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The bronchial epithelium is a very important factor dur-
ing the inflammatory response, it produces many key
regulators involved in the pathophysiology of asthma
and COPD. Local influx of eosinophils, basophils, Th2
lymphocytes and macrophages is the source of many
cytotoxic proteins, cytokines and other mediators of in-
flammation. These cells are attracted by eotaxins (eo-
taxin-1/CCL11, eotaxin-2/CCL24, eotaxin-3/CCL26). Inhibi-
tors of phosphodiesterase 4 (PDE4) are new anti-inflam-
matory drugs which cause cAMP accumulation in the cell
and inhibit numerous stages of allergic inflammation.
The aim of our study was to evaluate the influence of
PDE4 inhibitors: rolipram and RO-20-1724 on the expres-
sion of eotaxins in human primary bronchial epithelial
cells. Cells were preincubated with PDE4 inhibitors for 1
hour and then stimulated with IL-4 or IL-13 alone or in
combination with TNF-a. After 48 hours, eotaxin protein
level was measured by ELISA and mRNA level by real
time PCR. These cells produce CCL24 and CCL26. PDE4
inhibitors increased CCL24 and CCL26 mRNA level irre-
spectively of the used stimulators. Rolipram and RO-20-
1724 had no effect on eotaxin protein production in our
experimental conditions. Thus PDE4 inhibitors have no
effect on eotaxin protein expression in human primary
bronchial epithelial cells. In vitro experiments should be
performed using a primary cell model rather than im-
mortalized lines.
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INTRODUCTION

PDE4 (Phosphodiesterase 4) inhibitor — roflumilast,
a new anti-inflammatory agent is accepted in COPD
(Chronic  Obstructive Pulmonary Disease) treatment
(Giembycz & Field, 2010; Rabe, 2011). Clinical trials
with this group of drugs started more than a decade
ago. PDE4 inhibitors increase cAMP (Cyclic Adeno-
sine Monophosphate) accumulation in cells. cAMP as a
classics second messenger regulate the level of numer-
ous hormones, cytokines and cell-mediated response to
signals from neurotransmitters. The regulation of PDE4
is of special interest in respiratory medicine because it
is the main enzyme causing cAMP degradation in the
structural cells of the respiratory tract and all the cells of
the immunological system. PDE4 inhibitors reduce the
neutrophil and eosinophil influx, inhibit pro-inflammato-
ry mediator production, improve lung function and re-

duce the number of exacerbations in obstructive pulmo-
nary diseases (Eskandari ef al, 2004; Murphy ez al., 2006;
Calverley e al., 2009; Buenestado e al., 2011; Rennard ef
al., 2011). Nowadays, an inhaled form of PDE4 inhibitor
in the treatment of respiratory disorders is a hot topic.
The inhaled form may reduce many side effects caused
by those administered orally, and provide better exposi-
tion of the substance in the respiratory tract (Dastidar
et al., 2009; Tralau-Stewart ef al., 2011). PDE4 inhibitors
were also shown to be beneficial in asthma treatment
(Gauvreau ¢t al., 2011).

Eotaxins (eotaxin-1/CCL11, eotaxin-2/CCL24, co-
taxin-3/CCL206) are strong chemoattractants not only
for eosinophils but also for basophils, macrophages,
lymphocytes, and airway smooth muscle cells (Men-
zies-Gow et al., 2002; Dent et al, 2004; Joubert ef
al., 2005). Although these chemokines are produced
mainly by bronchial and gut epithelial cells, other cells
like eosinophils, smooth muscle cells or fibroblasts are
capable of cotaxin production (Lilly ez al., 1997; Bade-
wa et al., 2002; Rokudai ez al., 20006). Eotaxin expres-
sion is stimulated by Th2 cytokines: 1L-4 and IL-13
(Kobayashi ez al., 2004). CCL11, CCL24, CCL26, and
their CCR3 receptor are important mediators of aller-
gic and asthmatic responses. They cause the influx of
eosinophils into the airways, intensify cosinophil de-
granulation, support cosinophilia after late asthmatic
response and drive the inflammatory process (Berk-
man et al., 2001).

