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ABSTRACT. Abnormal endothelin-1 (ET-l) expression has been observed in bronchial asthma and systemic 
sclerosis with lung involvement. The purpose of this study was to analyze the synthesis of ET- 1 in human airway 

epithelial cells and macrophages under basal conditions and after challenge with tumor necrosis factor-a (TNFa) 
or with the glucocorticoid dexamethasone. The ET-1 mRNA level and peptide release were measured in the 
broncho-epithelial cells BEAS-2B and the monocytic cell line U937. At baseline, U937 cells released low 
amounts of ET-l peptide, whereas ET-l was not detectable in BEAS-2B cells. After TNFcx treatment, BEAS-2B 

cells, but not U937 cells, showed a significant increase in ET-l expression, both at the mRNA and peptide levels. 
In contrast, dexamethasone elicited an increased amount of ET-1 peptide in U937 medium, but not in BEAS-2B 
cells. In this latter cell line, dexamethasone pretreatment was unable to inhibit the TNFa-induced expression. 
We conclude that response to TNFa and glucocorticoids is cell-type specific with respect to ET-1 production. 

The response of lung tissue to these agents in prioo is likely to be the overall balance of induction and inhibition 
in local microenvironments. BIOCHEM PHARMACOL 53;4:547-552, 1997. 0 1997 Elsevier Science Inc. 
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The lung is a major source of endothelin in the organism 
and is also involved in its clearance [l]. In the airways, 
ET-l 9 and ET-3 can be produced by bronchial epithelial 
cells [2] and macrophages [3], together with endothelial 
cells from the bronchial vasculature. After the initial report 
by Nomura et al., describing an increased content of ET-1 
in the BALF from a patient with status asthmaticus [4], 
several reports have confirmed that asthmatics produce a 
higher amount of ET-1 than controls, as measured in the 
BALF [5], or as evaluated by immunocytochemistry [6] and 
in situ hybridization [7]. Treatment with corticosteroids, the 
most widely used anti-inflammatory agents in asthma, may 
decrease this overexpression in viva [5], although this latter 
point was not confirmed by another group [8]. 

The potentially deleterious activities of ET-1 in asthma 
are: 1. a constriction of the airway smooth muscle [9]; 2. a 
mitogenic effect on smooth muscle cells and fibroblasts 
[lo]; that may lead to airway remodeling and narrowing; 3. 
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BH-07 CHUV, CH-1011 Lausanne, Switzerland. Tel. (4121) 314 1380; 
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§ Abbreviations: ET, endothelin; ET-l, endothelin-1; TNFa, tumour 
necrosis factor-cY; BALF, broncho-alveolar lavage fluid; PMA, phorbol 
myristate acetate; SSPE, standard saline phosphate EDTA; GAPDH, glyc- 
eraldehyde phosphate dehydrogenase; PBMC, peripheral blood mono- 
nucleated cells. 

an activation of the pathway of the arachidonic acid me- 
tabolism, resulting in the generation of proinflammatory 
mediators [ll]; and 4. the induction of histamine release 
from mast cells [12]. 

The regulation of ET-1 and ET-3 expression in the air- 
ways, and especially in bronchial epithelial cells and lung 
macrophages, is still poorly understood. In the adenocarci- 
noma cell line A549, Calder6n and colleagues have re- 
cently demonstrated that glucocorticoids were able to 
downregulate ET-1 release, both under basal conditions 
and after stimulation with interleukin-2 [13]. The results 
concerning the effects of glucocorticoids on ET-1 produc- 
tion in human airway epithelial cells in viva are conflicting 
[5, 81, whereas the influence of corticosteroids on ET-1 
synthesis by macrophages has not yet been reported. 

The purpose of the present work was, therefore, to ana- 
lyze two cell lines as a model to study the expression of 
ET- 1 in human airway epithelial cells and macrophages. For 
the former, we used BEAS-2B cells, a nontumorigenic cell 
line with a phenotype close to that of basal bronchial cells 
[ 141. U937 cells, derived from a monocytic leukemia [ 151, 
were used to study the monocyte/macrophage lineage. We 
then tested if these cells were able to express ET-1 at the 
mRNA and protein levels under basal conditions. In addi- 
tion, we treated these cells with TNFol in the presence or 
absence of dexamethasone to determine the respective in- 
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fluence of a physiological mediator and a pharmacological 
substance on ET-1 expression in vitro. 

