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Interleukin 5 (IL-5) is a key cytokine involved in the induction of T-helper type 2 (Th2) responses in the asthmatic airway. We investigated /L-5 genetic
polymorphisms associated with asthma phenotypes, including IgE responses to staphylococcal enterotoxins A and B (SEA and SEB, respectively), in
asthmatics. Adult asthmatics (n=310) and normal controls (n=160) were enrolled in the present study. Serum total and specific IgE to SEA and SEB
were measured. Two /L-5 polymorphisms, -746A> G and +4499T > G, were genotyped using the primer-extension method. There were no significant
differences in genotype or haplotype frequencies of these polymorphisms between the two groups. Asthmatics carrying the AG/GG genotype at
-746A> G had a significantly higher prevalence of serum specific IgE to SEA (P=0.008), higher total IgE levels (P=0.014), and lower PC20 methacho-
line levels (P=0.002) compared to those with the AA genotype. These findings suggest that the /L-5 promoter polymorphism at -746A>G enhances

serum total and specific IgE responses to SEA, which may augment airway hyperresponsiveness in adult asthmatics.
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INTRODUCTION

Eosinophils are major effector cells in airway inflammation
and remodeling. Interleukin 5 (IL-5) plays an important role in
eosinophil activation and airway hyperresponsiveness.' Staph-
ylococcus aureus (SA) is a common human bacterial pathogen
that produces different serological types of enterotoxins, such
as Staphylococcus enterotoxins A, B, and C, (SEA, SEB, and SEC,
respectively) and toxic shock syndrome toxin 1 (TSST-1), which
act as superantigens. Superantigens can induce T-helper type 2
(Th2) cell-mediated immune responses and stimulate IL-5 pro-
duction.? Several studies have suggested that superantigens may
be involved in the pathogenesis of respiratory allergic diseases,
including asthma and rhinitis. Sensitization rates to SEA and
SEB were higher in patients with asthma and/or allergic rhinitis
compared to controls.’ In addition, the expression of the T cell
receptor variable B-chain (VB8+) to which SA enterotoxins spe-
cifically bind was significantly higher in poorly controlled asth-
matics than in well-controlled asthmatics and healthy controls.*
Our previous report demonstrated that levels of IgE specific to
SEA in nasal polyp tissue derived from asthmatic patients close-
ly correlated with the level of ECP and IL-5,’ indicating that IgE
responses to SEA contribute to eosinophil activation in asth-
matic patients.
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Some reports have suggested that IL-5 polymorphisms at
-746A>G and +4499T>G are significantly associated with total
IgE levels and lower lung function in childhood asthma and
atopic dermatitis across different ethnic populations.®*® In the
present study, we hypothesized that IL-5 genetic polymor-
phisms may be involved in adult asthma pathogenesis with re-
spect to specific IgE responses to staphylococcal superantigens.

MATERIALS AND METHODS

We performed a case-controlled study of 310 adult asthmatics
and 160 normal controls who were enrolled from Ajou Univer-
sity Hospital, Suwon, South Korea. Diagnosis of asthma in all
patients was conducted in accordance with the International
Global Initiative for Asthma guidelines. Normal controls were
recruited from healthy individuals using a questionnaire. Crite-
ria for inclusion included no history of respiratory symptoms
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and normal findings on simple chest radiograms and spirome-
try. All subjects provided informed consent prior to participat-
ing in this study. Skin prick testing was performed with 55 com-
mon aero-allergens (Bencard Co., West Sussex, UK). Atopy was
defined as one or more positive reactions to common inhalant
allergens. Clinical parameters, including rhinosinusitis and
pulmonary functional tests were followed as described previ-
ously.’ Serum total IgE, eosinophil cationic protein (ECP), and
IgE specific to two superantigens, SEA and SEB, were measured
using the UniCAP system (Phadia, Valinge, Sweden), according
to the manufacturer’s instructions. We considered a specific IgE
level of >0.35 KU/L as positive. All PC20 methacholine, ECP,
peripheral blood eosinophils, and total IgE data were logl0
transformed before analysis.’

Forty healthy Korean volunteers were sequenced for polymor-
phisms of the IL-5 gene using an ABI Prism 3100 DNA analyzer
(Applied Biosystems, Foster City, CA, USA). We selected two
polymorphisms in the IL-5 gene, one in the promoter (-746A
>G) and one in the 3'UTR (+4499T>G). Genomic DNA was
prepared from peripheral blood samples using the Puregene
DNA purification kit (Gentra, Minneapolis, MN, USA). Both
polymorphisms were genotyped using the primer-extension
method. Sequences of the amplification and extension primers
for the -746A>G polymorphism were as follows: forward
5'-tgaacatgtgacccttgtc-3', reverse 5'-gatcctttctgttgecagt-3', and
extension 5'-aagatgatgtcyagactcctggatct-3'. Sequences of the
amplification and extension primers for the +4499T>G poly-
morphism were as follows: forward 5'-ggaggatatggtgaatgaaa-3’,
reverse 5'-ggtggtgcacatctgtagt-3', and extension 5'-tttacagat-
catctctttgttttttt-3".

