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Ambroxol inhibits platelet-derived growth factor production
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Abstract

Several growth factors, including platelet-derived growth factor (PDGF), have been implicated in the mechanism of lung and airway
remodeling. We investigated the effect of ambroxol, trans-4-[(2-amino-3,5-dibromobenzyl) amino] cyclohexanol hydrochloride, on the
lipopolysaccharide-induced PDGF production in human monocytic cells, THP-1. Ambroxol inhibited the lipopolysaccharide-induced PDGF-
AB production via PDGF-A mRNA expression. Lipopolysaccharide activated p44/42 extracellular signal-regulated kinase (ERK), and
ambroxol attenuated the lipopolysaccharide-induced p44/42 ERK activation. Furthermore, mitogen-activated protein kinase kinase (MEK)-1-
specific inhibitor, 2-(2-amino-3-methoxyphenyl)-4H-1-benzopyran-4-one (PD 98059), blocked the lipopolysaccharide-induced p44/42 ERK
activation and PDGF production. These findings indicate that ambroxol inhibits the lipopolysaccharide-induced PDGF production due to the
suppression of p44/42 ERK activity. © 2002 Elsevier Science B.V. All rights reserved.

Keywords: Ambroxol; PDGF (Platelet-derived growth factor); ERK (p44/42 extracellular signal-regulated kinase); Monocytic cell, human

1. Introduction

Structural remodeling of the lung tissue is believed to be
the consequence of repeated cycles of epithelial injury and
the repair process associated with chronic pulmonary disease
(Crouch, 1990; Reed, 1999). Several growth factors, such as
platelet-derived growth factor (PDGF) and transforming
growth factor-3 (TGF-(3), secreted by inflammatory or resi-
dent structural cells, have been implicated in the mechanism
of structural changes associated with lung and airway
remodeling (Kelley, 1990). PDGF is a mitogen and chemo-
attractant for mesenchymal cells, such as fibroblasts and
smooth muscle cells. Two different PDGF chains, termed A
and B, encoded by different genes, have been identified to
lead to three different PDGF isoforms: the AA and BB
homodimers, and the AB heterodimer (Ross, 1989). PDGF
is also synthesized and secreted by a wide variety of human
cells, including monocytes and macrophages, in response to
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inflammatory stimuli, such as lipopolysaccharide (Allam et
al., 1992).

Many extracellular stimuli elicit specific biological
responses through the activation of mitogen-activated pro-
tein (MAP) kinase cascades (Whitmarsh and Davis, 1996).
P44/42 extracellular signal-regulated kinase (ERK), one of
the major subgroups of MAP kinases, is activated by
mitogenic stimuli and plays a central role in cell prolifer-
ation and differentiation (Cowley et al., 1994; Force and
Bonventre, 1998). In addition, recent studies have suggested
that p44/42 ERK also plays an important role in the signal
cascade of induction of various inflammatory cytokines and
chemical mediators (Rose et al., 1997), including PDGF
(Day et al., 1999).

Ambroxol, trans-4-[(2-amino-3,5-dibromobenzyl)ami-
no]cyclohexanol hydrochloride, has been extensively ther-
apeutically employed for treatment of chronic lung diseases
due to its mucolytic and surfactant stimulating properties.
However, a number of studies have recently shown that
ambroxol also displays an antioxidant action (Lee et al.,
1999) and anti-inflammatory properties which may be
attributed to the free radical scavenging and antioxidative
effects of this drug (Bianchi et al., 1990; Gibbs et al., 1999).
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In the present study, we therefore examined whether or
not ambroxol can inhibit the lipopolysaccharide-induced
PDGF production in human monocytic cells. Furthermore,
we investigated if the p44/42 ERK pathway is involved in
the lipopolysaccharide-induced PDGF production, and if
ambroxol affects this kinase activity.

2. Materials and methods
2.1. Reagents

Ambroxol was dissolved in distilled water at a concen-
tration of 0.01 M, after which this stock solution was diluted
to experimental concentrations with appropriate buffers. Lip-
opolysaccharide (from Escherichia coli, serotype 01 11:B4)
was purchased from Sigma (St. Louis, MO). Mitogen-acti-
vated protein kinase kinase (MEK)-1-specific inhibitor, 2-(2-
amino-3-methoxyphenyl)-4H-1-benzopyran-4-one (PD
98059) (Alessi et al., 1995), and p38 MAP kinase-specific
inhibitor, 4-(4-fluorophenyl)-2-(4-methylsulfinylphenyl)-5-
(4-pyridyl)1 H-imidazole (SB 203580), were obtained from
Calbiochem—Novabiochem (La Jolla, CA) and dissolved in
dimethylsulfoxide (DMSO, Sigma).

