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Airway epithelial cells (AEC) exhibit a pro-inflammatory phenotype in patients with
allergic asthma. We examined the effect of an allergic cytokine environment on the
response of AEC to rhinovirus, the most common trigger of acute exacerbations of
asthma. Calu-3 cells, a well-differentiated human AEC line, were cultured with or
without the T-helper type 2 cytokines IL-4 and IL-13, then stimulated with a toll-like
receptor (TLR) 3 agonist (poly I:C, dsRNA) or a TLR7 agonist (imiquimod), or
infected with rhinovirus 16. Expression of pro-inflammatory and anti-viral
mediators, and of viral pattern-recognition molecules, was assessed using nCounter
assays, quantitative real-time PCR, and protein immunoassays. Both dsRNA and
imiquimod stimulated expression of mRNA for IL6 and IL8, while expression of
several chemokines and anti-viral response genes was induced only by dsRNA.
Conversely, expression of other cytokines and growth factors was induced only by
imiquimod. Rhinovirus infection not only stimulated expression of the inflammation-
related genes induced by dsRNA, but also the complement pathway gene CFB and the
novel proinflammatory cytokine IL32. In the Th2 cytokine environment, several
mediators exhibited significantly enhanced expression, while expression of
interferons was either unchanged or enhanced. The allergic environment also
increased expression of pattern recognition receptors and of ICAM1, the cell surface
receptor for rhinovirus. We conclude that Th2 cytokines promote increased
production of proinflammatory mediators by AEC following infection with
rhinovirus. Increased viral entry or enhanced signaling via pattern recognition
receptors could also contribute to the exaggerated inflammatory response to
rhinovirus observed in allergic asthmatics.
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Abstract

Airway epithelial cells (AEC) exhibit a pro-inflammatory phenotype in patients with
allergic asthma. We examined the effect of an allergic cytokine environment on the
response of AEC to rhinovirus, the most common trigger of acute exacerbations of
asthma. Calu-3 cells, a well-differentiated human AEC line, were cultured with or
without the T-helper type 2 cytokines IL-4 and IL-13, then stimulated with a toll-like
receptor (TLR) 3 agonist (poly I:C, dsRNA) or a TLR7 agonist (imiquimod), or
infected with rhinovirus 16. Expression of pro-inflammatory and anti-viral mediators,
and of viral pattern-recognition molecules, was assessed using nCounter assays,
quantitative real-time PCR, and protein immunoassays. Both dsRNA and imiquimod
stimulated expression of mMRNA for IL6 and IL8, while expression of several
chemokines and anti-viral response genes was induced only by dsRNA. Conversely,
expression of other cytokines and growth factors was induced only by imiquimod.
Rhinovirus infection not only stimulated expression of the inflammation-related genes
induced by dsRNA, but also the complement pathway gene CFB and the novel pro-
inflammatory cytokine IL32. In the Th2 cytokine environment, several mediators
exhibited significantly enhanced expression, while expression of interferons was
either unchanged or enhanced. The allergic environment also increased expression
of pattern recognition receptors and of ICAM1, the cell surface receptor for
rhinovirus. We conclude that Th2 cytokines promote increased production of pro-
inflammatory mediators by AEC following infection with rhinovirus. Increased viral
entry or enhanced signaling via pattern recognition receptors could also contribute to

the exaggerated inflammatory response to rhinovirus observed in allergic asthmatics.
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Introduction

Asthma is one of the most common chronic diseases affecting children, particularly
in industrialised societies. Childhood asthma is strongly associated with the
development of atopy and T helper type 2 (Th2)-driven allergic airway inflammation
(1). Acute exacerbations of asthma are defined in terms of worsening clinical
manifestations that require a change in treatment strategy (2). They are an important
reason for hospitalisation and a major contributor to health care costs, especially in
severe uncontrolled asthmatics (3, 4). Exacerbations are frequently related to
respiratory viral infections, most commonly with human rhinovirus (RV) (5).
Importantly, asthmatics develop an exaggerated inflammatory response to
respiratory viral infections (6). Furthermore, they may develop more severe and
longer-lasting RV infections (7, 8). However, the mechanisms underlying these
changes remain incompletely defined.

