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Abstract
Objective: Excessive airway inflammation is seen in chronic obstructive pulmonary disease (COPD) patients
experiencing acute exacerbations, which are often associated with human rhinovirus (HRV) infection. Alpha-1
antitrypsin (A1AT) has anti-inflammatory function in endothelial cells and monocytes, but its anti-inflammatory effect
has not been investigated in COPD airway epithelial cells. We determined A1AT’s anti-inflammatory function in
COPD airway epithelial cells and the underlying mechanisms such as the role of caspase-1.
Methods: Brushed bronchial epithelial cells from COPD and normal subjects were cultured at air-liquid interface
and treated with A1AT or bovine serum albumin (BSA, control) two hours prior to whole cigarette smoke (WCS)
or air exposure, followed by HRV-16 infection. After 24 hours of viral infection, cell supernatants were collected
for measuring IL-8, and cells were examined for caspase-1. The in vivo anti-inflammatory function of A1AT was
determined by infecting mice intranasally with HRV-1B followed by aerosolized A1AT or BSA.
Results: A1AT significantly reduced WCS and HRV-16-induced IL-8 production in normal and COPD airway
epithelial cells. COPD cells are less sensitive to A1AT’s anti-inflammatory effect than normal cells. A1AT exerted
the anti-inflammatory function in part via reducing caspase-1 in normal cells, but not in COPD cells. In mice, A1AT
significantly reduced HRV-1B induced lung neutrophilic inflammation.
Conclusions: A1AT exerts an anti-inflammatory effect in cigarette smoke-exposed and HRV-infected human
airway epithelial cells, which may be related to its inhibitory effect on caspase-1 activity.

Keywords: Alpha-1 antitrypsin; COPD; Airway epithelial cell;
Rhinovirus; Cigarette smoke

Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading
cause of death in the United States, and the prevalence of COPD has
been steadily increasing [1]. One of the major unmet needs in COPD
healthcare is the lack of effective treatment for patients experiencing
acute exacerbations (AECOPD), which poses the highest mortality risk
to patients. Respiratory viral (e.g., rhinovirus) infections and cigarette
smoke significantly contribute to excessive airway inflammation, a
salient feature of AECOPD pathobiology [2-4]. However, there is no
effective treatment to attenuate or eliminate virus-mediated damage
(e.g., inflammation) to the airways.
The primary inflamed site during AECOPD associated with human
rhinovirus (HRV) infection is the airway [5] as airway epithelial cells
represent the major site of HRV infection [6,7]. Alpha-1 antitrypsin
(A1AT) is a serine protease inhibitor mainly produced in the liver,
but also found in epithelial cells and macrophages. A1AT is widely
recognized for its critical role to maintain lung tissue structure and
homeostasis. Although previous studies have demonstrated that A1AT
possesses anti-inflammatory functions in human endothelial cells and
monocytes [8,9], its therapeutic effect on respiratory viral infection,
particularly in COPD airway epithelial cells have not been investigated.
The primary goal of our current study is to elucidate A1AT’s antiinflammatory function in rhinovirus-infected airway epithelial cells
from subjects with or without COPD. Our secondary goal is to explore
the underlying mechanisms of A1AT’s anti-inflammatory properties
against HRV infection in airway epithelial cells. Previous studies have
shown that caspase-1, a key component of inflammasomes, is involved
in pro-inflammatory responses (e.g., release of IL-1β) to bacteria and
viruses [10,11]. Interestingly, caspase-1 activity is increased in HRVinfected human airway epithelial cells [2], as well as in bacteria-infected
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lung macrophages [12]. Importantly, IL-1β has been shown to promote
IL-8 production in human airway epithelial cells during HRV infection
[2]. Therefore, we hypothesized that inhibition of caspase-1 activation
by A1AT is one of the major mechanisms whereby A1AT exerts its antiinflammatory function in human airway epithelial cells during viral
infection in a cigarette smoke exposure setting.

Methods
Ethic statement
The collection and the use of bronchial epithelial cells were
approved by Institutional Review Board (IRB) under protocol # HS2271 and HS-2598 at National Jewish Health, Denver, Colorado, USA,
and all subjects provided written informed consent. All the animal
procedures were covered under a protocol (Reference# AS2792-04-17)
approved by Institutional Animal Care and Use Committee (IACUC) of
National Jewish Health, Denver, Colorado, USA.