The effect of PDE4 inhibitors on eotaxin expres-
sion is still under consideration. PDE4 inhibitors wete
found to reduce CCL11 secretion from smooth mus-
cle cells and human lung fibroblasts stimulated with
TNF-a (Tumor Necrosis Factor «) (Pang & Knox,
2001; Sabatini es al, 2010). It seems that rolipram af-
fects the eotaxin- eosinophil interaction »ia inhibition
of cell adhesion molecule expression (Liu ez al., 2004).
PDE4 inhibitors reduce the eosinophil count and eo-
taxin concentration in BALF in animal model experi-
ments (Silva ez al, 2001; Nejman-Gryz et al., 2000),
but the direct effect of PDE4 inhibition on eotaxin
expression in human bronchial epithelial cells is not
known.

The aim of the presented study was to evaluate the
effect of PDE4 inhibitors, rolipram and RO-20-1724, on
eotaxin expression in human primary bronchial epithelial
cells (PBEC).
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Cells; PKA, Protein Kinase A.
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MATERIALS AND METHODS

Cell culture. The primary bronchial epithelial cells
(American Type Culture Collection, Rockville, MD,
USA, ATCC-PCS-300-010) were cultured in Airway Epi-
thelial Cell Basal Medium (ATCC cat no PCS-300-030)
with the supplement Bronchial Epithelial Cell Growth
Kit (ATCC cat no PCS-300-040) with 100 U/ml penicil-
lin, 100 pg/ml streptomycin (PAA, Austria) at 37°C in
5% CO,. The experiments were performed in the basal
medium without the supplement.

Cell stimulation. When cells reached 80% conflu-
ence, they were preincubated with 10 mM rolipram (Sig-
ma Aldrich, Germany), RO-20-1724 (Calbiochem, Ger-
many) for one hour. Compounds were dissolved in 96%
ethanol. After that time, cells were stimulated with I1.-4,
IL-13 (25 ng/ml) or TNF-a (10 ng/ml )(R&D Systems,
USA) for 48 hours. Cytokines were dissolved in water
and a minimal amount of BSA (Bovine Serum Albumin).

Protein measurement. Culture supernatants were
used to detect CCL11, CCL24 and CCIL26 using ELISA
kits (R&D Systems, USA) according to the manufac-
turet’s instructions. The sensitivity of tests was: 5 pg/
ml, 2.5 pg/ml, and 2.33 pg/ml for CCL11, CCL24 and
CCL20, respectively. The optical density was read at
450nm with correction at 570 nm.

RNA isolation and determination of eotaxin
mRNA expression levels. Total RNA was isolated
from cells using Trizol (Invitrogen, USA). The purity and
concentration of isolated RNA was measured using the
260/280 nm absorbance ratio in a spectrophotometer
(Beckman, USA) type DU650. One microgram of RNA
was used for reverse transcription using quantitative Su-
perScript 11T First-Strand Synthesis SuperMix (Invitrogen,
USA). Quantitative real-time PCR evaluation was per-
formed with an ABI-Prism 7500 Sequence Detector Sys-
tem (Applied Biosystems, USA). For real-time PCR, 1 ul

of cDNA was amplified in a 25 pul PCR volume con-
taining Power SYBR Green PCR master mix (Applied
Biosystems, USA) with 150 nmoles of specific primers.
Each sample was measured in duplicate. The sequences
of primers were as follows: Eotaxin-1: forward, 5'CTC-
GCTGGGCCAGCTTCTGTC3'; reverse, 5GGCTTTG-
GAGTTGGAGATTTTTGG3" (227 bp). Eotaxin-2:
forward, 5'CACATCATCCCTACGGGCTCT3"; re-
verse, 5GGTTGCCAGGATATCTCTGGACAGGG3
(288 bp). Eotaxin-3: forward, 5'GGAACTGCCA-
CACGTGGGAGTGACS'; reverse, 5'CTCTGGGAG-
GAAACACCCTCTCC3' (354 bp) GAPDH: forward,
5“GAAGGTGAAGGTCGGAGTC-3'; reverse, 5'-GAA-
GATGGTGATGGGATTTC-3' (226 bp).

