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Abstract

Background
Airway remodeling, including increased deposition of extracellular matrix proteins, is a hallmark of
asthma. Myo�broblasts, derived via �broblast to myo�broblast transition (FMT), play an important role in
this increased deposition of matrix proteins. Expression of transforming growth factor β1 (TGFβ1) is
increased in asthmatic airways and is known to induce FMT, as assessed by increased expression of α-
smooth muscle actin (α-SMA). Because human rhinovirus (HRV) infections of airway epithelial cells have
been linked to the generation of mediators involved in airway remodeling, we tested the hypothesis that
conditioned medium from HRV-infected human airway epithelial cells from healthy normal subjects
would enhance FMT, either alone or in combination with TGFβ1.

Methods
FMT was assessed by measuring α-SMA expression in human airway �broblasts, both by western
blotting and by immunohistochemistry. Statistical analysis was performed using ANOVA and Holm-Sidak
or Bonferonni post hoc tests.

Results
Our data showed that conditioned medium from HRV infected epithelial cells signi�cantly inhibited
TGFβ1-induced expression of α-SMA in �broblasts when compared to conditioned medium from
uninfected epithelial cells. Treatment of epithelial cells with the nonselective cyclooxygenase inhibitor,
diclofenac, during HRV infection signi�cantly reversed the inhibitory effects of conditioned medium on
TGFβ1-induced expression of α-SMA. This led us to hypothesize that HRV-infected epithelial cells release
PGE2 that acts on EP receptors to suppress TGFβ1-induced expression of α-SMA in �broblasts. We
con�rmed that HRV-infection of airway epithelial cells upregulated PGE2 release, and that exposure of
�broblasts to PGE2 signi�cantly inhibited TGFβ1-induced expression of α-SMA in �broblasts. Finally,
studies using selective agonists and antagonists demonstrated that PGE2 inhibited TGFβ1-induced
expression of α-SMA in �broblasts via effects at the EP2 receptor.

Conclusions
Thus, using cells derived from healthy normal subjects we demonstrate that HRV infection of airway
epithelial cells induces release of PGE2 that acts on EP2 receptors on �broblasts to suppress TGFβ1-
induced FMT. Additional studies are needed to determine if a different pattern of response is seen using
cells from asthmatic subjects to determine if the inhibitory role of PGE2 on FMT in normal cells helps
prevent airway remodeling in normal subjects.
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Introduction
The term airway remodeling is used to describe the collection of structural changes in the airways of
patients with asthma. These changes, which begin to manifest in early childhood, include increased
mass of airway smooth muscle, goblet cells hypertrophy and associated mucus hypersecretion,
angiogenesis, and increased matrix protein deposition, particularly in the lamina reticularis [1, 2].
Increased matrix protein deposition is associated with increased numbers of �broblasts and
myo�broblasts near the laminar reticularis [1, 3]. Both �broblasts and myo�broblasts can secrete multiple
extracellular matrix proteins. Myo�broblasts, display characteristics of both �broblasts and smooth
muscle cells [4], making them di�cult to identify, except via ultrastructural analysis using electron
microscopy, which is considered the "gold standard" for identifying these cells [5, 6]. Myo�broblasts,
which, unlike �broblasts, express a-smooth muscle actin (α-SMA) [7] are thought to be more metabolically
active than �broblasts based on greater expression and enhanced production of matrix proteins,
including collagens I, III and V, as well as �bronectin and tenascin [8, 9]. As such, they are thought to be
important contributors to remodeling in asthma [10].

The origin of myo�broblasts is a topic of debate with suggestions that they can derive from �brocytes,
via epithelial mesenchymal transition, or from smooth muscle to myo�broblast transition [11–13].
Considerable evidence, however, also supports that �broblast to myo�broblast transition (FMT) is a
source of myo�broblasts in airway tissues [8]. This process, which includes increased expression of α-
SMA, activation of focal adhesion kinases, and formation of stress �bers ultimately leads to
myo�broblasts that exhibit decreased motility and proliferative abilities but increased contractile
properties and enhanced secretion of matrix proteins [6, 8]. Various stages of FMT can be regulated by a
number of mechanical factors, as well as by cytokines, and growth factors, with transforming growth
factor-β (TGFβ) being the most studied [13, 14]. It is established that TGFβ, levels of which are increased
in asthma [14], can induce FMT in �broblasts from both healthy and asthmatic subjects with asthmatic
cells showing an increased potential to transition [8, 15].