Bronchoscopy and brushed bronchial epithelial cell collection
Bronchoscopy and endobronchial epithelial brushings were
performed on 12 human subjects (COPD patients, n=6; normal
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healthy subjects, n=6). The criteria for COPD diagnosis and the
patient characteristics were described in our previous publication [13].
Bronchial brushings were performed with a single sheathed cytology
brush (#CF-001, Medical Engineering Laboratory, Durham, NC) as
previously described [13,14].

Propagation of HRV-16 and HRV-1B
HRV-16 and HRV-1B (American Type Culture Collection,
Manassas, VA) were propagated in H1-Hela cells (CRL-1958, ATCC)
and purified as previously described [15]. Viral titer quantification was
carried out by tissue culture infective dose per ml (TCID50/ml) in our
cell culture experiments [16], and PFU/ml in our mouse model [15].

Whole cigarette smoke (WCS) exposure and HRV-16
infection in well-differentiated primary human bronchial
epithelial cells
Brushed bronchial epithelial cells were cultured in 60 mm collagencoated dishes in bronchial epithelial cell growth medium (BEGM)
with supplements (Lonza, Walkersville, MD), and incubated at 37°C
with 5% CO2 until confluence. The cells were then trypsinized and
reseeded onto collagen-coated transwell inserts (4 × 104 cells/insert)
in 12-well plates as previously described [15]. After approximately 7
days, cells were shifted to air-liquid interface (ALI) for an additional
10 days to induce mucociliary differentiation. On day 10 of ALI, cells
were treated with A1AT (Grifols Inc., NC) or bovine serum albumin
(BSA, control for A1AT, Sigma-Aldrich) at 1 mg/ml for 2 hours at both
apical and basolateral sides. After A1AT treatment, cells on the apical
side were exposed to air (control) or WCS using a research cigarette
3R4F (University of Kentucky, Lexington, KY, USA) for 10 minutes in
a cell culture smoking chamber (British American Tobacco Science,
South Hampton, UK) as we described before [17,18]. To mimic the
diffusion of smoke passing through the epithelial cells, cigarette smoke
extract collected during the WCS exposure was added to the basolateral
side of the transwell to expose cells for the duration of the experiment.
Immediately after WCS exposure, cells were infected at the apical side
with HRV-16 at 5 × 104 TCID50/transwell. Cells were then cultured for
additional 24 hours. Basolateral supernatants were collected to measure
IL-8 levels by ELISA, and cells were harvested in Pierce™ RIPA buffer for
Western blot analysis of caspase-1.

Treatment of a caspase-1 inhibitor in well-differentiated
primary human bronchial epithelial cells

Biotech Inc., Santa Cruz, CA) antibody. Blots were then incubated with
appropriate HRP-linked secondary antibodies and Pierce® ECL Western
blotting substrate (Fisher Scientific, Waltham, MA). Densitometry
was performed using the TotalLab 1D analysis software (Fotodyne,
Hartland, WI). The ratio of caspase-1 p20/GAPDH was used to indicate
the level of caspase-1 activation.

ELISA
Protein levels of human IL-8, or mouse KC were determined by
using a human IL-8 or a mouse KC DuoSet ELISA kit (R&D Systems,
Minneapolis, MN) as per manufacturer’s instruction.

A mouse model of HRV-1B infection with A1AT treatment
A murine model of lung rhinovirus infection was used to reveal
the in vivo anti-inflammatory function of A1AT. Female wild-type
C57BL/6 mice were purchased from Jackson Laboratories (Bar Harbor,
Maine, USA) and housed in our biological resource center at National
Jewish Health under pathogen-free conditions, and tested to establish
that they were virus and M. pulmonis free. We chose to use the female
mice because: (1) female mice are easy to work for effective delivery of
viruses and A1AT; (2) in the US, the number of male (20%) smokers
is close to the number of female (15%) smokers; and (3) recent studies
have suggested that female smokers have an increased risk of developing
COPD compared with male smokers [19,20]. HRV-1B (1 × 107 PFU/
mice in 50 μl PBS) or PBS control was delivered intranasally to mice,
and A1AT or BSA was delivered to mice 2 hours after viral infection
by aerosolization as described previously [9,22]. Mice were sacrificed
after 24 hours of infection to determine the effect of A1AT on virusmediated acute lung inflammation and viral load. Mouse lungs were
lavaged with 1 ml of sterile saline, and bronchoalveolar lavage (BAL)
fluid was collected for leukocyte quantification and measurement of
chemokine KC. BAL cell cytospins were stained with a Diff-Quick Kit
(IMEB INC., San Marcos, CA, USA), and leukocyte differentials were
determined as described previously [21].