For ¢cDNA amplification, a 10-minute incubation at
95°C was performed to activate AmpliTagGold DNA
Polymerase followed by 45 cycles, each of 15 s and at
95°C and 1 min at 60 °C. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal con-
trol in order to normalize CCL11, CCL24, and CCL26
expression levels. The results were expressed as Relative
Quantification units (fold change).

Relative quantification values were calculated by the
2AACT method. The cycle thresholds (CT) for the tar-
get amplicon and for the endogenous control (GAPDH)
were determined for each sample. Differences were cal-
culated between these two CTs and called ACT, in or-
der to account for the differences in the amount of total
nucleic acid taken for each reaction. The value of ACT
for unstimulated cells (calibrator) was subtracted from
the ACT of each sample and termed AACT. The value
of the target normalized to the endogenous control for
experimental samples relative to that in the calibrator,
was then calculated by the formula 2AACT.

Statistical analysis. Data were analyzed using the
Mann-Whitney U-test. P-value<0.05 was considered sta-
tistically significant.
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Figure 1. Effect of PDE4 inhibitors on CCL24 (black columns) and CCL26 (open columns) mRNA expression in human PBEC at 48h
after stimulation with IL-4 (A) or IL-13 (C) or after co-stimulation with TNF-a (B, D).

Gene expression was measured by real time PCR as relative quantification. Gene expression after stimulation with cytokines alone (A, C)
or cytokine + TNF-a (B, D) was considered as 100%. The mean values and S.D. of 3-6 independent experiments are shown. Rol — rolip-
ram (10 uM); RO — Ro-20-1724 (10 uM); IL-4 (25 ng/ml); IL-13 (25 ng/ml). *p<0.05 expression of CCL24 as compared to effect of stimula-
tion with IL-4 or IL-13 respectively (A, C) or with IL-13+ TNF-a (D). #p<0.05 expression of CCL26 as compared to effect of stimulation

with IL-13+ TNF-a (D).
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RESULTS

Effect of TNF-qa, IL-4 and IL-13 on eotaxin expression in
PBEC

We observed that human PBEC produce more
CCL26 than CCL24. The mean level of CCL24 mRNA
expression was 1419 after IL-4 stimulation and 7.4%6
after 11.-13 stimulation, while CCL.26 mRNA level was
325243024 and 1482%1252, respectively (Fig. 1). The
mean level of CCL24 protein was 278%211 pg/ml af-
ter IL-4 stimulation and 238+233 pg/ml after 1L-13
stimulation, while CCL26 protein level was 3803£1734
pg/ml and 278722911 pg/ml, respectively (Fig. 2). IL-4
induce expression of both eotaxins more strongly than
IL-13. Co-stimulation with TNF-a significantly decreased
CCL24 expression on mRNA and protein level in I1.-4
and IL-13 stimulated cultures. The addition of TNF-x«
did not change CCL26 in cells treated with either I1.-4
or 11-13 (Fig. 1, Fig. 2).

We did not detect CCL11 expression in PBEC in our
experiments.

Effect of PDE4 inhibitors on eotaxin expression in PBEC

Rolipram and RO-20-1724 increased on average the
CCL24 mRNA expression in cultures stimulated with
Th2 cytokines alone or in cultures co-stimulated with
TNF-o (Fig. 1). We noticed a statistically significant in-
crease of CCL24 expression in cells treated with IL-4
+ RO-20-1724, IL-13 + rolipram, I1L-13 + TNF-o +
rolipram as compared to stimulation with the appropri-
ate cytokine alone. These effects were not confirmed at
protein levels. In cultures stimulated by Th2 cytokines,
both PDE4 inhibitors decreased the CCL24 concentra-
tion, in some cultures also the CCL26 level but none
of these changes were statistically significant (Fig. 2A,
Fig. 2C). The changes of mRNA expression were con-
firmed at the protein level only in some cultures co-stim-

ulated with TNF-« (Fig. 1B, Fig. 1D, Fig. 2B, Fig. 2D).