As the target of most respiratory viral infections, airway epithelial cells (AEC)
are key players in acute exacerbations of asthma and an important source of pro-
inflammatory cytokines (9). We recently reported that in a Th2 environment such as
prevails in allergic asthma, low-passage AEC cultured from surgically removed
human bronchi exhibited enhanced cytokine and chemokine responses to double-
stranded RNA (dsRNA), a virus-like stimulus (10). This observation is consistent with
evidence that AEC from asthmatic patients exhibit enhanced expression of pro-
inflammatory cytokines in response to viruses, as shown experimentally using
stimulation with dsRNA or infection with viruses including RV (11-13). Collectively,
these observations provide at least a partial explanation for the increased
inflammatory response to respiratory viral infections that is observed in asthmatics.

To better define the contribution of AEC to airway inflammation in asthmatic
exacerbations, we have now undertaken a more comprehensive analysis of the
impact of the cytokine environment on the response of AEC to virus-like stimuli and
viral infection. For these studies, we used the airway epithelial cell line designated

Calu-3, derived from a bronchial adenocarcinoma, which is recognised as the best



differentiated human AEC line available (14, 15) and can readily be infected with
rhinovirus (16). We combined nCounter assays and quantitative real-time PCR to
screen for altered expression of a broad range of relevant mRNAs. Our results
demonstrate that in the presence of interleukin (IL)-4 and IL-13, the cytokine
response of AEC to rhinovirus infection is significantly enhanced. Notably, we
demonstrated that the pro-inflammatory mediators complement factor B and IL-32,
which have not previously been investigated as having a role in asthmatic
exacerbations, were significantly up-regulated by rhinovirus infection and expressed

at markedly higher levels in a Th2 environment.

Methods

Cell culture

Calu-3 cells (HTB-55, American Type Culture Collection, Manassas, VA, USA) were
cultured in Minimal Essential Medium (Gibco, Carlsbad, CA, USA) supplemented
with 10% heat-inactivated foetal bovine serum (Sigma-Aldrich, St Louis, MO, USA),
L-glutamine, sodium pyruvate and antibiotics. In preliminary experiments, we
showed that Calu-3 cells exhibited progressively more obvious cytopathic changes
when infected with rhinovirus serotype 16 (RV16) at an increasing multiplicity of
infection from 0.1-1.0. Cell viability at a multiplicity of infection of 0.3 was still >80%,
so this concentration was used for all further studies.

To assess responses to toll-like receptor (TLR) ligands or rhinovirus, and the
effects of Th2 cytokine pre-treatment, cells were seeded in 6-well plates and cultured
in the presence or absence of 20 ng/mL human IL-4 (R&D Systems, Minneapolis,
MN; and eBioScience, San Diego, CA) and IL-13 (Shenandoah Biotechnology,
Warwick, PA, USA) for 48 hours, of which the last 24 hours were in medium
containing only 0.1% foetal bovine serum. Cells were then either stimulated with
dsRNA (poly I:C, 10 ug/mL) or imiquimod (10 ug/mL; both from Invivogen, San

Diego, CA) for 4 hours in serum-free media, or were infected with RV16 for 24 hours.



Cells cultured in medium alone, as well as cells exposed to UV-inactivated RV 16,
were used as negative controls.

At the end of the incubation period, culture supernatants were collected and
stored at —20°C, while RNA was extracted using TriReagent (Sigma-Aldrich) and
stored at —80°C. RNA quality and concentration were assessed using UV
spectrophotometry with the NanoDrop 1000 (Thermo Fisher Scientific, Waltham,
MA). At least 3 independent experiments were performed for each stimulus.
Assessment of expression of mMRNA
For experiments involving TLR3 stimulation with dsRNA or TLR7 stimulation with
imiquimod, an nCounter® MAX (NanoString Technologies, Seattle, WA) was
employed for initial assessment of the expression of mRNA for a range of pro-
inflammatory and antiviral genes, using the Human Inflammation Panel as per the
manufacturer's instructions. Levels of expression of cytokines that exhibited
significant changes were confirmed by quantitative real-time polymerase chain
reaction (QRT-PCR). In addition, qRT-PCR was used to assess relevant cytokines or
antiviral genes that were not part of the nCounter panel, including IFIH1, IFNL2/3
and IL32.