Recent studies support the potential for human rhinovirus (HRV) infections to contribute to aspects of
airway remodeling by changing the biology of infected airway epithelial cells, one of the initiating cells
involved in remodeling [2]. It has been shown that HRV-infected airway epithelial cells release increased
levels of several chemokines, growth factors and proteases linked to angiogenesis or to matrix
remodeling [16–19]. In addition, there is evidence that HRV infection of airway epithelial cells can
contribute to epithelial mesenchymal transition [20]. In the current study, therefore, we examined the
potential of HRV infection of human airway epithelial cells to cause the release of products that may
regulate FMT either alone, or in combination with TGFβ. Surprising, we demonstrate that conditioned
medium from HRV-infected airway epithelial cells signi�cantly inhibits TGFβ-induced FMT via a PGE2-
mediated mechanism.

Methods
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Cell culture
All tissue culture products were purchased from ThermoFisher Scienti�c (Waltham, MA) except where
indicated. Primary human bronchial epithelial (HBE) and �broblast (HBF) cells were isolated from non-
transplanted normal human lungs obtained through a tissue retrieval service (International Institute for
the Advancement of Medicine, Edison, NJ) with approval from the Conjoint Health Research Ethics Board
of the University of Calgary and the Internal Ethics Board of the International Institute for the
Advancement of Medicine. Airways up to around the 4th generation were dissected from the lung
parenchyma. For �broblast cell isolation, a section of mainstem bronchus was cut up into 1-2 mm pieces
and placed in 24-well plates containing dMEM, 10% fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA).
After approximately two weeks, �broblast cells that migrated out of the tissue plugs were expanded,
enumerated and frozen in aliquots at -80°C. For epithelial cell isolation, the remaining airway pieces were
submerged in sterile Ham’s F12 medium containing 1 µl/ml gentamicin and 1 mg/ml pronase
(MilliporeSigma, Burlington, MA) for approximately 36 hours at 4°C. The airway pieces were then
submerged in F12 containing 10% heat inactivated FBS and epithelial cells were removed from the
surface by jetting pre-warmed medium repeatedly over the exposed surface using a 5 ml syringe.
Epithelial cells were routinely grown in 6-well plates in complete PromoCell (Heidelberg, Germany)
epithelial cell growth medium at 37°C for 14 days. Fibroblasts were seeded in either six-well plates or
chamber slides at a seeding density of 1.5 X 106 or 0.5 X 105 cells, respectively. HBF cells were grown in
dMEM supplemented with 10% fetal bovine serum (FBS). For consistency, conditioned medium from 6
different HBE donors were pooled and aliquoted to use in experiments. Values of n correspond to the
number of different individual �broblast donors used in each experiment. Information on HBE and HBF
donors used is provided (Supplemental Table 1).

HRV puri�cation
HRV major group strain 16 (HRV-16) was propagated in WI-38 fetal lung �broblasts cells (American Type
Culture Collection, Rockville, MD) and puri�ed by sucrose density centrifugation as previously described
[21].

Treatment of human bronchial epithelial cells
After 14 days of growth, HBE cells at approximately 70% con�uency were pre-treated for 24 h with
PromoCell epithelial growth medium with the hydrocortisone removed to minimize the potential effects of
steroids. Four hours prior to treatment, HBE cells were pre-treated with PromoCell basal epithelial
medium. HBE cells were infected with HRV-16 at a multiplicity of infection of ~1 in PromoCell basal
medium or treated with basal medium alone. In some experiments, HBE cells were pretreated for 30 min
with diclofenac (10−6 M). The 24h conditioned medium was collected and centrifuged at 1200 rpm at 4˚C
for 8 minutes. The supernatant layer was transferred to another tube and stored in aliquots at -80°C for
future supernatant analysis or co-culture with �broblasts.