2.2. Cell culture and stimulation

Human monocytic THP-1 cells (American Type Culture
Collection, Rockville, MD) were cultured in RPMI 1640
medium (GIBCO, Life Technologies, Rockville, MD) with
4.5 g/l glucose, 10 mM HEPES, 1 mM sodium pyruvate,
and 50 pM 2-mercaptoethanol supplemented with 10% fetal
bovine serum (Equitech-Bio, Ingram, TX), and they were
maintained in humidified 5% CO, at 37 °C. Subconfluent

cells were washed and resuspended in fresh RPMI-1% fe-
tal bovine serum and cultured overnight, then they were sti-
mulated with 10 ng/ml lipopolysaccharide. Ambroxol was
added either before (— 6 to — 1 h), at the same time (0 h)
as, or after (+1 to +2 h) the addition of lipopolysaccha-
ride.

2.3. Quantification of PDGF-AB

The concentrations of PDGF-AB in the culture super-
natants were measured by a commercially available enzyme-
linked immnunosorbent assay (ELISA) kit (AN’ALYZA;
genzyme TECHNE, Minneapolis, MN), following the man-
ufacturer’s instructions.

2.4. Preparation of complementary RNA (cRNA) probes

A human PDGF-A cDNA fragment containing residues
542-1029 (Gen Bank accession no. X03795) (Betsholtz et al.,
1986) was amplified by PCR. The synthesized sense and
antisense PCR primers for PDGF-A were 5 -CCGTAGGG-
AGTGAGGATTCT-3' and 5 -GCTGCTTTAGGTGGGTT-
TTA-3" . The PCR products were cloned into pGEM-T Easy
Vector (Promega, Madison, WI). Human glyceraldehyde-3-
phosphate dehydrogenase (G3PDH) cDNA was cloned as
previously described (Dobashi etal.,2001). The cRNA probes
were synthesized using [a->*P] UTP (ICN Biomedicals, Au-
rora, OH) and T7 RNA polymerase (Promega).

2.5. Northern blot analysis
Northern blots were performed as previously described

(Dobashi et al., 2001). Briefly, 15 pg of total RNA per lane
was size-fractionated and transferred onto nylon membranes.
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Fig. 1. Effect of ambroxol on the lipopolysaccharide-induced PDGF production in THP-1 cells. (A) THP-1 cells were pretreated with or without ambroxol for 1 h,
and then they were stimulated with lipopolysaccharide (10 ng/ml) for 24 h. (B) Cells were stimulated with lipopolysaccharide in the absence (cont.) or pre-
sence of ambroxol (50 pM) added at the start (0 h), or 1 to 6 h before the start, or 1 to 2 h after start of stimulation. PDGF-AB protein in culture supernatants
was evaluated by ELISA. Values represent means + S.E.M. of five (A) or four (B) experiments. * P<0.05 compared with the lipopolysaccharide-stimulated
THP-1 cells. (C) THP-1 cells were pretreated with or without ambroxol for 1 h and stimulated with or without lipopolysaccharide for 12 h; then total RNA was
extracted and hybridized with a human PDGF-A cRNA probe. The blots were stripped, and then a human G3PDH probe was used as a loading control.
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The membranes were hybridized to a human PDGF-A cRNA
probe at 60 °C overnight. The autoradiographic signal was
visualized by exposure to X-ray film at — 70 °C. After the
detection of PDGF-A mRNA, the probe was stripped off,
and blots were rehybridized with a human G3PDH cRNA
probe as a control.

2.6. Measurement of p44/42 ERK activity

P44/42 ERK activity was measured using commercially
available kits (nonradioactive p44/42 MAP Kinase Assay
Kit; New England Biolabs., Beverly, MA), according to the
manufacturer’s instructions.

2.7. Statistical analysis

All values are expressed as means = S.E.M. of the indi-
cated numbers of experiments. Data were compared by
Student’s #-test with the Bonferroni correction for multiple
comparisons. A P value of <0.05/m (where m is the number
of comparisons) was considered to be statistically significant
in the Bonferroni method.

A
LPS - - + + 4+
PD98059 (uM) - 30 - 3 30
ERK Activity
phospho Elk-1 =p s —
Western

pa2

C

1400+ 1

S 1200-

2 10001

m 800 4

<

I o

5 800 .

S 4001 .
e 1
0 '_.' r—-']' T T 1
LPS S N

PD9BOSI(WM) - 30 - 3 30

3. Results

3.1. Effect of ambroxol on the lipopolysaccharide-induced
PDGF production in THP-1 cells

As shown in Fig. 1A, pretreatment with ambroxol for 1 h
caused a significant dose-dependent inhibition of PDGF-AB
protein production from THP-1 cells stimulated with lip-
opolysaccharide (P < 0.05). Moreover, ambroxol was inhib-
itory when added to the cultures before or simultaneously
with the stimulator; this effect was, however, progressively
lost when ambroxol was added after the addition of lip-
opolysaccharide (Fig. 1B).

At the mRNA level, consistent with protein data, pre-
treatment with ambroxol for 1 h suppressed the lipopoly-
saccharide-induced PDGF-A mRNA expression (Fig. 1C).

