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Introduction

The family of endothelins consists of four peptides 
with different sequences: ET-1, ET-2, ET-3 and 
ET-4 (also known as vasoactive intestine contrac-
tor [VIC]),1,2 encoded by different genes with con-
servative nucleotide sequences.3,4 Their structure is 
characteristic: the biologically active N-end 
(hydrophilic, a single alpha helix determining the 
affinity for the receptor and with two bisulfide 
bonds) and the short hydrophobic C-end with a 
beta-sheet structure responsible for receptor bind-
ing. Two types of metabotropic receptors for 
endothelins as ETAR and ETBR, coupled with a G 

protein were identified in humans.5–7 They were 
found in cells from many tissues: endothelium, 
heart, kidneys, intestines, lungs, brain, spleen and 
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skin.5 Confirmed presence of endothelins’ recep-
tors in the intestine wall and the ability of their 
agonists to change muscular tension indicates for 
the role of these proteins in regulation of biological 
and molecular functions of the gastrointestinal 
tract.8

The endothelins were shown to play a crucial 
role in various cancer cells including cell prolifera-
tion, escape from apoptosis, angiogenesis, cell sur-
vival, invasion and metastatic dissemination, 
aberrant osteogenesis and modification of nocicep-
tive stimuli.9

Endothelin-3 (ET-3) is excreted by endothelial 
cells, neuronal brain cells, renal epithelial cells and 
intestinal cells,10 as well as pancreatic, splenic and 
prostate cells.11 Its involvement was confirmed in 
the development of choriocarcinoma12 and malig-
nant melanoma.13 The active form of ET-3 is a 21 
amino acid peptide. The active peptide is a ligand 
for ETBR. ET-3 growth factor protein levels were 
decreased in cervical cancer compared with normal 
cervical epithelial cells.14 In our previous paper,15 
analysis of gene expression profiles for endothelins 
and their receptors in the samples of normal colon 
and adenocarcinoma showed a three-fold increase 
in the expression of gene encoding endothelin A 
receptor (ETAR), and an approximately four-fold 
silencing of ET-3 transcriptional activity. In the 
study of Wiesmann et al. ET-3 mRNA expression 
and protein levels were attenuated in human breast 
cancer tissues compared to normal tissue. According 
to the authors, this effect was caused by hypermeth-
ylation of the ET-3 promoter and subsequent gene 
silencing.11 The study of Wang et al.16 showed an 
epigenetic inactivation of ET-2 and ET-3 (as a 
hypermethylation of EDN2 and EDN3 genes) in rat 
and human primary colon cancers. Silencing of the 
gene expression is due to chemical modifications of 
histon proteins and DNA itself.17

Advances in genomics, molecular pathology 
and metabolism have generated many risk factors 
of colorectal cancer (CRC), the third most com-
mon malignant neoplasm worldwide.18 Changes in 
the epigenetic pattern by DNA methylation or his-
tone modifications can lead to the silencing of 
those genes, which are involved in the regulation 
of many processes such as cell cycle, apoptosis or 
DNA repair.19 Practical usage of epigenetics in 
diagnostics and treatment of cancer is particularly 

useful for single genes (in particular, tumour sup-
pressors), which can become deregulated or 
silenced due to a disturbed epigenetic pattern if left 
unmutated.20,21

ET-3 is a new candidate tumour suppressor gene, 
which is often downregulated or even silenced by 
promoter hypermethylation in human cancers. But 
there are not many reports which have focused on 
ET-3 gene expression and its implication in human 
CRC.

In this study, we examined DNA methylation of 
ET-3 gene in CRC tissue samples. This paper is a 
continuation of our previously published results,15 
which showed a four-fold transcriptional silencing 
of ET-3 gene in the samples of CRC in comparison 
to normal tissues.

Materials and methods

Patients and tissue sample collection

Cryo-conserved clinical samples – tumour and 
normal tissues – were obtained from CRC patients 
treated by primary surgery at the Surgery 
Department. Patients who received neo-adjuvant 
chemotherapy or radiotherapy or both, and patients 
with recurrent CRC were excluded. A total of 66 
paired CRC and normal (surgical margin >5 cm) 
tissue samples were used. The tumours samples 
were collected from CRC patients in clinical stages 
(CS) I–IV according to the 7th edition of UICC 
TNM Classification of Malignant Tumours.22 The 
patients (26 women, 40 men; age range, 31–86 
years) were divided into four groups depending on 
CS (CS I, n = 8; CS II, n = 20; CS III, n = 27; CS 
IV, n = 11) (Table 1). The pathological features 
such as tumour location, type and grade are pre-
sented in Table 2.

The study was approved by the Bioethics 
Committee of the Silesian Medical University, cur-
rently the Silesian Medical University in Katowice 
(NN-6501-79/06).

