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Susceptibility to Asthma

Background: Interleukin 31 (IL-31) is a T helper type 2 effector cytokine that plays an important
role in the pathogenesis of atopic and allergic diseases. IL-31 may be involved in promoting aller-
gic inflammation and in inducing airway epithelial responses such as allergic asthma. Methods:
Single-base extension analysis was used to detect the genotypes of IL-37 single nucleotide poly-
morphisms (SNPs), and we compared the genotype and allele frequencies of the IL-31 SNPs be-
tween patients with asthma and healthy controls. Results: There were no significant differences
in the genotype and allele frequencies of the IL-37 SNPs between patients with asthma and healthy
controls. Furthermore we compared the genotype and allele frequencies of IL-37 SNPs between
patients with atopic asthma, those with non-atopic asthma and healthy controls. This showed
that the SNPs were not associated with the susceptibility to atopic asthma. There were no signifi-
cant differences in the haplotype frequencies of IL-37 SNPs between patients with asthma and
healthy controls. In patients with asthma, the IL-37 SNPs were significantly correlated with total
serum levels of IgE (p=0.035). Conclusions: Our results indicate that, the IL-37 SNPs may be as-
sociated with IgE production in patients with asthma.
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Asthma is one of the most common multifactorial disorders,
and both the genetic predisposition and environmental factors
contribute to the development of asthma." It is characterized by
reversible airflow obstruction, airway inflammation, persistent
airway hyper-reactivity and airway remodeling.” Activated bron-
chial epithelial cells secrete various proinflammatory cytokines,
growth factors, and chemokines.** Unlike other inflammatory
diseases, the inflammatory response in asthma is characterized
by the predominant secretion of interleukin (IL)-4 and IL-5 by
type 2 T helper lymphocytes (Th2 cells) and immunoglobulin
E (IgE) synthesis. IgE mediates the early and late asthmatic re-
sponses that induce eosinophil infiltration in the lung and cyto-
kine production by Th2 cells.” Mast cells are activated in an
IgE-dependent manner, while eosinophils and basophils are re-
cruited at the site of allergic reaction.®” The accumulation of
eosinophils is an important characteristic feature in the patho-
genesis of asthma. This is, because it is accompanied by the in-
flammation within the bronchial wall.®

Cytokines play a key role in regulating the cellular commu-
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nication. IL-31 is a new member of the IL-6 family of cytokines.
IL-31 is mainly produced by activated Th2 cells, and it inter-
acts with a heterodimeric receptor consisting of IL-31 receptor
A (IL-31RA) and the oncostatin M receptor (OSMR) that is
constitutively expressed on epithelial cells and keratinocytes.’
IL-31 mRNA is preferentially expressed by the activation of
Th2 cells.” It is also expressed in the testis, bone marrow, skele-
tal muscle, kidney, colon, thymus, small intestine, trachea,” and
dorsal root ganglia.'® In mice, overexpression of IL-31 results in
the occurrence of pruritis and skin dermatitis, which resemble
human atopic dermatitis.” In human alveolar epithelial cells,
the binding of IL-31 to IL-31RA and OSMR activates the sig-
nal transducer and activator of transcription factor 3, extracellu-
lar signal-regulated kinase, c-Jun N-terminal kinase, and Akt
signaling pathways."' IL-31 regulates the expressions of epider-
mal growth factor, vascular endothelial growth factor, and mono-
cyte chemoattractant protein-1 (MCP-1/CCL2) in human bron-
chial epithelial cells.'* In patients with allergic dermatitis, the
serum levels of IL-31 were significantly higher as compared with
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normal healthy controls.”® IL-31 may be involved in promoting
allergic inflammation and triggering airway epithelial responses
such as allergic asthma.' It has been reported that non-atopic
eczema is strongly associated with a common haplotype of the
IL-31 gene. Besides, IL-31 mRNA is expressed more strongly
in the carriers of the risk haplotype than noncarriers."*

Given the above background, we conducted to understand
the genetic influences of IL-31 polymorphisms on asthma. To
do this, we identified the possible genetic variations across three
IL-31 exons and their flanking intron sequences, including the
~2.0 kb promoter regions. To determine whether these IL-31
single nucleotide polymorphisms (SNPs) are associated with
the susceptibility to asthma, we analyzed the genotype frequen-
cies of the IL-31 SNPs on genomic DNA samples that were
isolated from both patients with asthma and healthy controls.
Furthermore, we examined whether the above SNPs are also as-
sociated with serum IgE levels, the peripheral blood eosinophil
counts and the forced vital capacity (FVC) and forced expiratory
volume in 1 second (FEV)) values in patients with asthma. Fi-
nally, we calculated the haplotype frequencies obtained using
these SNPs in both groups.

