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Objectives: Allergic rhinitis (AR) is an inflammatory disorder of the upper airway. Interleukin-27 (IL-27), a
novel IL-12 family member, has recently been reported to play a role in some immune-related disorders.
This study was performed to evaluate the potential association of IL-27 polymorphisms with AR in a Chi-
nese Han population.
Design and Methods: A case-control study was performed in 445 Chinese AR patients and 691 healthy
controls. Three SNPs in the IL-27p28 gene, including rs153109, rs17855750 and rs181206, were detected
using a polymerase chain reaction-restriction fragment length polymorphism assay (PCR-RFLP).
Results: A significantly increased prevalence of the rs153109 TT genotype and the T allele was found in
AR patients, while a decreased prevalence of the CT and CC genotypes and the C allele was found. For
rs153109, the TT genotype and the T allele were significantly associated with the risk of AR, but the
CT and CC genotypes and the C allele decreased the risk of AR; for rs17855750, the TT genotype and T
allele were risk factors for AR, and the GT genotype and G allele provided protection. TTT and TTC hap-
lotypes in the IL-27p28 gene were positively correlated with AR, while CGT, CTC and CTT haplotypes were
associated with a significantly decreased risk of AR.
Conclusion: This study indicates that IL-27p28 polymorphisms rs153109 and rs17855750 are likely
involved in AR susceptibility, making them potentially useful genetic biomarkers for AR susceptibility
in the Chinese Han population.
© 2014 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights
reserved.
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Furthermore, AR is a known risk factor for comorbid conditions
such as asthma, rhinosinusitis, nasal polyposis, and sleep disorders,

1. Introduction

Allergic rhinitis (AR) is an IgE-mediated inflammation of the
upper airway, which is induced by allergens and regulated by T
cells. AR has an estimated worldwide incidence rate of 10-20%
[1]. Our previous epidemiological investigations showed that in
western China, the prevalence of self-reported AR was 32.30%
(Chongging), 34.3% (Chengdu), 37.9% (Urumgqi), and 30.3%
(Nanning) [2]. AR has a major impact on quality of life by causing
unpleasant symptoms such as sneezing, nasal congestion, nasal
pruritus, rhinorrhea and the obstruction of the nasal passages.
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resulting in important medical and social problems [3,4]. Over the
last two decades, the pathogenesis of AR has been widely studied
and genetic factors are thought to be major players affecting the
development, severity and treatment of AR [5,6]. It has been
reported that numerous loci and candidate genes show associa-
tions with AR [7,8]. In spite of this, the details of the underlying
pathogenic mechanisms remain unclear.

IL-27 is a novel IL-12 family member produced early after acti-
vation by antigen-presenting cells, and it promotes both anti-and
pro-inflammatory immune responses [9,10]. IL-27 is formed by
the dimerization of the Epstein-Barr virus-induced gene 3 protein
(EBI3) and p28, a novel IL-12 p35-related polypeptide [11].
Recently, IL-27 has been shown to be an important immunoregula-
tory cytokine involved in the immune response as well as in the
development of inflammation. It appears to act as an early
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mediator of naive T-cell proliferation and is a potent inducer of
interferon gamma (IFN-vy) production, particularly in synergy with
IL-12 [12]. Thus, IL-27 is thought to promote Th1-mediated
immune responses and may be an important cytokine in the path-
ogenesis of immune-related disorders. Indeed, recent studies have
confirmed the role of IL-27 in uveitis, asthma and postinfluenza
pneumococcal pneumonia [13-15].

Single nucleotide polymorphisms (SNPs) include coding
sequences of genes, non-coding regions of genes, and intergenic
regions between genes. The polymorphisms of important cytokine
or molecule genes might predict susceptibility to certain diseases
or clinical features. For example, Masoud Movahedi et al. reported
that gene polymorphisms of IL-4 were associated with AR and its
clinical phenotypes [16], and our recent study demonstrated an
important association between polymorphisms in IL-23R and AR
in the Han Chinese population [17]. Furthermore, several SNPs in
the IL-27 gene have been found to be involved in immune-related
diseases, including uveitis, inflammatory bowel disease and tuber-
culosis [18-20], although there are some contradictory reports
[21-24]. However, to date, no studies have examined the role of
SNPs within the IL-27 gene in the development of AR. In this study,
we attempted to gain a better understanding of the genetic influ-
ences of IL-27 on AR. We have identified three possible variation
sites of [L-27p28, including two exons and one promoter sequence.
To determine whether these IL-27p28 SNPs are associated with
susceptibility to AR, we have analyzed their frequencies in genomic
DNAs isolated from AR patients and healthy controls.

