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Objective: To investigate whether polymorphisms in forkhead box protein 3 (FOXP3) and EBV-induced

gene 3 (EBI3) genes are associated with allergic rhinitis (AR) in Chinese patients.

Methods: A population-based case-control association study design was used to assess the risk of AR con-

ferred by single nucleotide polymorphisms (SNPs) in FOXP3 and EBI3 gene regions. DNA was extracted

from 378 patients with AR and 330 healthy controls and analyzed for selected and tagged SNPs. Overall,

9 SNPs were selected and genotyped.

Results: In the single-locus analyses of AR risk, the allele frequencies of rs428253 in EBI3 gene were sig-

nificantly different between the AR patients and control subjects (P = 1.00E-04); even after 10,000 per-

mutations (P<0.05). Logistic regression analyses, adjusted for age and gender, further showed a

significant association between EBI3 rs428253 and protective effects against AR (P=0.015, OR = 0.624

for CG/CC). The diplotype rs3761548-rs4824747 in FOXP3 gene with “AG” was associated with risk of

AR (P=0.031, OR = 1.755).

Conclusions: The findings of this study support the potential role of regulatory T cells and genetic varia-

tions in the regions around FOXP3 and EBI3 genes in modifying the risk for AR development in Chinese

patients.

© 2012 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
reserved.

1. Introduction allergic and autoimmune diseases characterized by dysregulated

peripheral tolerance [6,7]. Furthermore, it has been postulated that

Allergic rhinitis (AR) is an inflammatory disease of the nasal
mucosa induced by an immunoglobulin E (IgE)-mediated reaction
in allergen-sensitized subjects. AR has increased in prevalence over
the last decade, in particularly the industrialized nations, and cur-
rently affects up to 40% of the population worldwide [1]. Recent
data from mainland China indicate that the prevalence of self-re-
ported AR in major cities across China is high and ranges between
8.7% and 24.1%; with around 25% of all patients suffering from per-
sistent symptoms [2].

Functional studies have demonstrated that regulatory T (Treg)
cells are an important sub-population of CD4" T cells that are
essential for maintaining self tolerance and preventing autoimmu-
nity, and for limiting chronic inflammatory diseases [3-5]. Some
evidence suggests that T,.g cells play a critical modulatory role in
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the development of an allergic response to common inhaled aller-
gens occurs as a consequence of impairment in the numbers and/or
function of allergen-specific Teg cells [8,9]. Similarly, other studies
have suggested that transcription factor forkhead box protein 3
(FOXP3; a member of the forkhead or winged helix family of tran-
scription factors shown to be essential for the development and
function of T cells) [10,11] and EBV-induced gene 3 (EBI3; shown
to be upregulated in FOXP3" T, cells and thought to be a down-
stream target of FOXP3) [12] may be involved in the aetiology of
allergic diseases. As AR has multifactorial inheritance, it is possible
that different combinations of genes and/or single nucleotide poly-
morphisms (SNPs) may change the inflammatory responses thus
may increase the risk of phenotypic expression.

In view of these evidence, we hypothesized that genes involved
in Teg pathway regulation, such as FOXP3 and its downstream tar-
get gene, EBI3 as well as the surrounding genomic regions have any
SNPs which may influence an individual’s risk to develop AR. The
aim of this study was therefore to examine whether polymor-
phisms in the FOXP3 and EBI3 gene are associated with an individ-
ual’s susceptibility to develop AR in a Han Chinese cohort.
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2. Materials and methods

A population-based case-control association study design was
used to assess the risk of AR conferred by SNPs in FOXP3 and
EBI3 gene regions.

2.1. Study patients

Three hundred and seventy-eight patients suffering from AR
were recruited from the outpatient clinic of Otolaryngology, Head
and Neck Surgery Department at Beijing Tongren Hospital, be-
tween February 2010 to November 2010.

All patients had a history of AR for at least 1 year and fulfilled all
of the Allergic Rhinitis and its Impact on Asthma (ARIA) guidelines
[13] criteria for AR, including (i) presence of persistent or discon-
tinuous symptoms of anterior rhinorrhoea, continuous sneezing,
nasal obstruction and itching, (ii) demonstration of a pale and
edematous nasal mucosa, nasal discharge and swollen inferior tur-
binates by nasal endoscopy, and (iii) positive skin prick test (SPT)
to a panel of common allergens as shown below (Allergopharma,
Reinbeck, Germany) and/or positive serum antigen-specific IgE,
measured by the ImmunoCAP 100 system (Pharmacia, Uppsala,
Sweden). A diagnosis of AR was further confirmed by the presence
of symptoms induced by exposure to an allergen shown to produce
a strong positive skin test response.

The tested antigens included house dust mite (HDM) (Der f and
Der p); seasonal grass pollens (Gaint Ragweed; Mugwort; Lamb’s
quarers; Humulus; Chenopodium album and so on); animal hair
(especially dog and cat); molds (indoor and outdoor mustiness or
floricultural environment) and cockroach. A positive SPT result
was defined as a wheal greater than or equal to one half of the
diameter of the histamine control and at least 3 mm larger than
the diameter of the negative control [14]. Subjects were also con-
sidered to be sensitized to allergens when the serum IgE was
>0.35 kU/L.