Enzyme linked immunosorbent assays (ELISAs)
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Levels of CXCL10, CXCL8 and PGE2 released from the HBE cells in response to viral infection were
measured by ELISA. The assay for PGE2 was purchased from Cayman Chemical (Ann Arbor, MI). CXCL10
was assayed using antibodies from Peprotech (East Windsor, NJ). Levels of CXCL8 were measured using
a previously described ELISA developed in our laboratory [22].

Treatment of human bronchial �broblast cells
HBF cells were pre-treated with dMEM, PSF and no serum for 2 hours prior to exposure. Fibroblasts were
then treated with a 1:1 (vol/vol) mixture of dMEM containing 0.1% BSA and conditioned medium from
either HBE infected with HRV or uninfected control HBE. TGFβ1 was also added with certain treatments to
act as a positive control or as a co-stimulus. In some experiments HBF cells were pre-treated with
individual antagonists for the EP1 receptor (SC51322), EP2 receptor (TG4-155), EP3 receptor (L798106),
EP3 antagonist (L798106), or the EP4 receptor (L161982). Cells were preincubated with selective EP
receptor antagonists (100 mM) for 30 min. For these experiments, each antagonist was also present
throughout the 48h incubation. In other experiments, HBF cells were treated with the EP1−4 agonists, ONO-
D1-004, ONO-AE1-259-01, ONO-AE-248, ONO-AE1-329, repectively (generously provided by Dr. Mark
Giembycz, University of Calgary). After 48 hours, α-SMA expression levels were assessed by
immunochemistry and/or western blotting. Cell viability was also assessed using a Thiazolyl Blue
Tetrazolium Bromide (MTT) assay (MilliporeSigma).

Immunohistochemical assessment of α-SMA expression in
�broblasts
After 48 hours of treatment, chamber slides containing HBF cells were �xed in a 25% acetone/75%
ethanol mixture for 10 minutes at -20°C. The slides were treated with 0.03% H2O2 in phosphate buffered
saline (PBS) for 3 minutes. Following three PBS washes (pH 7.2-7.6), the cells were blocked with a 2%
normal goat serum application for 30 minutes. α-SMA primary antibody (catalog # ab5694; Abcam,
Cambridge, UK) diluted 1:125 in antibody diluent (DAKO, Santa Clara, CA) was applied for 90 minutes at
room temperature. Following thorough PBS washing, a 1:200 dilution of secondary antibody in antibody
diluent was applied for 45 minutes at room temperature. After washing with PBS, the slides were
incubated with peroxidase labelled avidin biotin complex for 30 minutes at room temperature. Washes
with PBS and rinses with distilled H2O were then performed prior to a 5 minute application of 3,3'-
Diaminobenzidine (DAB) chromogen solution. The slides were washed �ve times with dH2O and then
counterstained with Gills II hematoxylin for 20 seconds followed by warm water for 2 minutes. A series of
dehydration steps was then performed using 95% ethanol and 2 changes of 100% isopropanol for 2
minutes at each change, followed by 2 changes in xylenes for 2 minutes before being mounted in
permount (Thermo�sher) for cover slip attachment. Chamber slides were left to dry for at least 24 hours
before microscopic analysis.

Quanti�cation of α-SMA positive cells by
immunohistochemistry
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A cell was considered α-SMA positive if they presented with a Hematoxylin-stained nucleus with brown-
stained striations (α-SMA). TGFβ1 alone in media was used as a positive control on �broblasts as it is
well-established to induce α-SMA expression [15]. To determine the average amount of α-SMA positive
cells per condition, α-SMA positive cells in the �eld of vision at 100X magni�cation at each of the four
corners and the center of the slide were counted and summed together. The total number α-SMA positive
cells counted were then divided by 5 as there were a total of �ve �elds of vision; thus, representing the
average number of α-SMA positive cells on the slide.