For experiments involving rhinovirus infection, qRT-PCR alone was used to
assess the expression of MRNA for previously identified relevant pro-inflammatory
and antiviral genes. Further relevant genes that were not part of the nCounter panel
were also assessed, including ICAM1 and DDX58.

For the nCounter assays, the Prep Station incubation was set at high
sensitivity (3 hour incubation) and the Digital Analyser captured 280 fields of view.
nSolver 2.6 (NanoString Technologies) was used for normalisation of nCounter data.
To account for differences in assay efficiency within the same run, raw counts were
normalised by dividing by the geometric mean of sample-specific positive control
counts, then multiplying by the arithmetic mean of all positive control geometric
means. To account for differences in sample RNA load, these positive control-

normalised counts were then normalised to the housekeeping genes HPRT1, CLTC,



TUBB and PGK1 using the same mathematical procedure as the positive controls. A
background threshold was calculated as the average of all negative controls plus two
standard deviations. Data were filtered to exclude genes which had expression
below the threshold.

For gRT-PCR assessment of expression of mRNA, extracted samples were
treated with Turbo DNase (Ambion, Scoresby, Australia), and reverse transcribed
into cDNA using the Transcriptor First Strand cDNA Synthesis Kit (Roche Life
Science, Sydney, Australia) as per the manufacturer's instructions. Primers were
designed in-house or sourced from published papers. PCR products were detected
using SYBR green (Bioline, Taunton, MA). Reactions were performed using a Roche
LightCycler 480 (Roche Diagnostics, Indianapolis, IN), with expression normalised to
the housekeeping gene HPRT using the AACT method. Relative levels of expression
were logarithmically transformed prior to analysis.

Protein immunoassays

For IL-6 and CXCL8, concentrations of protein in supernatants were determined
using enzyme-linked immunoassays (R&D Systems, Minneapolis, MN) as per the
manufacturer's instructions.

Statistical analysis

Data are presented as arithmetic means + SEM. Where appropriate, a ratio paired t-
test was used to determine differences between cells exposed to Th2 cytokines and
the medium control. Otherwise, repeated measures two-way analysis of variance
followed by a Holm-Sidak post-test was used to assess significant differences
between unstimulated and stimulated cells cultured in the absence or presence of
Th2 cytokines. GraphPad Prism 6.07 (GraphPad Software, San Diego, CA) was

used for all data analysis and preparation of graphs.

Results
Similar to low-passage bronchial AEC (10), Calu-3 cells exhibited a two-fold up-

regulation of expression of POSTN (the gene for periostin) in an environment of IL-4



and IL-13 (p < 0.01), as revealed by qRT-PCR. This confirmed that the cells were
responsive to Th2 cytokines.

Stimulation of TLR3 with dsRNA elicited up-regulated expression of pro-
inflammatory cytokines, chemokines and anti-viral proteins by Calu-3 cells (Table 1).
Importantly, Calu-3 cells exhibited significantly enhanced expression of a subset of
these genes when stimulated with dsRNA in a Th2 environment. Some of these
genes were up-regulated by Th2 cytokines alone, without additional stimulation
(Table 1). Enhanced secretion of IL-6 and CXCL8 by Calu-3 cells cultured in a Th2
cytokine environment was confirmed using protein immunoassays (not shown).