Statistical analysis
Data are presented as means ± SEM. One-way analysis of variance
(ANOVA) was used for multiple comparisons and a Tukey’s post hoc
test was applied where appropriate. Student’s t test was used when only
two groups were compared. A p value <0.05 was considered significant.

Results

To determine if caspase-1 inhibitor reduces IL-8 production induced
by WCS and HRV-16, cells on day 10 of ALI culture were treated at the
apical surface with a selective caspase-1 inhibitor Ac-YVAD-CHO (100
μM, Enzo life sciences, Farmingdale, NY) in the presence orabsence
of WCS and HRV-16. Twenty-four hours after infection, basolateral
supernatants were collected to measure IL-8 protein levels, and cells
were harvested for caspase-1 Western blot. In a preliminary experiment,
we confirmed the inhibitory effect of Ac-YVAD-CHO on caspase-1 by
incubating it with recombinant caspase-1 protein (Enzo life sciences) at
1 unit for up to 90 minutes.

Airway epithelial cells from COPD patients produce higher
levels of IL-8 than those from normal subjects

Western blot analysis

Whole cigarette smoke (WCS) and human rhinovirus 16
(HRV-16) increase IL-8 production in airway epithelial cells
from COPD patients and normal subjects

Cells were lysed in Pierce™ RIPA Buffer with protease inhibitors
(1:100) (Fisher Scientific, Waltham, MA). Equal amount of proteins
was separated on a 15% SDS-PAGE gel, transferred onto the ImmunBlot PVDF membrane (Bio-Rad, Hercules, CA), blocked with 5% BSA
in TBS-T, and probed with a rabbit anti-caspase-1 p20 (Cell Signaling
Technology, Danvers, MA) or a mouse anti-GAPDH (Santa Cruz
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COPD airways are characterized by excessive airway inflammation.
IL-8 level is used as a pro-inflammatory marker to indicate whether
the COPD cells are more pro-inflammatory than the normal cells. As
shown in Figure 1, after 24 hours of air exposure and PBS treatment,
IL-8 levels in COPD cells were significantly higher than normal cells,
indicating a higher baseline level of inflammation in airway epithelial
of COPD patients.

Although the pro-inflammatory effects of WCS exposure and HRV
infection have been previously evaluated in human airway epithelial
cell lines, their effects in primary airway epithelial cells particularly
from both COPD patients have not been examined. After 24 hours of
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HRV-16 infection in airway epithelial cells with or without WCS, the
change of IL-8 production was determined. We used the change of IL-8
to indicate pro-inflammatory effect of HRV-16 or WCS as the baseline
(air + PBS) IL-8 data varied greatly among COPD subjects. Compared
to the air control, HRV-16 or WCS significantly increased IL-8 levels
in both COPD (Figure 2A) and normal (Figure 2B) airway epithelial
cells. The combination of WCS and HRV-16 did not further increase
IL-8 production in COPD cells. Although the combination of WCS
and HRV-16 trended to further increase IL-8, but the change was not
statistically significant.

Alpha-1 antitrypsin (A1AT) exerts less anti-inflammatory
effect in COPD airway epithelial cells exposed to WCS and
HRV-16
Figure 1: Increased IL-8 production in cultured COPD brushed airway
epithelial cells. Brushed airway epithelial cells from COPD patients (n=6) and
normal subjects (n=6) were cultured under air-liquid interface (ALI) condition
for 10 days. After 24 hours of air exposure, IL-8 was measured by ELISA. Data
are expressed as means ± SEM.

When cells were exposed to WCS and infected with HRV-16, A1AT
significantly reduced IL-8 level in both normal and COPD subjects
(Figure 3). We then compared the potency of A1AT’s anti-inflammatory
effect between normal and COPD cells. In cells treated with both WCS
and HRV-16, A1AT trended to have a greater inhibitory effect on IL-8
production in normal cells than in COPD cells, but the difference did

Figure 2: Whole cigarette smoke (WCS) and human rhinovirus 16 (HRV-16) increase IL-8 production in COPD (A) and normal (B) airway epithelial cells. COPD (n=6)
and normal (n=6) airway epithelial cells were smoked and infected as described in the Methods section. The changes of IL-8 levels after HRV-16 infection and/or WCS
exposure over the control (air + PBS treatment) were compared. Data are expressed as means ± SEM.