Whole-cell lysates
Post treatment, supernatants were aspirated, cells were washed with HBSS and �broblasts were lysed in
ice-cold lysis cocktail buffer made of 0.81% Triton X-100 in 1 X MES buffered saline pH 7.4 containing 2
mM sodium orthovandate, 20 mM sodium pyrophosphate, 50 mM sodium �uoride, 1X complete protease
inhibitor (Roche, Basel, Switzerland) and 1 mM of phenylmethylsulfonyl �uoride (PMSF). To further
ensure complete cell lysis, the cells in lysis buffer were placed at -80 C to undergo a freeze-thaw cycle,
scraped and sonicated using a Branson 2510 Sonicator for 30 seconds. After sonication, the lysates were
centrifuged at 10,000 x g for 5 min and the lysate supernatants were transferred to clean tubes. Lysates
were analyzed for protein content using a DC Protein Assay (BioRad Laboratories, Mississauga, ON,
Canada) as recommended by the manufacturer.

Western blots
Equivalent amounts of whole cell lysate were separated by 12% Sodium Dodecyl Sulfate-Polyacrlamide
Gel Electrophoresis (SDS-PAGE), and then transferred to a 0.45 µm nitrocellulose membrane. Membranes
were blocked with 3% bovine serum albumin (BSA) in 0.05% Tween 20 tris-buffered saline (TTBS) for 1 h.
The blots were washed three times in 0.05% TTBS for at least 5 min each time, followed by transfer into
roller tubes containing α-SMA primary antibody in 3% BSA in 0.05% TTBS at a 1:2000 dilution, and
incubated overnight at 4°C on a roller mixer. Following three 15 min washes, the blots were incubated
with α-rabbit Ig-horseradish peroxidase (HRP) secondary antibody at a 1:10000 dilution in 0.1% TTBS for
1 hour followed by three washes with 0.05% TTBS for 15 minutes. α-SMA protein levels were visualized
using a digital imager (Bio-Rad, Hercules, CA) after a 1 min exposure to enhanced chemiluminescence
(ECL) reagent for visualization of HRP activity. Membranes were then stripped and re-probed using
antibody (AbD Serotec, Raleigh NC) to the housekeeping protein, glyceraldehyde 3-phosphate
dehydrogenase (GAPDH).

Densitometry analysis
Densitometry analysis was performed using ImageJ software (version 1.41, National Institute of Health,
Bethesda, MD). The fold change in expression of the protein of interest was determined by normalizing
the raw pixel count of the protein of interest to the raw pixel count of the housekeeping protein, GAPDH.
This was then compared to the normalized value for medium control. Data are expressed as fold change
over medium control unless speci�ed otherwise.
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EP1-4 receptor expression in HBF cells
To examine mRNA expression of PGE2 receptors in HBF, total cellular RNA was puri�ed from cells using a
Nucleospin isolation kit (Macherey-Nagal, Duren, Germany) and converted to cDNA using EasyScript™
reverse transcriptase (Applied Biological Materials, Inc., Richmond, BC, Canada) as recommended by the
manufacturers. EP1− 4 receptors (PTGER1-PTGER4) were ampli�ed and quanti�ed using the primer
sequences speci�c to each receptor (Supplemental Table 2). Relative quanti�cation of each EP receptor
gene expression was achieved by comparing to a 7-point standard curve generated using cDNA from
myometrial cells, which highly express each receptor. GAPDH was used to ensure equal cDNA input.

Statistical analysis
All statistics were performed using GraphPad Prism 6 (GraphPad Software, San Diego, CA). All data were
expressed as mean ± standard error of the mean. The Kolmogorov-Smirnov normality test determined the
parametric or non-parametric status of the data sets. Parametric data were analyzed by one-way ANOVA
with appropriate post hoc test. Data sets comparing two conditions were analyzed by using a paired or
unpaired student t-test, as appropriate. For all statistical tests, a two-tailed p-value less than 0.05 was
considered statistically signi�cant (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).

Results
We used western blotting and immunohistochemistry the evaluate the effects of conditioned medium
from HRV-infected and uninfected (control) HBE on expression of α-SMA in �broblasts, both alone, and in
the presence of TGFβ1. Compared to conditioned medium from control HBE, conditioned medium from
infected HBE caused a consistent, but not statistically signi�cant, reduction in α-SMA expression when
used alone. We con�rmed prior data that TGFβ1 enhances �broblast expression of α-SMA in a dose-
dependent manner (Supplemental Figure 1). When conditioned medium from infected and non-infected
HBE were used in conjunction with TGFβ1, conditioned medium from HRV-infected HBE signi�cantly
decreased expression of α-SMA when compared with control conditioned medium (Figure 1A, B). This
reduction was not due to cell death (Supplemental Figure 2). To further validate these observations, we
performed a limited number of experiments (n=3) using immunohistochemistry for α-SMA and observed
a similar pattern of α-SMA expression with the various treatments (Figure 1C, D).