2. Materials and methods
2.1. Subjects

Overall, 445 patients (205 men, 240 women) between 6 and
81 years of age were recruited from April 2012 to April 2013.
All patients were identified by and treated at the outpatient clinic
of the Department of Otolaryngology Head and Neck Surgery at
the First Affiliated Hospital of Chongqing Medical University,
Chongqing, China. The diagnosis of AR was based on the patients’
medical history, symptoms and the presence of a positive skin prick
test (SPT, Allergopharma, Hamburg, Germany) in response to a
panel of common allergens defined by the ARIA 2008 guidelines
[25]. The SPT results were diagnosed in accordance with the
recommendations of the Subcommittee on Allergen Standardization
and Skin Tests of the European Academy of Allergy and Clinical
Immunology [26]. A positive SPT result was defined as the formation
of a wheal larger than or equal to one half the diameter of the
histamine control wheal, and at least 3 mm larger than the diameter
of the negative control wheal. A total of 18 inhaled allergens were
tested, including house dust, grass, tree, mold, food, and cat and
dog dander.

In contrast, patients with accompanying systemic disease were
excluded from the study. 691 healthy volunteers of the same
ethnicity as the patients were recruited as the control group.

Table 1

2.2. Ethics statement

The local ethics authorities (the Ethics Committee of the First
Affiliated Hospital of Chongqging Medical University, Chongqing,
China) provided permission and helped to obtain informed consent
from all participants. Written informed consent was obtained from
all participants. Informed consent was obtained from the next of
kin, caretakers, or guardians of any minors participating in this
study.

2.3. DNA extraction

Genomic DNA was extracted from EDTA-anticoagulated periph-
eral blood leukocytes using the Wizard® Genomic DNA Purification
Kit method. briefly, 300 pl of blood was mixed with cell lysis solu-
tion. Leucocytes were spun down and lysed with Nuclei Lysis
Solution. The pellet was separated out by Protein Precipitation
Solution. Precipitated proteins were removed by centrifugation.
Then, two-filar DNA was separated out by methyl alcohol. The
DNA on the EP tube was dissolved in 100 pll DNA Rehydration
Solution.

2.4. Determination of the IL-27p28 genotype

We selected the rs153109, rs17855750 and rs181206 SNPs in IL-
27p28 gene as candidate sites, which have been demonstrated to be
associated with certain immune-related diseases. SNP rs153109
lies in the promoter region, while SNPs rs17855750 and rs181206
lie on exon 2 and exon 4, respectively. These three SNPs were gen-
otyped using the polymerase chain reaction-restriction fragment
length polymorphism method (PCR-RFLP). The primer sequences
and reaction conditions used in this study are shown in Table 1.
The PCR products were incubated with restriction enzymes for 1
or 1-16 h. The obtained digestion products were visualized on a
4% agarose gel and stained with Gold View (SBS Genentech, Beijing,
China). To confirm the genotyping results, PCR-amplified DNA sam-
ples were examined by direct sequencing (20% of all the blood sam-
ples), and the results were 100% concordant (Figs. 1 and 2).

2.5. Statistical analysis

All statistical analyses were performed using SPSS version 18.0
software (SPSSInc., Chicago, Illinois, USA). P values of less than 0.05
were considered statistically significant. To evaluate the quality of
the genotyping data, the Hardy-Weinberg equilibrium (HWE) for
SNP genotype frequencies was tested using a chi-square teat
(x2 test). Allelic and genotypic frequencies between patients with
AR and the control patients were compared by y2 test. The online
software platform SHEsis (http://analysis2.bio-x.cn/myanaly-
sis.php) was used to analyze the haplotype and probabilities. The
association between genotypes/alleles and the AR risk was esti-
mated by calculating odds ratios (OR) and 95% confidence intervals
(CI).

Primer sequences, PCR conditions, and restriction enzymes used for PCR-RFLP analysis of the IL-27p28 polymorphisms.