AR patients with (i)comorbid asthma, eczema, or any other
allergic disease; (ii) hypertension, diabetes or other chronic dis-
eases; or (iii) tumor in the nasal cavity or any other inflammatory
nasal disease were excluded. The diagnosis of asthma was con-
firmed by a chest physician according to Global Initiative for Asth-
ma (GINA) guidelines [15].

A total of 330 healthy control volunteers; with no history of
allergic or any nasal disease and not demonstrating any abnormal
clinical features in the nasal cavity; were recruited from an ethni-
cally similar local population to determine background population
allele frequencies. Moreover all the controls were examined for
serum total IgE.

All subjects were of Han Chinese ethnic origin from the Beijing
region, China, and provided written informed consent prior to en-
try in the study. The study protocol was approved by the Ethics
Committee of Beijing Tongren Hospital and performed in accor-
dance with the guidelines of the World Medical Association’s Dec-
laration of Helsinki.

2.2. Selection of polymorphisms in the FOXP3 and EBI3 genes

The International Haplotype Mapping (HapMap) (www.hap-
map.org) SNP databases were used to select tagging SNPs (tSNPs)
in the FOXP3 and EBI3 gene region, and the screened region was
extended 10 kilobases upstream of the annotated transcription
start site and downstream at the end of the last exon in each gene.
The tSNPs were selected to extract most genetic information in the
region using the CHB genotyping data from the HapMap database
(HapMap data rel 27 Phase II+1ll, Feb2009) [16]. Genotyping data
was obtained for 14 tSNPs for FOXP3 and 12 tSNPs for EBI3 in this

dataset and loaded in the Haploview software version 4.2 (http://
www.broad.mit.edu/haploview/haploview-downloads) [17]. Fur-
ther selection of the eventual tSNPs to be investigated was then
made using a pairwise tagging algorithm [17]; setting the Hardy-
Weinberg p value, minor allele frequency (MAF), and r? thresholds
at 0.01, 0.05 and 0.8, respectively. The linkage disequilibrium (LD)
patterns of the selected genes in the CHB population exhibited
strong LD in several groups of tSNPs (r? greater than or equal to
0.8), indicating that most common SNPs can be captured by a sub-
set of tagging SNPs [18]. Consequently, we selected 4 SNPs for
FOXP3 (rs2294018, rs3060515, rs2232365, rs3761548) and 4 SNPs
for EBI3 (including rs428253, rs6613, rs353698, rs2302164) to rep-
resent the entire 26 loci for genotyping. Additionally, to ensure all
the positive SNP loci presented in our previous study, i.e.,
rs3761548, rs3060515 and rs3761547 [19], are included, we added
rs4824747 for investigation as well. Here we choose rs4824747 to
replace 153761547 (rs4824747-rs3761547 r*=1.00) because of
the Sequenom platform genotyping requirements.

2.3. Genotyping

DNA was isolated from peripheral blood leukocytes, using the
DNA Isolation Kit for Mammalian Blood (Roche, Indianapolis,
USA), and stored at 4 °C prior to further investigation within 2 days.
The genotyping of the selected SNP was performed using iPLEX
chemistry on a matrix-assisted laser desorption/ionization time-
of-flight mass spectrometer (Sequenom, San Diego, California)
according to the manufacturer’s instructions [20]. The polymerase
chain reaction (PCR) and extension primers were designed using
the MassARRAY Assay Design 4.0 software and the details of the
primers were showed in Supporting information, Table 1.

PCR was carried out in standard 384-well plates, using 5 pL of a
reaction mix comprising 10 ng of genomic DNA, 0.5 units of Taq
polymerase (HotStarTaq, Qiagen), 500 pmol of each deoxynucleo-
tide triphosphate, and 100 nmol of each primer per well. PCR ther-
mal cycling was carried out in an ABI-9700 instrument (GeneAmp
PCR system 9700, ABI, California) for 15 min at 94 °C, followed by
45 cycles of 20 s at 94 °C, 30 s at 56 °C, and 60 s at 72 °C. At the
end of cycling, 2 pL of containing 0.3 units of Shrimp Alkaline Phos-
phatase was added to each well, and the reaction incubated at
37 °C for 20 min. The reaction was inactivated for 5 min at 85 °C.

After adjusting the concentrations of extension primers to equil-
ibrate signal-to-noise ratios, the post-PCR primer extension reac-
tion of the iPLEX assay was carried out in a final volume of 9 puL
extension reaction mixture containing 0.2 pL of termination mix,
0.04 uL of DNA polymerase (Sequenom, Inc.), and 625 to
1.250 nmol/L extension primers. A 200-short-cycle program was
used for the iPLEX reaction; involving an initial denaturation by
incubation for 30s at 94 °C, followed by incubation for 5s at
94 °C, five cycles of 5s at 52 °C, and 5 s at 80 °C. Forty additional
annealing and extension cycles were looped back to 5 s at 94 °C, five
cyclesof 5 sat52 °Cand 5 s at 80 °C, and the final extension was car-
ried out at 72 °C for 3 min. The final reaction mixture was cooled to
4 °C and each sample was desalted using 6 mg of clean resin and a
dimple plate. The final product was transferred to a 384-well Spec-
tro-CHIP (Sequenom, Inc.), and analyzed in a Compact Mass Spec-
trometer, using the MassARRAY Typer 4.0 Software. The PCR assay
was arrayed with two no-template controls and four duplicated
samples in each 384-well format as quality controls. All genotyping
results were generated and checked by an investigator blinded to
the clinical status of the subject from whom the sample was derived.