Rolipram increased CCL26 expression more effective-
ly than RO-20-1724, but only in cultures stimulated with
IL-13 + TNF-a the augmentation of CCL26 mRNA
expression was statistically significant (Fig. 1). It is dif-
ficult to determine the effect of RO-20-1724 on CCIL.26
expression. The only significant increase caused by RO-
20-1724 was observed in cells stimulated with IL-13 +
TNF-a (Fig. 1D). PDE4 inhibitors did not affect CCL.26
protein production in any of the applied combinations.

The effect of PDE4 inhibitors was similar for both
eotaxins. Rolipram increased both CCL24 and CCL26
mRNA expression. The trend in changes in the pro-
tein level after PDE4 inhibitor incubation was strikingly
similar in cultures stimulated with 11.-13, 11.-13 + TNF-«
and very close after IL.-4 and IL.-4 + TNF-a stimulation
with the exception of I.-4 + RO-20-1724.

DISCUSSION

Our results indicate that PDE4 inhibitors have no
major effect on the expression of eotaxins in primary
bronchial epithelial cells. This effect was observed in-
dependently of the eotaxin expression stimulators used
in the experiments. To our knowledge, this is the first
study concerning direct effects of PDE4 inhibitors on
eotaxin expression in the cultures of primary human
bronchial epithelium. The presented results are in op-
position to our results obtained with an immortalized
cell line — BEAS-2B, where the decrease of eotaxins by
PDE4 inhibitors had depended on co-stimulation with
TNF-o (Paplinska ez al., 2011).

We did not find CCL11 expression in the primary
human bronchial epithelial cells, in contrast to the im-
mortalized line BEAS-2B. This observation was con-
firmed by other authors (Komiya e/ @/, 2003, Matsukura
et al., 2006). They also did not detect CCL11 expression
in normal human bronchial epithelial cells. Similarly to
the above mentioned authors, CCL26 is the eotaxin pro-
duced in highest amounts in our study.

10000 . WCCL24 OCCL26 100000 B
10000
E = 1000
%; 100 H
2 2 100
10 -
1 .
+rol IL4+TNF  +rol  +RO
10000 -
10000
1000 E1000—
£ 100 -
S 100 - &
2 10
1
IL13 +rol +R [L13+TNF  +rol

Figure 2. Effect of PDE4 inhibitors on CCL24 (black columns) and CCL26 (open columns) release by human PBEC stimulated by IL-4

(A) or IL-13 (C); and co-stimulated with TNF-a (B, D).

Eotaxin accumulation in the medium was measured by ELISA at 48h after stimulation. The mean values and S.D. of 6 determinations

from 3 independent experiments are shown. Rol —
(25 ng/ml).

rolipram (10 pM); RO — Ro-20-1724 (10 pM); TNF-a (10 ng/ml); IL-4 (25 ng/ml); IL-13
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The results obtained in this study concerning the effect
of PDE4 inhibitors on eotaxin expression in bronchial
epithelium did not confirm those previously published
(Paplinska ez al, 2011). We used the same stimulator
doses as in the BEAS-2B experiments. TNF-a co-stim-
ulation inhibited CCL24 production, and had no effect
on CCL26 expression in PBEC in the presented work.
This result is very surprising because TNF-a is known
to induce eotaxin expression in the bronchial epithelial
cell lines and very often, used in combination with Th2
cytokines, to up regulate eotaxin expression (Fujisawa ef
al., 2000; Heiman e al., 2005). Komiya e/ al. also noticed
an inhibitory effect of TNF-a on CCL24 and CCL26 ex-
pression in cultures co-stimulated with 1L.-4 in primary
bronchial epithelium (Komiya ef al., 2003).

