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Background: Human rhinoviruses are the major cause of asthma exacerbation in both children and adults. Recently, impaired
antiviral interferon (IFN) response in asthmatics has been indicated as a primary reason of the susceptibility to respiratory virus, but the
mechanism of defective IFN production is little understood to date. The expression of IFN regulatory factor 7 (IRF7), a transcriptional
factor for virus-induced type I IFN production is known to be regulated epigenetically by DNA methylation.

Objective: We aimed to investigate the expression of IFN-q, IFN-B, and IRF7 in response to rhinovirus infection in the adult asthmatics
and evaluate DNA methylation status of IRF7 gene promotor.

Methods: Twenty symptomatic adult asthmatics and 10 healthy subjects were enrolled and peripheral blood was collected from
each subject. Peripheral blood mononuclear cells (PBMCs) were isolated, cultured, and ex vivo stimulated with rhinovirus-16. The mRNA
expressions of IFN-a, IFN-B, and IRF7 were analyzed using real time quantitative polymerase chain reaction. Genomic DNA was isolated
from untreated PBMCs and the methylation status of IRF/ gene promotor was investigated using bisulfite pyrosequencing.

Results: The mean age of asthmatics was 454 + 15.7 years and 40% was male, which were not different with those of control group.
Asthmatics showed significantly decreased mRNA expressions (relative expression to beta-actin) of IFN-a and IFN-3 compared with
normal control. The mRNA expression of IRF7 in the asthmatics was also significantly lower than those in the normal control. No significant
difference of DNA methylation was observed between asthmatics and controls in all analyzed positions of IRF7 promotor CpG loci.
Conclusion: The mRNA expression of type | IFN in response to rhinovirus was impaired in the PBMCs of adult asthmatics. The mRNA
expression of IRF7, transcriptional factor inducing type | IFN was also reduced, but not caused by altered DNA methylation in the IRF7
gene promotor,
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Reduced IRF7 response to rhinovirus in asthmatics

INTRODUCTION

Asthma is a chronic inflammatory disease with great socioeco-
nomic burden [1]. Despite the advance of asthma management, many
patients with asthma still experience episodic worsening of their
symptoms. Exacerbation imposes considerable morbidity on patients
with asthma and accounts for a major burden on health care resourc-
es [2]. In the real world survey of asthma control, 70% of patients with
uncontrolled asthma had an unscheduled physician’s office visit, 36%
had an Emergency Department visit, and 14% had a hospitalization
in a year. Even patients with controlled asthma, 43% had an unsched-
uled physician’s office visit, 10% had an Emergency Department visit,
and 3% had a hospitalization in a year [3]. Direct cost of health care
use and indirect cost associated with loss of productivity are consid-
erable due to asthma exacerbation [2].

Asthma exacerbation occurs not only due to inadequate asthma
control but also in response to external triggering factors [2, 4].
Viruses are identified as a common external causative agent
found in 50% to 90% of asthma exacerbations in children and
adults [4]. Of the respiratory tract viruses, human rhinoviruses
were most commonly detected approximately 65% of the time
[2, 4, 5]. Respiratory tract virus infections cause a great degree of
morbidity in the patients with asthma than in the healthy sub-
jects [4, 5]. Increase in the airway hyperresponsiveness and de-
crease in the lung function were demonstrated in the asthmatics
without any change in the healthy subjects after respiratory tract
virus infection [6]. Defective innate immune response to the virus
in asthmatics has been pointed out as a primary reason of the
susceptibility to virus [4]. Impaired types | and lll interferon (IFN)
production have been reported in airway epithelial cells, bron-
choalveolar lavage cells, and peripheral blood cells in asthmatics
[7-10]. However, the mechanism of deficient production of IFN
in asthmatic is little known to date. Genetic polymorphism in
IFN genes or genes encoding transcriptional factor or signaling
molecules might be a mechanistic reason, but has been rarely
identified as a genetic factor of asthma in the previous genetic
association studies [11]. Recent studies suggested that epigenetic
regulation which changes gene expression in the absence of al-
teration in DNA sequence may in part mediate a complex gene-
environment interaction that can lead to asthma [12]. Among the
genes regulating type | IFN production, interferon regulatory fac-
tor 7 (IRF7) was identified as a direct transducer of virus mediated
signaling and shown to play a critical role in the induction of type
I IFN genes [13]. Hypermethylation of CpG island on IRF7 promo-
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tor gene was related to gene silencing [14, 15]. Furthermore
reduced expression of IRF7 in nasal epithelial cell was recently
reported as a cause of susceptibility to influenza virus in smoker,
which was mediated by hypermethylation of IRF7 gene [16]. In
this study, we investigated the expression of IFN-a, IFN-B, and
IRF7 in response to rhinovirus in the adults asthmatics and evalu-
ate DNA methylation status of /RF/ gene promotor.

