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ABSTRACT

The surface antigen CD14 plays an important role in innate immunity, serving as a pattern recognition receptor for
lipopolysaccharides (LPS). The aim of this study was to investigate the proliferation, NF«xB activation, and chemokine
secretion of BEAS-2B cells, a human bronchial epithelial cell line, after LPS stimulation, and some details of involved
signaling. The presence of CD14 was investigated by flow cytometry. Cell proliferation was measured with a
[*H]-thymidine incorporation assay. sCD14, RANTES, and IL-8 concentrations in cell supernatants were measured by
ELISA. BEAS-2B cells express CD14 on their surface and secrete soluble CD14 into the supernatant. Cells react on
LPS with increased proliferation, activation of NFkB, and the secretion of the pro-inflammatory chemotactic cytokines
IL-8 and RANTES, which proves the functionality of the CD14 receptor. Neither CD14 nor sCD14 are regulated by
LPS. Specific inhibitors of various intracellular signaling pathways diminish the LPS-induced proliferation and IL-8
secretion: Thus MAP-Kinases p38 and JNK, tyrosine kinases, and PI3-kinase are involved in the signaling cascade from
the LPS-CD14-complex on the cell surface to the increased cell proliferation and expression of IL-8; furthermore, ERK
1/2, IRAK 1/4, and the NFkB pathway are involved in the latter. The data show the existence and functionality of CD14
receptors on BEAS-2B cells and elucidate the signaling pathways involved. LPS is able to increase cell proliferation,
various cytokines which are dependent on endogenous CD14. Three MAPK pathways, PI3 kinase and tyrosine kinase
may be involved. Also CD14 is present/involved which was controversial.
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1. Introduction other cell types to react to LPS by shedding soluble
CD14 [9], it was also found on human vein endothelial
and intestinal epithelial cells and various other cell types
[10-12].

The bronchial epithelium contributes to innate immu-
nity by secreting pro-inflammatory cytokines and chemo-
kines [13]. Thus the lung and bronchial system does not
rely on mucociliary clearance and phagocyte activity
alone. It has been described that sCD14 induces the pro-
duction of IL-6 and IL-8 in human bronchial epithelial
cells and the effect is augmented by LPS, but no mem-
brane bound CD14 (mCD14) was found on these cells
[14]. In contrast, Becker et al. describe the presence of

Lipopolysaccharides (LPS), present in the outer mem-
brane of Gram-negative bacteria, provoke a response of
innate immunity by the host, e.g. the expression of pro-
inflammatory cytokines and chemokines [1]. However,
an overreaction to LPS can cause sepsis or septic shock
and eventually may lead to death. Together with Toll-like
receptor 4 (TLR 4) [2], the surface antigen CD14 serves
as a pattern recognition receptor for LPS, therefore being
essential for cell reaction to LPS [3]. TLR4 is constitu-
tively expressed [2,4] and its relevance was demonstrated
using tissues from TLR4 " animals [2]; however; TLR4
is not expressed on the surface of BEAS-2B cells, but

only in the cytosol [2]. The leucine-rich glycoprotein
CD14 (53 - 55 kDa) is linked to the cell membrane by a
glycosyl-phosphatidylinositol (GPI) tail [5], but can also
be secreted as a soluble form (sCD14) which serves as
the LPS receptor for CD14-negative cells [6-8]. Al-
though earlier studies report that CD14 is only expressed
by cells of the myeloid lineage and these cells enable
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Copyright © 2012 SciRes.

mCD14 on human tracheobronchial epithelial cells [15].
It is, however, not known whether BEAS-2B cells, a
human bronchial epithelial cell line, react to LPS in the
absence of serum containing sCD14 or express CD14
receptors, even though the existence of TLR 4 receptors
was recently demonstrated [16].

The aim of the present study was to prove the presence
of CD14 on BEAS-2B cells and to investigate its possi-
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ble reaction to LPS, concerning cell proliferation, NFxB
activation, and the release of two pro-inflammatory che-
mokines IL-8 and RANTES. We aimed to demonstrate
intracellular signaling pathways leading to proliferation
and IL-8 secretion by investigating the influence of
members of the MAPK family (ERK 1/2, p38 and JNK),
tyrosine kinases, PI3 kinase, IRAK (interleukin 1 recep-
tor associated kinase) and NF«B.

