
OR I G I N A L A R T I C L E

Role of endothelin receptor type B (EDNRB) in lung
adenocarcinoma
Feiran Wei1 , You Ge2, Wei Li2, Xuerong Wang3 & Baoan Chen1

1 Department of Hematology and Oncology, Zhongda Hospital, School of Medicine, Southeast University, Nanjing, China
2 Department of Epidemiology and Health Statistics, School of Public Health, Southeast University, Nanjing, China
3 Department of Pharmacology, Nanjing Medical University, Nanjing, China

Keywords
EDNRB; Erk signaling pathway; GSEA; lung
adenocarcinoma; TCGA.

Correspondence
Department of Hematology and Oncology,
Zhongda Hospital, School of Medicine,
Southeast University, Nanjing 210009, China.
Tel/fax +86 25 83272006.
Email: cba8888@hotmail.com

Received: 10 April 2020;
Accepted: 19 April 2020.

doi: 10.1111/1759-7714.13474

Thoracic Cancer 11 (2020) 1885–1890

Abstract
Background: The five-year survival rate of lung adenocarcinoma patients
(LUAD) is very low,and the methods of predicting survival are a great obstacle
for LUAD therapies. Endothelin receptor type B (EDNRB) gene is associated
with tumorigenesis. In this study, we aimed to evaluate the predictive value of
EDNRB on LUAD.
Methods: Survival analyses was performed to assess the correlation between
EDNRB expression and survival of LUAD patients from the Cancer Genome
Atlas (TCGA) and the Chinese Glioma Genome Atlas (CGGA) datasets. Gene
set enrichment analysis (GSEA) was conducted to illustrate possible biological
functions of EDNRB. Laboratory methods were used to verify the function of
EDNRB in LUAD.
Results: The TCGA results showed that a low expression of EDNRB was found
in LUAD patients which led to poor outcome and worse survival, compared with
the high expression in GSEA results which suggested that expression of EDNRB
might be associated with regulation of the ERK pathway. Laboratory results
suggested that EDNRB could inhibit the proliferation and migration of LUAD
H1299 cells.
Conclusions: EDNRB is a potential prognostic marker for LUAD patients and
might exert its functions by regulating the ERK pathway in LUAD.

Introduction

Lung cancer is a malignant tumor of the respiratory sys-
tem, about 80% of which is non-small cell lung cancer
(NSCLC).1 With nonspecific early clinical symptoms, the
onset of NSCLC is insidious, and most patients are diag-
nosed at an advanced stage, and the incidence of lung ade-
nocarcinoma (LUAD) accounts for about 30% of NSCLC.2,
3 Relevant studies4 have pointed out that after treatment, a
considerable number of patients with LUAD still have
tumor metastasis, and the five-year survival rate of patients
is very low. If the prognosis of patients with LUAD can be
evaluated as early as possible, it will be of positive signifi-
cance for clinical intervention measures to reduce the inci-
dence of end-point events. However, the sensitivity and
accuracy of the methods used to evaluate the prognosis of
patients with LUAD are poor.

The endothelin receptor type B (EDNRB) gene is located
in q22 of chromosome 13, GenBank ID 1910, with a length
of about 24 Kb, including seven exons and six introns. Its
promoter contains a CpG island, which is inactivated dur-
ing hypermethylation. The product of which, EDNRB pro-
tein belongs to the G-protein-coupled receptor family. It
binds to the ligand, endothelin (ET) to transmit extracellu-
lar signals. In the process of embryonic development,
EDNRB plays an important role in the migration and dif-
ferentiation of neural crest cells into ganglion cells, which
is related to megacolon disease.5, 6 The hypermethylation
of EDNRB gene promoter is associated with a variety of
tumors, accompanied by the silencing of EDNRB gene
expression. EDNRB gene has been found to have low
expression in melanoma7 and breast carcinomas.8 How-
ever, the correlation between EDNRB and LUAD
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prognosis has not yet been characterized. Therefore, this
study sought to determine the role and mechanism of
EDNRB in the tumorigenesis and development of LUAD,
and provide a theoretical basis for EDNRB as the treatment
target of LUAD.

Methods

Cell lines

LUAD H1299 cells were purchased from the ATCC cell
bank; RPMI1640 and fetal bovine serum were purchased
from GIBCO Company; penicillin/streptomycin, EDNRB
carrier, pLEX-MCS carrier, Cell Counting Kit-8 (CCK-8),
DMSO reagent and Transwell cells were purchased from
Costar company. EDNRB antibody (rabbit antibody, 1:500)
and antibody (goat anti-rabbit IgGHRP and rabbit anti-
human β-actin IgG, 1:1000) purchased from Santa Cruz
Biotechnology.

Database analysis
We downloaded the RNA-seq expression data and clinical
information for LUAD from TCGA database (http://
cancergenome.nih.gov). Cases with incomplete clinical
information were excluded. A total of 996 patients with
detailed clinical information were included for subsequent
survival analysis. Expression data of EDNRB in different
tumors and normal controls were obtained from TCGA
and the Genotype-Tissue Expression (GTEx) databases.
Log-rank test in Kaplan-Meier analysis was performed to
compare the effect of EDNRB expression on prognosis
using survival R package. The median expression of
EDNRB was used to dichotomize patients into either a
high-EDNRB (top 498 samples) or a low-EDNRB (last
498 samples) group in survival analyses. P-values < 0.05
were regarded as the cut-off for significance.