Stimulation of TLR7 by imiquimod elicited a quite different pattern of
responses. nCounter assays revealed that the key pro-inflammatory mediators IL6
and IL8 were up-regulated to a much greater extent by imiquimod (Fig 1). Several
other inflammation-related genes, which were not up-regulated in response to
dsRNA, were significantly up-regulated following stimulation with imiquimod. These
included cytokine genes such as IL11 and IL18, the signalling gene RELB (NF-xB
pathway) (Table 2), as well as a number of relevant kinases and transcription factors
(not shown). None of these exhibited an enhanced response in a Th2 environment.
Of particular interest was that expression of the gene for the novel cytokine IL32 was
stimulated by imiquimod, and this was especially marked in a Th2 environment (Fig
2). In contrast, known interferon-stimulated genes including chemokines such as
CXCL10 and CCL5 were not up-regulated by imiquimod, nor were any anti-viral
genes (not shown). However, some AEC-derived growth factors, which did not
exhibit any change in expression in response to dsRNA, were significantly up-
regulated following stimulation with imiquimod. Notably these included increased
levels of mMRNA for AREG (amphiregulin) and PDGFA (platelet-derived growth factor
subunit A) (Table 2). Again, expression of these genes was either not enhanced or
only minimally enhanced in a Th2 environment.

In addition, nCounter assays identified that culture of Calu-3 cells in a Th2

cytokine environment led to 1.5-2 fold up-regulation of the expression of a number of



potentially relevant inflammation-related genes, which were not stimulated by either
dsRNA or imiquimod. These included ALOX5 (5-lipoxygenase), CFB (complement
factor B), CXCL1, TGFB2 (transforming growth factor-f2) and TLR3, which were
significantly increased compared to cells cultured in medium alone (p < 0.01 for all
comparisons).

We then examined the expression of a selection of pro-inflammatory and anti-
viral genes by Calu-3 cells 24 hours after infection with rhinovirus. In a Th2 cytokine
environment, infection with rhinovirus induced significantly enhanced expression of
all of the genes that were enhanced following stimulation by dsRNA, as well as of
some additional genes (Table 3). No stimulation was observed following exposure to
UV-irradiated rhinovirus (not shown). A notable finding was that whereas expression
of TNF by unstimulated Calu-3 cells was very low, with minimal stimulation by
dsRNA and none by imiquimod, rhinovirus infection induced dramatic up-regulation
of this pro-inflammatory cytokine, although there was no enhancement in a Th2
environment (Table 3). We confirmed enhanced secretion of IL-6 and CXCL8 by
rhinovirus-infected Calu-3 cells cultured in a Th2 cytokine environment using
immunoassays for these cytokines (Fig 3).

Furthermore, we found that unlike dsRNA or imiquimod, rhinovirus infection
elicited significant stimulation of expression of DDX58 (RIG-I), TLR3 and the key cell
surface receptor ICAML1 (intercellular adhesion molecule 1), all of which were
significantly enhanced in a Th2 cytokine environment (Fig 4). Additional notable
findings were the stimulation of both CFB and IL32 in response to rhinovirus and
their significant enhancement in a Th2 environment (Fig 5). Again, the CFB result
was in contrast to the lack of stimulation of expression of this gene by either dsRNA
or imiquimod. The approximately 5-fold relative increase in the expression of IL32 in
a Th2 environment, as compared to rhinovirus-infected cells cultured in medium
alone, was the largest of any of the pro-inflammatory genes assessed. A further
observation of interest was that whereas two-way analysis of variance revealed no

significant interaction between stimulus and cytokine environment for all other



mediators assessed, this interaction was significant (p < 0.05) for IL32 in the

response to rhinovirus infection.

Discussion
In this study, we examined the expression of pro-inflammatory and anti-viral genes
by AEC in an allergic environment, in response to stimulation by TLR ligands or
infection with rhinovirus. Because rhinovirus is detected via multiple intracellular
pattern recognition receptors, notably including the toll-like receptors TLR3 and
TLRY7, we initially compared the cellular response to dsRNA, which causes TLR3-
selective stimulation (17), with that to imiquimod, which causes TLR7-selective
stimulation (18). We used nCounter technology and qRT-PCR as appropriate, to
derive a profile of gene expression by Calu-3 cells both in the absence and the
presence of the Th2 cytokines IL-4 and IL-13. In further studies, we used qRT-PCR
to compare the response of Calu-3 cells to infection with rhinovirus serotype 16, a
major group rhinovirus that has been very widely used experimentally, again both in
the absence and the presence of Th2 cytokines.