2. Materials and Methods
2.1. Chemicals

LPS (from Pseudomonas aeruginosa, serotype 10, puri-
fied by phenol extraction), PD 98059, SB 202190,
IRAK-1/4-Inhibitor, LY 294002 and polymyxin B (6000
USP units per mg) were obtained from Sigma Aldrich,
Steinheim, Germany. Genistein, SB 225002, and SP
600125 were from Enzo Lifesciences, Loerrach, Ger-
many. SN 50 was obtained from Merck Chemicals, Dar-
mstadt, Germany. The anti-CD14 antibodies (clone 18D-
11, APC-conjugated for FACS analysis and unconju-
gated for functional ELISA analysis) and the APC-con-
jugated IgG isotype controls were obtained from Immu-
notools, Friesoythe, Germany. For the proliferation assay,
[*H]-thymidine was purchased from Perkin Elmer, Bos-
ton, USA, and scintillation cocktail Unisafe 1 from Zins-
ser Analytik, Frankfurt, Germany.

2.2. Cell Culture

BEAS-2B is a human bronchial epithelial cell line, ob-
tained from a healthy donor and transfected with a SV40
adenovirus [17,18]. Cells were grown in 75 cm? cell cul-
ture flasks (Sarstaedt, Nuembrecht, Germany) in LHC-9
medium (Invitrogen, Karlsruhe, Germany), supplemented
with 100 U/mL penicillin and 0.1 mg/mL streptomycin
(PAA, Coelbe, Germany). For passaging, they were de-
tached enzymatically with Trypsin/EDTA (PAA, Coelbe,
Germany) and seeded in a density of 225,000 cells per
flask, which were pretreated with 15 mL LHC-9 medium
containing fibronectin (0.0l mg/mL), collagen (0.03
mg/mL, both from Biochrom, Berlin, Germany), and bo-
vine serum albumin (0.01 mg/mL, Biomol, Hamburg,
Germany) for at least 2 hours. For the experiments, cells
were seeded in 24 or 6 well plates not having been pre-
treated.

2.3. Flow Cytometry

The presence of the surface antigen CD14 on BEAS-2B
cells was investigated by flow cytometry. Cells were
grown on 6 well plates, detached with Trypsin/EDTA,
centrifuged and resuspended in FACS Flow™ (BD Bio-
sciences, Heidelberg, Germany) at a concentration of
600,000 cells in 100 pl. 4 pl of an APC-conjugated anti-
CD14 antibody or the matching IgG isotype control were
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added and incubated for 30 min at 4°C. After another
centrifugation/resuspension step, the fluorescence inten-
sity of the cell population was analyzed by flow cytome-
try on a FACScalibur (BD Biosciences, Heidelberg, Ger-
many).

2.4. LDH Measurement

LDH is quickly released upon damage of the plasma
membrane and its release into the supernatant is an indi-
cator of cell death. LDH was determined by using the
reaction from lactate to pyruvate and the photometrical
measurement of NADH + H". Negative and positive con-
trols were included (no stimulation and addition of lysis
reagent giving 0 and 100% toxicity effect, respectively).
Data are related to 100%, meaning no effect (only back-
ground effect) on LDH release.

2.5. MTT Test

The mitochondrial-dependent reduction of 3-(4,5-dime-
thylthiazol-2yl)-2,5-diphenyl tetrazolium bromide (MTT)
to formazan was used to measure cell respiration as an
indicator of cell viability. 24 h after the test compound
MTT solution (final concentration 200 pg/mlL) was
added and the cells were incubated for another 4 h at
37°C. After removing the supernatant, 100 ul of DMSO
was added to the cells to dissolve formazan. The absor-
bance was measured by using a microplate reader (570
nm wavelength). The control group consisted of un-
treated cells and was considered as 100% viable cells.
Results are expressed as percentage of viable cells when
compared with control group.

