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Abstract
Introduction: Viral infection is a significant cause of chronic obstructive pulmo-
nary disease (COPD) and acute exacerbation of COPD. Retinoic acid inducible
gene I (RIG-I)-like receptors (RLRs), including RIG-I and melanoma differentia-
tion associated gene 5 (MDA-5), are important pattern recognition receptors for
viral elimination.
Objective: The study aims to investigate the role of RIG-I and MDA-5 in COPD
pathogenesis.
Methods: We examined the expression of RIG-I and MDA-5 by immuno-
histochemistry, real-time PCR and Western blots in COPD patients and control
subjects.
Results: Our results showed that MDA-5 expression was upregulated in lung tissues
and peripheral blood mononuclear cells of COPD patients and there was a negative
correlation between MDA-5 mRNA levels and forced expiratory volume in 1 s
%pred. COPD patients had higher interleukin (IL)-1 and IL-8 mRNA expression
levels, and these inflammatory cytokines positively correlate with MDA-5 levels.
However, there was no difference in the expression of RIG-I between COPD
patients and control subjects.
Conclusion: Our results suggested that MDA-5, but not RIG-I, may play a critical
role in airway inflammation in COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
disease characterized by airflow limitation and is a pro-
gressive disease that is not fully reversible (1). The
World Health Organization has predicted that COPD
will be the third leading cause of death worldwide in
2030 (2, 3). Tissues from patients with COPD are char-
acterized by chronic inflammation, mucus metaplasia,
alveolar destruction and structural cell apoptosis (4).
Inflammation is an important factor in the develop-
ment of COPD (5). Inflammation in patients may be
causally related to emphysema or other pathological
alterations in the lungs and worsens with disease pro-
gression (6, 7). Pulmonary inflammation might have
an adverse impact on various extrapulmonary organs,
such as blood vessels and the heart (8–10). During the
progression of pulmonary inflammation in COPD,
both the innate immune and adaptive immune systems
are involved. However, their specific mechanisms are
still elusive. This is particularly true for the innate
immune system, whose role is unknown during the
inflammation response in COPD.

Innate immunity is the first line of defense against
foreign pathogens. Its role in the airways involves the
detection of pathogen- or damage-associated molecu-
lar patterns (PAMPs or DAMPs) by pattern recogni-
tion receptors (PRRs) including Toll-like receptors
(TLRs) and retinoic acid inducible gene I (RIG-I)-
like receptors (RLRs) (11). Latent infection of
adenoviruses in childhood can promote chronic
inflammation and thus gradually lead to COPD (12).
Recent studies have demonstrated that a variety of
viruses can cause exacerbation of the disease (13, 14).
Compared with exacerbation due to other causes,
viral-induced COPD exacerbation is more severe, lasts
longer and is associated with airway and systemic
inflammatory responses (15, 16). RLRs are newly dis-
covered pattern recognition receptors, which play a
critical role in the elimination of viral infections (17–
22). RLRs include RIG-I, melanoma differentiation
associated gene 5 (MDA-5) and laboratory of genetics
and physiology 2 (LGP2) (23–25). These RLRs localize
within the cytoplasm. When viral RNA binds to the
C-terminal regulatory domain of RIG-I or MDA-5, it
can initiate a signaling cascade leading to activation
and nuclear translocation of the transcription factors
NF-κB and IRF-3, which are needed to turn on tran-
scription of interferons (IFNs) (26–28). The LGP2
lacks a caspase activation and recruitment domain
and incapable of interferon production (29).

Once triggered, RIG-I and MDA-5 activate intracel-
lular signaling pathways that culminate in the induc-

tion of antiviral cytokines and pro-inflammatory
mediators. This raises the pivotal question of whether
RIG-I and MDA-5 are involved in COPD pathogenesis.
In this study, we assessed the expression of RIG-I and
MDA-5 in peripheral blood mononuclear cells
(PBMCs) and bronchial tissue of COPD patients. We
demonstrate that COPD patients have significantly dif-
ferent expression levels of RLRs and inflammatory
cytokines, thus may define a critical role for RLRs in
COPD airway inflammation.

