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ABSTRACT 

Prostate cancer is one of the most common malignant disease that is found among men, 

especially in developed countries of the world. It is a type of cancer that affects the cells 

of the prostate gland. The expression of ET-1 in cancerous prostatic epithelial cells, 

results in elevated plasma level of ET-1 as a result of the upregulation of ETAR and 

downregulation of ETBR and regulatory factors like NEP and androgen, this contributes 

greatly in the progression of prostate cancer.  

Endothelin-1 (ET-1), one of the three amino acid peptides of the endothelin family, is a 

potent vasoconstrictor peptide. ET-1 produced in the prostatic epithelium, plays a 

significant role in the progression of prostate cancer. ET-1 binds two types of receptors; 

ETAR and ETBR, which are both G-protein coupled receptors and are found in both 

vascular and non-vascular tissues. ET-1 binding to ETBR in the prostatic epithelia, 

mediates apoptosis of cells and the clearance of plasma ET-1, thereby downregulating 

the plasma level of ET-1 in circulation, whereas when ET-1 binds to the ETAR, it 

activates various signaling pathway and growth factor receptors including PLC, EGFR, 

PI3-K, AKt, ras/raf, MAPK. These signaling cascades of ET-1 mediated by ETAR 

results in pathophysiological actions such as cell proliferation, anti-apoptosis, bone 

metastasis, mitogenesis and angiogenesis, which promotes the development and 

progression of prostate cancer. 

Available Chemotherapeutics for prostate cancer therapy, have been found to be less 

effective in the treatment of advanced prostate cancer. Recent studies show that ET-1 

receptor antagonism, specifically the ETA receptor shows promising therapeutic 

efficacy in prostate cancer therapy. There are however three available antagonists of ET-

1 in clinical development which selectively binds and blocks the ETA receptor. The use 

of ET-1 antagonists, especially Atrasentan in combination with chemotherapeutics like 

the taxanes commonly docetaxel or paclitaxel, results in additive effects and potentiates 

the efficacy of these agents. 

This literature review, is centered on the role ET-1 play in the development and 

progression of prostate cancer and its receptor antagonism benefits in prostate cancer 

therapy. 
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1. INTRODUCTION 

1.1 Overview of the prostate gland 

The prostate gland found usually in men, is the largest accessory sex gland (Kumar & 

Sharma, 2017). The prostate gland has a weight of about 30 grams, it is about the size of 

a chestnut. The prostate gland is located inside the body and is also a part of the male 

reproductive system. The prostate has a significant role in semen production, it functions 

by producing a fluid which flows with the sperm cells from the testicles alongside fluids 

from other glands. During ejaculation, the semen is pushed out externally by the action 

of muscles of the prostate which forcefully presses the semen into the urethra (Schmidt 

et al., 2011). Prostatitis, is one of the most common prostate disease that is seen in men 

of any age, it is more common in men that are younger usually between the ages of 30 

and 50 years. Other common prostate diseases are benign prostatic hyperplasia (BPH), 

characterized by non-cancerous prostate gland enlargement and prostate cancer (Zaidi et 

al., 2018). 

1.2 Prostate gland embryology and development 

The Prostate gland develops during the third month of gestation from the introversion of 

the epithelia from the posterior urogenital sinus through the impact of the underlying 

mesenchyme (Lowsley, 1912). 5a-dihydrotestosterone is required in the normal prostate 

gland formation. 5a-dihydrotestosterone, is synthesized from the fetal testosterone 

through 5a-reductase action (Coffey, 1992). The enzyme 5a-reductase is primarily 

found in the urogenital sinus and also in the human external genitals (Wilson et al., 

1981). The male reproductive tract development greatly replies on the mesenchymal-

epithelial interactions as well as the fetal androgens (Cunha, 1994). Testosterone in the 

fetus, stimulates prostate epithelium budding from the urogenital sinus which results in 

the production of growth factors like the sonic hedgehog which then activates the 

primary mesenchyme (Podlasek et al., 1999). The glandular morphogenesis and 

epithelial cell growth in the developing prostate is mediated by the paracrine growth 

factors from the mesenchyme. Normal prostate in adults is made up of a glandular 

epithelial and a fibromuscular stroma, they both turn over slowly with equal levels of 

proliferation and cell death (McNeal, 1981). Prostate homeostasis is maintained through 
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the regulation of the androgen signaling via the androgen receptor (AR) (Heinlein & 

Chang, 2002). 