MATERIALS AND METHODS

Patients and DNA samples

The DNA samples used in the current study were provided
by the Biobank of Wonkwang University Hospital, a member
of the National Biobank of Korea; this Biobank is supported by
the Ministry of Health and Welfare Affairs. The current study
was approved by the Institutional Review Board (IRB) of our
medical institution. All the subjects submitted a written in-
formed consent. We obtained the genomic DNA samples from
345 patients with asthma and 474 healthy controls. The clini-
cal parameters of the study subjects are summarized in Table 1.
Genomic DNA was extracted from peripheral blood leukocytes
by using a standard phenol-chloroform method or by using a

Table 1. Clinical characteristics of the study subject

Asthma? Control?
No. of subjects 345 474
Age (yr) 55.48+18.7 421+7.2
Gender (male/female) 186/159 285/189
FVC (% predicted) 702+22.7
FEV+ (% predicted) 65.6+28.2
Total IgE (IU/mL) 259.5+196.0
Blood eosinophil counts (10%/uL) 459+4.34

FVC, forced vital capacity; FEV;, forced expiratory volume in 1 sec.
a\/alues are presented as means + standard deviation.
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genomic DNA extraction kit (iNtRON Biotechnology, Seoul,
Korea) according to the manufacturer’s instructions. Patients
were diagnosed with asthma according to the criteria of the
American Thoracic Society.” In patients with asthma, the blood
eosinophil counts and total serum IgE levels were measured us-
ing a Coulter® Gen.S™ Hematology Analyzer (Beckman, Hi-
aleh, FL, USA) and a Roche COBAS-CORE II (Roche Diag-
nostics, Basal, Switzerland), respectively. All the subjects who
were enrolled in the current study between January 2003 and
December 2005 were Korean people living in the same area.

Polymerase chain reaction (PCR) and sequencing analysis

The entire coding regions of IL-31, including the 2.0 kb pro-
moter regions, were partially amplified using two primer pairs
(Table 2). Predenaturation treatment of template DNA was per-
formed in a PCR Thermal Cycler DICE Gradient (TaKaRa, Shi-
ga, Japan) at 95°C for 7 minutes, which was followed by 29 cy-
cles of denaturation at 95°C for 10 seconds, annealing at 65°C
for 30 seconds and extension at 72°C for 2.5 minutes. The final
extension was completed at 72°C for 10 minutes. After purifi-
cation using a PCR purification kit (Millipore, Billerica, MA,
USA), the PCR products were used as template DNA for se-
quencing analysis using the ABI Prism BigDye Terminator cy-
cle sequencing system (PE Applied Biosystems, Corona, CA,
USA) on the ABI 3100 automatic sequencer (PE Applied Bio-
systems). We used the same primers for PCR, and eleven addi-
tional primers were employed for the sequencing of the IL-31
gene (Table 2). Sequence analysis was performed to detect the
IL-31 SNPs; the sequence of human chromosome 12 BACRP11-
512M8 was used as the reference sequence.

Genotype analysis

The single-base extension (SBE) method was used for the ge-
netic analysis of g.-1550T>C, g.-1066G > A, g.586C> A, and
£.1449C> G in the IL-31 gene. The PCR was performed using
a 50 ng of each genomic DNA and Taq DNA polymerase (EF
Taq, Solgent, Daejeon, Korea) and 0.5 pM of each primer under
the following conditions: 30 cycles of denaturation at 98°C for
10 seconds, annealing at 55°C for 10 seconds, and extension at
72°C for 30 seconds. The final extension was completed at 72°C
for 10 minutes in a thermocycler (PE Applied Biosystems). The
PCR products were purified using a PCR purification kit (Mil-
lipore, Bedford, CA, USA) and then used as the template DNA
for the SBE primers (Table 2). The SBE reaction mix was pre-
pared according to a previously described method.'® The primer
extension reaction was petformed according to a previously de-
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Table 2. Primer sequences used for PCR, sequencing analysis and genotyping in the IL-37 gene