Materials and methods

Study subjects

Peripheral blood of 29 COPD patients and 24 age-
matched health control subjects were respectively
obtained from outpatients and a physical examination
center of Ruijin Hospital, affiliated with Shanghai
Jiaotong University, China. Endobronchial biopsies (8
COPD patients and 12 non-COPD control subjects)
were recruited from the ward of respiratory medicine,
Ruijin Hospital. Bronchoalveolar lavage (BAL) in 25
COPD patients and 15 non-COPD control subjects
was performed by infusing 50 mL of sterile sodium
chloride in either the middle or lingula lobe. The diag-
nosis of COPD was made according to the guidelines
of the Global Initiative for Chronic Obstructive Lung
Disease. All subjects were in a stable condition at the
time of the study, and all control subjects have normal
lung function. Exclusion criteria included a current or
recent (past month) respiratory tract infection, exac-
erbation of respiratory disease or a course of oral ster-
oids or antibiotics in the previous month. Participant
details are shown in Table 1. This study was reviewed
and approved by the Ethics Committees of Ruijin Hos-
pital, and written informed consent was obtained from
all subjects.

Immunohistochemical analysis

Immunohistochemistry was used to analyze the
protein levels of RIG-I and MDA-5 in bronchial tissues
of COPD and control patients. Forty biopsies were
obtained from 20 subjects, and 40 specimens were used
for immunohistochemistry analysis. Briefly, lung sec-
tions (endobronchial biopsies) were embedded in par-
affin and sectioned to 5 μm, followed by dewaxing in
xylene and rehydration. Endogenous peroxidases were
inhibited with 0.5% hydrogen peroxide in methanol
for 10 min, then slides were incubated overnight at 4°C
with a rabbit polyclonal immunoglobulin G (IgG)
antibody against RIG-I or MDA-5. Immunodetection
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was performed with biotinylated goat anti-rabbit IgG
reagent, horseradish peroxidase (HRP) reagent and
diaminobenzidine.

Isolation of PBMCs

Blood samples were collected in heparinized, 10-mL
evacuated test tube (BD Vacutainer system, Plymouth,
UK) from all the subjects. PBMCs were separated from
the peripheral blood using Ficoll-Paque Plus (Sigma,
Shanghai, China) for 30 min at 1800 rpm. The band
containing PBMCs was collected and transferred to
new tubes. Phosphate buffered saline (PBS) was added
to the PBMCs and the PBMCs were washed three times
by centrifugation for 10 min at 1000 rpm. In COPD
patients, the cell count is higher but the percentage of
monocytes, lymphocytes, neutrophils of PBMCs is the
same as that of control group.

RNA extraction and real-time PCR

Total RNA from PBMCs and bronchial tissue was
extracted using an RNeasy kit (Qiagen, Hilden,
Germany), and the quality and quantity of the obtained
RNA was determined by spectrophotometry based on
the absorbance A260/A280. One microgram of total
RNA for each sample was used with oligo(dT) as

primers for the synthesis of cDNA (RevertAidTM First
Strand cDNA Synthesis Kit, Fermentas, Burlington,
ON, Canada). Real-time PCR was performed with a
7500 Fast Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA) with FastStart Universal SYBR
Green (Roche, Basel, Switzerland) after cDNA synthe-
sis. PCR conditions were as follows: initial denaturation
at 95°C (10 min), followed by 40 cycles of amplification
95°C (15 s), 60°C (60 s). The standard curve for quan-
tification was made using a modified procedure as pre-
viously described (30). The sequences of all primers are
shown in Table 2. Fold change of the gene expression
were calculated 2-ΔΔCt relative to the internal reference
gene [glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)] and the mean of all sample.

Western blots

PBMCs isolated from peripheral blood were lysed in
100-μL lysis buffer (150 mM NaCl, 50 mM Tris-Cl pH
7.4, 1 mM ethylene diamine tetraacetic acid, 0.1%
sodium dodecyl sulfate, 1.0% deoxycholatic, 1.0%
Tritonx-100, 1 mM phenylmethanesulfonyl fluoride).
Protein concentrations were quantified using the
BCA Protein Assay Kit (Thermo Scientific, Rockford,
IL, USA) according to the manufacturer’s instructions.
Equal amounts of proteins (30 μg) were resolved by
sodium dodecyl sulfate-polyacrylamide gelelectro-
phoresis and transferred onto a poly(vinylidene
fluoride) membrane. The membrane was blocked with
PBS containing 5% nonfat milk for 2 h at room tem-
perature, then incubated overnight at 4°C with an