2.6. ['H]-Thymidine Incorporation Assay

DNA synthesis, i.e. proliferation, in cells is measured by
the incorporation of [*H]-thymidine. Therefore, BEAS-
2B cells were seeded on 24 well plates at a density of
25,000/mL. After 24 hours, cells were incubated for an-
other 48 hours with various concentrations of LPS and
0.1 pCi/mL [*H]-thymidine. Afterwards, cells were fixed
with methanol, dried and washed twice with Dulbecco’s
PBS (PAA, Coelbe, Germany) and twice with 0.3 M tri-
chloroacetic acid. After lysis with 250 ul 0.3 M NaOH
per well (30 min at 37°C), the lysate was added to 750 pl
scintillation cocktail per well and measured in the beta-
counter (Microbeta 1450, Perkin Elmer, Boston, USA)
after shaking overnight. Results are expressed as the
relative DNA synthesis; data are normalized to 100%.

2.7. ELISA of NFxB

Cells were grown in 75 cm® cell culture flasks at a den-
sity of 225,000 cells per flask for 4 - 5 days and stimu-
lated with LPS for 6 or 24 hours, respectively. After-
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wards, nuclear extracts were prepared following the in-
structions of the ELISA manufacturer. The protein con-
tent of the extracts was measured by a Bradford assay.
Extracts were analyzed for p65 NF«B by using a p65
Trans AM™ ELISA kit (Active Motif, Rixensart, Bel-
gium).

2.8. ELISA of Chemokines

Cells were seeded in a density of 100,000/mL and cul-
tured for 48 hours, followed by 24 hours of incubation
with the respective substances (LPS in the presence or
absence of inhibitors of different intracellular signaling
pathways as indicated in the figure legends). Quantifica-
tion of each sCD14, IL-8, and RANTES in cell super-
natants was performed by ELISA kits from R & D Sys-
tems, Wiesbaden, Germany (Quantikine® ELISA for
sCD14, Duo Set® for IL-8 and RANTES), following the
instructions of the manufacturer.

2.9. Proteome Profiler™ for MAP-Kinases

In R & D Systems’ Proteome Profiler™ Array, capture
antibodies against several intracellular kinases are spot-
ted in duplicate on nitrocellulose membranes. After seed-
ing BEAS-2B cells in 6 well plates at a density of
100,000/mL, culturing them for 48 hours and incubating
them with 10 pg/mL LPS for another 24 hours, cells
were lysed with the provided lysis buffer and incubated
with the membranes. Unbound material was washed
away and a cocktail of phosphor-site specific biotinylated
secondary antibodies, followed by Streptavidin-HRP in-
cubation, was used to detect phosphorylated kinases.
Membranes were then exposed to chemiluminescence
reagents (Immobilon Western HRP Substrate, Millipore,
Schwalbach, Germany) for 5 minutes and to X-ray film
for another 5 minutes. The film was developed (with
AGFA Rodinal Developer) and fixed (with Tetenal Su-
perfix Plus, both from Phototec, Norderstedt, Germany).
The dark spots, representing the phosphorylated kinases,
were identified with a transparent overlay provided by
the manufacturer. Arrays were scanned and the pixel
density was quantified using GenoSoft'™ analysis soft-
ware.

2.10. Statistical Analysis

The FACS analysis, ELISA and [*H]-thymidine incorpo-
ration assays were done by performing at least three in-
dependent experiments. Differences between two single
values were validated by using an unpaired ¢-test as a
post-hoc test after having used ANOVA-one way analy-
sis. P <0.05 was regarded as statistically significant.

3. Results
The FACS experiments showed that BEAS-2B cells ex-
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press the CD14 antigen on their surface. However, the
number of receptors was not significantly increased by a
24 hour incubation of the cells with 10 pg/mL LPS (Fig-
ure 1), and was hardly greater—though statistically sig-
nificant—after 48 hour incubation.