Figure 3: Alpha-1 antitrypsin (A1AT) reduces IL-8 in whole cigarette smoke (WCS)-exposed and/or HRV-16-infected normal and COPD airway epithelial cells. A1AT or
BSA at 1 mg/ml was added to cells, followed by WCS or air exposure, and then with HRV-16 infection or PBS treatment for 24 hours. A1AT’s anti-inflammatory effect
was indicated by the change (A1AT – BSA) of IL-8 levels at indicated conditions. Data are expressed as means ± SEM.
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not reach the level of p value <0.05. Despite this, IL-8 reduction by
A1AT in WCS-exposed COPD cells was up to 5000 pg/ml, which is
within the therapeutic range of salmeterol/fluticasone [22], one of the
most common therapies in COPD. In air-exposed cells, no significant
differences of A1AT’s anti-inflammatory effect were observed between
normal and COPD cells.

A1AT reduces caspase-1 activity in normal, but not in COPD
airway epithelial cells
Although A1AT exerts an anti-inflammatory effect in human
airway epithelial cells, the underlying mechanisms remain unclear. To
explore the potential mechanism of IL-8 reduction in human airway
epithelial cells by A1AT, caspase-1 p20 was examined by Western
blot. As the activation (cleavage) of pro-caspase-1 generates the active
tetrameric caspase-1 p20 and p10 fragments, caspase-1 p20 has been
used to indicate caspase-1 activation [23]. In normal (Figures 4A and
4B) but not in COPD cells (Figures 4C and 4D), WCS alone and the
combination of WCS and HRV-16 significantly increased the level
of caspase-1 p20. Interestingly, HRV-16 infection alone did not alter
caspase-1 activity. Furthermore, A1AT treatment significantly reduced
the level of caspase-1 p20 in WCS-exposed normal cells, but not in
COPD cells (Figure 4).

IL-8 regulation by caspase-1 in human airway epithelial cells
A selective caspase-1 inhibitor Ac-YVAD-CHO (YVAD) was used