Applications Primers Primer sequence (5~3") Regions
PCR IL31-PF1 ACTCTTCTCCCAGGTCTTCCCA Promoter and exon 1
IL31-PR1 AGGGTGGGCAGGGGTGTGTGAT
IL31-PF2 ATTCAGCCCTTTCACTCAGCCGT Intron 1 and 2, exon 2 and 3
IL31-PR2 TGTCCATCTGCCCTCTGCCACA
Sequence analysis IL31-SF1 GCGTGGTGGTGGGTGCCTGT Promoter
IL31-SF2 AGGCCAGAGTGGTGGCTCGCA
IL31-SF3 TAGGCTGGCGCAGTGGCTCA
IL31-SF4 TTGCAGAGGCACGATGGAGA
IL31-SR1 AGAGGCGGAGGCAGGTGGAT
IL31-SR2 TCCCCCATCCCTTCCTGGCAT Exon 1and 2
IL31-SF5 ATGCCTTCCATTGCCCTCCA Intron 2
IL31-SF6 TGAGCCACTGTGCCCAGCCA
IL31-SF7 TGGAAGGCCAGATGTGCTGCA Exon 3
IL31-SF8 CCTGACGCCCAGCCGCCAA
IL31-SR3 TCTACCCAGCTTGGAGTCCCAT 3’-UTR
Single-base extension analysis IL31-GR1 TGGGCTGGAGTGCAGTAGCGCAATCT 9.-1066G>A
IL31-GF2 TCTGCTTCCTGGGTTCAAGCGATTCTCCTGC g.586C>A
IL31-GF3 ATTTCTCCTCATTCCACAGGTGGAGGAAGAGAAGGG g.1449C>G

PCR, polymerase chain reaction; IL-37, interleukin 31; 3"-UTR, 3 -untranslated region.

scribed method.”

Statistical analysis

A case-control association analysis was used to compare the
findings between patients with asthma and healthy controls. x*-
test was performed to estimate the Hardy-Weinberg equilibri-
um (HWE). A pair-wise comparison of the biallelic loci was
employed to analyzed the linkage disequilibrium (LD). The ha-
plotype frequencies for multiple loci of IL-31 were estimated
with the expectation-maximization algorithm by using SNPA-
lyze software (DYNACOM, Yokohama, Japan). Logistic regres-
sion analysis (ver. 11.5, SPSS Inc., Chicago, IL, USA) was per-
formed to calculate the odds ratios (with the 95% confidence
intervals). Analysis of variation (ANOVA) was performed to de-
termine the IgE levels and the peripheral blood eosinophils counts
for each genotype of individual patients with asthma. A p<0.05
was considered statistically significant.

RESULTS

The human IL-31 gene is located on chromosome 12q24.31,
and it consists of three exons. We scanned the genomic DNA
samples isolated from 24 unrelated patients with asthma and
24 healthy controls by using a direct sequencing method to de-
termine the possible variation sites in the coding regions and
boundary intron sequences of IL-31, including ~2.0 kb promo-
ter regions. We identified five SNPs and four variation sites, i.e.,
2.-1550T > C (rs7312610), g.-1494delA (novel), g.-1066G > A
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(rs11608363), g.-987(GAAA)5-6 (novel), and g.-673(A)13-15
(novel) in the promoter region; g.489delA (novel), g.586C> A
(novel), and g.1337G > C (1s7977932) in intron 2; and g.1449C >
G (1s7974857) in exon 3 (Fig. 1). The g.1449C>G polymor-
phisms located in the coding region were synonymous SNPs
(Gly61Gly) in the IL-31 gene. We calculated the LD coefficients
(D’|) between all the SNP pairs, and determined the absolute
LD (D’|=1and #*=1) between g.-1550T > C and g.1449C>G
(data not shown). Of the identified polymorphisms, three SNPs
(g-1066G > A, g.586C> A, and g.1449C > G) were selected for
large-sample genotyping on the basis of their locations and LD
coefficients.