Apart from the expression of membrane-bound CD14
on the surface, BEAS-2B cells also secrete the soluble
form (sCD14) into the surrounding medium. Figure 2
shows the time-dependent increase of sCD14 in super-
natants of unstimulated BEAS-2B cells. It was not yet
investigated whether this increase is due to de novo syn-
thesis or additional release. When cells were treated with
1 or 10 ug/mL LPS for the various indicated incubation
times, the concentration of sCD14 was not increased
(data not shown). Thus other parameters measured in this
paper can only be compared at the same indicated time
point to avoid indirect effects induced by released sCD-
14.

Since outcome of data shown later (e.g. [’H]thymidine
incorporation, NFkB, RANTES and IL-8) may be ob-
scured, the viability (membrane integrity and cell degen-
eration) was investigated to avoid misinterpretation of
data. Table 1 shows that various LPS concentrations
have no effect LDH release and formazan test (MTT).

Figure 3 illustrates the increase of [*H]-thymidine in-
corporation into BEAS-2B cells induced by LPS stimula-
tion. LPS stimulates the proliferation of BEAS-2B cells
by maximally 2 fold. This effect is mediated by p38 and
JNK MAPK, PI3-kinase, and tyrosine kinases, since in-
hibitors of these pathways decrease the LPS-stimulated
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Figure 1. Expression of CD14 on BEAS-2B cells. One out of
three similar histograms illustrates the shift of cell popula-
tions incubated either with IgG isotype control (grey area)
or 18D11 CD14 antibody (black line). The right line repre-
sents the cells pretreated with 10 pg/mL LPS for 24 hr; the
shift is small (not statistically significant).
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Figure 2. Secretion of sCD14 by BEAS-2B cells. Cells were seeded on 24 well plates and cultivated for the indicated times.
Supernatants were collected; sCD14 concentration was measured and compared to fresh medium that had not been in con-
tact with cells. Mean + SEM of three independent experiments. “p < 0.05, ““p < 0.01 versus time point 0.
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Figure 3. Effects of LPS on [*H]-thymidine incorporation into BEAS-2B cells. Cells were seeded on 24 well plates and grown
for 24 hr, then LPS was added together with 0.1 pCi/mL [*H]-thymidine for another 48 hr. After lysis, radioactivity of lys-
ates was measured. Mean + SEM of four independent experiments, performed in triplicates. p < 0.05 versus control (no
LPS).

Table 1. Effect of LPS on cell viability/cytotoxicit (MTT) and membrane damage (LDH release test). Various LPS concentra-
tions (0 to 10 pg/mL) and incubation times (0 - 48 h) were used. 100% means no effect (background effect). Mean + SE; n = 5.

LDH release [% of control] MTT assay [% of control]
0Oh 24 h 48 h Oh 24 h 48 h
LPS (0 pg/mL) 100 101+3 100 +2 100 98+ 1 99 + |
LPS (1 pg/mL) 100 102 £2 101£2 100 99 + | 96+ 3
LPS (10 pg/mL) 100 98 +5 97+4 100 9544 9446
Lysis reagent 100 2371+ 67

Copyright © 2012 SciRes. PP
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proliferation (Figure 4). The ERK1/2 inhibitor PD 98059
has no impact on proliferation; thus, the ERK1/2 path-
way doesn’t seem to be involved.

LPS stimulates the activation of NF«B in a time and
dose dependent manner. After 6 hr of incubation, the
increase of NF«B is not statistically significant; the effect
is stronger after 24 hr (Figure 5) corroborating data of
others.

LPS at least at the higher concentration used provokes
secretion of the chemotactic cytokine RANTES (Figure

LPS-Induced Proliferation and Chemokine Secretion from BEAS-2B Cells

6). The increase of RANTES is modest compared to the
positive control consisting of 5 ng/mL TNFa and 5
ng/mL IFNy but at high LPS concentration could be in-
hibited by polymyxin B. Thus RANTES is involved in
contrast to the opinion of others [2] having only used 1
pg/mL LPS (Note: the same others demonstrated an ef-
fect of 10, but not 1 pg/mL LPS on IL-4 [2]).