A

A1AT attenuates rhinovirus-induced lung inflammation in
mice
In our above human airway epithelial cell culture models, we
have shown that A1AT has the anti-inflammatory function in
airway epithelial cells from normal subjects, but not from COPD
patients. We thus sought to determine whether A1AT inhibits the in
vivo proinflammatory response to rhinovirus by utilizing a mouse
model of HRV-1B infection without WCS exposure. In control
(PBS-treated) mice, A1AT did not alter the number of leukocytes
(Figure 6A) including neutrophils (Figure 6B) in BAL fluid. In
contrast, in HRV-1B-infected mice, A1AT treatment significantly
reduced the levels of BAL leukocytes including neutrophils, nearly
back to the normal level. The levels of KC (murine IL-8 homolog), a
chemoattractant for neutrophils, were consistent with the neutrophil
data (Figure 6C).
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experiment because in our WCS and HRV-16 cell culture model, we
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treatments in COPD cells. As shown in Figure 5, at the baseline
(DMSO+PBS), YVAD did not alter the IL-8 level. However IL-8
induction by WCS and/or HRV-16 was significantly reduced by YVAD.
Collectively, our data suggested the involvement of caspase-1 in IL-8
production in WCS-exposed airway epithelial cells.
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Figure 4: A1AT reduces caspase-1 p20 levels in airway epithelial cells from normal subjects but not COPD patients. Cultured airway epithelial cells from normal
subjects (n=6) and COPD patients (n=6) were treated as indicated, and processed for caspase-1 p20 Western blot as described in the Methods section. (A,B) –
Quantitative analysis of caspase-1 p20 expression normalized by GAPDH and representative Western blot images of caspase-1 p20 from normal subjects. (C,D) –
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dotted blue lines separate the air group from the WCS group. Data are expressed as means ± SEM.
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Figure 5: Caspase-1 inhibitor YVAD inhibits IL-8 production following HRV-16 and WCS treatment. Airway epithelial cells from normal subjects (n=6) were treated as
indicated and basolateral supernatants were harvested for measuring IL-8 protein. Absolute IL-8 levels were compared among various treatments. Data are expressed
as means ± SEM.
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Discussion
In the current study, we have for the first time revealed the antiinflammatory effect of alpha-1 antitrypsin (A1AT) in primary human
brushed airway epithelial cells exposed to cigarette smoke and/or
rhinovirus infection. A1AT appears to be more effective in reducing
IL-8 production in normal cells than COPD cells. Mechanistically,
A1AT exerts the anti-inflammatory effect in part through reducing
caspase-1 activation in normal cells, but not in COPD cells.
Respiratory viral (e.g., HRV-16) infections are associated with
excessive airway inflammation, one of the most common etiologies
of AECOPD [24-27]. Previous studies have focused on investigating
the anti-inflammatory properties of A1AT in endothelial cells and
monocytes. As a result, A1AT has been considered as a novel antiinflammatory agent in these cell types. However, it is unclear whether
A1AT exerts similar anti-inflammatory function in primary airway
epithelial cells exposed to cigarette smoke and viral infections, a
condition mimicking the airway milieu during AECOPD. We found
that when well-differentiated airway epithelial cells are exposed to
HRV-16 infection, WCS, or combination of both, IL-8 production
was significantly increased. Importantly, we demonstrated that
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A1AT attenuates the inflammation induced by WCS and/or HRV-16
infection. Together, our data suggest that enhanced IL-8 production by
viral infection and WCS was inhibited by A1AT treatment.
Current literatures suggested that COPD patients are more
resistant to drug treatments during exacerbations due to the nature
of multi-drug resistant bacteria (e.g., pseudomonas aeruginosa)
and excessive inflammation [28,29]. Moreover, the classical antiinflammatory therapy such as corticosteroids is not very effective in
COPD patients [30,31]. Therefore, novel therapies or repurposing the
existing medications such as A1AT would be much needed to improve
the treatment of COPD, particularly during pathogen (e.g., viruses)mediated AECOPD. In the current study, we have found that A1AT
reduces IL-8 production in COPD cells exposed to WCS and HRV16. Interestingly, A1AT’s inhibitory effects on IL-8 are less potent in
COPD cells than normal cells, suggesting again the insensitive nature of
COPD cells to a new class of anti-inflammatory candidate. The weaker
anti-inflammatory effect of A1AT in COPD cells suggests the need of a
combinational therapy of A1AT with other anti-inflammatory drugs to
more effectively reduce lung inflammation during AECOPD.
How A1AT regulates airway epithelial IL-8 production is unclear.
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We attempted to uncover a potential mechanism underlying the antiinflammatory function of A1AT in airway epithelial cells. We centered
our mechanistic study on caspase-1, a key pro-inflammatory component
in the inflammasome pathway, which has been shown to regulate
inflammatory responses in airway epithelial cell lines [32-34]. By using
a potent and selective caspase-1 inhibitor, we found that the caspase-1
inhibitor directly inhibited IL-8 production by WCS and HRV-16.
Collectively, inhibition of caspase-1 activation may in part contribute to
A1AT’s anti-inflammatory function. In contrast, the caspase-1 pathway
does not appear to be involved in the pro-inflammatory response to
WCS and HRV-16 infection in COPD airway epithelial cells, suggesting
the involvement of other inflammatory pathways. Since caspase-1
activity is associated with IL-1β production in macrophages, it is
important to determine if caspase-1 is involved in airway epithelial cell
IL-1β production. We measured IL-1β protein levels in supernatants
of cultured airway epithelial cells by ELISA, but found that IL-1β
protein levels were too low to reach the detectable level, which is
consistent with a previous airway epithelial study [35]. Given the fact
that rhinovirus infection and cigarette smoke activate nuclear factor-κB
(NF-κB) pathway and subsequently promote inflammation [36,37], we
speculate that, A1AT reduces rhinovirus and cigarette smoke induced
IL-8 by inhibiting airway epithelial NF-κB activation. How A1AT exerts
the anti-inflammatory function remains to be explored. Although our
data and others [38] suggest that A1AT may reduce caspase-1 levels or
activation, it is also possible that A1AT reduces inflammation which in
turn decreases caspase-1.
Although our current study was focused on the in vitro effect of
A1AT, we also tested whether A1AT exerts an in vivo anti-inflammatory
effect against rhinovirus infection. In line with our findings in normal
human airway epithelial cell cultures, we found that A1AT in vivo
reduced lung inflammation (e.g., neutrophils and KC) during rhinovirus
infection, but it did not significantly change the viral load (data not
shown). This may be explained by the fact that the anti-viral pathway
and pro-inflammatory pathway could be differently regulated in vivo
as leukocytes such as macrophages are also involved in the anti-viral
response. Thus, our data suggest that A1AT has an inhibitory effect on
lung neutrophilic inflammation, but not viral load. We realized the need
to detect activated caspase-1 in mouse lung tissue. Although we tried
Western blot of caspase-1 p20 in the lung tissue, for unknown reasons
we could not clearly see the caspase-1 p20 band. Other caspase-1 p20
antibodies will be considered to determine if activated caspase-1 p20
can be identified in lung homogenates or lung tissue sections.
We realized the multifunctional nature of A1AT. Therefore, we
cannot exclude whether A1AT modulates anti-viral signaling pathways,
and subsequently regulates the pro-inflammatory response, which will
be considered in our future studies. One limitation for our current
study is the relatively small sample size (n=6 for normal controls and
n=6 for COPD patients). We will collect more brushed airway epithelial
cells from both groups of subjects to expand the current study. Another
limitation is that our current animal model only focused on the effects
of A1AT during rhinovirus infection, future studies are warranted
to test the in vivo anti-inflammatory effect of A1AT in the context of
cigarette smoke exposure. Lastly, we measured the cytokines (e.g., IL-8
and KC) involved in neutrophil recruitment and activation as a marker
for inflammation in our cell culture and animal models, other cytokines
such as TNF-α should be measured to look at the broader impact of
A1AT on inflammation.
One intriguing finding in the current study is that combination of
HRV and WCS did not further increase IL-8, particularly in COPD
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airway epithelial cells. In a clinical study of rhinovirus-associated
COPD exacerbations [39], the absolute IL-8 levels in induced sputum
samples were actually lower in COPD patients with viral infection than
in those without viral infection. However, the change (exacerbation
minus baseline) of IL-8 levels appears to be greater in patients with
rhinovirus infection. Notably, IL-8 levels significantly varied in sputum
samples, resulting in no significant differences of IL-8 between COPD
patients at exacerbation with or without rhinovirus infection. Why
COPD cells in our current study are less responsive to WCS and/
or HRV with regard to IL-8 induction remains unclear. We speculate
that since the baseline IL-8 level is higher in COPD cells than normal
cells, there may be a stronger negative immune regulatory mechanism
in COPD cells that make them less responsive to WCS and/or HRV
infection. Alternatively, this may be explained by the varying effect of
different components in cigarette smoke. For example, while oxidants
may increase IL-8, nicotine may inhibit IL-8 production in response to
HRV infection. It is also intriguing that caspase-1 p20 was detectable
in baseline (non-stimulated) airway epithelial cells as it is generally
considered as a marker of activated inflammasomes. Although the exact
reason is unknown, we speculate that baseline caspase-1 p20 may be
involved in cell proliferation and/or differentiation as a previous study
has shown caspase-1 p20 expression in non-treated primary bronchial
epithelial cells [40].
Acknowledgements
This work was supported by grants to Dr. Hong Wei Chu from the Flight
Attendant Medical Research Institute (FAMRI), R01 HL122321 and R01 AI106287
from the National Institutes of Health.