To determine whether the IL-31 SNPs are associated with
susceptibility to asthma, we analyzed their genotypes using the
SBE method. We compared the genotypes and allele frequen-
cies between the patients with asthma and the healthy controls.
All the genotype frequencies in both the healthy controls and
the patients with asthma were consistent with HWE, except
for g.-1066G > A (data not shown). There were no significant
differences in the genotype and allele frequencies of g.-1066G >
A, g.586C> A, and g.1449C> G between patients with asthma
and healthy controls (Table 3). We further analyzed the geno-
type and allele frequencies in patients with atopic asthma, those
with non-atopic asthma, and healthy controls (Table 3). This
showed that there were also no significant differences in the
genotype and allele frequencies of g.-1066G > A, g.586C> A,
and g.1449C>G between patients with atopic asthma, those
with non-atopic asthma and healthy controls (Table 4). These

http://dx.doi.org/10.4132/KoreanJPathol.2012.46.2.162



Ny

o

3 3=
T

[y w| o

N Iio

SRY

' ———
USF
NF-kB
AP-1

058 ¥
986 ¥

400 4
2364y

IL31 Polymorphism in Asthma e 165

)5-6—>

9-1550T>C
g.-1494delA—>
g.-1066G>A

g-673(A)13-15—>

g--987(G

|

TT ths
200 bp
< < o
3 % 2 2 —
S Q [OIN)
o K ~ O
5 8 33
°© o -
o O

Fig. 1. Locations of each single nucleotide polymorphism (SNP) and variation site in interleukin 31 (/L-37) gene. Coding exons and 3"-un-
translated region are marked by black blocks and white ones, respectively. The positions of SNPs are calculated from the translation start site.
Putative transcription factor sites are searched at www.cbrc.jp/research/db/TFSEARCH.html. The reference sequence for IL-37 is based on

the sequence of human chromosome 12 BAC RP11-512M8.

Table 3. Genotype and allele analyses of the IL-37 gene polymor-
phisms in patients with asthma and healthy controls

Position tygeméle Control (%)  Asthma (%) %gg;}%‘l;)b
g-1066G>A  AA  234(49.4) 157 (45.5) 1.00
(s11608363) AG  238(502) 186(539)  1.13(0.84-152)

GG 2(0.4) 206  1.82(0.22-14.89)

A 706(745 500 (72.5) 1.00

G 242(255 190(27.5)  1.19(0.93-1.53)
g586C>A  CC  386(81.4) 273(79.1) 1.00

CA 88(186) 72(209)  1.13(0.77-1.65)

AA 000 0(0) -

c 860 (00.7) 618 (39.6) 1.00

A 88(9.3)  72(104)  1.21(0.83-1.76)
g1449C>G  CC 386 ©1.4) 273 (79.1) 1.00
(s7974857)  CG 83(175  68(19.7)  1.32(0.77-1.66)

GG 5(1.1) 4012  1.12(0.28-4.38)

Cc 855 ©0.2) 614 (89.0) 1.00

G 93(9.8)  76(11.0)  1.19(0.83-1.71)

IL-31, interleukin 31.

Calculated from the translation start site; "Logistic regression analysis was
used for calculating odds ratio (95% confidence interval [Cl]), the results
were adjusted for age.

results suggest that the IL-31 SNPs might not be associated
with the susceptibility to asthma.

We further investigated whether the IL-31 SNPs are also as-
sociated with the total serum IgE levels, peripheral blood eosin-
ophil counts and FVC and FEV values in patients with asthma.
In patients with asthma, the /L-31 SNPs had no significant
correlation with the peripheral blood eosinophil counts and the
FVC and FEV, values (Table 5). But, the g.1449C> G (also g.-
1550T >C) of IL-31 was significantly correlated with total se-
rum IgE levels (p=0.035) (Table 5). These results indicate that
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the IL-31 SNPs may influence IgE production in patients with
asthma.

Finally, we compared the haplotype frequencies of the g.586
C> A and g.1449C>G SNPs of IL-31 in both healthy controls
and patients with asthma (Table 6). There were no significant
differences in the major and minor haplotype frequencies be-
tween the patients with asthma and healthy controls. These re-
sults suggest that the haplotypes of the IL-31 polymorphisms
are not correlated with the susceptibility to asthma.