Prostaglandins are known to have multiple actions in the asthmatic airways [23]. To evaluate if
prostanoids may play a role in the effects of conditioned medium from HRV-infected epithelial cells, we
performed western blotting studies using the non-selective cyclooxygenase inhibitor, diclofenac. The data
demonstrate that exposure of HBE to diclofenac during HRV-infection signi�cantly reversed the inhibitory
effect of conditioned medium on TGFβ-induced α-SMA expression in �broblasts, although inhibition was
not complete (Figure 2A, B).
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Given that PGE2 has previously been shown to downregulate TGFβ1-induced α-SMA expression [24], we
hypothesized that HRV-infected HBE release increased levels of PGE2 that contribute to the inhibitory
effects of HRV-infected conditioned medium on TGFβ1-induced α-SMA expression. In support of this
hypothesis, we observed that, while levels of PGE2 were undetectable in conditioned medium from non-
infected epithelial cells, HRV-16 treatment of HBE cells resulted in a signi�cant increase in PGE2

supernatant levels, with a mean value of 73.7 pg/ml. As expected, HRV-16 infected HBE no longer
produced PGE2 in the presence of diclofenac (Figure 3).

We initially examined the effects of varying concentrations of PGE2 on basal expression of α-SMA in HBF
cells. Although an inhibitory trend was observed, this did not achieve signi�cance (Supplemental Figure
3). In the presence of 3 ng/ml of TGFβ1, however, increasing concentrations of PGE2 signi�cantly
decreased TGFβ1-induced α-SMA protein levels in �broblasts (Figure 4).

PGE2 binds speci�cally to EP1−4 receptors, which are coupled to various signaling cascades, depending
on receptor subtype. As an initial approach to examine potential receptor involvement, levels of mRNA for
each receptor were examined by RT-PCR. The EP2 receptor was the predominant receptor expressed in
HBF cells, followed by the EP4 receptor. Trace amounts of EP3 receptor expression were also detected
(Supplemental Figure 4).

Selective EP receptor antagonists and agonists were used to further investigate the receptor-mediated
pathway by which PGE2 suppresses TGFβ1-induced α-SMA. When �broblasts were exposed to TGFβ1, in
the presence or absence of PGE2, TGFβ1alone increased α-SMA expression as expected. This was
suppressed when PGE2 was added. In the presence of selective antagonists for each EP receptor subtype,
only the EP2 receptor antagonist reversed PGE2-mediated reduction in TGFβ1-induced α-SMA expression
(Figure 5). To further support the premise that PGE2 selectively binds to the EP2 receptor to mediate
inhibition of TGFβ1 induced α-SMA expression, we examined the effects of selective agonists to each EP
receptor subtype. Consistent with the data using antagonists, only the EP2 receptor agonist was able to
suppress α-SMA expression in the presence of TGFβ1 (Figure 6).

Discussion
Given that earlier studies have shown that HRV-infection of human airway epithelial cells releases
products that are known to contribute to airway remodeling [16–19], and that HRV-infections synergizes
with TGFβ1 in triggering epithelial to mesenchymal transition [20], we initially hypothesized that
conditioned medium from HRV-infected epithelial cells would enhance TGFβ1-induced FMT, as monitored
by increased α-SMA expression. Our data consistently demonstrated, however, that medium from
epithelial cells infected with HRV signi�cantly inhibited the ability of TGFβ1 to induce α-SMA expression
in airway �broblasts, using both western blotting and immunohistochemistry for α-SMA.
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Studies using the non-selective cyclooxygenase inhibitor, diclofenac, demonstrated that this drug
signi�cantly, but not completely, reversed the ability of conditioned medium from HRV-infected HBE to
inhibit TGFβ1 to induce α-SMA expression in airway �broblasts. This implied that, while other mediators
likely contribute to the inhibitory response seen, one or more prostaglandins play a signi�cant role in
inhibiting the ability of TGFβ1 to induce α-SMA expression in airway �broblasts. It has previously been
reported that HTV-infection of HBE can induce the generation of several prostaglandins, including PGE2