To confirm that Calu-3 cells were an appropriate model for human AEC in a
Th2 environment, we demonstrated that they exhibited up-regulation of periostin, a
recognised marker of response to Th2 cytokines that is also expressed in asthmatic
airways (19). We then showed that in response to dsRNA, Calu-3 cells exhibited
enhanced expression of various pro-inflammatory genes in a Th2 environment, while
anti-viral gene expression was either unchanged or enhanced. These results, which
were analogous to our previous findings using low-passage human bronchial
epithelial cells (10), further confirmed the value of this cell line as a model for human
AEC. Interestingly, we found that the pattern of response of Calu-3 cells to
imiquimod was quite distinct, with no evidence of up-regulation of most interferon-
stimulated chemokines or antiviral genes. However, there was more marked up-
regulation of some key pro-inflammatory genes, together with up-regulation of

additional pro-inflammatory genes such as IL11, IL18 and IL32.
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The effects of rhinovirus infection were more complex than those of either
TLR3 or TLRY7 stimulation alone. Notably, while all of the genes that were up-
regulated in response to dsRNA were up-regulated by rhinovirus, the magnitude of
this up-regulation was typically much greater (5-1,000 fold, up to 20,000 fold for
IFNL2/3) than in response to dsRNA (2-10 fold). Notwithstanding the much higher
level of expression in response to rhinovirus alone, several of these genes still
exhibited striking (3-4 fold) enhancement in a Th2 environment. Also noteworthy was
that rhinovirus induced markedly up-regulated expression of TNF, which was not
induced by stimulation with either TLR agonist. Furthermore, key genes involved in
regulation of the antiviral response, such as STAT1 and IRF7, were significantly up-
regulated following infection with rhinovirus.

Importantly, we identified CFB and IL32 as pro-inflammatory mediators
expressed by AEC that were induced in response to rhinovirus infection and
markedly enhanced in a Th2 environment. Both CFB and IL32 have been reported to
be up-regulated in AEC or nasal epithelial cells following stimulation with dsRNA (20-
22), although we only observed up-regulation in response to TLR7 stimulation or
rhinovirus infection. However, these mediators have not previously been associated
with asthmatic airway inflammation. The possibility that the alternative complement
pathway may contribute to rhinovirus-induced inflammation in patients with asthma is
of interest, because airborne particulate matter, which can also trigger
exacerbations, has been shown to induce inflammation through complement
activation (23). The novel cytokine IL32, which induces TNF-a and IL-6 in monocytes
and macrophages (24, 25), has been demonstrated to be up-regulated in mucosal
tissue in allergic rhinitis (26) and can be induced in AEC by at least some viruses
(27). Thus, it is also quite possibly relevant to rhinovirus-induced acute
exacerbations of asthma. Moreover, IL-32 is relatively resistant to suppression by
glucocorticoids (28) and thus its enhanced expression might contribute to steroid-

resistant inflammation in such exacerbations.
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An additional finding of interest was that in response to TLR7 stimulation,
Calu-3 cells exhibited significantly up-regulated expression of epithelial cell-derived
growth factors. The response of AEC to viral infections associated with repeated
exacerbations has been postulated to be relevant to airway remodelling in asthma,
via chemokine release that might promote fibroblast migration (29). Our data suggest
that recruited cells could then be activated via growth factors produced by AEC. In
this context, it is noteworthy that repeated exacerbations may be responsible for the
long-term decline in lung function in severe asthmatics, as it has been estimated that
one severe exacerbation per year is associated with a 30 ml greater annual decline
in FEV4 (30).

