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Abstract: Endothelin-1 (ET-1) is a potent vaso and bronchoconstrictor. We have previously shown that in the presence of 

ET-1 bronchial epithelial cells migrate more slowly. Connective tissue growth factor (CTGF) is a cysteine rich secreted 

protein and regulates fibrosis. In addition, we have previously shown that CTGF is expressed in airway epithelial cells 

under the conditions of stress starvation. The aim of this study was to describe the effect of ET-1 on CTGF expression, us-

ing a lung epithelial-fibroblast co-culture system. Bronchial epithelial cells (BEC) were grown and stimulated with ET-1, 

100ng/ml of media, for 24 hours. At 0, 4 and 24 hours, total RNA was isolated. Reverse transcription PCR was performed 

and CTGF transcripts were semi-quantified. In addition, BEC were grown in co-culture, in the presence of human lung fi-

broblasts (FB). The same experiment was conducted for FB grown in the presence or absence of ET-1. Control cells were 

grown only in the basal media. At both time points, following exposure to ET-1, BEC expressed more CTGF as compared 

to control. Cells in co-culture with FB, expressed no CTGF at 4 hours, and detectable CTGF at 24 hours. CTGF was de-

tected at all time points for FB in both control and stimulated cells. ET-1 induces expression of CTGF in BEC as com-

pared to control. ET-1 may be an important regulator of CTGF expression in the airway. Lung fibroblasts may secrete 

epithelial cell regulatory factors, controlling the expression of CTGF in the presence of ET-1. 

INTRODUCTION 

 The endothelins are a family of endothelium-derived pep-
tides

 
with a variety of biological activities, including potent

 

vasoconstriction and bronchoconstriction [1-3]. Endothelin-1 
(ET-1) is upregulated during

 
tissue repair and pulmonary 

fibrosis, and we have previously shown that in the presence 
of ET-1 bronchial epithelial cells migrate more slowly, 
which could potentially inhibit epithelial repair in the airway 
[1]. We have also previously shown that connective tissue 
growth factor (CTGF) is produced by bronchial epithelial 
cells, which are key cells in airway repair and remodeling, 
and contribute to the development of abnormal subepithelial 
fibrosis [2]. The interaction between bronchial epithelial 
cells and lung fibroblasts is a crucial factor in the develop-
ment of airway inflammation and lung fibrosis. The aim of 
this study was to describe the effect of ET-1 on CTGF at the 
level of transcription, as compared to control cells in a co-
culture system. 

MATERIALS AND METHODS 

Cell Culture 

 Bronchial epithelial cells (Beas2B and BET1A, ATCC) 
were grown to 90% confluence under standard growth condi-
tions, for these commercially available cell lines. The media 
used was Small Airway Growth Media (SAGM, Clonet-
ics,San Diego). The cells were grown at 37  C, in 5% CO2 
under sterile conditions. BEC were also grown in co-culture 
in the presence of human lung fibroblasts (FB, Clonetics, 
San Diego), on six well filter inserts under sterile conditions. 
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 The cells were exposed to shared soluble solutions, but 
not in direct physical contact with each other. Lung FB were 
grown alone in six well plates, in the presence or absence of 
ET-1. The three cellular conditions consisted of BEC, FB 
and co-cultured BEC and FB.  

 ET-1 at 100ng/ml of media was added to the media for 
24 hours. At time points of 0, 4 and 24 hours, total RNA was 
isolated by previously described methods [2]. 

Isolation of RNA and RT-PCR 

 RT-PCR was performed and CTGF transcripts were 
semi-quantified and normalized by previously described 
methods [2]. Briefly, Total RNA was isolated by using RNA 
Stat60 (Tel-test, Friendswood, TX USA), according to the 
manufacturers’ instructions. RNA was then quantified 
fluorimetrically, using Sybr Green II (Molecular Probes, 
Eugene, OR, USA).  

 The isolated RNA (1ug) was then reverse transcribed 
using a total 20ul reaction, as described previously. The PCR 
products were then separated on a 2% agarose gel. The iso-
lated and anticipated product size was 300 basepairs. Se-
quencing analysis was completed by using the ABI 
PRISM377 DNA sequencer (Applied Biosystems, Foster 
City, CA, USA).  

 The same experiments were conducted for lung FB 
grown only in the presence or absence of ET-1. Control cells 
were grown only in basal media, without addition of ET-1. 
The results are expressed in a semi-quantitative manner, us-
ing a scale of 0-2 (0, +, ++). More intense bands are graded 
two, present, one and none, zero. 

RESULTS 

 At 4 and 24 hours following exposure to ET-1, BEC ex-
pressed CTGF as detected by semi-quantitative PCR analy-
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sis. The score was ++ at both time points. Control cells ex-
pressed comparatively lower levels of CTGF at 24 hours 
(+), and none at 4 hours. CTGF was detected at all time 
points for FB in both control and stimulated cells. The re-
sults are summarized in Table 1. 