1.3 Anatomical features of the prostate gland  

The human prostate gland is found above the pelvic floor muscles and directly below the 

bladder. It is also anterior to the rectum (See Figure 1.1a). The duct which passes 

directly through the prostate, flows into the urethra. A capsule, composed of connective 

tissues containing muscle fibers and elastic connective tissues are found to surround the 

prostate gland. This capsule gives the prostate the ability to contract during ejaculation, 

resulting in the forceful release of semen through the urethra (Schmidt et al., 2011). 

 
Figure.1.1a: Location of the prostate gland. The prostate gland is found directly below 

the bladder and anterior to the rectum (Schmidt et al., 2011). 

The tissues surrounding the prostate are categorized into three distinct zones as seen in 

(Figure 1.1b). These zones include the transition zone, which is located inside the gland. 

It is found to be the smallest part of the prostate and the urethra is surrounded by this 

zone. Secondly the Central zone, which surrounds the transition zone. In the central 

zone, the seminal duct, seminal vesicles and the ducts common to the prostate are found. 
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Thirdly, the peripheral zone, which constitute the main part of the prostate gland. This 

zone is found to constitute about 70% of the prostate gland tissue mass (Schmidt et al., 

2011). Benign prostate hyperplasia usually occurs in the transitional zone (Eylert & 

Persad, 2012). The peripheral zone is associated with about 80% of prostate cancers, 

which is usually found to be locally advanced before symptoms such as urinary flow 

impairment caused by the prostate cancer is detected (Cheng et al., 2005). 

 
Figure.1.1b: Zones of the prostate. The prostate gland is composed of three zones, the 

Transitional zone, the central zone and the peripheral zone (Eylert & Persad, 2012).  

1.4 Overview of prostate cancer 

Prostate cancer among other types of cancers, have been found to be the second leading 

cause of deaths in men in most developed countries of the world (Silverberg & Lubera, 

1983). The most significant risk factor for prostate cancer is age. It is unlikely to see 

prostate cancer in men under the age of 40 years (Young et al., 1981). It has been found 

that about 95% of most prostate cancers are adenocarcinomas. The origin of most 

malignant prostate cancers is either from the transitional epithelium of the urethra or the 

ducts as carcinomas which constitutes roughly about 4%. The early stage of prostate 

cancer does not usually show symptoms and it is often diagnosed during routine rectal 

examinations. In the primary management of prostate cancer, most of the patients die 
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from causes that is not linked to the malignancy of their prostate cancer. Majority of the 

patients presenting with prostate cancer are of the median age of 72 years (Mazhar & 

Waxman, 2002). Radical prostatectomy over the past 20 years has been used in 

management of primary prostate cancer (Sullivan et al., 2000). Gonadotropin releasing 

hormone analogues are used as first line treatment choice in the primary therapy of 

advanced tumors (Waxman et al., 1985).    

1.5 Prostate cancer types 

In prostate cancer therapy, knowing the type of prostate cancer play a significant role in 

determining the course of treatment. Types of prostate cancer include Acinar 

adenocarcinoma, which forms in the gland cells of the prostate. Ductal adenocarcinoma, 

this develop in the cells lining the ducts (tubes) of the prostate gland. Transitional cell or 

Urothelial cancer, which usually forms in the bladder and extends to the prostate, it 

develops in the cells lining the urethra. Squamous cell cancer, this forms in the flat cells 

covering the prostate and are found to grow and metastasize faster than the prostate 

adenocarcinoma. Small cell prostate cancer, which is composed of round cells. It is a 

neuroendocrine type of cancer. Other rare types are sarcomas and carcinoid (Tobias & 

Hochhauser, 2014). 95% of prostate cancers are adenocarcinoma and among the prostate 

carcinomas, about 1% are squamous cell carcinomas and 4% constitute the prostate 

cancer from transitional zone (Chodak & Krupski, 2018).  

1.6 Pathophysiology of prostate cancer  

Prostatic intraepithelial neoplasia (PIN) was found histologically to be the earliest 

precursor of prostate cancer. It is identified by its features of epithelial layer thickening 

and secretory layer and distinct basal loss (Veldscholte et al, 1990). It has been found 

that about 70% of most prostate cancers originate from the peripheral zone and 15-20% 

from the central zone and 10-15% from the transitional zone. In most prostate cancers, 

multiple zones of the prostate are implicated in the pathogenesis of prostate cancer. 

(Chodak & Krupski, 2018). Due to the prostate gland location, urination, ejaculation and 

seldom defecation are affected by prostate disease (Steive, 1930).  