Genotype frequency between the two groups was examined
using the y? test. Differences in genotype and haplotype fre-
quencies between the two groups were examined using a logis-
tic regression analysis with co-dominant, dominant, and reces-
sive models after accounting for age and sex as co-variables.
Differences in the mean values of the phenotypic characteris-
tics among the asthma patients, according to genotype, were
compared by analysis with )’ for categorical variables and inde-
pendent #-tests for continuous variables. The haplotype block
pattern was constructed using Haploview 4.2 software. P values
ofless than 0.05 were considered to be statistically significant.

RESULTS

The mean age was significantly higher in patients with asthma
when compared to normal controls (42.77 £14.36 vs. 30.48 %
10.31 years, respectively; P<0.001). Asthmatic patients exhibit-
ed significantly higher atopy rates (55.8 vs. 11.2%, respectively;
P<0.001) and higher serum total IgE levels (5.08 + 1.44 vs. 3.55+
1.35 IU/mL respectively; P<0.001) than controls.

The genotype and haplotype frequencies for the two polymor-
phisms in IL-5 were analyzed and compared between asthmat-
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Table 1. Genotype and haplotype frequencies of the /L-5gene

Asthmatics Controls Pvalue
(N=310) (N=160)

IL-5-746A>G  AA 156 (50.3%) 65(40.6%) 0.223
AG 123(39.7%) 74 (46.3%) 0.539

GG 31(10.0%) 21(13.1%) 0.208

IL-5+4499T>G TT 228 (73.5%) 113(70.6%) 0.635
GT 78(25.2%) 43(26.9%) 0.391

GG 4(1.3%) 4(2.5%) 0.796

ht1 [AT] ht1/ht1 137 (44.2%) 72 (45.3%) 0.894
ht1/- 137 (44.2%) 71(44.7%) 0.656

-/- 36(11.6%) 16(10.1%) 0.916

ht2 [GT] ht2/ht2 14 (4.5%) 8(5.0%) 0.553
ht2/- 146 (47.1%) 73 (45.9%) 0.723

/- 150 (48.4%) 78(49.1%) 0418

ht3 [GG] ht3/ht3 7(2.3%) 0(0%) 0.065
ht3/- 15 (4.8%) 8(5.0%) 0.230

/- 288(92.9%) 151(95.0%) 0.999

Each Pvalue was calculated with co-dominant, dominant, and recessive mod-
els. Logistic regression analysis was applied to control for age and sex as co-
variables. N, number of patients.

ic patients and normal controls. The two polymorphisms were
in linkage disequilibrium (/D’/=0.881, r*=0.259). In addition,
the genotype and haplotype frequencies of these two polymor-
phisms did not differ significantly between asthmatics and nor-
mal controls based on a logistic regression analysis (Table 1).

When all of the clinical parameters were compared according
to genotype, a significant association was noted between the
polymorphism IL-5 -746A>G and asthma phenotypes. The
asthmatic subjects with the AG/GG genotype at -746A>G had
significantly lower levels of PC20 methacholine than those with
the AA genotype (P=0.002, Table 2, Figure A). Moreover, asth-
matic subjects carrying the AG/GG genotype at -746A>G
showed significantly higher total IgE levels and a higher preva-
lence of specific IgE responses to SEA than those with the AA
genotype (P=0.014 and P=0.008, respectively; Table 2, Figure B
and C). However, IgE responses specific to SEB, house dust
mites (Dermatophagoides pteronyssinus and Dermatophagoi-
des farinae), and other asthma related parameters, such as TEC,
ECP, and the prevalence of rhinosinusitis and atopy rate, did
not show any significant association (Table 2). The IL-5 genetic
polymorphism at +4499T>G was not significantly associated
with any of the clinical parameters tested.

DISCUSSION

We evaluated the associations of two IL-5 gene polymorphisms
in asthmatics and normal controls in a Korean population. Pre-
vious studies have demonstrated that the GG genotype of IL-5
at -746A>G was associated with total IgE responses and lower
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Table 2. Comparison of clinical parameters according to the genotype of the /L-5 polymorphism in asthmatic patients