‘25[I]ET-1 through the C,s columns and counting the elu- 
ate with the y counter. The recovery was 95 k 2% on 4 
experiments. The intra-assay and inter-assay coefficients of 

MATERIALS AND METHODS 
CeEl Lines and Reagents 

BEAS-2B cells were obtained from the National Cancer 
Institute, Bethesda, MD (Dr. C. C. Harris). U937 cells and 
prepro-ET-l and -ET-3 cDNA were from American type 
culture collection (ATCC, Rockville, MD). Peripheral 
blood mononucleated cells (PBMC) were obtained from 
the buffy coat of 6 healthy blood donors at our hospital by 
centrifugation on Ficoll-Hypaque (Pharmacia, Uppsala, 
Sweden). The LHC-9 cell culture medium was purchased 
from Biofluids (Rockville, MD). All other cell culture re- 
agents were from Gibco (Basel, Switzerland). ET-1 radio- 
immunoassay was from Nichol’s Institute (Geneva, Swit- 
zerland); Sep-Pack C,s columns from Millipore (Volket- 
swil, Switzerland); recombinant hTNFcx (8.33 x 10’ U/mg) 
from Genzyme (Cambridge, MA); 32[P]dATP from Amer- 
sham (Ztirich, Switzerland); and the cDNA random prime 
labeling kit was from Pharmacia. The other chemicals were 
from Sigma (Buchs, Switzerland). 

Cell Culture and Treatment 

BEAS-2B cells were cultured on collagen, fibronectin, and 
albumin-coated flasks in LHC-9 serum-free medium as pre- 
viously described [ 141. U93 7 cells and PBMC were grown in 
RPM1 1640 medium supplemented with 10% fetal calf se- 
rum [15]. When the cells reached approximately 80% con- 
fluence (BEAS-2B) or were at 5 x lo5 cells/ml (U937), 
they were both incubated under serum-free conditions for 
24 hr in the presence or absence of 10m6 M dexamethasone. 
They were then washed and reincubated for another 24-hr 
period in serum-free medium, with or without dexametha- 
sone, rhTNFa (50 ng/mL), or PMA 10m6 M. The superna- 
tants were harvested and kept at -20°C until analysis. The 
cells were detached with trypsin and EDTA, counted in a 
hematocytometer and, in some experiments, lysed for RNA 
analysis (see below). 

ET- 1 Immunoassay 

The cell supernatants were acidified with an equal volume 
of 4% (v/v) acetic acid, centrifuged, and extracted by re- 
verse phase on C1s columns, using 4 mL (BEAS-2B) or 5 
mL medium (U937). The columns were washed with 25% 
ethanol, eluted with 85% methanol and 4% acetic acid, 
and the samples dried overnight in a vacuum evaporator. 
Radioimmunoassay using lz51-ET-1 was then performed in 
duplicate, following the recommendation of the supplier, 
and the radioactivity measured in a y counter (LKB Wallac 
1470, Uppsala, Sweden). According to the supplier, cross- 
reactivity of the assay was 52% with ET-2, 92% with ET-3, 
and 7% with Big-ET-l. Recovery after reverse phase ex- 
traction was evaluated by adding a trace amount (5 nCi) of 

variation were 5.4 and 7.1%, respectively. 

Northern Analysis 

RNA analysis was performed as previously described [16]. 
Briefly, total cellular RNA was extracted in a guanidinium/ 
phenol/chloroform mixture according to the technique of 
Chomczynski et al. [17]. RNA was separated on a 0.6 M 
formaldehyde, 1% agarose gel, and transferred onto nylon 
membranes according to standard blotting procedures. 
cDNA probes for human prepro-ET-l and rat GAPDH 
were labeled using the random priming procedure. Filters 
were hybridized overnight with 0.5 kCi/mL of labeled 
cDNA at 42°C in 5 x SSPE (1 x SSPE; 150 mM NaCl, 10 
mM NaH,PO+ 1 mM EDTA), 2% Denhardt, 0.5% SDS, 
50% deionized formamide, and 100 pg/mL sonicated 
salmon DNA. After washing under increasingly stringent 
conditions, the filters were exposed to Kodak XAR film 
with intensifying screen at -80°C. Signals were measured 
with a laser densitometer (Molecular Dynamics and Image- 
Quant v.3.3) and normalized to the GAPDH mRNA sig- 
nal. Data from treated cells were expressed as a percentage, 
with basal conditions arbitrarily set at 100%. 