Table 1. Characteristics of COPD patients and control subjects

Control COPD

Endobronchial biopsies
Age (year) 57.00 ± 3.22 59.75 ± 7.42
Sex (M : F) 8:4 6:2
FEV1% 82.47 ± 5.73 62.31 ± 6.60
FEV1/FVC (%) 82.30 ± 2.61 67.18 ± 5.44
GOLD stage (I/II/III/IV) 0/0/0/0 1/4/3/0

BALF
Age (year) 56.32 ± 6.02 60.00 ± 7.38
Sex (M : F) 9:6 15:10
FEV1% 81.30 ± 5.17 65.37 ± 4.75
FEV1/FVC (%) 84.24 ± 2.70 62.30 ± 4.67
GOLD stage (I/II/III/IV) 0/0/0/0 8/6/9/2

Blood
Age (year) 56.00 ± 6.22 54.00 ± 6.01
Sex (M : F) 13:11 17:12
FEV1% 84.27 ± 5.63 68.36 ± 2.11
FEV1/ FVC (%) 88.30 ± 2.74 69.30 ± 2.89
GOLD stage (I/II/III/IV) 0/0/0/0 6/12/9/2

Data are represented as mean ± standard error.
BALF, bronchoalveolar lavage fluid; COPD, chronic obstructive pulmo-
nary disease; FEV1: Forced expiratory volume in 1 s, FVC: Forced vital
capacity; GOLD, The Global Initiative for Chronic Obstructive Lung
Disease.

Table 2. Primer sequences for real-time PCR

Gene of
interest Primer sequence (5′ to 3′)

RIG-I Forward primer: GGCAAGTCCCGCTGTAAAC
Reverse Primer: TTGGTATCTCCTAATCGCAAAAG

MDA-5 Forward primer: TGGACAAGCTTCTAGTTAGAGACG
Reverse Primer: GATTCATTTCCATTGTTTTCTGC

IFN-α Forward primer: CCATAGCCTGGATAACCGTCG
Reverse Primer: TCTTGGGGAAAGCCAAAGTCA

IL-1β Forward primer: TACAGTGGCAATGAGGAT
Reverse Primer: ATGAAGGGAAAGAAGGTG

IL-8 Forward primer: ATGACTTCCAAGCTGGCCGTGGCT
Reverse Primer: TCTCA GCCCTCTTCAAAAACTTCTC

GAPDH Forward primer: GAAGGTGAAGGTCGGAGTC
Reverse Primer: GAAGATGGTGATGGGATTTC

IFN-α, interferon alpha; IL, interleukin; GADPH, glyceraldehyde-3-
phosphate dehydrogenase; MDA-5, melanoma differentiation associ-
ated gene 5; RIG-I, retinoic acid inducible gene I.
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anti-RIG-I antibody (1:500, Cell Signaling, Beverly,
MA, USA), an anti-MDA5 antibody (1.5 μg/mL,
Abcam, Cambridgeshire, UK), or a β-actin antibody
(1:1000, Cell Signaling). The membrane was
then washed three times for 5 min with 15-mL Tris-
buffered saline Tween-20, and incubated with HRP-
conjugated goat anti-rabbit IgG antibody (Sigma,
1:10000 dilution) for 40 min at room temperature.
After washing, 1-mL chemiluminescent substrate
(Thermo Scientific) was added to the membrane. The
signal was detected and quantified with an enhanced
chemiluminescence system (ImageQuant LAS-4000
MINI, GE, Fairfield, CT, USA). All samples were
normalized to β-actin. Data were represented as
mean ± standard error (SEM).

Cytokine enzyme-linked immunosorbent
assays (ELISAs)

IL-8 and tumor necrosis factor (TNF)-α concentra-
tions in the bronchoalveolar lavage fluid (BALF)
were determined using DuoSet ELISA kits (R&D
Systems, Minneapolis, MN, USA), according to the
manufacturer’s instructions.

Statistical analysis

Results are presented as mean ± SEM. A two-tailed
t-test was performed with each group. Associations
between variables were assessed using Spearman’s rank
correlation test. Statistical analyses were performed

using SPSS 18.0 and P values ≤0.05 were considered
statistically significant.

Results

Immunohistochemistry analysis of MDA-5 and
RIG-I in bronchial mucosa of COPD patients

MDA-5 and RIG-I were mainly present in the airway
epithelium cells (Fig. 1). COPD patients had a higher
expression level of MDA-5 in bronchial mucosa com-
pared with control subjects (Fig. 1A and B). No signifi-
cant differences in RIG-I was observed between the
two groups (Fig. 1C and D).

