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ABSTRACT KEYWORDS
Background: Several lines of evidence suggest that the interleukin-4 (IL- Atopic dermatitis;
4) isinvolved in the development of atopic diseases. Interleukin-4;
Objective: To determinewhether IL-4 and IL-4Ro polymorphisms are asso- IL-4Ra;
ciated with susceptibility to dermatitisin Egyptian children, and to evalu- Single nucleotide
atetheir effects on serumimmunoglobulin E (IgE) and serum |L-4 levels. polymorphism;
M ethods: We genotyped three groups of children, consisting of 50 atopic Gene-geneinteraction.

dermatitis (AD) children, 50 non-AD children, and equa number of healthy
controls, for IL-4 (=590C/T) and I L-4Ra. (150V) genes polymorphismsusing
PCR-RFLPassay. Total serum IgE and serum IL-4 levelswere detected by
ELISA.

Results: Therewasanon significant association of 1L-4 -590C/T polymor-
phismin children with non- AD or those with AD when compared with the
controls (P=0.8, 0.4 respectively). Weidentified a significant association
between IL-4Ra 150V polymorphism and dermatitis susceptibility in AD
(p= 0.002), whereas no such association was observed in non-AD group
(p=0.7). Evidence of gene interactions between both polymorphisms was
found. Furthermore, there was no relation between each polymorphism
and serum IL-4 level (p>0.05 for each) while homozygosity for the risk
alelesof IL-4-590 C/T and IL-4Ra. 150V were significantly associated with
increased total IgE levelsin all studied groups.

Conclusion: In Egyptian children, the IL-4Ro (I50V) may play arolein
susceptibility to AD. In addition, gene-gene interaction between the IL-4 -
590T and the IL-4Ra G allele significantly increases an individual’s sus-
ceptibility to AD. Both polymorphisms may be involved in the control of
IgE production. ~ © 2013 Trade SciencelInc. - INDIA

INTRODUCTION characterized by pruritic chroniclesions. Two subsets
of eczemahave been described: 70-80 % of eczema
Eczemaisachronicinflammatory skindisorder  tous patients present atopic form, with elevated serum
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immunoglobulin E (IgE) and allergic sensitization,
whereas 20-30% of patients exhibit nonatopic form,
with norma serum IgE levelsand lack dlergen-specific
sensitization™. Someimmunological differencesbe-
tween atopic dermatitis (AD) and the non atopic type
have been observed in the cytokine pattern of periph-
erd blood andintheskinlesiong.

Interleukin -4 (1L-4) iscentra to the devel opment
of the T hel per 2 (Th2) phenotypesthat induceimmu-
noglobulin e isotype switching, secretion of IgE, regu-
lation of Fce receptor and vascular cell adhesion mol-
ecule-1 (VCAM-1) expressions, and promote trans-
migration of effector cellg?. IL-4 isaglycoprotein en-
coded by the IL-4 gene which has been localized to
chromosomal region 5g31-33. In 1995, Rosenwasser
et al.[ first described afunctiona promoter polymor-
phism -590C/T in the IL-4 gene, which was associ-
atedwitheevated IgE levelsinasthmaticindividuas. It
has been reported that polymorphismswithinthe pro-
moter region of IL-4 geneseemsto correlatewith en-
hanced IL-4 activity, secondary to modification of IL-
4 genetranscription. The T dldeof —590C/T SNP was
associated with anincreased IL-4 geneexpressionin
vitro®.

Theeffect of IL-4 ismediated by aheterodimeric
receptor composed of the IL-4Ra chain and either the
commony chain or the IL-13Ra subunit!®. Thecoding
geneof IL-4Ra hasbeenlocaized to the short arm of
chromosome 16 (16p12.1). Many studies have re-
ported apolymorphic siteresulting inthesubstitution of
llefor Va (150V) (+4679A/G) intheextracel lular do-
main”3. Itisbdievedthat thelledldes, which strengthen
sgnasthroughthelL4R, predisposethe host immune
systemto Th2 cytokines®.