Asthmatics are known to be more susceptible to develop lower respiratory
viral infections (7) and their infections are of greater severity (8). This has been
suggested to result from impaired production of interferons by AEC from these
patients (31, 32), although others have reported discordant results (33). In the
present study, we found no evidence of suppression of the anti-viral response of
AEC in a Th2 cytokine environment. In fact, there was either unchanged expression
or a statistically significant increase in innate interferons such as IFNB1 and IFNL2/3,
as well as anti-viral signalling and regulatory molecules such as STAT1 and IRF7.
These results are in agreement with earlier reports (10, 34) and suggest that any
impairment of anti-viral responses observed in asthmatics is unlikely to be due to
Th2 cytokines. Reported impairment of interferon production might instead be related
to other factors operating in vivo e.g. treatment with combinations of glucocorticoids
plus long-acting B,-agonists, which have been shown to suppress host anti-viral and
inflammatory responses (35, 36).

We therefore investigated alternative mechanisms that might explain the
increased severity and duration of RV infections in allergic asthmatics. The adhesion
molecule ICAM-1 is the predominant receptor for most rhinovirus serotypes.
Following detection of viral single-stranded and/or double-stranded RNA by the

pattern recognition receptors TLR3 and TLRY7, there is up-regulation of the additional
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receptors MDA5 (IFIH1) and RIG-I (DDX58), with activation of the NF-kB pathway
(37). We found that the expression of ICAM1 was up-regulated by rhinovirus
infection, and this was enhanced in a Th2 cytokine environment. Furthermore,
expression of TLR3, DDX58, and IFIH1 in response to rhinovirus was also enhanced
in cells cultured with Th2 cytokines. These results imply that a Th2 cytokine
environment could not only promote viral entry in allergic asthmatics, but also lead to
enhanced signaling via TLR3, RIG-I, and MDAS5, which could help to drive
inflammation during rhinovirus-induced exacerbations of asthma.

In conclusion, our studies shed new light on the complex relationship between
the host response to viral infection and the altered cytokine environment that prevails
in asthma. The altered phenotype of AEC in the Th2 cytokine environment
associated with allergic asthma promotes increased production of pro-inflammatory
mediators by AEC following infection with rhinovirus. Moreover, increased viral entry
or enhanced signaling via pattern recognition receptors could also contribute to the
exaggerated inflammatory response to rhinovirus that develops in acute

exacerbations of allergic asthma.

Perspectives

e We examined the effect of a Th2 cytokine environment on the response of
airway epithelial cells to rhinovirus, the most common trigger of acute
exacerbations of asthma.

e Under these conditions, airway epithelial cells exhibited increased production
of pro-inflammatory mediators following exposure to virus-like stimuli or
infection with rhinovirus, as well as increased expression of the predominant
receptor for rhinovirus and of viral pattern recognition molecules.

e We conclude that the altered phenotype of airway epithelial cells in the
cytokine environment of allergic asthma may contribute to the exaggerated

inflammatory response to rhinovirus observed in allergic asthmatics.
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Table 1 Relative expression of mMRNA for cytokines, chemokines and anti-viral genes

in response to dsRNA

Gene Th2 dsRNA Th2+dsRNA

IL6 2.01+0.19** 3.65+0.18*** 7.17 058"
IL8 1.37 +0.17* 2.70 £ 0.05** 3.49 + 0.53*+*
CXCL10 473 +0.78** 7.24 £ 0.41** 23.13 £ 2.45*#
CCL5 1.71+0.23 1.31+0.21 5.04 + 0.55*"
IFNB1 0.94 +0.25 453 +1.13* 4.67 +0.84*
IFNL2/3 0.99 + 0.26 9.29 + 3.08** 18.80 + 6.47*
IFIH1 2.00 + 0.53** 2.16 + 0.10** 3.76 + 0.50***

gRT-PCR data expressed as fold change relative to cells cultured in medium alone.