Conflict of Interest
The authors report no conflicts of interest in this work.

References
1. Stokes CA, Ismail S, Dick EP, Bennett JA, Johnston SL, et al. (2011) Role of
interleukin-1 and MyD88-dependent signaling in rhinovirus infection. J Virol 85:
7912-7921.
2. Piper SC, Ferguson J, Kay L, Parker LC, Sabroe I, et al. (2013) The role of
interleukin-1 and interleukin-18 in pro-inflammatory and anti-viral responses to
rhinovirus in primary bronchial epithelial cells. PLoS One 8: e63365.
3. Wu X, Chen D, Gu X, Su X, Song Y, et al. (2014) Prevalence and risk of viral
infection in patients with acute exacerbation of chronic obstructive pulmonary
disease: a meta-analysis. Mol Biol Rep 41: 4743-4751.
4. George SN, Garcha DS, Mackay AJ, Patel AR, Singh R, et al. (2014) Human
rhinovirus infection during naturally occurring COPD exacerbations. Eur Respir
J 44: 87-96.
5. Sapey E, Stockley RA (2006) COPD exacerbations . 2: aetiology. Thorax 61:
250-258.
6. Papadopoulos NG, Bates PJ, Bardin PG, Papi A, Leir SH, et al. (2000)
Rhinoviruses infect the lower airways. J Infect Dis 181: 1875-1884.
7. Mosser AG, Vrtis R, Burchell L, Lee WM, Dick CR, et al. (2005) Quantitative
and qualitative analysis of rhinovirus infection in bronchial tissues. Am J Respir
Crit Care Med 171: 645-651.
8. Wang Y, Yan HJ, Zhou SY, Wang YS, Qi H, et al. (2014) The immunoregulation
effect of alpha 1-antitrypsin prolong beta-cell survival after transplantation.
PLoS One 9: e94548.
9. Jiang D, Persinger R, Wu Q, Gross A, Chu HW (2013) Alpha1-Antitrypsin
promotes SPLUNC1-mediated lung defense against Pseudomonas aeruginosa
infection in mice. Respir Res14:122.
10. Huang CH, Chen CJ, Yen CT, Yu CP, Huang PN, et al. (2013) Caspase-1
deficient mice are more susceptible to influenza A virus infection with PA
variation. J Infect Dis 208: 1898-1905.
11. Saiga H, Kitada S, Shimada Y, Kamiyama N, Okuyama M, et al. (2012) Critical
role of AIM2 in Mycobacterium tuberculosis infection. Int Immunol 24: 637-644.