MDA-5 and RIG-I mRNA expression in the
bronchial mucosa of COPD patients

Total RNA was isolated from bronchial biopsies
samples of 12 non-COPD and 8 COPD subjects, and
then were analyzed for MDA-5 and RIG-I mRNA
expression by real-time PCR (Fig. 2). Fold change in
RIG-I mRNA levels between COPD patients and
control subjects was 0.767 (COPD/control), and
showed no significant difference (P = 0.7871) (Fig.
2B). The ratio of MDA-5 expression to the housekeep-
ing gene GAPDH was significantly higher in COPD
subjects than in control subjects (COPD/control fold
change = 2.427, P = 0.0023) (Fig. 2A). These results
were consistent with immunohistochemistry results
illustrated in Fig. 1.

(A) (B)

(C) (D)

Figure 1. Immunohistochemistry analy-
sis of the expression of melanoma differ-
entiation associated gene 5 (MDA-5)
and retinoic acid inducible gene I (RIG-
I) in bronchial mucosa. Representative
images of immunohistochemistry in
bronchial biopsy tissue for MDA-5 in a
chronic obstructive pulmonary disease
(COPD) subject (A) compared with a
control subject (B), and for RIG-I in a
COPD subject (C) and a control subject
(D). Arrows indicate positive staining in
the epithelium cells. Magnification:
400×.
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Expression of MDA-5 and RIG-I in PBMCs

Detected by real-time PCR, MDA-5 mRNA levels
were significantly higher in COPD subjects than in
control subjects (COPD/control fold change = 3.690,
P = 0.0051) (Fig. 3A). Similar results were obtained
with MDA-5 protein levels, assessed by Western blot-
ting (Fig. 3C). MDA-5 protein levels in PBMCs were
threefold higher in COPD subjects than control
subjects (Fig. 3E). Whereas the RIG-I mRNA level was
almost identical in both groups (COPD/control fold
change = 1.650, P = 0.0759) (Fig. 3B). Similar results
were obtained with the RIG-I protein level in PBMCs
(COPD/control fold change = 0.977, P = 0.4726) (Fig.
3D and F).

Cytokine expression in PBMCs and BALF

Compared with control subjects, COPD patients
showed significantly higher mRNA expression levels of
IL-1β, IL-8 and IFN-α in peripheral blood (Fig. 4
A–C).

The levels of IL-8 and TNF-α, assessed by ELISA,
were also higher in BALF of COPD patients than
control subjects (Fig. 4D and E). These results demon-
strate a persistent inflammation in the system and
airway of COPD patients, consistent with previous
reports (31).

Relationships between RLRs mRNA expression
level, cytokine expression level and
clinical outcomes

In this study we found a negative correlation between
MDA-5 mRNA level of PBMCs and forced expiratory

volume in 1 s (FEV1) %pred in COPD patients
(r = −0.6339, P = 0.0036; Fig. 5A). However, there was
no significant correlation between RIG-I mRNA level
of PBMCs and FEV1 %pred (r = −0.0702, P = 0.7751;
Fig. 5B). There was no significant correlation between
the mRNA levels of MDA-5 in bronchial mucosa and
FEV1 %pred (r = −0.2619, P = 0.5364; data not shown),
nor between mRNA levels of RIG-I in bronchial
mucosa and FEV1 %pred (r = −0.3264, P = 0.4302; data
not shown). Furthermore, PBMCs IL-1β and IL-8
mRNA levels positively correlated with MDA-5 mRNA
levels in PBMCs of COPD patients (r = 0.7691,
P = 0.0001; r = 0.4815, P = 0.0316, respectively, Fig. 5C
and D).

Discussion

Viral infection is a significant cause of chronic ob-
structive pulmonary disease (COPD) and acute exa-
cerbation of COPD (13, 32, 33). Compared with
exacerbation due to other causes, viral-induced COPD
exacerbation is more severe, lasts longer and is associ-
ated with airway and systemic inflammatory responses
(15, 16). Structural cells, especially epithelial cells,
endothelium and fibroblasts, take part in the airway
inflammation. Patients with COPD are more suscepti-
ble to viral infections, and up to one half of cases of
COPD exacerbations are associated with viral infec-
tions (16, 34). An epidemiology survey illustrates that
viral infection is the main cause of COPD exacerba-
tion, and the top four causes are rhinovirus (RV),
coronavirus, influenza virus and respiratory syncytial
virus (13).