Gene functional analysis
Gene set enrichment analysis (GSEA) was used to study
the possible mechanisms of EDNRB in LUAD patients. All
LUAD patients were divided into two groups according to
the median expression level of LUAD. The annotated gene
sets (c2.cp.kegg.v6.0.symbols.gmt) were chosen as the refer-
ence gene sets. |NES| >1, P-values < 0.05, and FDR < 0.25
were considered as statistically significant.

Cell culture
LUAD H1299 cells were cultured in RPMI-1640 containing
10% fetal bovine serum. The culture medium contained 1%
penicillin/streptomycin. Cells were cultured at 37�C in an
incubator with 5% CO2, and subcultured when they had
grown to 80% in the petri dish.

Cell transfection
The culture medium was replaced with serum-free cul-
ture medium two hours before transfection. Two 1.5 mL
EP tubes were used for transfection. First, 250 μL Opti-
MEM was placed in the EP tubes, and the transfected
plasmid DNA and lipofectamine 2000 were in turn
added. The tubes were then left to incubate at room tem-
perature for 5 minutes. The two EP tubes were gently
mixed together and left to incubate for 20 minutes. The
mixture was then added to the petri dish with medium.
The medium was replaced after six hours. Then, 24 hours
after the transfection, the cells were ready to be used for
subsequent experiments. H1299 cells transfected with
EDNRB plasmid were the experimental group (H1299/
EDNRB), and H1299 cells transfected with pLEX-MCS
plasmid were the control group (H1299/vector). Western
blot experiment was used to detect the EDNRB protein
in both groups.

Cell proliferation experiment
A CCK-8 assay was used to study cell proliferation of
H1299/EDNRB and H1299/vector cells. The cells were
seeded in 96 well plates with 2000 cells per well. The
reagent was added on days 0, one, two, three, and four and
the optical density (OD) value of the hole detected with a
wavelength of 450 nm. The OD value was obtained and
statistically analyzed.

Cell scratch test
When the number of H1299/EDNRB and H1299/vector
cells had grown to 90%, we used 200 μL pipette tips to
mark 300–500 μm of a cellular scratching area. The scratch
width was measured and images taken after 24 hours.
Before the images were taken, the culture medium was
changed into PBS and then returned to the culture
medium.

Transwell cell migration experiment
After H1299/EDNRB and H1299/vector cells in petri dis-
hes were digested and centrifuged, the concentration of
cells was adjusted to 5 × 108/L. We added 100 mL cell sus-
pension to each chamber. Then, 10% FBS and a series of
concentrations of oleic acid to RPMI1640 were added in
the lower chambers. After 24 hours, the cells were removed
in the upper chamber using a cotton swab, and then fixed
with 4% paraformaldehyde for 15 minutes. PBS was then
used to rinse and 0.1% crystal violet to stain. Five visual
fields were randomly selected under the microscope and
photographed.
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Results

Expression pattern of EDNRB in tumor
patients

The results showed that the expression of EDNRB was
downregulated in 17 tumors, such as adenoid cystic carci-
noma (ACC), bladder urothelial carcinoma (BLCA), esoph-
ageal carcinoma (ESCA), and prostate adenocarcinoma
(PRAD). There was a significant difference in the EDNRB
expression between the LUAD group and the normal
group (P < 0.05) (Fig 1), which indicated that EDNRB
might participate in tumorigenesis in various tumors and
be a potential prognostic gene marker for LUAD.

Relationship between expression of
EDNRB and overall survival of patients
with LUAD

We then inspected the correlation between EDNRB expres-
sion and survival in LUAD patients. Kaplan-Meier plots
demonstrated EDNRB expression was significantly associ-
ated with survival (P = 0.034) (Fig 2). This result indicated
that LUAD patients with a high EDNRB expression might
have better survival and prognosis.

EDNRB might be associated with ERK
pathway

To illustrate the possible biological functions and pathways
of EDNRB in LUAD, we performed GSEA using TCGA
datasets. The regulation of ERK and PI3K-Akt pathway
were top two enriched in TCGA datasets (Table 1, Fig 3).
These results suggested that the expression of EDNRB

might be strongly associated with regulation of the ERK
pathway.

EDNRB could inhibit proliferation of H1299
cells

In order to verify the role of EDNRB in the carcinogenesis
and development of LUAD, CCK-8 method was used to
detect the proliferation of H1299/EDNRB and H1299/vec-
tor. The results showed that the trend appeared from
48 hours, and the difference was the most significant at
96 hours (P < 0.05). The proliferation of H1299/EDNRB
cells was weaker than that of H1299/vector cells, indicating
that EDNRB could inhibit the proliferation of LUAD
(Fig 4a).

Figure 1 Profile of endothelin receptor type B (EDNRB) gene expression and Kaplan-Meier plots in TCGA RNA-seq dataset ( ) Normal, ( ) Tumor.