MATERIALS AND METHODS

Study subjects

A total of 20 asthmatic patients were enrolled to the study.
The criteria of eligibility for the enrollment were as followings; (1)
presence of persistent characteristic asthma symptoms and phy-
sician’s diagnosis of asthma; (2) airway reversibility documented
by an increase of forced expiratory volume in one second (FEV,)
of 12% and 200 mL after inhalation of 200 ug of salbutamol, or
airway hyperresponsiveness documented by a methacholine
provocation concentration causing a 20% fall in FEV, (PC,,) of
<16 mg/mL, in the past or at the time of enrollment; (3) absence
of acute asthma exacerbation and respiratory infection within
the last 4 weeks prior to enrollment. Ten age/gender-matched
healthy subjects were also recruited for the control. All subjects
were provided written informed consent, and the study protocol
was approved by the Institutional Review Board of Seoul National
University Bundang Hospital (IRB No. B-1205-155-002).

PBMC isolation and culture

Total 16 mL of peripheral blood was collected from each sub-
ject using Vacutainer CPT (Cell Preparation Tube; BD, Franklin
Lakes, NJ USA) containing Sodium Citrate as the anticoagulant.
The collected bloods were processed according to the manufac-
turer's instructions, by centrifugation at 1,600 RCF (relative centrif-
ugal force) for 20 minutes at room temperature within two hours
of blood collection. PBMC were washed twice with phosphate
buffered saline and counted for recovery and viability using 0.4%
Trypan Blue (Sigma-Aldrich Co,, St. Louis, MO, USA). Aliquots of
PBMC collected were cryopreserved using a consensus cryo-
preservation protocol for the subsequent experiments [17].

Rhinovirus stimulation
PBMCs were cultured in 24-well plates at a cell density of 1x10%/
mL in RPMI (Roswell Park Memorial Institute)-1640 medium (Gibco,
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Grand Island, NY, USA) supplemented with 10% fetal bovine se-
rum (Sigma-Aldrich Co) and infected with a major group rhino-
virus, rhinovirus-16 (multiplicity of infection, 1). Rhinovirus-16 was
grown in Ohio Hela cells (European Collection of Cell Cultures)
and stocks were generated and titrated [10]. As a negative con-
trol, cells were treated with medium alone. Cells and supernatants
were harvested at 12 hours after rhinovirus stimulation.

RNA extraction and real time polymerase chain
reaction

RNA was extracted from the control and rhinovirus-treated
PBMCs using TRIzol Reagent (Ambion, Carlsbad, CA, USA) for the
measurement of MRNA expressions. RNA 1 ug was converted
into cDNA using oligo (dT) and revere transcription enzyme
(M-MLV, Promega Co., Madison, WI, USA). Expression of mRNA
was measured using ABI 7,500 real-time polymerase chain reac-
tion system (Applied Biosystems, Foster, CA, USA) with cDNA,
primer solution, and SYBR Green master mix (Applied Biosystems).
Primer sequences of each gene used in the experiment were
as follows: IFN-a, forward-5'CTGGCACAAATGGGAAGAAT,
reverse-5'CTTGAGCCTTCTGGAACTGG; IFN-B, forward-
5'CGCCGCATTGACCATCTA, reverse-5GACATTAGCCAGGAGGTTCT,
IRF7, forward-5TCCCCACGCTATACCATCTACCT, reverse-5'-
ACAGCCAGGGTTCCAGCTT. Beta-actin, forward-5'CAA-
GAGATGGCCACCGCTGCT, reverse-5TCCTTCTGCATCCTGTCGGCA.