RLRs are essential for virus recognition in the cyto-
plasm. Both RIG-I and MDA-5 detect dsRNA in the

Figure 2. mRNA transcript levels of melanoma differentiation associated gene 5 (MDA-5) and retinoic acid inducible gene I (RIG-I)
in bronchial mucosa. Total RNA was isolated from bronchial biopsies samples and followed by reverse transcription and real-time
polymerase chain reaction. Results are expressed as fold change over housekeeping genes. Chronic obstructive pulmonary disease
(COPD) patients showed significant high level of MDA-5 mRNA compared with control sample (A). In contrast, RIG-I mRNA level did
not show significant difference between two groups (B). Data represent mean ± standard error (n = 8–12; **P values < 0.01 vs the
control group).
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cytoplasm, where they are linked to downstream-
signaling molecules via MAVS (35). Previous studies
have shown that human RIG-I and MDA-5 are impli-
cated in the recognition of different groups of RNA

viruses, and subsequently activate the NF-κB- and
IRF3/7-signaling pathways, resulting in production of
pro-inflammatory cytokines and type-I interferons
(36).

Figure 3. Expression of mRNA and protein of melanoma differentiation associated gene 5 (MDA-5) and retinoic acid inducible gene
I (RIG-I) in peripheral blood mononuclear cells (PBMCs). Using real-time polymerase chain reaction, the expressions of MDA-5 and
RIG-I were evaluated in PBMCs of chronic obstructive pulmonary disease (COPD) patients and control subjects. Results are expressed
as fold change over housekeeping genes. COPD patients showed significant high level of MDA-5 mRNA compared with control
sample (A). In contrast, RIG-I mRNA level did not show significant difference between two groups (B). Data represent mean ± stand-
ard error (SEM) (n = 24–29; **P values < 0.01 vs the control group). Representative western blot results of MDA-5 and RIG-I protein
levels in PBMCs of COPD patients and control subjects (C, D). Western blots analysis revealed an increased level of MDA-5 protein
expression in COPD patients (C, E). RIG-I protein level did not show significant difference between two groups (D, F). Quantification
of the Western blots was expressed as a relative ratio of individual samples normalized to β-actin. Data represent mean ± SEM
(n = 6–7; **P values < 0.01 vs the control group).
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Figure 4. Inflammatory cytokine expression levels in peripheral blood mononuclear cells (PBMCs) and bronchoalveolar lavage fluid
(BALF). RNA isolated from PBMCs of chronic obstructive pulmonary disease (COPD) patients and control subjects was subjected to
real-time polymerase chain reaction, and the results were expressed as fold change over housekeeping genes. Compared with
control group, COPD patients showed significant high level of interleukin (IL)-1β (A), IL-8 (B) and interferon (IFN)-α (C). Data are
represented as mean ± standard error (SEM) (n = 24–29; **P values < 0.01 vs the control group). BALF were assayed by enzyme-
linked immunosorbent assay, and COPD patients showed significant high level of IL-8 (D) and tumor necrosis factor-α (E) compared
with control group. Data are represented as mean ± SEM (n = 15–25; **P values < 0.01 vs the control group, *P values < 0.05 vs the
control group).

Zhang et al. The role of RIG-I-like receptors in COPD

7The Clinical Respiratory Journal (2014) • ISSN 1752-6981
© 2014 John Wiley & Sons Ltd

The role of RIG-I-like receptors in COPD Zhang et al.

The Clinical Respiratory Journal (2016) • ISSN 1752-6981
VC 2014 John Wiley & Sons Ltd

28



It has been shown that MDA5 and RIG-I recognize
widely distinct groups of viruses. RIG-I preferentially
detects variety of positive- and negative-strand viruses
through recognition of a 5′ triphosphate group of
genomic RNAs such as influenza, paramyxovirus and
flavivirus (37). In contrast, MDA5 recognizes long
dsRNAs through detection of dsRNA replication inter-
mediates and genomic dsRNAs, and likely detects
positive-strand and dsRNA viruses including RV and
reoviruses (38–40). An epidemiological survey has
illustrated that RV, a positive and single-stranded RNA
virus, is responsible for the majority of virus-induced
COPD exacerbation (13, 34). In COPD patients, RV
infection causes a rapid decline in lung function.
Recent studies by Wang and colleagues provide evi-
dence that MDA-5, but not RIG-I, is responsible for
recognizing RV, and subsequently activates the
signaling pathways, causing an exaggerated inflamma-
tory response in COPD patients, with increased levels
of IL-8, IL-6, CXCL1, TNF-α, IL-1β and monocyte
chemotactic protein 1 (41). Baines and colleagues
found that compared with healthy primary bronchial
epithelial (pBECs), pBECs from COPD patients
express large amounts of antiviral and pro-
inflammatory agents and were highly susceptible to
apoptosis when responded to RV infection (22).