As shown in Figure 7, the expression of IL-8 is in-
creased by LPS in a time and concentration dependent
manner. The highest LPS concentration (10 pg/mL) sti-
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Figure 4. Influence of specific inhibitors of intracellular signaling on LPS-induced proliferation. Cells were seeded on 24 well
plates and grown for 24 hr, then LPS was added together with 0.1 pCi/mL [*H]-thymidine in the presence or absence of
SP600125, SB202190, L.Y294002, or Genistein, for another 48 hr. After lysis, radioactivity of lysates was measured. Mean +
SEM of four independent experiments, performed in triplicates. “p < 0.05 versus control (no LPS).
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Figure 5. NFkB activation by LPS. BEAS-2B cells were seeded in 75 cm” cell culture flasks, grown to confluence and stimu-
lated with 1 or 10 pg/mL LPS for 6 or 24 hr. Nuclear extract were prepared and the content of activated p65-NFkB was
measured by ELISA. A nuclear extract of Jurkat cells provided by the manufacturer served as positive control. Mean + SEM
of four independent experiments, each performed in duplicates. ~p < 0.01 versus control (no LPS).
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mulates IL-8 release nearly as much as the positive con-
trol.

Addition of a functional anti-CD14 antibody (clone
18D11) attenuates the LPS induced IL-8 release (Figure
8). The results suggest that the CD14 receptor is func-
tional and involved in the mechanisms leading to IL-8

171

secretion. In contrast to our results LPS responses are
only modestly enhanced in the same cell line by recom-
binant sCD14 [19] which is discussed later.

Figure 9 illustrate the results of the Proteome Profil-
er'™ assay. Each spot in duplicate displays the quantity
of a certain phosphorylated (activated) kinase. When
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Figure 6. RANTES secretion of LPS stimulated BEAS-2B cells. Cells were seeded on 24 well plates and stimulated with the
indicated LPS concentrations for 24 hr. Polym = in the presence of 10 pg polymyxin B. TNFa and IFNy (5 ng/mL each)
served as positive controls. Mean + SEM of three independent experiments. p < 0.01 versus control (no LPS); p < 0.05 vs

absence of polymyxin B.
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Figure 7. Time and concentration dependent effect of LPS on IL-8 release in BEAS-2B cells. Cells were stimulated with the

indicated concentrations of LPS for 6, 24 or 48 hours. TNFa and IFNy (5 ng/mL each) served as positive control. Mean +
SEM of three independent experiments. p < 0.05 for the same LPS concentration at the next shorter time, “p < 0.05 for the

value at the same time, but at the next lower concentration.
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cells have been stimulated by LPS, the spots are darker,
indicating an up-regulation of MAPK (ERK 1/2, JNK
and p38). Although the blot concerning the LPS-stimu-
lated cells is a little bit overdone, the outcome neverthe-
less is clear. A densitometric analysis of the spots con-
firms the visual impression (Figure 9(b)). Particularly
the expression of p38 and JINK MAPK is increased after
LPS incubation; the increase of ERK-1/2 was lower than
expected.

To investigate the signaling pathways involved in LPS
stimulated IL-8 secretion and to see whether the up-regu-
lation of MAPK is linked to the observed effects, specific
inhibitors of ERK1/2 (PD98059), p38 (SB202190) and

LPS-Induced Proliferation and Chemokine Secretion from BEAS-2B Cells

JNK MAPK (SP600125), PI3-kinase (LY294002), tyro-
sine kinases (Genistein), IRAK 1/4 and NFxB (SN50)
were added to the cells 60 minutes prior to the incubation
of various concentrations of LPS. Figures 10-13 show
the effect of the mentioned inhibitors on LPS-induced
IL-8 release. While the ERK 1/2 inhibitor PD98059 does
not inhibit IL-8 secretion, the effects of p38 inhibitor
SB202190 and PI3 kinase inhibitor LY294002 are evi-
dent. For example, LY294002 (25 uM) reduces IL-8 se-
cretion induced by 1 pg/mL LPS from 1311 to 187
pg/mL (Figure 10). The JNK inhibitor SP600125 shows
a concentration-dependent effect: 5 pM of the substance
attenuate the effect of 100 ng/mL LPS by 25%, whereas
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Figure 8. Influence of an anti-CD14 antibody on the LPS-induced IL-8 release in BEAS-2B cells. Cells were incubated with
LPS in the presence or absence of an anti-CD14 antibody (clone 18D11) for 24 hr. TNFa and IFNy (5 ng/mL each) served as
positive controls: effect of 2104 + 80 pg/mL. Mean + SEM of three independent experiments. The difference between the