ELISA

Both IFN-a and IFN-[3 were assayed using commercial enzyme-
linked immunosorbent assay (ELISA) kit (PBL Assay Science,
Piscataway, NJ, USA) according to the manufacturer’s instructions.
The limits of detection were 12.5 pg/mL for IFN-a and 50 pg/mL
for IFN-B.

DNA isolation and methylation analysis
Genomic DNA was isolated from rhinovirus-untreated baseline
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PBMCs using QlAamp DNA Blood Mini Kit (Qiagen, Valencia, CA,
USA) according to manufacturer’s instruction. Bisulfite modifica-
tion was carried out with 500 ng DNA using EZ-DNA methylation
Kit (Zymo research, Orange, CA, USA). Methylation status of IRF/
gene was investigated using bisulfite pyrosequencing, highly
quantitative and reproducible method. We consulted National
Center for Biotechnology Information gene browser to get
RefSeq summary of human IRF7 gene (NM_004029.2). Detailed
annotation was obtained and we examined methylation status
of IRF7 gene promotor CpG sites. Bisulfite pyrosequencing was
carried out using PSQ 96 MA system and pyrogram was gener-
ated for each sample. The percent of methylation were calculated
from the peak heights of sequential C and T incorporations.
Primers used for amplication and pyrosequencing are listed in
Table 1.

Statistical analysis

Mann-Whitney test was used to compare the expression of
IFN-a, IFN-B, and IRF7 and the methylation status of IRF7 between
asthmatics and control. Wilcoxon signed rank test was used for
the analyses of control and rhinovirus-treated paired samples.
Statistical analyses were performed using PASW Statistics ver. 18.0
(SPSS Inc,, Chicago, IL, USA); a p value of <0.05 was deemed to
indicate statistical significance.

RESULTS

Characteristics of study subjects

The mean age of asthmatics was 454 + 15.7 years and 40% was
a male, which were not different with those of control group. All
of asthmatics had showed episodic asthmatic symptoms in the
past 4 weeks of the enrollment and their asthmatic symptoms
were not controlled adequately, although they were not in the
exacerbation. The average score of asthma control test (ACT) was

Table 1. Sequences of primers used for amplication, pyrosequencing reactions for IRF7 gene methylation analysis

) PCR primer i ) .
Region Pyrosequencing primer CpGssite
Forward Reverse
R1 5'GAATAATGTAAAAAATTTAAAGGGGGTTGS 5'CCCAAAAAACAAAACAAAACTCAATCTC3 STCTCTATATTAATCAAACTAATATC3 1-7
R2 STGAATAATGTAAAAAATTTAAAGGGGGTTG3"  5'CCCAAAAAACAAAACAAAACTCAAT3 S'GATATTAGTTTGATTAATATAGAGA3' 8-10
R3 SAGGTTGTGGTGGGTTAAGATTGTGTTAT3' 5'CAACCCAAAAAACAAAACAAAACTC3 5'GGTTGTGGTGGGTTAAG3 11-16

PCR, polymerase chain reaction.

16

http://dx.doi.org/10.5415/apallergy.2015.5.2.114

apallergy.org



Reduced IRF7 response to rhinovirus in asthmatics

16.3 £ 5.3 and mean predicted % of FEV, was 82.8% + 19.7% at
the time of enrollment. Seventy five percent of patients showed
atopy on their skin test or blood test for allergy for common in-
halant allergens. The mean total IgE level was 373.6 + 467.5 IU/mL
(Table 2).