2.4. Statistical analyses

Data were initially processed for suitability for further statisti-
cal evaluation using the Haploview version 4.1 software.
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Hardy-Weinberg equilibrium (HWE) of each SNP was assessed in
controls only and a threshold P <0.001 was regarded to indicate
deviation from HWE. In addition, we assessed the MAF, non-miss-
ing genotype percentage and other criteria in the AR cases as well
as controls to filter the data. Among them, minor allele frequency
(MAF) and non-missing genotype percentage thresholds were set
at <0.001 and <75%, respectively.

Differences in frequencies of the alleles and genotypes between
the AR subjects and control subjects were evaluated using the chi-
square test and HWE was tested by the chi-square test for good-
ness of fit according to the web-based program: http://ihg.gsf.de/
cgi-bin/hw/hwal.pl; and a P-value of 0.05 was considered signifi-
cant. Akaike's information criteria (AIC) were used to select the
most parsimonious genetic model for each SNP. Odds ratios
(ORs) and 95% confidence intervals (Cls) were calculated by uncon-
ditional logistic regression analysis, adjusted for age and gender.
Stratification analyses were also performed by variables of interest,
such as gender. These analyses were conducted using the STATA
statistical package (version 11.0; Stata Corp LP, College Station,
TX, USA).

The pairwise linkage disequilibrium (LD) among the SNPs was
examined using Lewontin’s standardized coefficient D’ and LD
coefficient ? [21], and haplotype blocks were defined by the meth-
od of Gabriel et al. [22] in Haploview 4.2 with default settings (the
CI for a strong LD was minimal for upper 0.98 and low 0.7 and
maximal for a strong recombination of 0.9, and a fraction of strong
LD in informative comparisons was at least 0.95). In addition,
PHASE 2.1 Bayesian algorithm [23] was used to estimate the hap-
lotype frequencies. The HAPLO.STATS package developed by Schaid
et al. [24] (www.mayo.edu/hsr/Sfunc.html) in the software lan-
guage R was used for the haplotype analysis. This method, based
on the generalized linear model framework, allows adjustment
for possible confounding variables and provides both global and
haplotype-specific tests. Haplotypes with a frequency of less than
0.03 were pooled into a combined group and empirical P-values,
based on 100,000 simulations, were computed for the global and
individual haplotype score tests. Diplotype (haplotype dosage, an

estimate of the number of copies of the haplotype) was the most
probable haplotype pair for each individual. Unconditional logistic
regression analyses, adjusted for age and gender, were conducted
to estimate ORs and 95% Cls for participants carrying one to two
copies versus zero copy of each common haplotype for the dichot-
omized diplotypes.

The statistical power for the present study was calculated using
G*Power 2 software (http://www.psycho.uni-duesseldorf.de/aap/
projects/gpower/).

3. Results
3.1. Population characteristics

The demographic characteristics of the study population are
shown in Table 1. Both the AR and control groups were well
matched with respect to age (P=0.059), although the AR group
consisted more males (60.1%) than females (39.9%). In contrast
with this, there were approximately equal numbers of males and
females in the control group (53.0% vs 47.0% m/f) (P=0.213). The
mean total serum IgE measurements for AR and control
groups were 3254 +549.1 and 69.1 £120.1[U/ml respectively
(P=0.000); confirming the AR/non-AR status of both groups. The
statistical power of AR vs. control was 96.47%.

3.2. Individual SNP association analysis

The initial quality tests for the SNPs in the EBI3 and FOXP3
genes selected for genotyping demonstrated that one SNP
(rs6613) in EBI3 region and one SNP (rs3060515) in FOXP3 gene
was not suitable for study because of deviation from HWE
(P<0.001) and MAF value <0.001 respectively (data not shown).
Thus thedata for these two loci were therefore excluded from fur-
ther analyses. Here HWE was calculated only for the SNPs on chro-
mosome 19. Overall, a total of 7 SNPs, including 3 from
chromosome 19 and 4 from chromosome X were chosen as shown
in Table 2. The 3 SNPs from chromosome 19 were selected from

Table 1
Demographic characteristics of the study population.
Demographic index AR (n=378) Controls (n =330) P
Age mean (range) (years) 27.1+14.8 (5-71) 36.2+15.2 (6-78) 0.059
Sex, male/female, no. (%) 227 (60.1)/151 (39.9) 175 (53.0)/155 (47.0) 0.213
Total IgE mean (range), kU/1 325.4 +549.1 (6.9-5000) 69.1 £120.1 (2-906) 0.000
AR = Allergic rhinitis subjects.
Table 2
SNPs genotyped for EBI3 and FOXP3 genes.
Gene: locus and No. SNP_ID Chromosome  Intermarker Genic Base MAF¢ ps P value for
N L . X h
OMIM no. pPosition distances (bp) location change NCBI® Case’  Control HWE" test
EBI3: 19p13.3 OMIM: 605816 1 rs428253 4180913 11035 Intron 1 G/C 0.178 0.160 0.223 1.00E-04 0.3311
Intergenic: 19p13.3 1 rs353698 4191948° 6057 - AlG 0.267 0266 0.293 0.2181 0.5425
CCDCY94: 19p13.3 1 152302164  4198005° - 5 near gene C/G 0.189 0.170 0.162 0.9732 0.7303
CCDC22: Xp11.23 1 rs2294018  48985575°¢ 17255 Intron 3 AJG 0384 0339 0437 0.2721 -
FOXP3: Xp11.23 OMIM: 300292 1 rs2232365 49002830° 2355 Intron 2 AlG 0.430 0395 0.367 0.6293 -
2 rs3761548 49005185°¢ 10782 Intron 1 AJC 0.198 0206 0.172 0.4492 -
PPP1R3F: Xp11.23 1 rs4824747  49015967¢ - Intron 1 G/T 0.233 0.190 0.202 0.0879 -