3.2. Effects of PD 98059 and ambroxol on the lipopoly-
saccharide-induced p44/42 ERK activity in THP-1 cells

Lipopolysaccharide strongly activated p44/42 ERK,
which was maximal at 10 min and sustained for up to 80
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Fig. 2. Effects of PD 98059 (A) and ambroxol (B) on the lipopolysaccharide-induced p44/42 ERK activation. P44/42 ERK activity was measured in an in vitro
kinase reaction using Elk-1 as substrate and probing for anti-phospho-Elk-1 in Western blots. (A) THP-1 cells were pretreated with 0.1% DMSO (control
vehicle) or PD 98059 for 15 min, and then they were stimulated with or without lipopolysaccharide (10 ng/ml) for 10 min. (B) Cells were pretreated with or
without ambroxol for 1 h, and then they were stimulated with or without lipopolysaccharide for 10 min. The corresponding bottom panels are Western blots
using anti-p44/42 ERK specific antibody to demonstrate total p44/42 ERK contents. (C and D) Effect of PD 98059 on lipopolysaccharide-induced PDGF
production. THP-1 cells were cultured with 0.1% DMSO (control vehicle) or PD 98059 for 15 min before stimulation with lipopolysaccharide. (C) After 24 h,
PDGF-AB protein in culture supernatants was evaluated by ELISA. Values represent means = S.E.M. of four experiments. * P<0.05 compared with lipo-
polysaccharide-stimulated THP-1 cells. (D) After 12 h, total RNA was extracted, and expression of PDGF-A mRNA was evaluated by Northern blotting, as

described in the legend of Fig. 1.
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min after the addition of lipopolysaccharide (data not shown).
PD 98059, a specific inhibitor of MEK-1, blocked the lip-
opolysaccharide-induced p44/42 ERK activation in a dose-
dependent manner (Fig. 2A). Furthermore, ambroxol attenu-
ated the lipopolysaccharide-induced p44/42 ERK activation
(Fig. 2B).

3.3. Effect of PD 98059 on the lipopolysaccharide-induced
PDGF production in THP-1 cells

In order to determine if the lipopolysaccharide-induced
PDGF production requires the p44/42 ERK pathway, we
examined the effect of PD 98059 on the lipopolysaccharide-
induced PDGF production. PD 98059 dose-dependently
blocked the lipopolysaccharide-induced PDGF-AB protein
production (P <0.05, Fig. 2C) and PDGF-A mRNA expres-
sion (Fig. 2D). On the other hand, SB203580, p38 MAP
kinase inhibitor, did not significantly inhibit the lipopoly-
saccharide-induced PDGF-AB production (data not shown).

4. Discussion

One key finding of the present study is that ambroxol
inhibits the lipopolysaccharide-induced PDGF-AB produc-
tion and PDGF-A mRNA expression in the human mono-
cytic cell line THP-1. Another was that the p44/42 ERK
pathway is required for the lipopolysaccharide-induced
PDGEF production, and the inhibitory effect of ambroxol on
PDGF production is due to the suppression of this kinase
activity.

Ambroxol is used as an expectorant in the treatment of
chronic bronchitis. Recently, this drug has been shown to
exhibit some anti inflammatory effect: Ambroxol inhibits
the production of interleukin-1 and tumor necrosis factor-«
(TNF-o) from human mononuclear cells (Bianchi et al.,
1990), and the production of histamine, leukotrienes, inter-
leukin-4, and interleukin-13 from human leukocytes and
mast cells (Gibbs et al., 1999). In the present study, we also
found that ambroxol suppresses the lipopolysaccharide-
induced PDGF production via the expression of PDGF-A
mRNA in THP-1 cells. In addition, we considered that the
inhibitory effect of ambroxol on PDGF production was not
attributed to ambroxol toxicity, because this effect was
progressively lost when ambroxol was added after the
addition of lipopolysaccharide.

A recent report has shown that PDGF-A promotor activity
stimulated by angiotensin II is mediated via the p44/42 ERK
pathway (Day et al., 1999). In the present study, we demon-
strated that lipopolysaccharide activated p44/42 ERK, and
that selective blockade of this kinase activation blocked
LPS-induced PDGF production, suggesting that p44/42
ERK activation is required for lipopolysaccharide-induced
PDGF production in THP-1 cells. Furthermore, we demon-
strated that ambroxol suppressed the lipopolysaccharide-
induced p44/42 ERK activity and PDGF production, as did

selective blockade of p44/42 ERK activation. These findings
indicate that the pivotal role of ambroxol in the lipopoly-
saccharide-induced PDGF production is due to the suppres-
sion of the p44/42 ERK pathway.

From the data presented here, we conclude that ambroxol
inhibits the lipopolysaccharide-induced PDGF production
through the p44/42 ERK pathway in the THP-1 monocytic
cells. Ambroxol is known to have high affinity to lung tissue,
resulting in 16-fold higher tissue concentrations compared
with blood (Mezzetti et al., 1990). Moreover, inhalation is
expected to further elevate tissue concentrations of this drug
in lung and airway. Therefore, ambroxol may have wider
clinical applications not only simply as an expectorant but
also as anti-inflammatory properties for the treatment of lung
and airway remodeling disease, such as pulmonary fibrosis
and chronic bronchial asthma, than in the past.
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