curves is not statistically significant.
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Figure 9. (a) Proteome Profiler™ for MAPK. BEAS-2B cells were seeded in 6 well plates, grown to confluency and stimulated
with 10 pg/mL LPS for 24 hr. Cell lysates were incubated with nitrocellulose membranes on which antibodies against several
MAPK were spotted in duplicate. As an example, the spots for p38a-MAPK are marked with an arrow. One of two results
from distinct experiments with identical outcome is shown; (b) Densitometric analysis of the Proteome Profiler™. Arrays
from Figure 9(a) were analysed densitometrically with GeneSoft™ analysis software.
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20 uM reduce IL-8 secretion by 70% (Figure 11). At a The IRAK-1/4-inhibitor, a specific inhibitor of the In-
concentration of 10 pM, the tyrosine kinase inhibitor terleukin-1 associated receptor kinase (IRAK) 1 and 4,
Genistein only tends to diminish chemokine secretion also strongly inhibits the LPS stimulation (Figure 13).
(not statistically significant). However, at 100 uM, IL-8 The same is true for the NFkB inhibitor SN50.

concentration is reduced to almost baseline level except These findings suggest that all three MAPK pathways,
when very high LPS concentrations (10 pg/mL) or the PI3 kinase, tyrosine kinases, IRAK and NFkB are—in
positive control is used (Figure 12). varying degrees—all involved in the LPS-induced IL-8
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Figure 10. Influence of the p38 inhibitor SB 202190, the ERK 1/2 inhibitor PD 98059, and the PI3-kinase inhibitor LY 294002
on LPS-induced IL-8 release in BEAS-2B cells. Cells were incubated with LPS in the presence or absence of 10 pM SB
202190, 20 pM PD 98050, or 25 pM LY 294002 for 24 hr. TNFa and IFNy (5 ng/mL each) served as positive controls. DMSO
and EtOH at the indicated concentrations served as solvent controls. Mean + SEM of three independent experiments. “p <
0.05, **p <0.01 versus solvent control at the same LPS concentration.
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Figure 11. Influence of the JNK inhibitor SP 600125 on the LPS-induced IL-8 release in BEAS-2B cells. Cells were incubated
with LPS in the presence or absence of 5 or 20 pM SP 600125 for 24 hr. TNFa and IFNy (5 ng/mL each) served as positive
controls. DMSO served as solvent control. Mean + SEM of three independent experiments. p < 0.05, p < 0.01 versus solvent
control at the same LPS concentration.
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Figure 12. Influence of the tyrosine kinase inhibitor Genistein on the LPSinduced IL-8 release in BEAS-2B cells. Cells were
incubated with LPS in the presence or absence of 10 or 100 pM Genistein for 24 hr. TNFa and IFNy (5 ng/mL each) served as
positive controls. EtOH served as solvent control. Mean + SEM of three independent experiments. ~"p < 0.01 versus solvent
control at the same LPS concentration.
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Figure 13. Influence of the IRAK-1/4-Inhibitor and the NFkB-inhibitor SN50 on the LPS-induced IL-8 release in BEAS-2B
cells. Cells were incubated with LPS in the presence or absence of 50 pM IRAK-1/4-inhibitor or 50 pg/mL SNS0 for 24 hr.
TNFa and IFNy (5 ng/mL each) served as positive controls. DMSO or cell medium served as solvent control. Mean + SEM of
three independent experimens. “p < 0.05 versus solvent control at the same LPS concentration.

secretion in BEAS-2B cells. LPS [2]. We now show the interaction of incubation time
and LPS concentration and additionally the interaction
with anti-CD14 antibody and various chemical inhibitors
to conclude on signaling mediators. The presence of
IL-8 and NFxB are already known to be increased by CD14 on the human bronchial epithelial cell line BEAS-

4. Discussion
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2B is described for the first time and underlines the cru-

cial role the bronchial epithelial plays in innate immunity.