(n = 4). Significant differences compared to medium alone are shown as * (p<0.05),

** (p<0.01) and *** (p<0.001); compared to dsRNA in medium are shown as #
(p<0.05) and ## (p<0.01).
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Table 2 Relative expression of mMRNA for cytokines, other inflammatory genes and

growth factors in response to imiquimod

Gene Th2 Imiquimod Th2+Imiquimod
IL11 1.50 £ 0.40 20.19 £ 6.97* 23.14 +3.51*
IL18 1.01 £ 0.04 1.46 £ 0.04* 1.56 + 0.09*
RELB 1.29 £ 0.03 2.39+£0.27* 2.74 £ 0.20*
AREG 0.96 £ 0.10 2.75 + 0.46*** 3.11 £ 0.43*+*
PDGFA 0.77 £0.03 2.35+0.36* 230+0.17*

nCounter data (n = 3) expressed as fold change relative to cells cultured in medium

alone. Significant differences compared to medium alone are shown as * (p<0.05)

and *** (p<0.001); compared to imiquimod in medium are shown as # (p<0.05).
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Table 3 Relative expression of mMRNA for cytokines, chemokines and anti-viral genes

in response to rhinovirus

Gene Th2 RV Th2+RV

IL6 2.24 +0.53** 41.4 +7.68* 115.4 + 14.93**+*
IL8 2.43 + 0.35%** 6.36 + 0.88*** 17.73 + 2.20%#
CXCL10 2.94 + 0.34* 1030 + 237*** 4818 + 578+
CCL5 1.55+0.16 120.3 + 31.2*** 4744 + 71.9%+*
TNF 0.67 +0.18 16.16 + 2.80** 19.69 + 3.71***
IFNB1 2.12 + 0.30* 999 + 273*** 1694 + 471+ #
IFNL2/3 3.32+0.99 21333 + 10938*** | 31743 + 12967***
IFIH1 2.28 £ 0.31* 36.8 + 3.86*** 72.5 + 1.99*++#
STAT1 0.76 +0.10 4.57 +1.64* 8.28 + 0.89**
IRF7 1.06 + 0.32 23.74 + 6.33*** 18.85 + 3.22***

gRT-PCR data (n = 3) expressed as fold change relative to cells cultured in medium

alone. Significant differences compared to medium alone are shown as * (p<0.05), **

(p<0.01) and *** (p<0.001); compared to RV in medium are shown as # (p<0.05) and

## (p<0.01).
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Legends to Figures

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Relative expression of mMRNA for IL6 and IL8 by Calu-3 cells stimulated
with either dsRNA or imiquimod, in medium alone or following culture in
the presence of the Th2 cytokines IL-4 and IL-13. nCounter data are
shown (n = 3) with the same y-axis for both sets of experiments to
demonstrate the difference in the absolute magnitude of response.
Numbers indicate fold change relative to cells cultured in medium
alone. Significant differences between groups are indicated as

* (p<0.05) and ** (p<0.01).

Relative expression of mRNA for IL32 by Calu-3 cells stimulated with
imiquimod, in medium alone or following culture in the presence of Th2
cytokines. gqRT-PCR data are shown (n = 4). Significant differences
between groups are indicated as * (p<0.05).

Concentrations of IL-6 and IL-8 proteins in culture supernatants (n = 3)
of Calu-3 cells infected with RV16 or exposed to UV-inactivated RV, in
medium alone or following culture in the presence of Th2 cytokines.
Significant differences between groups are indicated as * (p<0.05),

** (p<0.01) and *** (p<0.001).

Relative expression of mMRNA for DDX58, TLR3 and ICAML1 by Calu-3
cells infected with RV16 or exposed to UV-inactivated RV, in medium
alone or following culture in the presence of Th2 cytokines. qRT-PCR
data are shown (n = 3). Significant differences between groups are
indicated as * (p<0.05), ** (p<0.01) and *** (p<0.001).

Relative expression of mMRNA for CFB and IL32 by Calu-3 cells infected
with RV16 or exposed to UV-inactivated RV, in medium alone or
following culture in the presence of Th2 cytokines. qRT-PCR data are
shown (n = 3). Significant differences between groups are indicated as

* (p<0.05), ** (p<0.01) and *** (p<0.001).
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Fig 2

Expression relative to HPRT
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