[25]. Because PGE2 has previously been reported to inhibit TGFβ-induced α-SMA expression [24, 26], we
tested the hypothesis that HRV infection induced production of from HBE and that this contributed to
inhibition of TGFβ1induced α-SMA expression in human airway �broblasts. Our data clearly
demonstrated that HRV infection of HBE induced release of PGE2 at levels similar to those reported
previously [25]. We also con�rmed that PGE2 inhibited TGFβ1induced α-SMA expression in a
concentration dependent manner. Although mRNA analysis showed that �broblasts signi�cant expressed
mRNA for both EP2 and EP4 receptors for PGE2, data using both selective antagonists and agonists
demonstrated that effects of PGE2 were mediated entirely by interactions at the EP2 receptor, a G-protein
coupled receptor with a Gsa subunit that activated adenylyl cyclase to increase intracellular levels of
cAMP [27].

It is apparent that the interaction of HRV-infected airway epithelial cells with airway �broblasts is
complex. Although our current data show that supernatants from infected epithelial cells can reduce FMT,
HRV-infected cells also release chemokines that are chemotactic for �broblasts and could contribute to
increased �broblast numbers in the region of the lamina reticularis [17]. Such �broblasts also secrete
matrix proteins that could lead to enhanced matrix protein deposition. Moreover, infected epithelial cells
secrete a number of growth factors that can stimulate matrix protein deposition from �broblasts and
myo�broblasts [16].

A limitation of our study is that we used only epithelial cells and �broblasts from healthy normal controls
and, as such, our data may not fully represent data that may be obtained with cells derived from
asthmatic airways. It is known that airway epithelial cells phenotype is altered in both children and adults
with asthma [28, 29]. Moreover, several phenotypic changes in epithelial cells from asthmatic subjects,
including increased expression of cytokeratin 5, altered production of cytokines and chemokines, and
enhanced production of several growth factors linked to airway remodeling are maintained in culture [28,
30–33]. Thus, given that airway remodeling occurs in patients with asthma but not in healthy normal
subjects, it would seem likely that epithelial cells from asthmatic subjects may exert properties that would
be more supportive of aspects of remodeling. In support of this concept, it has been reported that co-
culture of epithelial cells from asthmatic subjects with �broblasts in the presence of TGFβ enhances
expression compared to cells from normal subjects [26]. Interestingly, it has been reported that, while
expression of TGFβ is increased upon co-culture of �broblasts with asthmatic epithelial cells, expression
of prostaglandin E2 synthase is downregulated compared to co-cultures with normal epithelial cells [33].
Thus, one may speculate that enhanced PGE2 expression in normal cells, along with reduced expression
may help to prevent airway remodeling in normal subjects. Further studies will be required to address this.
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Finally, it must be noted that we are unaware of any studies thus far in which the interaction of asthmatic
airway epithelial cells with �broblasts also derived from asthmatic patients have been examined. It is
feasible that this such studies may further exaggerate differences between normal and asthmatic cell
models.

In summary, our data demonstrate that HRV-induced production of PGE2 from airway epithelial cells
derived from normal subjects inhibits TGFβ-induced FMT. We speculate that this may contribute to
preventing airway remodeling in normal subjects.
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Figure 1

HRV-16 conditioned supernatant modulated TGFβ1-induced α-SMA expression in human bronchial
�broblasts.