2 OMIM, Online Mendelian Inheritance in Man (http://www.ncbi.nlm.nih.gov/Omim).

SNP position in chromosome 19 in the NCBI dbSNP database (http://www.ncbi.nlm.nih.gov/SNP).
SNP position in chromosome X in the NCBI dbSNP database (http://www.ncbi.nlm.nih.gov/SNP).

MAF, minor allele frequency.

Allergic rhinitis subjects.

P value for difference in allele distributions between allergic rhinitis and control subjects.

b
C
d
¢ MAF for Chinese in the NCBI dbSNPs database.
F
g
h

HWE, Hardy-Weinberg equilibrium, only for SNPs in chromosome 19.
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Table 3

Genotype frequencies of 7 tag SNPs among AR and control subjects, and their associations with AR risk.

Gene SNP ID Genotype AR subject Control subject P (2 dfy? Logistic regression
No. Frequency No. Frequency OR (95%CI) P°

EBI3 1s428253 CC 221 73.18% 152 59.38% 4.38E-05 1.00 (referent)

CG 81 26.82% 94 36.72% 0.624 (0.426-0.914) 0.015

GG 0 0.00% 10 3.91% NA® NA®
Intergenic rs353698 AA 170 51.83% 152 50.67% 0.037 1.00 (referent)

AG 144 43.90% 120 40.00% 1.038 (0.773-1.393) 0.803

GG 14 4.27% 28 9.33% 0.606 (0.351-1.045) 0.071
CCDC94 152302164 GG 263 72.45% 220 70.51% 0.223 1.00 (referent)

GC 82 22.59% 83 26.60% 1.334 (0.604-2.942) 0476

cC 18 4.96% 9 2.88% 1.048 (0.767-1.433) 0.768
CCDC22 1s2294018 GG 221 60.88% 179 57.37% 0.652 1.00 (referent)

GA 60 16.53% 56 17.95% 0.705 (0.462-1.078) 0.107

AA 82 22.59% 77 24.68% 1.180 (0.855-1.630) 0315
FOXP3 1s2232365 AA 198 55.00% 170 55.19% 0.532 1.00 (referent)

AG 69 19.17% 50 16.23% 1.003 (0.654-1.539) 0.989

GG 93 25.83% 88 28.57% 1.319 (0.966-1.803) 0.082
FOXP3 1s3761548 cC 268 74.03% 242 77.07% 0.524 1.00 (referent)

CA 52 14.36% 36 11.46% 1.065 (0.672-1.691) 0.786

AA 42 11.60% 36 11.46% 1.443 (0.954-2.183) 0.083
PPP1R3F 1s4824747 GG 283 77.53% 229 72.70% 0.345 1.00 (referent)

GT 43 11.78% 45 14.29% 0.801 (0.516-1.242) 0.321

T 39 10.68% 41 13.02% 1.126 (0.753-1.685) 0.562

AR = Allergic rhinitis.

3 Global P values [2 degrees of freedom (df)]: genotype frequencies in AR and control subjects were compared using a x? test with 2 df.
b P values from unconditional logistic regression analyses, adjusted for age and gender.

€ NA, not available because of the rarity of genotype.

EBI3 and coiled-coil domain containing 94 (CCDC94)genes, within
an intergenic region spanning 17092 bp; whereas the 4 SNPs from
chromosome X were selected from CCDC22, FOXP3, protein phos-
phatase 1, regulatory subunit 3F (PPP1R3F) genes, within an inter-
genic region spanning 30392 bp. All genotype distributions in the
controls were consistent with those expected from the HWE (all
P> 0.05) (see Table 2).

The genotype distributions of 7 selected tSNPs in AR and control
subjects are also summarized in Table 2. In the single-locus analy-
ses of AR risk, the allele frequencies of rs428253 were significantly
different between the AR and control subjects (P = 1.00E-04), even
after 10,000 permutations (P < 0.05).

Age and gender adjusted logistic regression analyses further re-
vealed that in the codominant-effect model, as assessed by the AIC,
a significant protective effect against AR was associated with EBI3
rs428253 (P=0.015, OR = 0.624, 95% CI = 0.426-0.914 for CG/CC),
compared with wild-type carriers (Table 3). Stratified analysis
showed that neither age nor gender were significantly associated
with increased risk of AR for any variant (data was not shown).

3.3. LD analysis and haplotype block structure

Fig. 1 shows plots of the pairwise LD (r* and D’) values for the
tag SNPs and LD structures in the selected region of chromosome
X (Fig 1-A). The LD plot indicated that two identical blocks with
high LD; block 1 encompassing the 3’ region of CCDC22 and the
5’ region of FOXP3 and block 2 encompassing the 3’ region of
FOXP3 and the 5’ region of PPP1R3F (Fig 1-B); were associated with
AR.