Data Analysis 

Results, given as mean f SEM, were analyzed using the 
nonparametric Kruskal-Wallis test. Significance was set at p 
= 0.05. 

RESULTS 
ET-1 Content in Cell Culture Medium 

Under basal, serum-free conditions, ET-1 peptide was se- 
creted at low levels in the U937 cells and in PBMC, and 
was not detectable in supernatants from BEAS-2B cells 
(Figs. 1 and 2). Challenge with rhTNFa induced ET-l 
release in the broncho-epithelial cells at 21.2 + 4.7 pg/107 
cells/24 hr (mean + SEM, n = 4), but was without effect on 
the U937 cells or on PBMC. Treatment with the protein 
kinase C activator phorbol myristate acetate (PMA, 10m6 M 
for 24 hr) induced a modest ET-1 release in BEAS-2B cells 
(6.6 + 1.9 pg/107 cells/24 hr), but no change in U937 cells. 
PMA-induced monocytic differentiation into a macrophage 
phenotype (lo-’ M for 48 hr), as described elsewhere [ 181, 
did not modify the response of the U937 cells after TNFa 
(data not shown). 

We then tested the influence of the glucocorticoid dexa- 
methasone at a pharmacological concentration of 10e6 M 
for 48 hr. This treatment was without effect on BEAS-2B 
cells, but was able to increase basal ET-1 release in U937 
cells from 19.7 f 3.3 to 37.4 + 3.9 pg/107 cells/24 hr (n = 
6, p c 0.001). Unlike U937 cells, dexamethasone did not 
modify ET-1 release from PBMC (baseline: 4.50 f 2.61 pg/ 
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FIG. 1. ET-1 peptide content measured in the conditioned 
medium from BEAS-2B cells after 24-hr incubation. Data 
are the mean * SEM from 34 independent experiments. 
NM, not measurable (detection threshold: 10 pg/lO’ cells); 
TNF, 50 ng/mL hTNFu; DEX, 10e6 M dexamethasone for 
48 hr; TNF+DEX, both previous treatments together. 

lo7 cells/24 hr, dexamethasone treated: 4.12 f 1.41 pg/107 
cells/24 hr). As previously shown, PMA-pretreated U937 
cells reacted similarily to PMA-naive cells. To determine if 
glucocorticoids were able to inhibit TNFol-induced ET-1 
expression in the broncho-epithelial cells, the BEAS-2B 
cells were first incubated with dexamethasone 10e6 M 
alone for 24 hr. The medium was then changed and the 
cells incubated for another 24-hr period with TNFol (50 
ng/mL) and dexamethasone. ET-1 peptide release was com- 
parable with this treatment and with TNF~x alone (Fig. 1). 
The same experiments performed with U937 cells and 
PBMC, either with dexamethasone alone or with dexa- 
methasone followed by TNFa, showed that ET-1 produc- 
tion was similar under both conditions (Fig. 2). 
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FIG. 2. ET-1 peptide content measured in the conditioned 
medium from U937 cells after 24 hr incubation. Data are 
the mean * SEM from >4 independent experiments. Same 
abbreviations as in Fig. 1. p = 0.0018 (Kruskal-Wallis). 

Northern AnaIysis 

Under basal conditions, prepro-ET-1 mRNA was weakly 
detectable in Northern blots obtained from U937 and 
BEAS-2B (Fig. 3A,B). Treatment of both cell lines with 
PMA 10e6 M induced a strong mRNA band with a stimu- 
lation from 2 to 24 hr in BEAS-2B cells, but no significant 
induction in U937 cells. Challenge with dexamethasone 
and TNFol were performed according to the same experi- 
mental design as for the cell supernatant studies. In BEAS- 
2B cells, TNFa, but not dexamethasone, was able to in- 
crease the prepro-ET-1 mRNA signal (Fig. 4A,B). Pretreat- 
ment of these cells with dexamethasone did not decrease 
TNFa-induced expression of prepro,ET-1 mRNA. In con- 
trast, in dexamethasone-treated U937 cells, there was a 
tendency toward higher prepro-ET-1 mRNA expression, 
although these data did not reach statistical significance 
(Fig. 5A,B). After TNFa treatment, no significant induc- 
tion was observed. Under neither condition was prepro- 
ET-3 mRNA detectable (data not shown). 