Several studiesanalyzed therelation between IL-
4 -590C/T and IL-4Ro. 150V gene polymorphisms
and atopy or asthma®*¥ but fewer analyzed thelink
between these polymorphismsand eczema. There-
sultswereinconsi stent and the cause of inconsistency
may befrom ethnic related differences. In the present
study, wefirst determinewhether the IL-4 promoter
polymorphism -590C/T and the IL-4Ra. gene poly-
morphism (I50V) were associated with eczemain
Egyptian children. We also study their effectson IL-4
and IgE levels.
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SUBJECTSAND METHODS

Thestudy was conducted by the Biochemistry De-
partment, National Research Centre, Dokki, Gizaand
Medical Biochemistry and Dermatol ogy departments
at thefaculty of Medicneof ZagazigUniverdity in Egypt.
All patientswere Egyptian children, resdingin Zagezig,
and unrelated to each other. Thetotal studied sample
consisted of age and sex- matched 150 examinees, di-
videdintothreedifferent groupsasfollows: 50 healthy
controls(8.9+ 3.4 years, 23 female/ 27 male), 50 non-
AD children (10.2+ 3.8 years, 25female/ 25 male) and
50 children with AD (8.8+4.2 years, 24 female/ 26
mae).All thepatientsdid not recaiveany antihistamines,
systemic or topical corticosteroi dsduring the period of
3 weeksbeforeclinica eval uation and were subjected
toskinprick test. All subjectsdid not have manifesta-
tions of other dermatological or obviousmedical, au-
toimmuneor infectiousdiseases.

Atopy wasdiagnosed on the basisof positiveskin
prick test result in the form of 3mm or greater mean
wheal diameter than the negative control against com-
mon allergens, or elevated specific IgE, clinica exami-
nation, and clinical sheets(symptoms). Atopic derméti-
tischildrenfulfilled the Hanifin and Rgjkadiagnostic
criteriainthestudy™. Non-AD diseasesweredefined
by anegative skin prick test result or negative specific
IgE responsesto common alergens. Thecontrol group
had no previousclinicd history of dlergic diseasesand
had negative skin response to common all ergen. Writ-
teninformed consent was obtained from all parents’
participants before blood sample collection.

Determination of ssrcum | L-4

Serum IL-4 was measured by sandwich enzyme-
linked immunosorbent assay (ELISA) (KomaBiotech
Inc Human IL-4 kit; Seoul, Korea), with the minimum
detectable dose established as0.1 pg/mL.

Total |gE measurements

Total serum IgE levelswere also measured by a
solid phase enzyme-linked immunosorbent assay
(ELISA) (BioCheck, Inc, Vintage Park Drive, Foster
City), withtheminimum detectable concentration of IgE
estimated as5.0 lU/ml.

IL4-590C/T and IL-4Ra |50V genotyping
Genomic DNA was extracted from 200ul whole
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blood using Biospin whole blood genomic DNA ex-
traction kit (Bioer Technol ogy, Binjiang, Hanchuan,
Hubei, China). Participants were genotyped for the
promoter polymorphism of 1L-4-590C/T and acod-
ing region polymorphismof IL-4Ra. (IS0V) in genomic
DNA by polymerase chainreaction- restriction frag-
ment length polymorphism (PCR-RFLP) according
to*S. PCR was performed using PTC-100 thermal
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cycler (MJ Research, Inc., Watertown, Massachu-
setts. USA). Each 25 pL of PCR mixture contained
4.5 uL of H20, 5 pL of genomic DNA, 1.5 pL of
each primer (BioBasic Inc., Ontario, Canada), and
Tag PCR master mix kit (12.5uL) (Qiagen GmbH,
Hilden, Germany). The sequence of the primersand
PCR cycling conditions were performed for all
samplesinTABLE 1.

TABLE 1: Sandard PCR conditionsused in genotyping 1L4-590C/T and IL-4Ra 150V SNPs

Polymor phic site Primer sequence

PCR condition Restriction enzyme and fragment

IL4 C-590T Forward, 30sat 95°C, 30 s at Avall, C, 177+19
TAAACTTGGGAGAACATGGT 50°C, 45s at 72°C. T, 195
Reverse,
TGGGGAAAGATAGAGTAATA

IL-4Ra. (I50V) Forward, 30sat 95°C, 30 s at Rsal, A, 273
GGCAGGTGTGAGGAGCATCC 60°C, 45s at 72°C. G, 254
Reverse,
GCCTCCGTTGTTCTCAGGTA

Satistical analysis

Theresultsfor continuousvariablesare expressed
asmeans+ SD. The means of the groups were com-
pared by ANOVA-test. The statisticdl significances of
differencesinfrequenciesof variantsbetweenthegroups
weretested using the chi-sguare (x2) test. In addition,
oddsratios (ORs) and 95% Clswerecalculated asa
measure of the association of thelL-4 and IL-4Ra al-
leleswith dermatitis. A differencewasconsidered sig-
nificantif pwas< 0.05. Datawereanayzed usng SPSS
softwareverson 11 (SPSSinc, Chicago, lllinois, USA).