3.4. Haplotype analysis

Table 4 summarizes the associations between frequencies of the
haplotypes in blocks rs2294018-rs2232365 and r1s3761548-
1s4824747 and risk of AR. None of the haplotypes investigated
was found to be associated with an increased risk in the studied co-
hort. Assessment of associations between the frequencies of diplo-

types in the two blocks and risk of AR, however, indicated that
diplotype rs3761548-rs4824747 with “AG” was significantly asso-
ciated with AR risk (for one-copy, P=0.031, OR=1.755 [95%
Cl=1.054-2.92]) (Table 5).
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Fig. 1. Graphical representation of the SNP locations and LD structure of each gene.
The figure was composed of chromosome scale (the top line with even division), the
transcription string (the thick bars represent exon (yellow) or UTR (blue), the thin
lines represent intron), SNP scale (the hollow bar with scales representing SNPs
location), and graphic of LD (black-and-white) or block definition (flammulated).
(A) The measure of LD (D) among all possible pairs of SNPs is shown graphically
according to the shade of color, where white represents very low D’ and dark
represents very high D'. (B) The numbers in squares are D’ values (D’ x 100). The
measure of LD (r?) among all possible pairs of SNPs is shown graphically according
to the shade of color (B), where white represents very low r? and scarlet represents
very high 1. The numbers in squares are r* values (r* x 100).



Table 4

Associations between common haplotypes in chromosome X and AR risk.
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Block AR subjects Control subjects P Pgim® Hap. Score® Logistic regression Global score test’
No. Frequency No. Frequency OR (95% CI) pd

Block1: 1s2294018-1s2232365

GA 481 63.62% 406 61.52% 0.4377 0.8531 0.18554 1.00 (referent) Global-stat = 1.77767, df = 3,
p-val = 0.61981, Py, = 0.63474

AG 236 31.22% 225 34.09% 0.2816 0.6589 —0.44186 0.939 (0.741-1.191) 0.604

GG 36 4.76% 25 3.79% 0.4144 0.36894 0.90586 1.368 (0.778-2.404) 0.276

AA 3 0.40% 4 0.61% NA® NA® NA® 0.417 (0.087-1.994) 0.273

Block2: 1s3761548-154824747

CG 499 66.01% 425 64.39% 0.4647 0.91966 0.09949 1.00 (referent) Global-stat = 2.94736, df = 2,
p-val = 0.22908, Pgi,,” = 0.23035

CT 121 16.01% 127 19.24% 0.0915 0.16871 —1.3808 0.814 (0.606-1.092) 0.170

AG 136 17.99% 108 16.36% 0.4353 0.19943 1.28527 1.217 (0.900-1.646) 0.202

AR = Allergic rhinitis.
2 P value for difference in haplotype frequency between AR and control subjects.
b Generated by permutation test with 100,000 times simulation.
C
4 P values from unconditional logistic regression analyses.
€ NA, not available because of the rarity of genotype.

f df, degrees of freedom.

A positive (or negative) score for a particular haplotype would have suggested that the haplotype was associated with increased (or decreased) risk of AR.

Table 5

Diplotype analysis of common haplotypes in chromosome X with AR risk.
Block 0-Copy 1-Copy logistic regression 2-Copy logistic regression P (2df)°

AR/C OR (95%CI) AR/C p? OR (95%CI) AR/C p? OR (95%CI)

Block1: 1s2294018-rs2232365
GA 95/91 1.000 (referent) 85/72 0.210 1.357 (0.842-2.186) 198/167 0.685 1.081 (0.744-1.570) 0.762
AG 352/312 1.000 (referent) 16/11 0.550 1.289 (0.560-2.967) 10/7 0.437 1.526 (0.526-4.430) 0.736
GG 222/182 1.000 (referent) 76/71 0.718 1.082 (0.707-1.654) 80/77 0.517 0.879 (0.596-1.298) 0.626
Block2: rs3761548-rs4824747
CG 93/90 1.000 (referent) 71/55 0.085 1.579 (0.940-2.653) 214/185 0.727 1.068 (0.737-1.548) 0.625
CT 296/244 1.000 (referent) 43/45 0417 0.813 (0.492-1.342) 39/41 0.246 0.745 (0.453-1.224) 0.395
AG 284/258 1.000 (referent) 52/36 0.031 1.755 (1.054-2.923) 42/36 0.604 1.148 (0.686-1.909) 0.504

AR = Allergic rhinitis subjects; C = control subjects.
@ P values from unconditional logistic regression analyses.

b Global P values [2 degrees of freedom (df)]: diplotype frequencies in cases and controls were compared using a %2 test with 2 df.

4. Discussion

In this study, we aimed to evaluate the contribution of SNPs in
the FOXP3 and EBI3 genes towards AR susceptibility in Han
Chinese subjects by employing a population-based case-control
association analysis. In the single-locus analyses of AR risk, the
allele frequencies of rs428253 were significantly different between
the AR and control subjects (P=1.00E-04). Logistic regression
analyses, adjusted for age and gender, further revealed that signif-
icant protective effects against AR were associated with EBI3
rs428253 (P=0.015, OR=0.624 for CG/CC). While AR risk was
not found to be associated with any specific haplotype in either
block rs2294018-152232365 or block rs3761548-rs4824747, the
diplotype rs3761548-rs4824747 with “AG” was found to be
associated with significant increased risk of AR (P=0.031,
OR =1.755) in this population. To our knowledge this is the first
study to demonstrate the contribution of the polymorphisms in
both FOXP3 and EBI3 genes involved in the T, pathway to the sus-
ceptibility of an individual to developing AR in the present
population.