Reference SNP ID Primer sequence Annealing Restriction enzyme
temperature (°C)
rs1531093 F:5 TCAGTCAGTGACCAGGATCG3' 58 PaeR71
R:5'ACCAAGAAACCCCATCCTCT3’
rs17855750 F:5'ATCTCGCCAGGAAGCTGCGC3' 62 Bstul
R:5'CTGTTAGTGGGGGCCAGAAGGGA3'
rs181206 F:5'GCTTCAGCCCTTCCATGCCC3’ 64 Faul

R:5'TCTACCTGGAAGCGGAGGTGCC3’
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Fig. 2. Sequencing map of the genotype for IL-27p28 gene rs17855750 polymorphisms. The arrows in panels a and b show the TT and GT genotypes, respectively.

3. Results
3.1. Clinical characteristics of the study participants

The demographics of the cases and controls enrolled in this
study are shown in Table 2. There were no significant differences
between the cases and controls in terms of the mean age and gen-
der distribution. 242 (54.4%) patients were sensitive to house dust
mite, 61 (13.7%) were sensitive to tree pollen and 142 (31.9%) were
sensitive to multiple allergens.

3.2. Genotype distribution of the IL-27p28 polymorphisms

Our results showed that IL-27p28 SNPs rs153109, rs17855750
and rs181206 were in Hardy-Weinberg equilibrium in the cases
and controls (P>0.01). The genotype and allele frequencies of
the three tested IL-27p28 polymorphisms are shown in Table 3.
The call rate for the examined three SNPs was 100%.

The results showed that there were obvious differences
between the AR patients and control patients concerning the fre-
quencies of rs153109 and rs17855750. A significantly increased
prevalence of the rs153109 TT genotype and T allele was found
in the AR patients compared to the controls (P=7.72 x 107'°, OR

Table 2
Selected clinical features and demographic characteristics of study population and
controls.

Characteristics AR (N = 445) Control (N =691)
Gender[male/female] 205/240 337/354
Age[mean(range)|years 32.39 (6-81) 30.61 (10-78)
Allergen

House dust mite 242 -

Pollen 61 -

Multiple allergens 142 -

2.26, 95% Cl 1.76-2.90; P=2.79 x 10~'!, OR 1.187, 95% CI
1.13-1.24, respectively). The frequencies of the CT and CC geno-
type and the C allele were significantly lower in the AR patients
than in the controls (P=7.46 x 107>, OR 0.57, 95% CI 0.44-0.73;
P=9.54 x 107>, OR 0.24, 95% CI 0.12-0.48; P=2.79 x 10", OR
0.57, 95% CI 0.48-0.67, respectively).

For rs17855750, a higher frequency of the TT genotype
(P=1.10 x 1073, OR 1.15, 95% CI 1.12-1.19) and the T allele
(P=4.24 x 10713, OR 1.07, 95% CI 1.05-1.09), and a lower fre-
quency of the GT genotype (P=1.10 x 1073,0R 0.05, 95% CI
0.02-0.15 and the G allele (P=4.24 x 107'3, OR0.05, 95% CI
0.02-0.15) were found in AR patients compared with the controls.
No differences in the genotype frequency of the rs181206 SNP
were observed between the AR cohort and the control group.

3.3. Haplotype analysis of the IL-27 p28 gene

Haplotype analyses were performed using the Haploview V3.32
program and the online software platform SHEsis. The eight possi-
ble haplotype frequencies are shown in Table 4. The major TTT
haplotype, constructed by SNPs including rs153109, rs17855750
and rs18120, accounted for 78.0% and 65.5% of these eight haplo-
types in the cases and the controls, respectively. We found that
the distribution rate of the TTT and TTC haplotypes were notably
increased in the AR patients compared to the control patients
and that the distribution rate of the CGT, CTC and CTT haplotypes
was significantly reduced. The TTT and TTC haplotypes in the
IL-27p28 gene were positively correlated with AR, while the CGT,
CTC and CTT haplotypes were associated with a significantly
decreased risk of AR.

4. Discussion

In this study, we investigated the IL-27 gene polymorphisms in
AR and demonstrated a novel association between SNPs
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Table 3

The genotype and allele frequencies of IL-27p28 polymorphisms in AR patients and controls.

