated in the sera from pa-
tients with atopic dermatitis and from atopic
dermatitis model mice, NC/Nga. Int Arch
Allergy Immunol 2001; 125: 236-240.

Kou K, Aihara M, Matsunaga T, Chen H, Taguri
M, Morita S, Fujita H, Yamaguchi Y, Kambara T,
Ikezawa Z. Association of serum interleukin-18
and other biomarkers with disease severity in
adults with atopic dermatitis. Arch Dermatol
Res 2012; 304: 305-312.

Novak N, Kruse S, Potreck J, Maintz L, Jenneck
C and Weidinger S. Single nucleotide polymor-
phisms of the IL18 gene are associated with
atopic eczema. J Allergy Clin Immunol 2005;
115: 828-833.

Kim E, Lee JE, Namkung JH, Park JH, Kim S
and Shin ES. Association of the single-nucleo-
tide polymorphisma and haplotype of the inter-
leukin 18 gene with atopic dermatitis in
Koreans. Clin Exp Allergy 2007; 37: 865-871.

Int J Clin Exp Med 2017;10(5):7375-7386