DISCUSSION

Asthma is a chronic allergic inflammatory disease of the air-
way, and it is characterized by bronchial infiltration of eosino-
phils, elevated levels of both IgE and Th2 cytokines, reversible-
airflow obstruction, mucus hypersecretion, and bronchial hy-
perreactivity.’ In the stage of pathogenesis, the activated Th cells
differentiate into two different types of cells, both phenotypi-
cally and functionally, and these include Th1 and Th2 cells.'®"
Thl cells produce cytokines such as interferon-y, IL-12 and cy-
totoxic factor lymphotoxin. These cells are commonly associat-
ed with cell-mediated immune responses against intracellular
pathogens and induction of organ-specific autoimmune diseas-
es.'”” In contrast, Th2 cells produce cytokines such as IL-4, IL-
5, and IL-10; these cytokines are associated with atopic and al-
lergic diseases such as asthma. In our previous studies on Kore-
an population, we found that the SNPs or genetic variations in
Tim-1 and IL-27 are associated with the susceptibility to asth-

ma. 22
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Table 4. Genotype and allele analyses of the IL-37 gene polymorphisms in patients with atopic asthma, those of non-atopic asthma, and

healthy controls
N Atopic asthma Non-atopic asthma
Position? Genotype/Allele Control (%)
n (%) Odds ratio® (95% Cl) n (%) Odds ratio® (95% Cl)
g.-1066G>A AA 234 (49.4) 44 (51.8) 1.00 20 (52.6) 1.00
(rs11608363) AG 238 (50.2) 40 (47.1 1.24 (0.77-2.02) 18 (47.4) 1.47 (0.57-3.83)
GG 2(0.4) 1(1.1) 4.53 (0.39-52.17) 0() -
A 706 (74.5) 128 (75.3 1.00 58 (76.3) 1.00
G 242 (25.5) 42 (24.7 1.20 (0.82-1.77) 18 (23.7) 1.28 (0.60-2.76)
9.586C>A CcC 386 (81.4) 71(83.5 1.00 31(81.6) 1.00
CA 88 (18.6) 14 (16.5 0.94 (0.49-1.79) 7(18.4) 0.94 (0.26-3.28)
AA 0(0) 0(0) - 0(0) -
C 860 (90.7) 156 (91.8) 1.00 69 (90.8) 1.00
A 88(9.3) 14(8.2) 0.94 (0.51-1.74) 7(9.2) 0.94 (0.29-3.10)
g.1449C>G CC 386 (81.4) 71(83.5) 1.00 31(81.6) 1.00
(rs7974857) CG 83(17.5) 12 (14.1) 0.89 (0.45-1.76) 7(18.4) 1.00 (0.28-3.56)
GG 5(1.1) 2(2.4) 1.46 (0.26-8.31) 0(0) -
C 855 (90.2) 154 (90.6) 1.00 69 (88.5) 1.00
G 93(9.8) 16 (9.4) 0.99 (0.55-1.77) 9(11.5) 0.88 (0.27-2.86)

IL-31, interleukin 31.

3Calculated from the translation start site; "Logistic regression analysis was used for calculating odds ratio (95% confidence interval [Cl]), the results were ad-

justed for age.

Table 5. Analysis of the correlations of peripheral eosinophil counts, total serum levels of IgE and the FVC and FEV+ values with the geno-

types of each SNP of the IL-37gene in patients with asthma

N Eosinophil IgE FVC (%) FEV: (%)
Position Genotype p-value p-value ———— p-vaue ———  p-value
Mean SD n  Mean SD n  Mean SD n  Mean
g.-1066G>A AA 109 453 458 0.81 117 253 198 0730 97 687 208 0370 96 633 269 0310
(rs11608363) AG 137 466 447 146 261 195 118 715 242 119 672 293
GG 1 - - 1 - - 2 - - 2 - -
g.586C>A CcC 193 449 429 049 207 251 195 0280 171 695 209 0320 170 650 266 0.520
CA 54 495 455 57 282 196 46 732 284 47  68.0 335
AA 0 - - 0 - - 0 - - 0 - -
9.1449C>G CC 198 449 429 044 207¢ 251 195 0.035 171 695 209 0150 170 650 266 0.300
(rs7974857) CGP 50 513 4.64 53¢ 265 193 43 718 280 44 665 329
GG° 4 268 270 42 503 439 3 943 304 3 903 426

Data are analyzed by ANOVA. Significant differences (p<0.05) between two groups found by Bonferroni multiple comparisons are indicated by values which
have the same letter (*<). The position is calculated from the translation start site.
FVC, forced vital capacity; FEV;, forced expiratory volume in 1 sec; SD, standard deviation.