SNP Genotype allele AR (%) (N =445) Control (%) (N=691) x2 P Unadjusted OR (95%CI)
rs153109 TT 301 (67.6) 332 (48.0) 42.121 7.72 x 10710 2.26 (1.76-2.90)

CT 134 (30.1) 299 (43.3) 19.87 7.46 x 107° 0.57 (0.44-0.73)

CcC 10 (2.2) 60 (8.7) 19.39 9.54 x 107> 0.24 (0.12-0.48)

T 736 (82.7) 963 (69.7) 48.62 2.79 x 10711 1.187 (1.13-1.24)

C 154 (17.3) 419 (30.3) 48.62 2.79 x 10711 0.57 (0.48-0.67)
rs17855750 TT 442 (99.3) 596 (86.3) 58.70 1.10 x 10713 1.15 (1.12-1.19)

GT 3(0.7) 95 (13.7) 58.70 1.10 x 10713 0.05 (0.02-0.15)

T 887 (99.7) 1287 (93.1) 56.05 424 x 10713 1.07 (1.05-1.09)

G 3(0.3) 95 (6.9) 56.05 424 x 10713 0.05 (0.02-0.15)
rs181206 TT 396 (89.0) 596 (86.3) 1.83 1.08 1.03 (0.99-1.08)

TC 49 (11.0) 95 (13.7) 1.83 1.08 0.80 (0.58-1.11)

T 841 (94.5) 1287 (93.1) 1.71 1.14 1.02 (0.99-1.04)

C 49 (5.5) 95 (6.9) 1.71 1.14 0.80 (0.57-1.12)

Table 4
Haplotype frequencies of the IL-27p28 gene in AR patients and controls.

Haplotype AR (%) Control (%) ® P 0Odds ratio (95%CI)
CGC 0.00 (0.0) 1.43 (0.1) reference
CGT 0.48 (0.1) 58.88 (4.3) 37.651 8.72 x 10710 0.012 [0.002 ~ 0.087]
CTC 9.50 (1.1) 68.64 (5.0) 25.718 4.03 x 1077 0.201 [0.102 ~ 0.399]
CTT 144.02 (16.2) 290.05 (21.0) 9.678 1.873 x 1073 0.705 [0.565 ~ 0.879]
TGC 0.00 (0.0) 1.51 (0.1) - - -
TGT 2.52 (0.3) 33.18 (2.4) - - -
TTC 39.50 (4.4) 23.42 (1.7) 14.352 1.53 x 107 2.630 [1.566 ~ 4.417]
TTT 693.98 (78.0) 904.89 (65.5) 31.603 1.94 x 1078 1.748 [1.437 ~ 2.126]

rs17855750 and rs153109 in the IL-27p28 gene and AR in a Chi-
nese Han population. For rs153109, the TT genotypes and the T
allele significantly increased the risk of AR, but the CT, CC geno-
types and the C allele decreased the risk of AR. For rs17855750,
the TT genotype and the T allele were risk factors for AR, but the
GT genotype and the G allele provided protection. Furthermore,
we found that the TTT and TTC haplotypes in IL-27p28 gene were
positively correlated with AR, while the CGT, CTC and CTT haplo-
types were negatively correlated with AR. To the best of our knowl-
edge, this is the first study to evaluate an association between
IL-27p28 SNPs rs153109 and rs17855750 and AR in a Chinese
Han population.

AR, a common inflammatory disorder of the upper airway, is the
result of a complex interplay between multiple genetic and envi-
ronmental factors resulting in the dysregulation of the immune
system [27]. To explore the genetic influences of IL-27 on AR, we
chose rs153109, rs17855750 and rs181206 in the IL-27p28 gene
as candidate sites, based on the results of some previous studies.
The rs153109, rs17855750 and rs181206 polymorphisms of
IL-27p28 were recently identified, and a relationship between the
rs153109 polymorphism and risk for asthma has been found
[28]. Meanwhile, Huang et al. [29] reported a significant difference
in the genotype and allele frequencies of rs153109 and rs17855750
between patients with chronic obstructive pulmonary disease
(COPD) and controls. In this study, our data demonstrated an asso-
ciation between SNPs rs153109 and rs17855750 in the IL-27p28
gene and AR. However, no significant association was observed
between rs181206 polymorphisms and AR. These results are con-
sistent with those reported in the above studies and suggest that
the rs153109 and rs17855750 polymorphisms of the IL-27p28
gene may be associated with AR susceptibility. Furthermore, the
results suggest that the genetic background of AR might be similar
to those of asthma and COPD.