IFN- a, IFN- B, and IRF7 expression

We evaluated the mRNA expressions of IFN-q, IFN-3, and IRF7
in PBMCs of each subject after ex vivo rhinovirus stimulation. All
mRNA expressions of IFN-q, IFN-B, and IRF7 were significantly in-
creased at 12 hours after rhinovirus stimulation compared to me-

Table 2. Characteristic of study subjects

dia only-treated controls. The relative expressions to beta-actin of
IFN-a in the asthmatics group was significantly lower than those
in the normal control group (p=0.005) (Fig. 1A). Asthmatics also
showed significantly lower relative expressions to beta-actin of
IFN-3 compared with normal control (p=0.003) (Fig. 1B). When
we checked the mRNA expression of IRF7 which is one of crucial
transcriptional factor for gene expression of type | IFN after rhi-
novirus infection, the relative mRNA expression to beta-actin was
significantly reduced in the asthmatics compared with normal
control (p=0.048) (Fig. 1C). The protein levels of IFN-a and IFN-B
were significantly increased at 12 hours after rhinovirus stimula-

Characteristic Healthy control (n=10) Asthmatics (n=20) p value
Age (yr) 459 £ 119 454 +£157 NS
Male sex, n (%) 4.(40) 8 (40) NS
Duration of asthma (yr) - 71+£103

Atopy, n (%) - 15 (75.0)

PCy (Mg/ml) - 64+65

ACT score” - 163+53

FEV,_predicted (%) - 828+ 197

FVC_predicted (%) - 86.3 £ 19.0

FEV,/FVC (%) - 731+£M2

Total IgE (IU/mL) - 373.6 + 4675

Peripheral eosinophil count - 4672 +3390

Values are presented as mean + standard deviation unless otherwise indicated.
NS, nonsignificant; PC,,, methacholine provocation concentration causing a 20% fall in FEV;; FEV;, forced expiratory volume in one second; FVC, forced vital

capacity; ACT, asthma control test.
ACT score at the time of enrollment.
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Fig. 1. Expressions of type | interferon (IFN) and interferon regulatory factor 7 (IRF7) mRNA in response to rhinovirus stimulation in the peripheral blood
mononuclear cells of asthmatics and healthy subjects. IFN-a (A), IFN-B (B), and IRF7 (C) values in panels A, B and C are mean =+ standard error of the

mean. RV 16, thinovirus 16. p < 0.05. p < 0.01.
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tion compared to media only-treated controls, but there was no
significance difference between normal control and asthmatics
(Fig. 2A, B).

DNA methylation of IRF7

To investigate the mechanism of reduced IRF7 response to rhi-
novirus in the asthmatics, we evaluated the baseline DNA meth-
ylation status of IRF7 gene promotor region using bisulfite pyrose-
quencing. A total of 16 CpG sites were evaluated with three sets
of amplification and sequencing primers and 5 positions were
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passed quality criteria (Fig. 3A). However, no significant difference
of methylation percentage was observed between asthmatics
and controls in all the 5 positions of CpG loci (Fig. 3B).

DISCUSSION

In the present study, we found the reduced mRNA expression
of IFN-a and IFN-{ after rhinovirus stimulation in the PBMCs of
asthmatics. Furthermore, we found the reduced mRNA expres-
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Fig. 2. Protein levels of type | interferon (IFN) in the supernatant from rhinovirus-stimulated peripheral blood mononuclear cells of asthmatics and
healthy subjects. IFN-a (A) and IFN- (B) values in panels A and B are mean + standard error of the mean. RV 16, rhinovirus 16. *p < 0.05.