Table 1. The Semi-Quantitative Expression of CTGF mRNA 

Transcripts, in the Presence or Absence of Endo-

thelin-1 is Summarized. Cells were Grown Sepa-

rately or in Co-Culture on Six well Inserts 

 4 hrs 24 hrs 

BEC    

 +ET-1 ++ ++ 

 -ET-1 0 + 

FB    

 +ET-1 ++ ++ 

 -ET-1 ++ ++ 

BEC 

Co-Culture with FB 

   

 +ET-1 0 ++ 

 -ET-1 0 + 

Expression is reported as 0-none detectable; +, detectable; ++ highly detectable. 
Abbreviations: BEC = bronchial epithelial cells; FB= lung fibroblasts; ET-1= endo-

thelin-1. 

 
 Control epithelial cells in co-culture with FB, expressed 
no CTGF at 4 hours, and ++ detectable CTGF at 24 hours. 
The co-culture stimulated cells, expressed no CTGF at four 
hours, and detectable transcripts at 24 hours. 

 Overall, ET-1 increased the expression of CTGF tran-
scripts in BEC. In the co-culture system there was a down-
regulation of CTGF transcriptional expression. When lung 
fibroblast secretory proteins are in contact with the BEC, 
there is no expression in BEC after four hours of exposure to 
ET-1. This effect does not require physical contact between 
the two cell types, since the two cell types were separated by 
filter inserts. 

DISCUSSION 

 This study was conducted to determine the expression of 
CTGF mRNA transcripts in bronchial epithelial cells and 
lung fibroblasts, grown in co-culture or separately, in the 
presence of ET-1. We have previously shown that BEC pro-
duce CTGF under conditions of stress starvation. The results 
indicate for the first time on ET-1 induces expression of 
CTGF in BEC, as compared to controls and may be an im-
portant regulator of CTGF expression in the airway. Lung 
fibroblasts grown alone, expressed CTGF transcripts in the 
presence or absence of ET-1. 

 The attenuation of CTGF expression by BEC in co-
culture with FB, indicates that lung fibroblasts may secrete 
regulatory factors that could control the expression of CTGF 
in the presence of ET-1. Based on these results, ET-1 in-
duces expression over basal levels of CTGF mRNA as early 
as four hours, and the effect lasts at least until 24 hours. In 
contrast, when grown in co-culture with lung FB, the levels 

are attenuated at four hours. This study highlights the com-
municatory cellular regulation of CTGF in two key airway 
cell types.  

 Other studies have shown that the communication be-
tween BEC and lung FB determines the overall inflamma-
tory response to injury in the airway [4, 5]. The development 
of subepithelial fibrosis is a result of stimuli, such as me-
chanical stress and exposure to environmental agents [6].  

 ET-1 is a multi-functional endothelium derived peptide, 
and is a known potent vaso and bronchoconstrictor. ET-1 
activates vascular smooth muscle cells and is an important 
mediator in chronic pulmonary diseases such as asthma and 
fibrosis. CTGF is a key factor in repair and remodeling of 
the airway, and this study indicates that in the presence of 
ET-1, a cellular response results in the release of CTGF [7].  

 Other previous studies have shown that ET-1 upregulates 
CTGF in neonatal cardiac myocytes. The authors showed 
that ET-1 caused an increase in CTGF expression, maxi-
mally within one hour, but it was sustained over 24 hours 
[8]. Another report using gene array analysis to study lung 
fibroblasts, showed that ET-1

 
induces a program of matrix 

synthesis in lung fibroblasts, and
 
that ET-1 may play a key 

role in connective tissue deposition
 
during wound repair and 

in pulmonary fibrosis [9]. In another study, the pro-fibrotic 
effects of ET-1 were further demonstrated. The authors used 
dermal fibroblasts and showed that ET-1 induced connective 
tissue growth factor (CTGF) at higher levels than TGFb-1. 
The effect of ET-1 was noted to be biphasic with a lower 
induction at three hours and a delayed second induction after 
five days. In this study the effect of ET-1 on CTGF tran-
scripts was noted at both four and 24 hours [10]. 

 ET-1 is markedly up-regulated during tissue repair
 
and in 

the patients with a variety of fibrotic diseases and these re-
sults suggested

 
that ET-1 may play a key role in lung remod-

eling [11]. Increased ET-1 levels have been demonstrated in 
the bronchial epithelium of asthma patients [12].  

CONCLUSIONS 

 Based on this and other studies, ET-1 and CTGF are im-
portant therapeutic targets in the modulation

 
of pulmonary 

fibrogenesis, and understanding the regulatory mechanisms 
of the effect of ET-1 on lung fibrogenesis is an area of future 
research. 
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