A. Representative western blot analysis of a-SMA in a HBF donor stimulated with medium alone, 1 ng/ml
TGFβ1 alone, conditioned medium from non-infected epithelial cells (HBE-Con), conditioned medium
from HRV-16 infected epithelial cells (HBE-HRV), HBE-Con in combination with 1 ng/ml TGFβ1 and HBE-
HRV in combination with 1ng/ml of TGFβ1. B. Densitometric analysis of α-SMA protein expression
normalized over GAPDH protein expression in from 8 different �broblast donors. Data were analyzed by
one-way ANOVA with post-hoc test Bonferroni’s multiple comparisons test. Data are expressed as mean ±
SEM (ns = not signi�cant). C. Representative immunohistochemical analysis at 100X magni�cation of α-
SMA positive cells after 48 h of stimulations. Brown stains represent the location and presence of α-SMA.
Data were expressed as mean± SEM and are representative of n=3. D. Densitometric analysis of
immunohistochemical data from the 3 donors.
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Figure 2

Diclofenac reverses HBE-HRV mediated suppression of TGFβ stimulated α-SMA expression in HBFs.

A. Representative western blot analysis of α-SMA in HBFs exposed to TGFβ1 combined with conditioned
medium from HRV-infected HRV stimulated in the presence or absence of diclofenac. B. Mean
densitometric analysis of α-SMA normalized over GAPDH expression in HBFs from all experiments. Data
are expressed as mean ± SEM (n=8). Parametric data were statistically analyzed using a one way-ANOVA
with appropriate post-hoc testing using the Holm-Sidak multiple comparison test. 
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Figure 3

ELISA analysis of prostaglandin E2 level in supernatants from human bronchial epithelial cells after 24 h
treatments.

Prostaglandin E2 levels detected in conditioned medium from control cells (HBE-Con) or HBE infected
with HRV alone (HBE-HRV) or in the presence of diclofenac. Data were analyzed by one-way ANOVA
followed by Bonferroni’s multiple comparisons test. Data are expressed as mean ± SEM (n=6). Values
under the minimum detection limit (7.8 pg/ml) were arbitrarily assigned a value of 3.9 pg/ml.
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Figure 4

PGE2 signi�cantly inhibits TGFβ1-induced α-SMA expression in HBFs. 

A. Representative western blot analysis of α-SMA and GAPDH in HBFs after exposure to TGFβ1 in the
presence or absence of varying concentrations of PGE2. B. Densitometric analysis of α-SMA normalized
over GAPDH expression in all experiments (n=5). Data are expressed as mean ± SEM and were analyzed
using one way-ANOVA with post-hoc testing comparing each value to the control using Dunnett’s multiple
comparison test.
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Figure 5

Effects of selective EP receptor antagonists on the inhibition by PGE2 of TGFβ1-induced α-SMA
expression.

A. Representative western blot of α-SMA and GAPDH in HBFs exposed to: 1) medium alone, 2) TGFβ1
alone, 3) TGFβ1 and PGE2, 4) TGFβ1 and PGE2 in the presence of EP1 antagonist (SC51322), 5) TGFβ1
and PGE2 in the presence of EP2 antagonist (TG4-155), 6) TGFβ1 and PGE2 in the presence of EP3

antagonist (L798106), 7) TGFβ1 and PGE2 in the presence of EP4 antagonist (L161982). followed by EP4

antagonist, TGFβ1 and PGE2. All EP antagonists were used at a concentration of 100 nM. B.
Densitometric analysis of α-SMA normalized over GAPDH expression for all experiments (n=8). Data were
analyzed using one-way ANOVA and post-hoc test Bonferroni’s multiple comparisons test. Data are
expressed as mean ± SEM. 
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Figure 6

Effects of selective EP receptor agonists on TGFβ1-induced α-SMA expression.

A. Representative western blot of α-SMA and GAPDH in HBFs exposed to: 1) medium alone, 2) TGFβ1.
alone, 3) TGFβ1 and EP1 agonist (ONO-D1-004), 4) TGFβ1 and EP2 agonist (ONO-AE1-259-01), 5) TGFβ1
and EP3 agonist (ONO-AE-248), and 6) TGFβ1 and EP4 agonist (ONO-AE1-329). All EP agonists were used
at a concentration of 1 μM. B. Densitometric analysis of α-SMA normalized over GAPDH expression for
all experiments (n=7). Data were analyzed using one-way ANOVA and post-hoc test Bonferroni’s multiple
comparisons test. Data are expressed as mean ± SEM. 
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