RESULTS

Genotypingof IL-4and | L-4Ra polymor phisms

The genotypeand dldefrequenciesof thelL-4 and
IL-4R polymorphismsinAD patients, non-AD patients
and controlsareshowninTABLE 2 & Figure 1. For IL-
4-590 C/T SNP, therewas no significant association
between genotypesor dldefrequenciesof thelL-4 poly-
morphismintheAD and non-AD groupscomparedto
the control group [oddsratio and 95% Cl for the T al-
lde: 0.6 (0.3—1.4), p=0.2 in atopic patients, 0.8 (0.4 —
4.65), p=0.5in non-atopic patients]. (Figure 1) For IL—
4Ro. 150V SNP, our results showed significant differ-
ences between AD group and controls regarding the

genotypeand alleledistributions of 1L-4Ra polymor-
phismwhiletherewereno sgnificant differencesindlde
or genotype frequenciesbetween non-AD childrenand
controlsfor thispolymorphism [oddsratio and 95% Cl
fortheGalde 4.3(1.9-9.7),p<0.001 in AD children,
0.7(0.3- 1.6), p=0.4innon-AD children]. (Figure 2)

TABLE 2: Genotypeand allelefrequenciesof I1L-4-590 C/T
and I L-4Ra 150V polymor phismsin studied groups

Controls Non —AD group AD group
n (%) n®) P* n®) P*

IL-4 (-590 CIT)
Genotypes
CcC 40 (80%) 38(76%) 0.8 34(68%) 0.37
CT 9 (18%) 10 (20%) 15 (30%)
TT 1 (2%) 2 (4%) 1 (2%)
Alleles
C 89 (89%) 86 (86%) 0.52 84(84%) 0.30
T 11 (11%) 14 (14%) 16 (16%)
IL-4Ra (150V)
Genotypes
AA 42 (84%) 39(78%) 0.7 26(52%) 0.002
AG 7 (14%) 9 (18%) 18 (36%)
GG 1 (2%) 2 (4%) 6(12%)
Alleles
A 91 (91%) 87 (87%) 0.4 71(71%) <0.001
G 9(9%) 13(13%) 29 (29%)

* As compared with controls
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Figurel: Representative agar osegel electrophoresis, findingsof C-590T polymor phism of 1L -4 genein studied groups.
DNA marker (100 bp), (Lanes1 11), homozygousTT (polymor phic) (lane9, oneband at 195 bp), heter ozygousCT (Lanes?2
37141520, twobandsat 177bp and 195 bp), homozygous CC (wild type) (lanes45681012131617 18 19 21 22, aneband
at 177 bp).
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Figure 2 : Representative agarose gel electrophoresis, findings of 1s050Val polymorphism of 1L-4Re genein studied
groups. DNA marker (100 bp), (Lanes1 11), homozygous GG (polymor phic) (lanes3 17, oneband at 254 bp), heter ozygous
AG (Lanes24671315162021, two bandsat 273 bp and 254 bp), homozygousAA (wild type) (lanes589101214 1819
22, aneband at 273 bp).

SerumlIL-4and IgE levelsinall groupsstudied  AD group). Moreover, therewas significant difference
Level of IL-4 had nosignificant differencebetween of themean vaueof serumtota IgE level among differ-

AD children; non-AD children and control group (P= ent alelicvariantsof IL-4Ra in control, non-AD and
0.87) whilelevelsof IgE weresignificantly increasedin D 9roups (P =0.005, 0.03 and 0.007 respectively).

atopic patients compared to non AD (p< 0.001) and Also, therewasasignificant increasein serumleve of
control groups (p< 0.001) (TABLE 3). total IgE towardshomozygous GG than homozygous
AA. On the other hand, there was no effect of 1L-4,

inall studied groups studied (TABLES4, 5).
Non-AD
Controls group ADgroup P TAB| E4: Association between I L-4 (-590 C/T) polymor-