In this study, we found that compared with control
subjects, the basal levels of TNF-α, IL-1β and IL-8 in
patients with COPD were elevated in the BALF or
PBMCs. These results are consistent with previously

reported increases in systemic and airway cytokine in
COPD patients (42). However, we show for the first
time that the basal level of MDA-5 is elevated in the
bronchial mucosa and PBMCs from patients with
COPD. Our data implies that the exaggerated inflam-
matory response to RV infection in COPD patients
may be associated with the high level of MDA-5 in
airway epithelial cells. Excess MDA-5 in COPD
patients activated by RV could lead to induction of a
‘cytokine flood’. This ‘cytokine flood’ is not only effec-
tive in facilitating viral clearance, but also may further
contribute to airway inflammation.

Furthermore, we found that in COPD patients,
there were strong correlations among MDA-5 mRNA
levels, pro-inflammatory cytokine mRNA levels and
airflow obstruction severity in PBMCs. These cor-
relations indicate that MDA-5 may be an important
receptor that influences disease outcome or are the
result of permanent stimulation of high levels of pro-
inflammatory cytokines. There was no significant cor-
relation between the mRNA levels of MDA-5 in
bronchial biopsy and FEV1 %pred, which may have
been due to the small number of bronchial biopsies
samples in this study or the particular cell types
present. As we all know, the major cell type in PBMCs
are lymphocytes and monocytes, while the major cell
type in bronchial biopsies samples is epithelial cells. As
the lymphocytes and monocytes are a critical compo-
nent in the immune system to fight infection and adapt
to intruders, the MDA-5 produced in these cells can

Figure 5. Correlations between retinoic
acid inducible gene I-like receptors
mRNA levels, cytokine expression level
and forced expiratory volume in 1 s
(FEV1) %pred. There were significant
correlations between melanoma differ-
entiation associated gene 5 (MDA-5)
mRNA level of peripheral blood mono-
nuclear cells (PBMCs) and FEV1 %pred in
chronic obstructive pulmonary disease
(COPD) patients (A). However, there was
no significant correlation between RIG-I
mRNA level of PBMCs and FEV1 %pred
(B). Correlation between PBMCs IL-1β
mRNA levels and MDA-5 mRNA levels in
PBMCs of COPD patients was significant
(C), and correlation between PBMCs IL-8
mRNA levels and MDA-5 mRNA levels in
PBMCs of COPD patients was also sig-
nificant (D).
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induce higher inflammatory response than in epithe-
lial cells, which may lead to different correlation
between bronchial biopsy and PBMCs.

On the other hand, there were no changes in both
mRNA and protein levels of RIG-I in COPD patients.
The different outcome of the basal level of MDA-5 and
RIG-I may due to the divergent reorganization mecha-
nism and feedback regulation of these two receptors.

Recently, Schneider and colleagues reported that the
mRNA levels of MDA-5 and RIG-I are enhanced in the
airway epithelial cells of COPD patients, and it is RIG-I
rather than MDA-5 that has statistical significant (43).
These findings were inconsistent with our results. The
heterogeneity may be due to the differences in genetic
background, different exposure to the viruses, cigarette
smoke and other environmental agents.

In summary, our findings indicate that MDA-5 is
upregulated in bronchial tissues and PBMCs of COPD
patients, and that this upregulation may participate in
the high expression levels of inflammatory cytokines.
Importantly, MDA-5 expression levels negatively cor-
relate with FEV1 %pred, which indicated that MDA-5
may play a critical role in the disease progression.
Thus, it also identifies a new target, against which
therapies can be developed to modulate the severity of
viral-induced responses in clinical settings. Under-
standing the molecular mechanisms underlying these
processes will open novel avenues for the treatment of
COPD.
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