As Treg cells are thought to play a pivotal role in maintaining the
balance within the T-cell populations and their effects, it has
been suggested that modifications in Teg-cell function/signaling
may lead to deviated immune responses [25]. Indeed, Lee and

colleagues [26] have provided evidence that the levels of
CD4+CD25+T,¢ cells in pediatric patients with AR and bronchial
asthma are related to airway allergy and disease severity. More-
over, it has been suggested that the FOXP3 gene, localized in the
short arm of the X-chromosome, is particularly important as it
appears to specifically control regulatory T-cell function [27]; with
deletions or change in function in the human FOXP3 gene resulting
in the development of severe immune dysregulation with
polyendocrinopathic and enteropathic X-linked syndrome [28].
Similarly, other studies have demonstrated that asthmatic and AR
patients have decreased FOXP3 protein expression within their
CD4+CD25+T g [29,30].

The findings of our study for SNPs in the FOXP3 gene are in
accordance with other studies. We have previously reported that
1s3761548 in FOXP3 gene was significantly associated with AR in
a relatively small cohort of Chinese subjects [19]. Similarly, in an-
other cross-sectional population-based study Suttner and
colleagues [31] investigated the influence of related SNPs in FOXP3
gene on atopic diseases in a sample of 3099 German children and
demonstrated that specific genetic variations within and in regions
around FOXP3 may modify the risk for hay fever. More recently,
Fodor and colleagues [32] performed a case-control study to inves-
tigate the role of polymorphisms in FOXP3 gene in the Hungarian
population. The authors demonstrated that females homozygous



944 Y. Zhang et al./ Human Immunology 73 (2012) 939-945

for the FOXP3 rs3761548 allele (A/A) were protected against AR,
whereas females who were either wild types (C/C) or heterozygote
carriers (C/A) of this allele were more susceptible to AR. In the
present study, although we could not replicate the the association
between FOXP3 polymorphisms (rs3761548, rs3060515 and
rs3761547) and AR presented in our previous study [19], we have
demonstrated the diplotype rs3761548-rs4824747 with “AG” may
increase the risk of developing AR in Han Chinese subjects.

EBI3, first identified in B lymphocytes based on its induction fol-
lowing infection with EB virus, is a member of the IL-12 heterodi-
meric cytokine family [33], which can associate with either p28 to
form the heterodimeric cytokine IL-27, or with the p35 subunit of
IL-12 to form the EBI3/p35 heterodimer (also known as IL-35)
[12,34,35]. Collison and colleagues [12,34,35] have demonstrated
that in mice IL-35 was expressed constitutively by
CD4'CD25"Foxp3™Treg cells, and was likely to contribute to their
suppressive activity. Moreover, Tr.g-cell restriction of this cytokine
occurred because EBI3 was a downstream target of FOXP3, a tran-
scription factor that is required for T,.g-cell development and func-
tion [12]. Although a recent study has reported an association
between deficiency in CD4+CD25+T,.g cell suppressive activity
and decreased expression of molecular mediators of EBI3 and
FOXP3 in a murine AR model [36], Tong and colleagues [37] have
demonstrated that the development and suppressive function of
Treg to inhibit effector T cell proliferation was not affected by
EBI3-deficiency. Similarly, a study in humans has shown that
EBI3 transcripts were detected only in activated Teff cells, but
not in resting or activated T cells [38], suggesting that human
Treg cells do not express detectable amounts of IL-35. In the present
study we explored the potential molecular mechanism/s underly-
ing the role of EBI3 in AR. We detected that the allele frequencies
of rs428253 located in the intron of EBI3 gene were significantly
different between the AR cases and the controls and that EBI3
rs428253 (CG/CC) was associated with a significant protective
effect against the risk of AR.

In summary, our study has confirmed the findings of others on
the association between the FOXP3 gene in subjects with AR.
Furthermore, our study has for the first time provided evidence
also for an association between the EBI3 gene and development
of AR in Chinese Han subjects=. Although the genetic contribution
of FOXP3 and EBI3 was not identified with strong statistical
significance (i.e. lower P values), the current data imply that poten-
tial genetic variations in the region of and around FOXP3 and EBI3
genes may modify the risk for AR. However, further functional
analyses are needed to determine whether the associations of SNPs
in FOXP3 LD block observed with AR may be influenced by poly-
morphisms in genes close to FOXP3 and/or locus regulatory ele-
ments in the area. Similarly, the precise roles of EBI3 and FOXP3
in Treg cell development and function need to be elucidated in lar-
ger cohorts of subjects with AR from different ethnic and cultural
backgrounds to provide a better understanding of the mechanisms
underlying the aetiology of AR.

Funding

This work was supported by Grants from the National Science
Fund for Distinguished Young Scholars (81025007), National Natu-
ral Science Foundation of China (30973282 and 81100706) and Bei-
jing Nova Program (2010B022) to LZ and YZ.