IL-27 is a critical cytokine that functions as a mediator between
the innate and adaptive immune system. It plays an important
role in the down-regulation of airway hyper-reactivity and lung

inflammation through its suppressive effect on cytokine produc-
tion [30]. Our haplotype analysis indicated that the TTT and TTC
haplotypes in the IL-27p28 gene were positively correlated with
AR, but that the CGT, CTC and CTT haplotypes were negatively cor-
related with AR. It is therefore likely that people with the TTT and
TTC haplotypes in rs153109, rs17855750 and rs181206 of IL-27p28
are at a higher risk of developing AR than people with the other
haplotypes. Conversely, people with the haplotypes CGT, CTC and
CTT would be more resistant to AR, suggesting that these three
haplotypes may play a protective role in the development of AR.

As for rs153109, which lies within the promoter region of the
IL-27p28 gene, we think that it is directly involved in AR suscepti-
bility. Our data show that the TT genotype of rs153109 increases
the risk of AR by 2.26-fold, while the T allele of rs153109 is associ-
ated with a 1.187-fold increase in the risk of AR. However, the CC
genotype and the C allele decreased the risk of AR by 0.24-fold and
0.57-fold, respectively. These results suggest that the T allele may
lead to AR susceptibility, and that people with the T allele in the
rs153109 SNP of the IL-27p28 gene are more likely to develop
AR. In contrast, the C allele may protect against AR development.
Recent studies have shown that in asthma, COPD and esophageal
cancer diseases [28,29,31], the T allele of rs153109 in the
IL-27p28 gene might be correlated with the up-regulated expres-
sion of IL-27, which participates in disease pathogenesis. Based
on these studies, we speculate that the change between the T
and C alleles in rs153109 most likely influences AR susceptibility.
This change might affect gene splicing, transcription factor binding,
or the non-coding RNA sequence, and might thereby influence the
expression of certain proteins.

In the present study, we made many efforts to decrease the
influence of confounding factors on the results. We selected the
AR patients and controls using strict guidelines and confirmed
the genotyping results by direct sequencing. We observed a novel
association between SNPs rs17855750 and rs153109 of IL-27p28
and AR in a Chinese Han population. However, it is worth mention-
ing that there are some limitations to our study. First, we did not
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detect the protein level of IL-27 in the peripheral blood and
perform a functional analysis study, so we could not draw a certain
conclusion about the influence of these polymorphisms on the
cytokine levels. Second, as it is well known that environmental fac-
tors are critical for the development of AR, further studies will be
needed to clarify the genetic influence of IL-27 in AR pathogenesis,
including gene-gene and gene-environment interactions.

In summary, we have demonstrated an association between
IL-27 gene polymorphisms and susceptibility to AR. Our results
suggest that rs17855750 and rs153109, but not rs181206, are sus-
ceptibility genes for the development of AR in the Chinese Han
population. However, more intensive studies are required to fur-
ther clarify the molecular mechanisms and the complex interaction
between environmental factors and IL-27 gene polymorphisms in
AR. Generally, we hope that our study can provide a deeper insight
into AR pathogenesis.

Disclosure statement

The authors declare no financial or other conflicts of interest
regarding the content of this article

Acknowledgments

This study was supported by the National Natural Science Foun-
dation of China (81271061) and National Key Clinical Specialties
Construction Program of China.

References

[1] Togias A. Rhinitis and asthma: evidence for respiratory system integration. ]
Allergy Clin Immunol 2003;111(6):1171-83. quiz 1184.

[2] Shen ], Ke X, Hong S, Zeng Q, Liang C, Li T, et al. Epidemiological features
of allergic rhinitis in four major cities in Western China. ] Huazhong Univ Sci
Technolog Med Sci 2011;31(4):433-40.

[3] Young MC. Rhinitis, sinusitis, and polyposis. Allergy Asthma Proc 1998;19(4):
211-8.