-746A> G (rs2069812) +4499T > G (rs2706400)
Pvalue Pvalue
AA AG/GG 1T TG/GG
Atopy (presence/total) 86/154 (55.8%) 86/154 (55.8%) 1000  125/226(55.3%) 47/82 (57.3%) 0.754
Rhinosinusitis (presence/total) 120/152 (78.9%) 110/138(79.7%) 0873  168/213(78.9%) 62/77 (80.5%) 0.760
Log PC20methacholine (mg/mL) 0.98+1.70/131 0.31+161/125 0.002 0.81+1.82/193 0.56+1.70/68 0.307
FEV1 (pred.%) 84.79+2240/153  84.32420.36/152 0.845 83.49+2188/224  87.49+19.72/81 0.149
Sputum eosinophil count (%) 2768+3585/25  1959+29.43/27 0.377 2572+3491/36  18.44+27.03/16 0463
Log ECP (ug/L) 2.66+0.99/63 2.62+1.00/58 0.823 2.6110.96/92 2.74+1.10/29 0.549
Log TEC (cells/pL) 5.50+1.03/146 5.714+0.99/134 0.086 5.58+1.02/203 5.66+1.01/77 0532
Log Total IgE (IU/mL) 4.87+151/148 5.28+1.34/147 0.014 5.03+1.44/217 5.20+1.44/78 0.379
SEA-specific IgE (positive/total) 5/69(7.2%) 18/77 (23.4%) 0.008 15/102 (14.7%) 8/44(18.2%) 0.597
SEB-specific IgE (positive/total) 11/69(15.9%) 20/77 (26%) 0.139 21/102 (20.6%) 10/44 (22.7%) 0.772
D. pteronyssinus-specific IgE (positive/total) ~ 49/156 (31.4%) 47/156 (30.5%) 0.865 71/228(31.1%) 25/82 (30.5%) 0913
D. farinae-specific IgE (positive/total) 58/146 (39.7%) 59/128 (46.1%) 0.288 89/200 (44.5%) 28/74(37.8%) 0.322

Values are presented as means % standard deviation (SD). FEV1%, predicted value of forced expiratory volume; ECP, eosinophil cationic protein; TEC, total eosinophil

count; SEA, staphylococcal enterotoxin A; SEB, staphylococcal enterotoxin B.
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Figure. Comparison of clinical parameters according to the genotype of the /L-5 polymorphisms in asthmatic patients A: Log PC20 methacholine levels according to
the -746A>G polymorphism. B: Log total IgE level according to the -746A>G polymorphism. C: Prevalence of IgE specific to SEA according to the -746A>G poly-

morphism.

lung function in Korean children with atopic asthma, and atopy
status in German children.®” The other IL-5 polymorphism,
+4499T >G, was associated with atopic dermatitis in Koreans.?
In the present study, we demonstrated a significant association
of the IL-5 -746A> G polymorphism with serum total and spe-
cific IgE responses to SEA and the degree of airway hyperre-
sponsiveness in a cohort consisting of adult Korean asthmatics.

We hypothesize that SA superantigens stimulate B lympho-
cytes to induce class-switching with local production of poly-
clonal IgE and specific IgE against bacterial superantigens. This
could induce mast cells and other inflammatory cells to release
variable mediators and cytokines that contribute to the devel-
opment of airway inflammation in asthmatic patients.>'’ SA su-
perantigens could also stimulate selected T-cell receptor V-
chains and enhance polyclonal expansion of T cells, especially
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Th2-driven inflammation and IL-5 production, leading to the
promotion of eosinophilic inflammation.>'® Pre-exposure to
SEA in an in vivo OVA-challenge model led to elevated eosino-
phil numbers in bone marrow and bronchoalveolar lavage flu-
id, indicating that SEA exposure promotes eosinopoesis."'
Among the staphylococcal enterotoxins, SEA is the most po-
tent, expressing two distinct binding sites for MHC class II mol-
ecules, while SEB binds to one site.”” Our previous study showed
that SEA-specific IgE levels were higher in nasal polyp tissue
homogenates from patients with aspirin-exacerbated respira-
tory disease than those with aspirin-tolerant asthma.’ In addi-
tion, significant correlations were found between ECP and spe-
cific IgE levels to staphylococcal enterotoxins, in which SEA-
specific IgE was more closely correlated with ECP or IL-5 levels
than with SEB-specific IgE levels. Furthermore, children with
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high levels of specific IgE to SEA in adenoid tissue had signifi-
cantly higher levels of serum total IgE and peripheral eosino-
phil counts,” suggesting that the IgE response to superantigen,
particularly SEA, may be involved in eosinophil activation.

Asthmatic patients with high levels of total and specific IgE to
staphylococcal superantigen present with more severe types of
asthma, airway hyperresponsiveness, and poor lung function
parameters.'*"® The degree of airway hyperresponsiveness is as-
sociated with late-phase responses composing eosinophil infil-
tration in the asthmatic airway."® Although the prevalence of se-
rum specific IgE to SEA or SEB was not significantly different
according to severity in our cohort, adult asthmatic patients car-
rying the AG/GG genotype of IL-5 -746A>G had a significantly
higher prevalence of serum IgE specific to SEA, higher total IgE
levels, and showed more severe airway hyperresponsiveness to
methacholine. Taken together, these findings suggest that IgE
responses to SA superantigen increase total IgE production, eo-
sinophil activation, and the progression of airway hyperrespon-
siveness in susceptible patients carrying the G allele at IL-5
-746A>G.

In conclusion, the promoter polymorphism of IL-5 at -746A
>G enhances serum total and specific IgE responses to SEA,
which may augment airway hyperresponsiveness to methacho-
line in adult asthmatic patients. Further studies are required to
understand the molecular genetic mechanisms by which IL-5
polymorphisms differentially interact with SA superantigen ex-
posure and activate eosinophils in upper and lower airway al-
lergic inflammation.
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