Acknowledgments

We thank the patients and controls for participating in our
study. We are grateful to all of the clinicians, nurses, technicians
and study coordinators for their contributions to the work. We

thank BGI Company for genotyping the samples and Yu Zhong of
BioYong Company for assistance with statistical analyses. We also
thank Dr. Jagdish Devalia for assistance with editing this manu-
script. There is no competing financial interest in relation to this
work.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.humimm.2012.
07.319.

References

[1] Bousquet J, Khaltaev N, Cruz AA, Denburg ], Fokkens WJ, Togias A. Allergic
Rhinitis and its Impact on Asthma (ARIA) 2008 update (in collaboration with
the World Health Organization, GA(2)LEN and AllerGen). Allergy
2008;63(Suppl 86):8-160.

[2] Zhang L, Han D, Huang D, Wu Y, Dong Z, Xu G, Kong W, Bachert C. Prevalence of
self-reported allergic rhinitis in eleven major cities in china. Int Arch Allergy
Immunol 2009;149:47-57.

[3] Maloy K], Powrie F. Regulatory T cells in the control of immune pathology. Nat
Immunol 2001;2:816-22.

[4] Sakaguchi S, Sakaguchi N, Shimizu ], Yamazaki S, Sakihama T, Itoh M.
Immunologic tolerance maintained by CD25+ CD4+ regulatory T cells: their
common role in controlling autoimmunity, tumor immunity, and
transplantation tolerance. Immunol Rev 2001;182:18-32.

[5] Shevach EM, DiPaolo RA, Andersson ], Zhao DM, Stephens GL, Thornton AM.
The lifestyle of naturally occurring CD4+ CD25+ Foxp3+ regulatory T cells.
Immunol Rev 2006;212:60-73.

[6] Bacchetta R, Gambineri E, Roncarolo MG. Role of regulatory T cells and FOXP3
in human diseases. ] Allergy Clin Immunol 2007;120:227-35. quiz 236-227.

[7] Xystrakis E, Boswell SE, Hawrylowicz CM. T regulatory cells and the control of
allergic disease. Expert Opin Biol Ther 2006;6:121-33.

[8] Ling EM, Smith T, Nguyen XD, Pridgeon C, Dallman M, Arbery ], Carr VA,
Robinson DS. Relation of CD4+CD25+ regulatory T-cell suppression of allergen-
driven T-cell activation to atopic status and expression of allergic disease.
Lancet 2004;363:608-15.

[9] Karlsson MR, Rugtveit ], Brandtzaeg P. Allergen-responsive CD4+CD25+
regulatory T cells in children who have outgrown cow’s milk allergy. ] Exp
Med 2004;199:1679-88.

[10] Yagi H, Nomura T, Nakamura K, Yamazaki S, Kitawaki T, Hori S, Maeda M,
Onodera M, Uchiyama T, Fujii S, Sakaguchi S. Crucial role of FOXP3 in the
development and function of human CD25+CD4+ regulatory T cells. Int
Immunol 2004;16:1643-56.

[11] Hori S, Sakaguchi S. Foxp3: a critical regulator of the development and
function of regulatory T cells. Microbes Infect 2004;6:745-51.

[12] Collison LW, Workman CJ, Kuo TT, Boyd K, Wang Y, Vignali KM, Cross R, Sehy
D, Blumberg RS, Vignali DA. The inhibitory cytokine IL-35 contributes to
regulatory T-cell function. Nature 2007;450:566-9.

[13] Mullol J, Valero A, Alobid I, Bartra J, Navarro AM, Chivato T, Khaltaev N,
Bousquet J. Allergic Rhinitis and its Impact on Asthma update (ARIA 2008). The
perspective from Spain. ] Investig Allergol Clin Immunol 2008;18:
327-34.

[14] 1993. Position paper: Allergen standardization and skin tests. The European
Academy of Allergology and Clinical Immunology. Allergy 48:48-82.

[15] Bateman ED, Hurd SS, Barnes PJ, Bousquet ], Drazen JM, FitzGerald M, Gibson P,
Ohta K, O'Byrne P, Pedersen SE, Pizzichini E, Sullivan SD, Wenzel SE, Zar HJ.
Global strategy for asthma management and prevention: GINA executive
summary. Eur Respir ] 2008;31:143-78.

[16] International HapMap Consortium. A haplotype map of the human genome.
Nature 2005;437:1299-320.

[17] Barrett JC, Fry B, Maller J, Daly M]. Haploview: analysis and visualization of LD
and haplotype maps. Bioinformatics 2005;21:263-5.

[18] Carlson CS, Eberle MA, Rieder M]J, Yi Q, Kruglyak L, Nickerson DA. Selecting a
maximally informative set of single-nucleotide polymorphisms for association
analyses using linkage disequilibrium. Am ] Hum Genet 2004;74:
106-20.

[19] Zhang L, Zhang Y, Desrosiers M, Wang C, Zhao Y, Han D. Genetic association
study of FOXP3 polymorphisms in allergic rhinitis in a Chinese population.
Hum immunol 2009;70:930-4.

[20] Buetow KH, Edmonson M, MacDonald R, Clifford R, Yip P, Kelley ]J. High-
throughput development and characterization of a genomewide collection of
gene-based single nucleotide polymorphism markers by chip-based matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry. Proc
Natl Acad Sci U S A 2001;98:581-4.