We then tested whether or not the induction by TNFa 
of prepro-ET- 1 mRNA in BEAS-2B cells was dependent on 
new protein synthesis. Incubation of cells with the protein 
synthesis inhibitor cycloheximide 10 p,g/mL for 4 hr led to 
an increased signal for prepro-ET-l mRNA (Fig. 6A,B). 
After coincubation with TNFe and cycloheximide, the 
mRNA was more abundant than with cycloheximide alone, 
demonstrating that TNFcx was able to increase expression 
of this mRNA without the need for new protein synthesis. 

DISCUSSION 

This in vitro study demonstrated that the modulation by 
biological mediators or pharmacological agents of ET-1 ex- 
pression differed according to the cell line analyzed. In the 
BEAS-2B broncho-epithelial cell line, TNFcx, but not 
dexamethasone, was able to induce ET-1 synthesis. How- 

123456 

FIG. 3. Northern blot from BEAS-2B and U937 RNA. The 
total celhdar RNA (20 &lane) was hybridized with the pree 
pro-ET-1 probe (panel A) and the rGAPDH probe (panel 
B). Lanes l-3, BEAS-2B cells Lanes 4-6, U937 cells; lanes 1 
63 4, basal conditions; Lanes 2 & 5, 10e6 M PMA 2 hr; lanes 
3 & 6, 10m6 M PMA 4 hr, Arrows, 28s and 18s RNA. 
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FIG. 4. Northern blot from BEAS-2B cells hybridiied for 
ET-1 (panel A) and GAPDH (panel B). Treatment condi- 
tions were sin&r to those in Fig. 1. The lower graph rep- 
resents quantification of the prepro-ET-1 mRNA signal, 
normalized to GAPDH signal to correct for unequal loading. 
Data are the mean * SEM from 34 independent experi. 
ments, expressed as a percentage of the baseline arbitrarily 
set at 100%. p = 0.002. 

ever, in the monocytic U937 cells, the reverse was ob- 
served. In BEAS-2B cells, Northern blot analyses were 
overall concordant with data obtained with secretion of the 
peptide, showing that this modulation takes place essen- 
tially through enhanced transcription or/and increased 
mRNA half-life. After PMA treatment, however, the 
mRNA signal was much higher than expected considering 
the modest amount of peptide released in the medium, 
suggesting that this nonphysiological stimulus does not gen- 
erate an efficient peptide synthesis. In U937 cells, there was 
no significant correlation between Northern blot analyses 
and peptide release, indicating that posttranscriptional 
regulation might prevail in this cell line. 

The ET-l immunoassay used in this study cross-reacts 
with both ET-2 and ET-3. Because ET-3 has been detected 
in macrophages [3] and bronchial epithelial cells [2], some 

of the endothelin measured here could be the type 3 iso- 
peptide. However, Northern blotting with human specific 
ET-3 cDNA did not show any signal, either under basal or 
stimulated conditions, suggesting that ET-3 synthesis is 
comparatively low in these two cell lines. 

Immunoassay in conditioned medium from cell culture 
reflects peptide release by these cells, which could signifi- 
cantly differ from de nova synthesis if the peptide is stored 
in secretory granules within the cytoplasm. For ET-l, sev- 
eral lines of evidence suggest, however, that the release of 
the peptide does require de nova synthesis, and not libera- 
tion of intracellularly stored precursors [19]. In addition, 
the parallel increase of prepro-ET-l mRNA strongly sug 
gests an increased gene expression. TNFo is known to in- 
duce ET-1 production in endothelial cells through tran- 
scriptional regulation [20]. Airway epithelial cells from the 
guinea pig [21] are also known to respond to this cytokine, 
whereas the human alveolar carcinoma cell line A549 has 
been shown to respond to IL-2 and to fetal bovine serum 
[ 131. We demonstrate here that the human BEAS-2B cells, 
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FIG. 5. Northern blot from U937 cells hybridized for ET.1 
(panel A) and GAPDH (panel B). Treatment conditions are 
similar to those in Fig. 2. The graph represents quantitka- 
tion of the prepro-ET-1 mRNA signal, normalized to 
GAPDH signal to correct for unequal loading. Data are the 
mean f SEM from 34 independent experiments, expressed 
as a percentage of the baseline arbitrarily set at 100%. 
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1 2 3 4 it has been demonstrated in published experiments with a 
similar design that 1O-6 M dexamethasone was still able to 
downregulate the TNFcy-mediated IL-6 expression in 
BEAS-2B cells, irrespective of the presence or absence of 
hydrocortisone in the medium [25]. Therefore, these ex- 
perimental conditions most likely reflect the situation of a 
pharmacological treatment in vivo in human patients, with 
a mean plasma cortisol concentration of 4 x 10e7 M. 