[4] Leynaert B, Neukirch F, Demoly P, Bousquet ]. Epidemiologic evidence for
asthma and rhinitis comorbidity. ] Allergy Clin Immunol 2000;106(Suppl. 5):
S201-5.

[5] Vercelli D. Genetic polymorphism in allergy and asthma. Curr Opin Immunol
2003;15(6):609-13.

[6] Joki-Erkkila VP, Karjalainen J, Hulkkonen ], Pessi T, Nieminen MM, Aromaa A,
et al. Allergic rhinitis and polymorphisms of the interleukin 1 gene complex.
Ann Allergy Asthma Immunol 2003;91(3):275-9.

[7] Gaddam SL, Priya VHS, Babu BMVS, Joshi L, Venkatasubramanian S, et al.
Association of interleukin-10 gene promoter polymorphism in allergic
patients. Genet Test Mol Biomarkers 2012;16:632-5.

[8] Ibrahim GH1, ElTabbakh MT, Gomaa AH, Mohamed EA. Interleukin-18 gene
polymorphisms in Egyptian patients with allergic diseases. Am ] Rhinol Allergy
2012;26(5):385-9.

[9] Owaki T, Asakawa M, Morishima N, Hata K, Fukai F, Matsui M, et al. A role for
IL-27 in early regulation of Th1 differentiation. ] Immunol 2005;175:
2191-2200.

[10] Villarino AV, Huang E, Hunter CA. Understanding the pro- and anti-
inflammatory properties of IL-27. ] Immunol 2004;173:715-20.

[11] Hunter CA. New IL-12-family members: IL-23 and IL-27, cytokines with
divergent functions. Nat Rev Immunol 2005;5:521-31.

[12] Trinchieri G, Pflanz S, Kastelein RA. The IL-12 family of heterodimeric
cytokines:new players in the regulation of T cell responses. Immunity
2003;19:641-4.

[13] Wang C, Tian Y, Lei B, Xiao X, Ye Z, Li F, et al. Decreased IL-27 expression in
association with an increased Th17 response in Vogt-Koyanagi-Harada
disease. Invest Ophthalmol Vis Sci 2012;53(8):4668-75.

[14] Fujita H, Teng A, Nozawa R, Takamoto-Matsui Y, Katagiri-Matsumura H,
Ikezawa Z, et al. Production of both IL-27 and IFN-gamma after the treatment
with ligand for invariant NK T cells is responsible for the suppression of Th2
response and allergic inflammation in a mouse experimental asthma model. ]
Immunol 2009;183(1):254-60.

[15] Cao ], Wang D, Xu F, Gong Y, Wang H, Song Z, et al. Activation of [L-27
signaling promotes development of postinfluenza pneumococcal pneumonia.
EMBO Mol Med 2014;6(1):120-40.

[16] Movahedi M, Amirzargar AA, Nasiri R, Hirbod-Mobarakeh A, Farhadi E, Tavakol
M, et al. Gene polymorphisms of Interleukin-4 in allergic rhinitis and its
association with clinicalphenotypes. Am ] Otolaryngol 2013;34(6):676-81.

[17] Hu D, Hu G, Zhu ], Shen Y, Kang H, Hong S. Association between
polymorphisms of the IL-23R gene and allergic rhinitisin a Chinese Han
population. PLoS One 2013;8(5):e63858.

[18] Yang MM, Lai TY, Tam PO, Chiang SW, Chan CK, Luk FO, et al. CFH 184G as a
genetic risk marker for anterior uveitis in Chinese females. Mol Vis
2011;17:2655-64.

[19] Li CS, Zhang Q, Lee K], Cho SW, Lee KM, Hahm KB, et al. Interleukin-
27 polymorphisms are associated with inflammatory bowel diseases in a
Korean population. ] Gastroenterol Hepatol 2009;24(10):1692-6.

[20] Wang X, Tang NL, Leung CC, Kam KM, Yew WW, Tam CM, et al. Association of
polymorphisms in the Chr18q11.2 locus with tuberculosis in Chinese
population. Hum Genet 2013;132(6):691-5.

[21] Wei YS, Lan Y, Luo B, Lu D, Nong HB. Association of variants in the interleukin-
27 and interleukin-12 gene with nasopharyngeal carcinoma. Mol Carcinog
2009;48(8):751-7.