[21] Lewontin RC. On measures
1988;120:849-52.

[22] Gabriel SB, Schaffner SF, Nguyen H, Moore JM, Roy ], Blumenstiel B. The
structure of haplotype blocks in the human genome. Science
2002;296:2225-9.

of gametic disequilibrium. Genetics


http://dx.doi.org/10.1016/j.humimm.2012.07.319
http://dx.doi.org/10.1016/j.humimm.2012.07.319

Y. Zhang et al./Human Immunology 73 (2012) 939-945 945

[23] Stephens M, Donnelly P. A comparison of bayesian methods for haplotype
reconstruction from population genotype data. Am ] Hum Genet 2003;73:
1162-9.

[24] Schaid DJ, Rowland CM, Tines DE, Jacobson RM, Poland GA. Score tests for
association between traits and haplotypes when linkage phase is ambiguous.
Am ] Hum Gen 2002;70:425-34.

[25] Alexander C, Ying S, Kay BA, Larche M. Fel d 1-derived T cell peptide therapy
induces recruitment of CD4+ CD25+; CD4+ interferon-gamma+ T helper type 1
cells to sites of allergen-induced late-phase skin reactions in cat-allergic
subjects. Clin Exp Allergy 2005;35:52-8.

[26] Lee JH, Yu HH, Wang LC, Yang YH, Lin YT, Chiang BL. The levels of CD4+CD25+
regulatory T cells in paediatric patients with allergic rhinitis and bronchial
asthma. Clin Exp Immunol 2007;148:53-63.

[27] Hori S, Nomura T, Sakaguchi S. Control of regulatory T cell development by the
transcription factor Foxp3. Science 2003;299:1057-61.

[28] Wildin RS, Ramsdell F, Peake ], Faravelli F, Casanova JL, Buist N. X-linked
neonatal diabetes mellitus, enteropathy and endocrinopathy syndrome is the
human equivalent of mouse scurfy. Nature Genet 2001;27:18-20.

[29] Provoost S, Maes T, van Durme YM, Gevaert P, Bachert C, Schmidt-Weber CB.
Decreased FOXP3 protein expression in patients with asthma. Allergy
2009;64:1539-46.

[30] Lee SM, Gao B, Dahl M, Calhoun K, Fang D. Decreased FoxP3 gene expression in
the nasal secretions from patients with allergic rhinitis. Otolaryngol Head
Neck Surg 2009;140:197-201.

[31] Suttner K, Depner M, Wetzke M, Klopp N, von Mutius E, Illig T, Sparwasser T,
Kabesch M. Genetic variants harbored in the forkhead box protein 3 locus
increase hay fever risk. J Alergy Clin Immunol 2010;125:1395-9.

[32] Fodor E, Garaczi E, Polyanka H, Koreck A, Kemeny L, Szell M. The rs3761548
polymorphism of FOXP3 is a protective genetic factor against allergic rhinitis
in the Hungarian female population. Hum Immunol 2011;72:926-9.

[33] Devergne O, Hummel M, Koeppen H, Le Beau MM, Nathanson EC, Kieff E. A
novel interleukin-12 p40-related protein induced by latent Epstein-Barr virus
infection in B lymphocytes. ] Virol 1996;70:1143-53.

[34] Pflanz S, Timans JC, Cheung ], Rosales R, Kanzler H, Gilbert ]J. IL-27, a
heterodimeric cytokine composed of EBI3 and p28 protein, induces
proliferation of naive CD4(+) T cells. Immunity 2002;16:779-90.

[35] Devergne O, Birkenbach M, Kieff E. Epstein-Barr virus-induced gene 3 and the
p35 subunit of interleukin 12 form a novel heterodimeric hematopoietin. Proc
Nat Acad Sci U S A 1997;94:12041-6.

[36] Ouyang Y, Nakao A, Fan E, Li Y, Zhao L, Zhang W. Decreased expression of EBI3
and Foxp3 in CD4+CD25+ regulatory T cells in murine experimental allergic
rhinitis. ORL ] Otorhinolaryngology Relat Spec 2011;73:313-20.

[37] Tong H, Miyazaki Y, Yamazaki M, Hara H, Waldmann H, Hori S. Exacerbation of
delayed-type hypersensitivity responses in EBV-induced gene-3 (EBI-3)-
deficient mice. Immunol Lett 2010;128:108-15.

[38] Bardel E, Larousserie F, Charlot-Rabiega P, Coulomb-L'Hermine A, Devergne O.
Human CD4+ CD25+ Foxp3+ regulatory T cells do not constitutively express IL-
35. ] Immunol 2008;181:6898-905.



	Association between polymorphisms in FOXP3 and EBI3 genes and the risk  for development of allergic rhinitis in Chinese subjects
	1 Introduction
	2 Materials and methods
	2.1 Study patients
	2.2 Selection of polymorphisms in the FOXP3 and EBI3 genes
	2.3 Genotyping
	2.4 Statistical analyses

	3 Results
	3.1 Population characteristics
	3.2 Individual SNP association analysis
	3.3 LD analysis and haplotype block structure
	3.4 Haplotype analysis

	4 Discussion
	Funding
	Acknowledgments
	Appendix A Supplementary data
	References