Table 6. Haplotype frequencies between patients with asthma and
healthy controls in the IL-37 SNPs

Haplotype Frequency? )
Chi-square p-value®
9.586C>A g.1449C>G  Control  Asthma
C C 0.902 0.890 0.624 0.428
A G 0.093 0.104 0.599 0.370
C G 0.005 0.006 0.020 0.729

IL-31, interleukin 31; SNP, single nucleotide polymorphism.
a/alues are constructed by expectation-maximization algorithm with geno-
typed SNPs; "Values are analyzed by permutation test.

IL-31 is believed to play an important role in promoting al-
lergic inflammation and inducing airway epithelial response

such as allergic asthma.'" In the current study, we evaluated the

http://www.koreanjpathol.org

associations between IL-31 polymorphisms and the susceptibil-
ity to asthma. We not only identified five SNPs, including a
novel SNP and four novel variation sites in the IL-31 gene, but
also analyzed the genotypes of the g.-1066G > A, g.586C> A,
and g.1449C>G SNPs in patients with asthma and healthy
controls. In addition, there were no significant differences in the
genotype and allele frequencies of the IL-31 SNPs between pa-
tients with asthma and healthy controls (Table 3). We also com-
pared the genotype and allele frequencies between patients with
atopic asthma, those with non-atopic asthma and healthy con-
trols. This showed that the genotype and allele frequencies of
the IL-31 SNPs were not associated with atopic asthma (Table
4). These results suggest that the IL-31 SNPs may not be asso-
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ciated with the susceptibility to asthma.

A large number of eosinophils are accumulated in the lungs
of patients with asthma, and they are essential for phagocytosis
as well as the allergic and inflammatory reactions of asthma. At
least dozens of polymorphic genes have been reported to regu-
late asthma by controlling the inflammatory response and the
serum levels of IgE, cytokines, and chemokines.” We and other
research groups have previously shown that the SNPs of eotaxin
gene family are associated with total serum levels of IgE in pa-
tients with asthma.*** Shin et 4/, suggested that IL-18 poly-
morphisms are associated with specific levels of IgE to mite al-
lergens in patients with asthma.”® Our results revealed that the
IL-31 SNPs in patients with asthma are closely associated with
total serum level of IgE, but not with the peripheral blood eo-
sinophil counts and the FVC and FEV, values (Table 5). These
results indicate that IL-31 SNPs might be related to total se-
rum levels of IgE in asthmatic response and the activation of
mast cells. The genotype of IL-31 SNPs might have a relation-
ship with the occurrence of asthmatic symptoms or their severi-
ty. This is not notable not only because IL-31 is mainly produced
by activated Th2 cells but also because the production of IgE is
initiated by Th2 cells.

It has recently been reported that nonatopic eczema is strong-
ly associated with the following mutations in a common risk
haplotype GAA of IL-31: IL-31-2057G> A (s6489188), IL-
31-1066G > A (rs11608363), and IL-311VS2+12A>G of IL-
31. Besides, the degree of IL-31 expression was significantly
higher in carriers of the risk haplotype as compared with non-
carriers."* Further, a single SNP in the promoter region may af-
fect the regulation of IL-31 expression."* Our results showed that
the g.-1550T > C (rs7312610) and g.1449C > G (1s7974857) of
the IL-31 were significantly associated with total serum levels
of IgE (Table 5). This result indicates that IL-31 polymorphism
may be associated with IgE production.

In conclusion, our results suggest that IL-31 may be a candi-
date gene that is associated with the production of IgE in asth-
ma. But we could not completely rule out the possibility that
multiple genetic alterations might also lead to the aggravation
of asthma.
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