..... ATCTGATATTCTTGACTGAACAATGTAAAAAACCCAAAGGGGGCTG(R1)CGCACGGCGGCTCTC

GCCTAAATCCCAGCACTTTGGGAGGCCGAGGTGGGCAGATCACCTGAGGTCGGGAGTTCGACACC

AGCCTGACCAACATAGAGAAACCC(R2)CGTCTCTACTAAAAATACAAAATTAGCCGGGCGTGGTGG
TTCATGCCTGTAATCCCAGCTACTCGGGAGGCTTAGGTAGGAGAATCACTTGAACCCGGGAGGCGGA

GGTTGTGGTGGGCCAAGATTGTGCCAC(R3)CGCACTCCAGCCTGGGTAACAAAAGCGAAACTCCAT

CTCAAAAAAAGAAACGCAAACGGTGCAGCTGCCCCTTTTTCGAGGCACGTCCACCTCCCATTACCC

ACTTCCTTTTTTTTTTGAGACTGAGTCTTGCTCTGTCCCCTGGGCTGTAGTGGAGTGGCTCCATCTCG
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Fig. 3. DNA methylation analysis in the /RF7 gene promotor. (A) Analyzed CpG loci in the IRF7 gene promotor: underlined, analyzed region; black bold,
CpG loci; red bold, positions evaluated finally. (B) Comparison of DNA methylation status of /RF7 gene promotor between asthmatics and healthy

subjects.
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sion of IRF7 in the response to rhinovirus in the asthmatic PBMCs.
IRF7 is the important transcriptional factor for type | IFN produc-
tion and this is the first study to suggest the role of IRF7 for pos-
sible mechanism of impaired antiviral type | IFN in the asthmatics.
For the mechanism of down-regulated IRF7 expression, epigen-
etic changes in the IRF7 gene were investigated, but altered DNA
methylation was not detected in the promotor of IRF7 gene.

Rhinovirus infection is the most commonly implicated cause of
asthma exacerbation in both adults and children [4, 5]. In a lon-
gitudinal cohort study, patients with asthma did not have more
rhinovirus infection than healthy individuals. However, more
prolonged and severe lower respiratory tract symptoms were
noticed in the asthmatics compared with healthy individuals [18].
A longitudinal observation study by Olenec et al. [19] revealed
viral-associated illness was associated with a greater duration and
severity of cold and asthma symptoms in children with asthma.
Moreover, rhinovirus infection caused more extended and severe
illness and more frequent loss of asthma control in children with
allergic asthma compared with in those with nonallergic asthma
[19]. These studies suggest that there might be an inherent dif-
ference in the response to respiratory virus infection in asthmatic
subjects, especially in allergic asthma.

A variety of possible mechanisms have been suggested for
the susceptibility to respiratory viral infection in asthmatics [4, 5,
20]. Rhinovirus infection induces a wide range of proinflamma-
tory cytokines and chemokines in the airway epithelial cells and
innate immune cells like macrophages and innate lymphoid cells
[4, 20, 21]. Rhinovirus triggers the recruitment and activation of
neutrophil and eosinophil in the airway [4, 20, 21]. A study with
experimental rhinovirus infection showed impaired T-helper type
1 and interleukin (IL) 10 response and augmented T-helper type 2
(Th2) response in asthmatic subjects [6]. A chain of these process
induced by rhinovirus may contribute to exacerbation of asth-
matic symptoms by potentiating the pre-existing airway inflam-
mation.