IL-4, Pgml 461.5(103.8) 471.9(105.1) 469.9 (108.6) 0.87  phismand measured parameters

IgE, IU/ml 59.65(12.7) 79.99(16.2) 322.7 (53.4) <0.001 Groups M easurements cc cT TT P
Data are expressed as means (SD) contrgs SFUMIL4 462.3(104) 4587 (113.3) 455(0.0) 0.99
Association between measured parametersand I L - Serum IgE 56.4(8.1) 705(191) 90(0.0) <0.001
4, 1L -4Ra polymor phisms Non-AD Serumll-4  473.1(106.8) 440.7(87.7) 603.9(69) 0.13

Group  serumIgE 758(145) 89.2(12) 1134 (45) <0.001

. Serum|levelsof totdl 'QE_WHGS_i gniﬁcmtlyincree@ AD Serum I1-4 4641 (107) 471.8(111) 636.2(00) 0.3
inIL-4 genotypeTT thanin CCinall groupsstudied  group SerumIgE 3106483 44(539) 42000) 001
(p<0.001 for control and non-AD groups, p=0.01for - 522 e exoressed as means (D)
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TABLE5: Asociation between | L-4Re (150V) polymor phism
and measur ed parameters

Groups M easurements AA AG GG P

460.6 (100) 444.2(122.5) 622.3(0.0) 027
57.6(112) 67.4(138)  90.9(0.0) 0.005
472.6 (106) 467.9 (102.1) 475.6 (161.99) 0.99
77.7(153) 839(149) 1069 (189 0.03
AD Serum|1-4 457.6(110.7) 485.8(111.4) 4755(101) 0.7
group  serum IgE 310.7 (48.8) 320.4 (47.3) 383.7(55.6) 0.007
Data are expressed as means (SD)

SerumIL-4
Controls

Serum IgE
Non-AD Serum I1-4

Group  sgrumIge

I nteraction between L4 and | L4Ra genes

Toinvestigatean interaction between IL-4and IL-
4Ra genes, we studied dermatitissusceptibility inrela-
tion to various combinations of genotypes. Wefound
that association of C—T and A—G subgtitutionsof the
IL-4 geneand IL-4Ra gene respectively was signifi-
cant in both non-AD and AD groups (p<0.001&
p=0.004 respectively). Patientswho were carriers of
boththe T dldeof IL4-590C/T andtheGdldeof IL-
4Ro had anincreased risk of AD (p< 0.001).

DISCUSSION

Becausethe aberrant cytokineexpression could be
importantinthe pathogenesisof AD, functiona relevant
cytokinegene polymorphismsmight affect cytokinepro-
duction and therefore could determine di sease suscep-
tibility of AD817, Functiond polymorphismsinthelL-
4 genemay elevatelL-4 levelsand there by influence
the IL-4 dependant events which determine disease
progression’>8,

However, our study showed anon significant asso-
ciation of both TT genotypeand T allele (mutant vari-
ant) frequenciesat -590 of 1L-4 promoter genein chil-
drenwith non-AD and thosewith AD when compared
with controls, and thusindicating that thisSNP had no
relationship with the devel opment of both typesof der-
matitisin Egyptian children.

Thisfindingwasin agreement with Elliot et al .1
who detected that the-590 C/T IL-4 promoter poly-
morphism separately isnot associated with atopi ¢ ec-
zemain childhood. Thisstudy indicated that this SNP
separately lack power to detect linkage whereas the
haplotype (4 dleles) issufficiently polymorphicto de-
tect asuggestivelinkage. Tanakaet a.[*% determined
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that 1L-4-590 C/T genotypeswasnot significantly as-
sociated with either total patientswith atopic eczema
or atopic eczema patients who had normal IgE pro-
ductivity. Recently, Stavric et a.[? found that I1L-4 -
590 SPN did not show association with AD in
macedonian children.

On the other hand, Novak et a.* reported that
thefrequency of thelL-4 polymorphism-590C/T tended
to behigher in extring c atopic dermétitisthaninintrin-
sic atopic dermatitisin children. Heet d .1?? suggested
that IL-4-590T alelesarerisk factor for the devel op-
ment of AD and atopy at 24 months of age.

Concerning IL4Ra 150V, we found that asignifi-
cant associ ation of both GG genotypeand G dlde(mu-
tant variant) frequenciesin childrenwith AD but notin
thosewithnon-AD.