Methods

Assessment of epigenetic silencing of the ET-3 
encoding gene was performed in three steps. First, 
DNA was extracted from colorectal using QIAmp 
DNA Mini kit (Qiagen). A colon/rectal fragment of 
about 25 mg was digested with proteinase K. Then, 
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DNA from homogenate was isolated according to 
the instructions of the manufacturer. Next, extracted 
DNA was treated with sodium bisulfite to convert 
unmethylated cytosine into uracil using EpiTect 
Bisulfite kit (QIAGEN). Methylated cytosines do 
not undergo this reaction. After converting cyto-
sine into uracil, extracted DNA was purified using 
EpiTect Bisulfite kit (QIAGEN) and used for 
methyl-specific PCR (MS-PCR) with two pairs of 
starters. The first pair of starters covered the 
unmodified ET-2 promoter region. The second pair 
covered a region of CpG islands, which were 
unmodified due to conversion of unmethylated 
cytosine into uracil. Assessment whether transcrip-
tional silencing of ET-3 encoding gene was a result 
from methylation of the promoter sequence using 
Methylation Specific PCR (MS-PCR).23 MS-PCR 
method involves amplification of a sodium bisulfite 
treated template DNA with the use of two primer 
pairs. One pair amplifies the methylated CpG 
island, recognising 5-methylocytosine as cytosine. 
The second pair is complementary to the unmeth-
ylated sequence, where cytosine was converted to 
uracil and it is recognised as uracil/thymidine. 
Depending on the primer pair, which gives reac-
tion, we obtain information on the presence or lack 

of methylation in a specific genomic position. 
Assessment of DNA methylation was started with 
identification of CpG islands in the EDN3 gene 
sequence, consisting of 32,549 bp: including 5000 
bp domain before first exon mRNA with a pro-
moter. A CpG island of 520 bp was found between 
this sequence and the first exon of the ET-3 gene. 
This sequence was used to construct starter pairs 
for the detection of methylated and unmethylated 
sequence with PCR (Figure 1).

Validation of the matrix experiment was per-
formed using the MS-PCR method and defining 
the EDN3 DNA methylation profile to confirm epi-
genetic silencing of EDN3 gene.

Results

Structure of ET-3 encoding sequence

Assessment of DNA methylation started with iden-
tification of CpG islands in the EDN3 gene 
sequence, consisting of 32,549 bp: including 5000 
bp domain before first exon mRNA with a pro-
moter. A CpG island of 520 bp was identified 
between this sequence and the first exon of the 
ET-1 gene sequence. This sequence was used to 
construct starters for detection of methylated and 
unmethylated sequence using PCR. Primers were 
constructed with MethPrimer software23 according 
to the following criteria of CG island 
identification:

−− an island must be longer than 100 
nucleotides,

−− a GC percentage that is greater than 50%,
−− an observed-to-expected ratio that is greater 

than 0.6.24

The ET-3 sequence with an indicated CpG island at 
5’ exon 1; accession number: NM000114 
(Figure 2).25

Bolded sequence means primers for methylated 
sequence (forward primer 121-146; reverse primer 
207-231), underlined sequence means primers for 
the unmethylated sequence (forward primer 124-
148; reverse primer 205-231). The sequence in the 
frame indicates a CpG island of 251 base pairs 
(start 62 – end 312).

The sizes of amplified products were 144 bp for 
no-methylation specific primers and 140 bp for 
methylation specific primers, respectively 
(Figures 3 and 4). Lack of proper product in both 

Table 1.  Demographics and clinic characteristics.

Age (years) Gender UICC TNM 7th edition

W M I II III IV

65.0 ± 10.6 26 40 8 20 27 11
31–86 40.0% 60.0% 12.1% 30.3% 40.9% 16.7%

Table 2.  Pathological features of the tumour samples.

Patients (n = 66)

  n %

Tumour location Colon 32 48.5%
Rectum 24 36.4%

Type Adenocarcinoma 37 56.1%
Adenocarcinoma 
mucosum

  6   9.1%

Adenocarcinoma 
necroticans

  5   7.6%

Adenocarcinoma 
exculceratum

18 27.2%

Grade G1 10 15.2%
G2 38 57.6%
G3   2      3%
Gx 16 24.2%
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PCR reactions was treated as wrong modification 
or wrong DNA purification and an indication for 
repeated analysis. Correctness of reactions was 
checked using a control set – EpiTect Control DNA 
(Qiagen). Amplification specificity was based on a 
DNA melting curve and determination of Tm 
values.

Methylation profile for ET-3

Analyses were performed using primers comple-
mentary for a CpG island in the first exon of the 
gene encoding ET-3. When assessing methylation 
in samples of CRC, we observed an epigenetic 
silencing through methylation of 7.5% (5/66) in 
comparison to control, including 10% of CS II 
(2/20), 7% of CS III (2/27), and 9% of CS IV 
(1/11). The controls and the samples of tumour in 
CS I showed no epigenetic silencing via 
methylation.