As shown in Figure 2, low levels of sCD14 are detect-
able in the fresh medium, but this concentration is not in
the linear part of the calibration curve and therefore not
reliable. For an immune response to LPS, bronchial
epithelial cells do not depend on myeloid immune cells,
like macrophages, which secrete soluble CD14 and allow
surrounding cells to react to LPS; in contrast, BEAS-2B
cells even secrete sCD14 by themselves in a time de-
pendent manner. However, it is not clear if this effect is a
function of de novo synthesis or of shedding of existing
membrane-bound CD14; this could have been examined
by using cycloheximide for inhibiting protein synthesis.
Since serum-free culture medium was used, this finding
cannot be due to carriage of sCD14 by the medium. This
increase in sSCD14 may overlay results to be shown dur-
ing all experiments but modify them in parallel during
our static incubations and will not influence interpreta-
tion of data.

The previous inability to find CD14 on BEAS-2B cells
may be due to methodical reasons, i.e. selection of anti-
body clone and culture conditions, as previously de-
scribed for HUVECS by Jersmann et al. [12]. Neither the
expression of membrane-bound nor of soluble CD14 is
increased by LPS stimulation, in contrast to what was
described for other epithelial cells by Fearns et al. [20]
Differences between species may be one reason for this
observation, since those authors used murine epithelial
cells for their study, whereas BEAS-2B cells are of hu-
man origin. Furthermore, Fearns et al. used living ani-
mals so that the increased CD14 expression found by
them is not caused by epithelial cells themselves, but the
result of adsorption of soluble CD14 from surrounding
cells such as macrophages. In addition, although trans-
formed cell lines show many similarities with primary
bronchial epithelial cells, there are specific differences
such as the expression of antioxidant enzymes [18] and
of Toll-like receptors [16].

The functionality of the CD14 receptor is confirmed
by the fact that BEAS-2B cells can be stimulated by LPS,
resulting in increased proliferation, NFxB activation, up-
regulation of MAPK and the secretion of RANTES and
IL-8. For our experiments, we used LPS. The LPS sti-
mulation may be mediated by other pathways than the
CD14/TLR 4 cascade, but the decreased IL-8 secretion in
the presence of a functional anti-CD14 antibody shows
that the CD14 pathway is at least partly involved. The
antibody reduces the LPS effect. This includes that high
LPS concentrations (10 ug/mL) are dramatically inhi-
bited.

Since LPS from different species can differ in struc-
ture and toxicity, we compared LPS from P. aeruginosa
to E. coli-LPS regarding IL-8 release and NF«B activa-

Copyright © 2012 SciRes.

tion. Even at a concentration of 10 ng/mL, where effects
of P. aeruginosa-LPS were hardly detectable, the latter
showed a stronger increase than the former at 10,000
ng/mL (data not shown). Due to the fact that respiratory
infections, i.e. in patients with Cystic Fibrosis, are more
often caused by P. aeruginosa than by E. coli, we had
decided to use continuously P. aeruginosa-LPS, even
though higher concentrations than with E. coli-LPS were
necessary. The deviation from the Schulz data [19] has to
be discussed. Schulz et al. postulate a CD14-independent
mechanism for LPS activation of BEAS-2B cells [19]. In
contrast these authors used LPS from E. coli instead of P.
aeruginosa as we did; different modes of action might
explain the differing results. Divergent results may be
due to the presence of CD14, since exogenous CD14 not
only helped, but can also be antagonized by anti-CD14
antibodies. This indicates that endogenous CD14 is in-
volved.

Many authors investigated the effects of different sti-
muli on IL-8 and IL-6 secretion, Schulz et al. using
BEAS-2B cells [19]. Both IL-6 and IL-8 are up-regulated
in the bronchial epithelium of asthmatic patients [21] and
the serum levels of both are higher in asthmatic patients
compared to healthy subjects [22,23]. Thus, we did not
expect to observe major differences between the two
cytokines and decided to focus on IL-8.