Recently, Tanakaet al !> showed that IS0V dlele
seemsto beinvolvedin AD in children. Ontheother
hand, another study determined that the IL-4Ra 150V
genotypeswere not significantly associated with either
total patientswith atopic eczemaor atopic eczemapa
tientswho had normal IgE productivity.

Potential explanation for the differencesbetween
our resultsand others may beattributed to differences
inthegeneticvariationinIL-4 and IL-4Ra, oringene-
geneor gene-environment interactions. For example,
theT dleeof IL-4-590 C/T frequency is70%in Japa-
nese control §24 26% in Australian control§%1, 27%in
white controlsinthe United Kingdom!?® whilein our
Egyptian samplewas 11%.

Becausethesegenessignd through acommon path-
wal, gene-geneinteractions may modify the effect of
SNPs in the IL-4/I1L-4R pathway and evidence of
epistasis has been reported in asthmaand atopy?”:%81.
Whenweanayzed both polymorphismssmultaneoudy,
patientswhowerecarriersof boththe T aleleof IL-4-
590C/T and the G alleleof IL-4Ra had anincreased
risk of AD.

Our study showed that serum level of IL-4 had no
sgnificant differencebetweenAD children; nonAD chil-
dren and control group. Moreover, therewasno effect
of IL-4 and IL-4Ra genotypes on IL-4 serum level
and thismay atributed tothat I1L-4 level sinblood were
not only related to the gene basisbut al so to other fac-
torsascytokineinhibitorsand used medications.
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Jeong et al.? showed that thelevelsof IL-4 were
not different inthelesional skin of AD and non-atopic
form. Many studies showed that serum level of IL-4
wassgnificantly higher inAD patientsthan normd indi-
vidual §%3U furthermore; the patients with atopic ec-
zemahad higher serum levelsof I1L-4 than non atopic
form[1,3l,32] .

Thedifferencesbetween the current study and oth-
ersmay dtributedtothat AD isabiphasic dissasewhere
theinitial phaseispredominated by Th2 cytokines(in-
cluding IL-4) that later switchestoamorechronic Thl-
dominated eczematous phasg?* and dl these studies
including oursdo not stratify AD according to either
acuteor chronic.

Inthe current study, homozygosity for therisk dle-
lesof IL-4-590 C/T and IL-4Ra 150V were signifi-
cantly associated withincreased total IgE levelsinall
studied groups. These are going in hand with
Rosenwasser et d.¥ and De Guiaand Ramos* who
reported asignificant rel ationship between I1L-4 -590
TT genotypeand highIgE levels. Many studiesreveded
that AD patientswith high IgE level were associated
with IL-4Ra [1€501%%1, On the other hand, othersre-
ported that thereisno statistically signiticant associa-
tion betweentotal serum IgE levelsand thisvariationin
Kuwaiti arabs and Spanish populations respec-
tively®37, Liu et a.®¥ foundthat IL-4 -590 C/T and
IL-4Ro 150V did not influencetotal serumIgE levesin
german multicenter atopy sudy (MAS) children. Also,
Yang et al® showed that the IL-4 promoter (-590)
polymorphismwasnot significantly associated with €-
evationof tota IgE levels.

Many mechanismswere evidenced to explain our
resultsthat IL-4-590 C/T affect IgE levelsbut not as-
sociated withAD; this promoter polymorphism might
beinlinkagedisequilibriumwith atruecausa variant, it
might influencetota serumIgE levelsrather than influ-
encethe devel opment of atopic disorders, or it might
beamodifier genethat affectsdisease severity. Onthe
other hand, our resultsagreed well with theassumption
that IL-4Ra. 150V playsaroleinthe production of IgE
inAD patients. Thereareafew limitationsof our study.
| dentifying Sgnificant assodiaionsof gendticvariantswith
diseases asatopic dermatitismay need alarger sample
size. Areplication sampleislackingto further confirm
thisassociation.
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However, the present study fulfillsmost of thecri-
teriaof agood genetic association study™?. In conclu-
sion, thelL-4Ra (I50V) may play a role in susceptibil-
ity to AD in Egyptian children. In addition, gene-gene
interaction betweenthellL-4-590 T andthelL-4Ra G
dldesgnificantly increasesanindividua’s susceptibil-
ity toAD. Both polymorphismsmay beinvolvedinthe
control of IgE production.
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