[22] Zhao H, Zhang Y, Xue F, Xu ], Fang Z. Interleukin-27 rs153109 polymorphism
and the risk for immune thrombocytopenia. Autoimmunity 2013;46(8):
509-512.

[23] Santos AS, Melo ME, Cris6stomo LG, Fukui RT, Matioli SR, Silva ME. Lack of
association between IL27 gene variants and type 1 diabetes susceptibility.
Cytokine 2013;61(2):349-52.

[24] Huang ZQ, Wang JL, Pan GG, Wei YS. Association of single nucleotide
polymorphisms in IL-12 and IL-27 genes with colorectal cancer risk. Clin
Biochem 2012;45(1-2):54-9.

[25] Bousquet J, Khaltaev N, Cruz AA, Denburg ], Fokkens WJ, Togias A, et al. 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.

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

[27] Davila I, Mullol J, Ferrer M, Bartra ], del Cuvillo A, Montoro J, et al. Genetic
aspects of allergic rhinitis. ] Investig Allergol Clin Immunol 2009;19(Suppl.
1):25-31.

[28] Chae SC, Li CS, Kim KM, Yang JY, Zhang Q, Lee YC, et al. Identification
of polymorphisms in human interleukin-27 and their association with asthma
in a Korean population. ] Hum Genet 2007;52(4):355-61.

[29] Huang N, Liu L, Wang XZ, Liu D, Yin SY, Yang XD. Association of interleukin
(IL)-12 and IL-27 gene polymorphisms with chronic obstructive pulmonary
disease in a Chinese population. DNA Cell Biol 2008;27(9):527-31.

[30] Miyazaki Y, Inoue H, Matsumura M, Matsumoto K, Nakano T, Tsuda M, et al.
Exacerbation of experimental allergic asthma by augmented Th2 responses in
WSX-1-deficient mice. ] Immunol 2005;175(4):2401-7.

[31] Tao YP, Wang WL, Li SY, Zhang ], Shi QZ, Zhao F, et al. Associations between
polymorphisms in IL-12A, IL-12B, IL-12RB1, IL-27 gene and serum levels of
IL-12p40, IL-27p28 with esophageal cancer. ] Cancer Res Clin Oncol
2012;138(11):1891-900.

nol (2014), http://dx.doi.org/10.1016/j.humimm.2014.07.004

Please cite this article in press as: Shen Y et al. Association between Interleukin-27 gene polymorphisms and susceptibility to allergic rhinitis. Hum Immu-



http://refhub.elsevier.com/S0198-8859(14)00199-2/h0160
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0160
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0010
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0010
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0010
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0010
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0010
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0015
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0015
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0165
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0165
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0165
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0025
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0025
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0030
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0030
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0030
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0035
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0035
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0035
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0170
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0170
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0170
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0045
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0045
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0045
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0050
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0050
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0055
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0055
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0060
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0060
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0060
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0175
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0175
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0175
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0070
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0075
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0080
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0085
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0085
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0085
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0085
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0085
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0090
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0090
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0090
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0095
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0095
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0095
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0095
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0095
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0100
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0100
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0100
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0105
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0110
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0110
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0110
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0110
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0110
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0115
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0115
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0115
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0120
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0120
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0120
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0125
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0125
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0125
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0125
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0180
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0180
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0180
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0135
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0135
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0135
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0140
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0140
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0140
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0140
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0140
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0140
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0140
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0145
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0150
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0150
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0150
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0155
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0155
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0155
http://refhub.elsevier.com/S0198-8859(14)00199-2/h0155
http://dx.doi.org/10.1016/j.humimm.2014.07.004

	Association between Interleukin-27 gene polymorphisms  and susceptibility to allergic rhinitis
	1 Introduction
	2 Materials and methods
	2.1 Subjects
	2.2 Ethics statement
	2.3 DNA extraction
	2.4 Determination of the IL-27p28 genotype
	2.5 Statistical analysis

	3 Results
	3.1 Clinical characteristics of the study participants
	3.2 Genotype distribution of the IL-27p28 polymorphisms
	3.3 Haplotype analysis of the IL-27 p28 gene

	4 Discussion
	Disclosure statement
	Acknowledgments
	References