Volume 7 • Issue 6 • 1000475

Citation: Jiang D, Berman R, Wu Q, Stevenson C, Chu HW (2016) The Anti-inflammatory Effect of Alpha-1 Antitrypsin in Rhinovirus-infected Human
Airway Epithelial Cells. J Clin Cell Immunol 7 475. doi 10.4172/2155- 8 .1000475

Page 7 of 7
12. Rotta Detto Loria J, Rohmann K, Droemann D, Kujath P, Rupp J, et al. (2013)
Nontypeable Haemophilus Influenzae Infection Upregulates the NLRP3
Inflammasome and Leads to Caspase-1-Dependent Secretion of Interleukin1beta - A Possible Pathway of Exacerbations in COPD. PLoS One 8: e66818.
13. Gross CA, Bowler RP, Green RM, Weinberger AR, Schnell C, et al. (2010)
Beta2-agonists promote host defense against bacterial infection in primary
human bronchial epithelial cells. BMC Pulm Med 10: 30.
14. Chu HW, Balzar S, Seedorf GJ, Westcott JY, Trudeau JB, et al. (2004)
Transforming growth factor-beta2 induces bronchial epithelial mucin expression
in asthma. Am J Pathol 165: 1097-1106.
15. Wu Q, van Dyk LF, Jiang D, Dakhama A, Li L, et al. (2013) Interleukin-1
receptor-associated kinase M (IRAK-M) promotes human rhinovirus infection
in lung epithelial cells via the autophagic pathway. Virology 446: 199-206.
16. Newcomb DC, Sajjan US, Nagarkar DR, Wang Q, Nanua S, et al. (2008) Human
rhinovirus 1B exposure induces phosphatidylinositol 3-kinase-dependent
airway inflammation in mice. Am J Respir Crit Care Med 177: 1111-1121.
17. Zhang W, Case S, Bowler RP, Martin RJ, Jiang D, et al. (2011) Cigarette smoke
modulates PGE(2) and host defence against Moraxella catarrhalis infection in
human airway epithelial cells. Respirology 16: 508-516.
18. Wu Q, Jiang D, Chu HW (2012) Cigarette smoke induces growth differentiation
factor 15 production in human lung epithelial cells: implication in mucin overexpression. Innate Immun 18: 617-626.
19. Tam A, Churg A, Wright JL, Zhou S (2016) Sex Differences in Airway
Remodeling in a Mouse Model of Chronic Obstructive Pulmonary Disease. Am
J Respir Crit Care Med 193: 825-834.
20. Sørheim IC, Johannessen A, Gulsvik A, Bakke PS, Silverman EK, et al. (2010)
Gender differences in COPD: are women more susceptible to smoking effects
than men? Thorax 65: 480-485.
21. Nichols DP, Jiang D, Happoldt C, Berman R, Chu HW (2015) Therapeutic
Effects of 1-Antitrypsin on Psedumonas aeruginosa Infection in ENaC
Transgenic Mice. PLoS One 10: e0141232.
22. Perng DW, Tao CW, Su KC, Tsai CC, Liu LY, et al. (2009) Anti-inflammatory
effects of salmeterol/fluticasone, tiotropium/fluticasone or tiotropium in COPD.
Eur Respir J 33: 778-784.
23. Zhang X, Wang G, Gurley EC, Zhou H (2014) Flavonoid apigenin inhibits
lipopolysaccharide-induced inflammatory response through multiple
mechanisms in macrophages. PLoS One 9: e107072.
24. Pant S, Walters EH, Griffiths A, Wood-Baker R, Johns DP, et al. (2009) Airway
inflammation and anti-protease defences rapidly improve during treatment of
an acute exacerbation of COPD. Respirology 14: 495-503.
25. Jiang D, Wenzel SE, Wu Q, Bowler RP, Schnell C, et al. (2013) Human
neutrophil elastase degrades SPLUNC1 and impairs airway epithelial defense
against bacteria. PLoS One 8: e64689.
26. Dusemund F, Baty F, Brutsche MH (2015) Significant reduction of AECOPD