On the other hands, several studies have indicated impaired
antiviral response as a causative factor of susceptibility to the
virus in the asthmatics [4, 5]. Rhinovirus replication in vitro was
greater in the damaged airway epithelium compared to undam-
aged epithelium [22]. Thus, airway epithelial damage induced by
allergic inflammation may provide a better environment for viral
replication. Chronic asthma is characterized by goblet cell meta-
plasia and increased mucus production [23, 24]. IL-13-induced
mucous metaplasia increased the susceptibility to rhinovirus
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in the human epithelial cells [24]. Furthermore, FOXA3 which is
highly expressed in airway goblet cells of patients with asthma
induced goblet cell metaplasia, but paradoxically inhibit antiviral
innate immune response like IFN production and antiviral de-
fense gene expressions [23]. Recently, defective antiviral type I IFN
production came into a spotlight for the susceptibility to respira-
tory viral infection in asthmatics. Wark et al. [7] first found the de-
ficient IFN-(3, impaired apoptosis, and increased viral replication in
the primary airway epithelial cells of asthmatics compared with
those of normal healthy subjects. Afterwards, defective induction
of IFN-A, type Il IFN by rhinovirus was found in the primary epi-
thelial cells and alveolar macrophages of asthmatics and it was
highly correlated with the severity of rhinovirus-induced asthma
exacerbation [10]. Although some studies performed with pri-
mary human airway epithelial cells showed discrepant results [25,
26], these series of studies suggest that defective innate antiviral
response in the airway epithelium is implicated in the clinical
characteristic of asthma prone to exacerbate after respiratory viral
infection.

Type I IFNs such IFN-a and IFN-(3 are principal IFNs produced in
human PBMCs, and blood immune cells including plasmacytoid
dendritic cells have a major function of innate antiviral response
[27, 28]. Since early 2000s, altered response to rhinovirus in type 1
immune response (lower IFN-y/IL-4, lower IL-12, and higher I-10)
and expression of costimulatory molecules have been reported
in the PBMCs of atopic asthmatic patients [29, 30]. Decreased
virus-induced IFN-a has been reported in the blood samples
from atopic children and adults with allergic asthma [31, 32].
The impaired IFN response was also demonstrated in the in vitro
rhinovirus stimulation by likura et al. [8] using PBMCs from asth-
matics. However, the impaired IFN response to rhinovirus was not
observed at 8, 24, and 48 hours in the PBMCs in a recent study
by Sykes et al. [9] which demonstrated the defective antiviral
IFN-a and IFN-B responses in the bronchoalveolar lavage cells in
patients with asthma. Our study demonstrated the reduced type
I'IFN mRNA expression at the 12 hours after rhinovirus-16 stimula-
tion, although no difference was found in the type | IFN protein
analysis of the PBMC supernatants like the result of study by Sykes
et al. [9]. It is uncertain the reduced mRNA expression can affect
the type | IFN production and innate immune defense in the
PBMCs. However, the previouse report by likura et al. [8] showed
deficient response of IFN-a in the PBMCs of asthmatics when
they evaluated at the 72 hours after rhinovirus infection. Time
kinetics might be involved in the altered expression of type | IFN
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production and secretion. It is one of our limitation that longer
time point (>48 hours) was not evaluated in this study. Further
study is needed to elucidate the meaning of alter mRNA expres-
sion at 12 hours and the discrepancy between studies.

The discrepancy among studies can be also related with char-
acteristics of study subjects. Impaired IFN response to rhinovirus
appears to be associated with severity of asthma and atopy
status. In the severe therapy resistant atopic subjects, defective
IFN response was detected, but it was not observed in the well-
controlled asthma [33-35]. Recent studies demonstrated that
an important role of FceRl pathway and IgE cross-linking in the
impairment of antiviral response, which suggest that atopy is
a crucial factor determining antiviral IFN response [36, 37]. The
suppressed IFN secretion and dysfunction of plasmacytoid den-
dritic cell eventually can affect the following adaptive immune
response and lead to exaggeration of Th2 cytokine synthesis [38].
Our study was carried out for uncontrolled symptomatic adult
asthmatics with average ACT score of 16.3, and most of them had
atopic diathesis. These features of subjects might contribute to
the impaired IFN mRNA expression to rhinovirus in our study.