The effect of PDE4 inhibitors on eotaxin expression
in the PBEC is ambiguous. In some cases, we observed
a discrepancy between mRNA and a protein levels. The
protein level of CCL24 and CCL26 seems to be un-
changed, or decreased by PDE4 inhibitors, in contrast to
mRNA levels. The disproportions between mRNA and
protein levels are biologically possible. Firstly, because
of many posttranscriptial processes not all of mRNA
is translated to proteins in cells. Secondly, mRNA and
proteins may differ substantially in their iz vivo half-lives.
The level of mRNA measured after the stimulation does
not have to reflect the protein concentration in the cell,
because mRNA can already be degraded and the protein
is still present. Many authors show the lack of correla-
tions between mRNA and protein levels (Chen e al,
2002; Greenbaum et al, 2003; Li & Xie, 2011). It has
been estimated that only one third of expressed mRNA
correlates with the protein and it concerns the high ex-
pressed mRNA (Gry e al, 2009). It also cannot be ex-
cluded that the changes in mRNA expression were too
weak to be seen on the protein level.

It has been documented that cAMP increase (caused
by a PDE4 inhibitor, or forskolin — the direct activator
of adenylyl cyclase, or 8Br-cAMP — the cAMP analog),
reduces the CCL11 level in BEAS-2B, human lung fibro-
blasts, or in human airway smooth muscle cells (Wuyts
et al., 2003; Chu et al, 2010; Sabatini et al., 2010). We
previously showed that PDE4 inhibitors decrease CCL11
and CCL26 expression in BEAS-2B but only in cultures
stimulated with Th2 cytokines and TNF-o simultane-
ously. It cannot be excluded that eotaxin decrease is not
caused directly by cAMP elevation. The reaction may be
partly PKA (Protein Kinase A) dependent. The activity
of PKA is controlled directly by cAMP. PKA seems to
reduce the activity of the main kinases which take part
in the eotaxin expression pathway. Other authors claim
that rolipram inhibits NFxB (Nuclear Factor »B) (Hervé
et al., 2008). Our study performed on human primary
bronchial epithelial cells gave results which are in con-
trast with the above mentioned publications but none of
those experiments were made using primary cells.

The reason for the differences between the immor-
talized and primary cells is due to the cell line biology.
Both lines come from the same level of the respiratory
tract. Some differences between normal and immortal-
ized cell lines have been observed (Stewart ez al., 2012).
BEAS-2B were obtained from primary human lung epi-
thelial cells by transformation with 12/SV40 adenovirus
for the immortalization. These cells retain the charac-
teristics of lung epithelial cells, such as the presence of
keratin, the ability of cubic differentiation, the capacity
for mucus production after inoculation on a collagen
medium (Reddel e al, 1988). However, this cell line has
changed some regulatory genes. BEAS-2B and the pri-

mary cell line differ partly in the response to rhinovi-
rus (RV) infection. Both cell lines secrete 11.-6 and IL-8
after RV infection, but only the primary cells also pro-
duce IL-1@ and TNF-« (Gtiego ez al., 2000; Suzuki ef al.,
2000). Both cell lines differ in the expression of some
antigen presenting molecules: BEAS-2B cells have less
CD80 and CD86 on their surface than primaty respira-
tory epithelial cells (Oei ez al, 2004). Kim et al. (2005)
demonstrated the absence of B7-DC expression (surface
co-stimulatory molecule, ligand T lymphocyte) in fresh-
ly isolated primary nasal epithelial cells, and constitu-
tive expression of this gene in BEAS-2B cells (Kim ef
al., 2005). The authors suggest that BEAS-2B cells have
acquired a fixed expression of B7 homologs as a result
of the process of the immortalization. Differences in the
expression of many genes involved in the cell cycle and
apoptosis between these two cell lines have been shown
(Shen et al., 2006). Changes are related to carcinogenesis
and may reflect processes that occur in the catly stages
of cancer, when the cells acquire the ability to avoid the
ageing process despite of multiple divisions. In the con-
text of these observations, it seems that primary cell lines
more reliably reflect the complex processes occurring in
vivo, and the primary cell lines obtained from patients
should be used in the studies concerning the role of the
airway epithelial cells in inflammatory lung disease.
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