In BEAS-2B cells, LPS on the one hand up-regulate
ERK 1/2, p38 and JNK MAPK, and, on the other hand
lead to increased cell proliferation and secretion of IL-8.
Here the relationship between these effects was investi-
gated. By adding specific inhibitors of MAPK and other
intracellular kinases to LPS stimulated cells, we proved
the contribution of ERK 1/2, p38 and JNK MAPK, tyro-
sine kinases, PI3-kinase, IRAK, and NFkB to increased
IL-8 secretion. For the increase in proliferation, it was
shown that PI3-kinase, tyrosine kinases, p38 and JNK
MAPK, but not ERK1/2 MAPK, are involved. These
results do not give information about the way the differ-
rent pathways interact or influence each other. Further-
more, it is not possible to say what kind of tyrosine ki-
nases are involved, since Genistein nonspecifically in-
hibits various tyrosine kinases [24]. Erk 1/2 may not be
involved in proliferation due to our PD 98059 experi-
ments. This was unexpected since in other cell systems
they are involved in LPS-induced proliferation, e.g. in
smooth muscle cells form trachea [25] or cholangiocytes
[26]. With respect to BEAS-2B cells no data were avail-
able; however, Erk 1/2 is involved when not LPS but
hepatic growth factor is the stimulus [27]. In the Pro-
teome Profiler™ assay, ERK 1 and ERK 2 are only
slightly up-regulated compared to JNK and p38 MAPK.
This matches the fact that p38 and JNK inhibitors SB-
202190 and SP600125 show a stronger inhibitory effect
on the LPS-induced IL-8 secretion than the ERK 1/2 in-
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hibitor PD98059.

It is always a matter of discussion whether inhibitors
are used at too high concentrations questioning their se-
lectivity. The concentrations of the applied inhibitors are
the same as used in other studies (e.g. [27] for PD98059
and LY294002, [28] for IRAK-1/4-inhibitor I) or they
are within the scope of the supplier’s recommendation.
Kinase inhibitors are used in the literature for shorter and
longer periods. Since kinases and phosphatases act rather
quickly, incubation periods were reduced to 6 hours; the
results were the same except the degree of inhibition in
some cases was relatively lower (data not shown).

Increased proliferation of airway epithelial cells is
closely related to airway remodeling occurring in chronic
inflammatory bronchial diseases like asthma. The prolix-
ferative effect of LPS on BEAS-2B cells is contradictory
to the findings of Freitag et al., who describe an inhibited
proliferation of rat tracheal epithelial cells in the pre-
sence of LPS [29]. This may be caused by the use of LPS
from different species, differences between rat and hu-
man cells and between tracheal and bronchial epithelium.
However, cell proliferative effects of LPS were already
described for mononuclear cells and keratinocytes [30,
31].

Our results confirm the hypothesis that the bronchial
epithelium not only serves as a mechanic barrier, but
contributes to innate immunity by reacting to invading
pathogens like LPS with increased proliferation and the
secretion of chemokines; this was questioned for a long
time. We proved the existence and functionality of CD14
receptors on BEAS-2B cells and elucidated signaling
pathways involved, which helps to improve the under-
standing of innate immunity mechanisms in the airways
after contact with pathogens.
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Abbreviations

LPS: Lipopolysaccharides;

TLR: Toll-like receptor;

CD: cluster of differentiation;
sCD14: soluble CD14;

IL-6: Interleukin 6;

IL-8: Interleukin §;

RANTES: regulated upon activation, normal T-cell ex-
pressed and secreted;

IFNy. interferon

TNFa: tumor necrosis factor «;
mCD14: membrane bound CD14;

MAPK: mitogen-activated protein kinase;
ERK: extracellular regulated kinase;

JNK: c-jun N-terminal kinase;

IRAK: interleukin 1 receptor associated kinase;
ELISA: enzyme linked immunosorbent assay;
FACS: fluorescence activated cell sorting;
MTT: 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl tetrazolium
bromide;

LDH: lactate dehydrogenase;

APC: Allophycocyanine;

HRP: horse radish peroxidase.
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