The precise mechanism of impaired IFN response to respira-
tory virus is not understood well to date, but several studies have
been reported about this issue. Transforming growth factor-beat
(TGF-B) contributes to suppressed IFN response to rhinovirus
possibly via suppressor of cytokine signaling (SOCS)-1 and SOCS-
3 [39]. TGF-B which is up-regulated in the rhinovirus-stimulated
PBMCs under atopic environment is also related with lower pro-
duction of IL-6, I-8, and RANTES (regulated on activation, normal
T cell expressed and secreted) in the epithelial cells and results in
increased viral proliferation [40]. The signaling of pattern recogni-
tion receptors after rhinovirus infection such as Toll-like receptor
(TLR) 3 and MDA5 (melanoma differentiation-associated protein
5) was impaired in the epithelial cells of asthmatics, although the
expressions of receptors were not down-regulated [41]. A recent
study which compared the PBMCs from asthmatics and healthy
donors showed multiple alterations of innate antiviral signaling
pathways including reduced expressions of IRF1, IRF7, NF-B (nu-
clear factor kappalight-chain-enhancer of activated B cells) family
members and STATT (signial transducer and activator of transcrip-
tion 1) and reduced responsiveness to TLR7/TLR8 activation [42].
As this study report, reduced mRNA expression of IRF7 was found
in the asthmatic subjects compared to healthy subject in our
study. IRF7 is a key transcriptional factor for type | IFN expression
in epithelial cells and plasmacytoid dendritic cells [13]. However,
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impaired expression of IRF7 has not been well recognized as
a mechanism for impaired IFN response in asthmatics to date.
Our study focused on the altered IRF7 expression as a potential
mechanism for impaired IFN response.

Previous reports have shown that the expression of IRF7 is
regulated epigenetically by DNA methylation [14, 15]. Asthma is
a complex multifactorial disease, in which various environmental
factors including allergen, microbiome, air pollution, and diet af-
fect gene expression. Epigenetic regulation can provide mecha-
nistic explanations for the unsolved questions about asthma
such as variable disease onset and remission, gene-environment
interaction, and multigenerational transmission of trait [12]. We
hypothesized that the reduced expression of IRF7 is caused by
hypermethylation of /RF7 gene and investigated DNA methyla-
tion status of /RF7 gene promotor region to elucidate the mecha-
nism of reduced IRF7 expression in asthmatics. Recent study by
Jaspers et al. [16] which revealed the epigenetic modulation of
IRF7 gene in nasal epithelial cell as a potential mechanism of the
susceptibility to influenza virus in smoker supported our hypoth-
esis. However, we could not find any difference of DNA methyla-
tion between asthmatics and healthy subjects in the promotor
region of IRF7 gene. Another mechanism might be involved in
the impaired IRF7 and type | IFN gene expression such as other
epigenetic regulations (histone modification, microRNA etc.),
alteration of other transcriptional factor regulation, and genetic
polymorphisms of transcriptional factors. Further studies are war-
ranted to clarify more the mechanism of impaired IFN and IRF7
response in asthmatics.

Our study has several limitations. First, we analyzed mRNA expres-
sion of type I IFN gene at only one time point and did not evaluate
the protein level at longer time points. Second, we did not evaluate
the other gene expressions of transcriptional factors and signal-
ing pathways, because we focused on the gene expression and
DNA methylation status of IRF7 as a potential candidate mecha-
nism for the impaired IFN response. Third, only DNA methylation
status of IRF7 promotor region was evaluated for the analysis and
we could not identify the precise mechanism of reduced IRF7
expression. Nevertheless, our study provides meaningful infor-
mation about the susceptibility to exacerbation after rhinovirus
infection in asthma. Our data revealed impaired type | IFN mRNA
expression in response to rhinovirus in the PBMC of asthmatics,
which was controversial in the previous reports. Furthermore, our
data suggest the defective expression of IRF7 might be a cause
of the impaired IFN response to rhinovirus.
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In conclusion, the mRNA expression of type I IFN, IFN-q, and
IFN- in response to rhinovirus was impaired in the PBMCs of
asthmatics. The mRNA expression of IRF7, transcriptional factor
inducing type | IFN was also reduced, but not caused by altered
DNA methylation in the IRF7 gene promotor.
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