Discussion

Experimental, genetic, epidemiologic and socioec-
onomic studies have suggested that the incidence of 
CRC depends on the interactions between inherited 

1  ctcgggccgc tgcgctcctg gccagctccc cccagcgcct gggaggcgac ccccagtgcg

ga

gc

Figure 2.  ET-3 sequence with a marked CpG island (sequence 
within a rectangle) at 5’ end of exon 1.

Figure 1.  The assessment of PCR specificity on the basis of electrophoresis in an acrylamide gel and the amplimer dissociation 
curve with the melting temperature Tm for amplimers in the each analysed sample. (a) The image was showing electrophoresis 
results of PCR products separation in a polyacrylamide gel stained with silver salts. (b) EDN-3M Tm = 80.8 control for methylated 
endothelin-3 gene. (c) EDN-3U Tm = 77.2 control for unmethylated ET-3 gene after conversion.
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susceptibility (Lynch syndrome I and II, familial 
polyposis), clinical conditions (ulcerative colitis, 
Crohn’s disease) and environmental / lifestyle-
related risk factors (physical inactivity, smoking, 
excessive alcohol consumption, high-fat / low-fibre 
diet, overweight / obesity).26 Kim et al.27 concluded 
that accumulation of genetic and epigenetic altera-
tions in colonic epithelial cells results in neoplastic 
transformations. Epigenetic modifications includ-
ing changes in DNA methylation, histone modifica-
tions and non-coding RNAs could play a critical 
role in carcinogenesis.28 Some studies showed that 
DNA methylation mediated tumour suppressor 
gene silencing may contribute to tumour progres-
sion.29–32 In humans, DNA methylation occurs at 
the 5′ position of the pyrimidine ring of the cytosine 
residues within CpG dinucleotides through the 
addition of a methyl moiety to form 5-methylcy-
tosines.33 Aberrant DNA methylation of loci have 
become promising biomarkers in the early diag-
nosis of diseases and predictors of metastatic or 
aggressive CRC.34 Epigenetic regulation by DNA 
methylation is an unknown, dynamic process.35 
The endothelins and their receptors play an 
important role in carcinogenesis, by regulating 

epithelial-mesenchymal transition (EMT) through 
different signalling pathways.36 A balance regula-
tion of the endothelin axis (ETs, ETAR, ETBR – 
ET-axis) is essential for homing processes to tissue 
destination. The changes in the regulation of 
ET-axis are important in cancer and progression. 
The signal transduction pathway is a result of the 
ET-1 and ET-2 binding to ETAR.37 ETAR exhibits 
an affinity for ET-3, but that is lower than that for 
ET-1 and ET-2. The activation of the ETAR path-
way by ET-1 (a powerful mitogenic and antiapop-
totic peptide) may indirectly lead to the stimulation 
of the AKT and the mTOR signalling pathway.9 
ET-1 and ET-2 are overexpressed in many can-
cers.12,38,39 Only a few analysis of ET-3 expression 
in human cancer were published.9,11,15,16 Wiesmann 
et al.16 emphasised that there is still little knowl-
edge about the role of ET-3 in cancer, but probably 
EDN3 may exert a functional role divergent to that 
of EDN1/EDN2. The loss of EDN3 expression by 
methylation could change the balance of ET-axis. 
The results of previous studies indicate a statisti-
cally significant decrease in ET-3 expression in 
tumours.9,11,15,16 The remaining question is whether 
silencing of this gene is associated only with DNA 

Figure 3.  The result primer design methylated and unmethylated CpG islands sequences.
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hypermethylation, which can be of potential diag-
nostic and therapeutic importance. The prerequisite 
to obtain the presented results was the hypothesis 
that changes at the level of genes expression profile 
are related to the endothelin’s biological activity 
and diversified mRNA concentration profile 
depends on the pathological changes advance-
ments. It can be the basis to elaborate new diagnos-
tic and therapeutic methods in case of CRC.

In our study, we found that only a small number 
of cases showed epigenetic silencing of EDN3. It 
was observed in 7.5% of tumour tissue (5/66). The 
silencing via methylation of EDN3 was not found 
in control and CS I tissue samples. In the study, 
EDN3 expression was not analysed according to 
grading, because of a small number of tissue 

samples in examined groups depending on clinical 
stages. The study will be continued.

In conclusion

1.	 Epigenetic silencing of EDN3 in CRC could 
play a role in the progression than in the 
induction process.

2.	 EDN3 would be a future target for epige-
netic therapy in CRC, but further clinical 
studies are needed.
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Figure 4.  The DNA nucleotide sequence for ET-3 in the reaction of converting unmethylated cytosine to thymidine (:– means 
cytosine, which certainly becomes converted to thymidine, ++ – means CG sites, where cytosine will not necessarily be converted 
to thymidine).
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