hospitalisations after implementation of a public smoking ban in Graubunden,
Switzerland. Tob Control 24: 404-407.
27. Dai MY, Qiao JP, Xu YH, Fei GH (2015) Respiratory infectious phenotypes in
acute exacerbation of COPD: an aid to length of stay and COPD Assessment
Test. Int J Chron Obstruct Pulmon Dis 10: 2257-2263.
28. Nseir S, Di Pompeo C, Cavestri B, Jozefowicz E, Nyunga M, et al. (2006)
Multiple-drug-resistant bacteria in patients with severe acute exacerbation of
chronic obstructive pulmonary disease: Prevalence, risk factors, and outcome.
Crit Care Med 34: 2959-2966.
29. Kyd JM, McGrath J, Krishnamurthy A (2011) Mechanisms of bacterial resistance
to antibiotics in infections of COPD patients. Curr Drug Targets 12: 521-530.
30. Vijayan VK (2013) Chronic obstructive pulmonary disease. Indian J Med Res
137: 251-269.
31. Durham AL, Caramori G, Chung KF, Adcock IM (2016) Targeted antiinflammatory therapeutics in asthma and chronic obstructive lung disease.
Transl Res 167: 192-203.
32. Tang A, Sharma A, Jen R, Hirschfeld AF, Chilvers MA, et al. (2012)
Inflammasome-mediated IL-1 production in humans with cystic fibrosis. PLoS
One 7: e37689.
33. Coulter KR, Wewers MD, Lowe MP, Knoell DL (1999) Extracellular regulation
of interleukin (IL)-1beta through lung epithelial cells and defective IL-1 type II
receptor expression. Am J Respir Cell Mol Biol 20: 964-975.
34. Khan YM, Kirkham P, Barnes PJ, Adcock IM (2014) Brd4 is essential for IL-1induced inflammation in human airway epithelial cells. PLoS One 9: e95051.
35. Bauer RN, Brighton LE, Mueller L, Xiang Z, Rager JE , et al. (2012) Influenza
enhances caspase-1 in bronchial epithelial cells from asthmatic volunteers and
is associated with pathogenesis. J Allergy Clin Immunol 4: 958-967.
36. Melotti P, Nicolis E, Tamanini A, Rolfini R, Pavirani A, et al. (2001) Activation
of NF-kB mediates ICAM-1 induction in respiratory cells exposed to an
adenovirus-derived vector. Gene Ther 8: 1436-1442.
37. Manzel LJ, Shi L, O'Shaughnessy PT, Thorne PS, Look DC (2011) Inhibition
by cigarette smoke of nuclear factor- B-dependent response to bacteria in the
airway. Am J Respir Cell Mol Biol 44: 155-165.
38. Wang Y, He Y, Abraham B, Rouhani FN, Brantly ML, et al. (2012) Cytosolic,
autocrine alpha-1 proteinase inhibitor (A1PI) inhibits caspase-1 and blocks IL1beta dependent cytokine release in monocytes. PLoS One 7: e51078.
39. Seemungal TA, Harper-Owen R, Bhowmik A, Jeffries DJ, Wedzicha JA (2000)
Detection of rhinovirus in induced sputum at exacerbation of chronic obstructive
pulmonary disease. Eur Respir J 16: 677-683.
40. Peeters PM, Perkins TN, Wouters EF, Mossman BT, Reynaert NL (2013) Silica
induces NLRP3 inflammasome activation in human lung epithelial cells. Part
Fibre Toxicol 10: 3.

OMICS International: Open Access Publication Benefits &
Features
Unique features:
•
•
•

Increased global visibility of articles through worldwide distribution and indexing
Showcasing recent research output in a timely and updated manner
Special issues on the current trends of scientific researche

Special features:

Citation: Jiang D, Berman R, Wu Q, Stevenson C, Chu HW (2016) The Antiinflammatory Effect of Alpha-1 Antitrypsin in Rhinovirus-infected Human Airway
Epithelial Cells. J Clin Cell Immunol 7: 475. doi:10.4172/2155-9899.1000475

J Clin Cell Immunol, an open access journal
ISSN: 2155-9899

•
700+ Open Access Journals
•
50,000+ editorial team
•
Rapid review process
•
Quality and quick editorial, review and publication processing
•
Indexing at major indexing services
•
Sharing Option: Social Networking Enabled
•
Authors, Reviewers and Editors rewarded with online Scientific Credits
•
Better discount for your subsequent articles
Submit your manuscript at: http://www.omicsonline.org/submission

Volume 7 • Issue 6 • 1000475