Figure 2 The survival analyses of patients with different expression
level of endothelin receptor type B (EDNRB) ( ) high expression, ( ) low
expression.
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EDNRB could inhibit migration of H1299
cells

In order to determine the effect of EDNRB on the migra-
tion of H1299 cells, a cell scratch test and transwell cell
migration experiment were used to detect the migration of
H1299/EDNRB and H1299/vector. The cell scratch test
results showed that the migration speed of H1299/EDNRB
cells was significantly slower than that of H1299/vector
cells (0.36 � 0.02, 0.77 � 0.04, P < 0.05) (Fig 4b). The
results of the transwell cell migration experiment showed
that the migration ability of H1299/EDNRB was signifi-
cantly weaker than that of H1299/vector cells

(21.11 � 3.85, 54.49 � 9.42, P < 0.05) (Fig 4c). These
results showed that EDNRB inhibited the migration of
H1299 cells.

Discussion

EDNRB gene encodes a G-protein-coupled receptor-
mediated endothelin, inducing development and transfor-
mation of the neural crest cell-specific lineage. Recently,
evidence has shown that there is reduced EDNRB expres-
sion in cancer cells when compared to normal cells. Silenc-
ing of EDNRB expression has also been shown in
nasopharyngeal carcinoma, prostate cancer, melanoma and
esophageal carcinoma.9–12 A study by Chen et al. from Tai-
wan reported that EDNRB was downregulated in lung can-
cer patients.13 In this study, abnormal low expression of
EDNRB gene was detected in 26 of the 79 lung cancer
patients and concluded that the EDNRB gene may have
the characteristics of a tumor suppressor gene in lung can-
cer. The study illustrated the relationship between EDNRB
and lung cancer, but its biological role and possible mecha-
nism were not focused upon.
In our study, we confirmed EDNRB as a suppressor gene

for LUAD and observed the role of EDNRB in LUAD. The
survival analyses of patients with different expression levels
of EDNRB based on TCGA LUAD data also indicated that
EDNRB was a potential prognostic marker for LUAD. The

Table 1 Correlation between endothelin receptor type B (EDNRB) and
signal pathway of lung adenocarcinoma (LUAD)

Signal pathway Enrichment P-value

Pathways in cancer −0.454 272 0.001003
ERK signaling pathway −0.472 453 0.001025
PI3K-Akt signaling pathway −0.508 594 0.001015
RAS signaling pathway −0.606 667 0.001056
Regulation of actin cytoskeleton −0.472 949 0.001056
Proteoglycans in cancer −0.481 285 0.001056
Focal adhesion −0.580 193 0.001057
Rap1 signaling pathway −0.571 431 0.001059
Cytokine-cytokine receptor interaction −0.514 928 0.001066
Chemokine signaling pathway −0.545 630 0.001066

Figure 3 Functional investigation of endothelin receptor type B (EDNRB) in lung adenocarcinoma (LUAD) ( ) MAPK signaling pathway, ( )
pathways in cancer, ( ) PI3K-Akt signaling pathway.
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survival of high EDNRB expression cases was significantly
better than that of low EDNRB cases. This result indicated
that EDNRB might be a predictor for LUAD patients and
play a key role during prognosis of tumor patients. In
other reports, the results were similar with our findings.
For example, Tao et al.14 reported that low expression of
EDNRB was associated with the proliferation of gastric
cancer cells. One study suggested that low expression of
EDNRB was related to a poor prognosis in breast cancer.15

Therefore, we carried out an in-depth study on the
EDNRB gene in LUAD. After construction of EDNRB
overexpression H1299 cell line, we carried out experiments
related to cell proliferation and migration. The experimen-
tal results showed that EDNRB inhibited the proliferation
and migration of H1299 cells. Combined, these results sug-
gest that EDNRB might be a necessary suppressor gene
and could inhibit the proliferation and migration
of LUAD.
Another important finding in our study was that

EDNRB was closely related to the ERK pathway. Based on
GSEA using TCGA datasets, regulation of the ERK path-
way was the most significantly enriched in TCGA datasets.
These results suggested that the expression of EDNRB

might be strongly associated with regulation of the ERK
pathway. The ERK signaling pathway is a classic mitogen-
activated protein kinase (MAPK) signaling pathway, which
can be activated by RAS, PKC, etc and participates in cell
metastasis and invasion. The activation of ERK can pro-
mote the migration and invasion of cancer cells.16 It has
also been reported that ERK activation can promote the
migration and invasion of lung cancer.17 EDNRB may par-
ticipate in the process of ERK on LUAD, which provides a
possible theoretical basis for EDNRB to regulate the inva-
sion and migration of LUAD.
In conclusion, EDNRB is a potential prognostic marker

for LUAD patients and might exert its functions by regu-
lating the ERK pathway in LUAD. Further investigations
should focus on specific clinical events, biological behaviors
and potential mechanism of EDNRB in the regulation of
LUAD, which may allow a better understanding of LUAD
pathogenesis and provide a theoretical basis for EDNRB.
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