The discrepancy between the behavior of U937 cells and 
PBMC in response to corticosteroids is intriguing. Because 
U937 are a leukemia cell line, they may phenotypically 
differ from normal blood monocytes, even after differentia- 
tion with PMA. We are presently evaluating the response 
of other nonneoplastic monocytic cells, such as lung tissue 
and broncho-alveolar macrophages. 

TNF 

CYH 
FIG 6. Northern blot from BEAS-2B cells hybridized for 
ET-1 (panel A) and GAPDH (panel B). TNF, 50 ng/mL 
hTNFa 4 hr; CYH, 10 pg/mL cycloheximide 4 hr; 
TNF+CYH, both treatments together. 

derived from bronchial epithelium, behave similarly after 
TNFa exposure, although the amount of ET-l produced is 
much lower than what has been measured in other epithe- 
ha1 cells [13, 211. Whether this lower expression is due to 
differences in the culture conditions (in particular, the se- 
rum-free medium) or is specific to this cell line will need 
further study. In addition, we have shown that the mecha- 
nisms involved in the regulation of TNFa-induced prepro- 
ET-1 mRNA expression in BEAS-2B cells did not require 
new protein synthesis, in agreement with observations 
made in bovine endothelial cells [20]. Surprisingly, U937 
cells were not responsive to TNFar, either at the mRNA or 
at the peptide level, although this cell line is known to 
express TNFo receptors. Even after inducing a macrophage- 
like phenotype through incubation with the phorbol ester 
PMA [18], we did not notice any response to TNFa treat- 
ment. The failure to respond to TNFol was confirmed in 
mononucleated cells from healthy donors. 

Glucocorticoids have been shown to have the potential 
to induce ET-1 expression in vascular smooth muscle cells 
[22], and in breast cancer cell lines [23]. Although not yet 
clarified, the mechanism is likely to be indirect, because the 
ET-l gene does not possess any identifiable glucocorticoid 
response element in its promoter region [24]. Our study 
demonstrates that U937 cells behave similarly and that the 
induction persists at least for 72 hr. On the contrary, PBMC 
and BEAS-2B cells did not respond to dexamethasone; 
moreover, dexamethasone was unable to modifv the TNFa- 
induced ET-1 expression in the epithelial cells, although 

thev do uossess functional elucocorticoid recenters 1251. 
The LHC-9 medium used toirow the BEAS-2BLcells con- 
tains 2 x 10e7 M hydrocortisone [14]. As such, it can be 
argued that this basal level could have desensitized these 

cells to pharmacological doses of glucocorticoids. However, 

It has already been observed-that modulation of ET-l 
release after glucocorticoid treatment is cell type- or tissue- 
specific: for example, dexamethasone elicits ET-l release 
from vascular smooth muscle, but not from endothelial cells 
[22]. Our data from bronchial epithelial cells contrast with 
those reported in asthmatic patients in vivo [5, 61, in animal 
models [26], or with the A549 cell line [13]. We speculate 
that in vivo glucocorticoids are able to achieve a downregu- 
lation of ET-1 in the bronchi indirectly, through inhibition 
of the release of proinflammatory mediators, such as TNFa 
and/or IL-2, that can increase ET-1 release. The discrep- 
ancy with the results reported by Vittori et al. [7], where 
hydrocortisone downregulated ET-l secretion in primary 
epithelial cells cultured from asthmatics, might originate 
from the difference in the cell types analyzed, in the ET- 
l-inducing factors, or dissimilar culture conditions, al- 
though these latter points would require specific experi- 
ments. 

In conclusion, our study demonstrates that the modula- 
tion of ET-1 expression and secretion in human bronchial 
epithelial and monocytic cells is phenotype-specific. The 
complexity of ET-1 regulation lies, in part, in the structure 
of the ET-l gene, which can be transcribed by alternative 
promoters [24, 271. Therefore, in conjunction with the nu- 
merous ways of posttranslational regulation, the human 
body has set up a very sophisticated multilevel control sys- 
tem that can prevent noxious effects from such a potent 
peptide. To modulate pharmacological ET-1 activity in hu- 
man lung diseases, results obtained from both in vitro and in 
vivo studies will need to be taken into account. 
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