Mutation occurs in the cells of the prostate gland in prostate cancer. The male hormone 

androgen is necessary in the proper functioning of the prostate gland. The androgen 
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hormone consists of the testosterone from the testis, dehydroepiandrosterone from the 

adrenal gland and dihydrotestosterone, which is converted in the prostate from 

testosterone (Mustafa et al., 2016). The androgens even after the prostate development, 

still function in the promotion of secretory epithelial survival, which is the primary cell 

type that has been implicated to be transformed in prostate adenocarcinoma (de Marzo et 

al., 1998). The proliferation of cells in prostate cancer is largely dependent on the 

androgen receptor signaling (Martin et al., 2016). 

1.7 Prostate cancer age related prevelence 

Based on given statistics, it was found that the occurrence of prostate cancer is often in 

association with age. Highest rates of prostate cancer are seen in men that are older, this 

indicates the relevance of DNA damage which build up over time as we age. From the 

age of 50-54, there is a significant rise in age-specific rate of the disease occurrences and 

a spike in the rate is seen between the age set of 75-79, the spike goes down beginning 

from the age set of 80-84 then the rate constantly increases. As seen in (Figure 1.2), the 

rate of cancer occurrence is at its highest around the age set of 90 and above (Cancer 

research UK, 2017).    

 

 
Figure.1.2: Prostate cancer incidence. This indicates the average number of new cases 

per year and Age-specific occurrence rates per 100,000 population, in males from UK, 

between 2013-2015 (Cancer research UK, 2017).    
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…………………………………………………………………………………………… 

The Endothelin family 
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2. The Endothelin family 

2.1 The Endothelin axis   

Endothelins are a family of gene, made up of a peptide sequence that produces three 21-

amino acid peptides ET-1, ET-2 and ET-3. A disulfide bond is found at Cys1 & Cys15 

and also at Cys3 & Cys11   in all of the three 21- amino acid peptide of endothelin as well 

as tryptophan at the C- terminal as seen in (Figure 2.1a). The endothelins due to 

structural similarities, was associated to a family of toxins known as sarafotoxins which 

includes S6a, S6b, S6c, S6d. Sarafotoxins are found in the venom of Atractaspis 

engaddensis as seen in (Figure 2.1b) (Inoue et al., 1989). The ET-1 structure is said to be 

unusual among the mammalian bioactive peptides due to the fact that it possesses the 

two intramolecular disulfide bonds found at the residues of Cys crosslinked at the 

position 1 and 15, and 3 and 11. It was found via experiments that the residues found at 

positions 10, 13, 14, 17, 18 and 21 are significant for binding (Huggins et al., 1993; 

Janes et al., 1994).  The carboxylic form of C-terminal tryptophan, seen in endothelins 

and the sarafotoxins, have been found to be crucial in the activity of endothelin. About 

1000-fold decrease in activity is seen upon C-terminal modification or removal (Kimur 

et al., 1988; Maggi et al., 1989). 

The endothelins are derived from precursor proteins by a specific metalloproteinase 

enzyme ECE after cleavage (Grant et al., 2003). ET-1, originally isolated by 

Yanagisawa from cultured porcine vascular endothelial cells, was found to be a potent 

vasoconstrictor peptide (Yanagisawa et al., 1988). ET-1 have been found to be the most 

active isoform in the endothelin family, ET-2 and ET-3 isoforms are not commonly 

expressed. Interestingly, of the three endothelin isoforms, ET-1 has been found to be the 

most common endothelin form in circulation. It is produced by somatic cells such as the 

endothelial cells, epithelial tumors and vascular smooth muscle cells. (Inoue et al., 

1989). 
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Figure. 2.1a: Schematic diagram showing ET family isoform peptide sequence 

(Davenport et al., 2016). Amino acids which shows the difference between ET-1 and 

matured peptides are indicated in blue coloring. The residues from the x-ray 

crystallography that are thought to be arranged in line as a stripe due to a secondary 

helical structure, are indicated by the green asterisk. The red dots indicate [125 I] 

radioactive ligands at the Tyr residues (Janes at al., 1994; Orry & Wallace, 2000). The 

residues were experimentally found to be significant in binding (Huggins et al., 1993; 

Janes et al., 1994). 
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Figure.2.1b: Schematic diagram showing Sarafotoxin peptide sequence (Davenport et 

al., 2016). Amino acids which show differences between ET-1 and matured peptides are 

indicated in blue coloring. The red dots indicate [125 I] radioligands at the Tyr residues 

(Janes at al., 1994; Orry & Wallace, 2000). The residues have experimentally been 

found to significant for binding (Huggins et al., 1993; Janes et al., 1994).  

N: N-terminus, C: C-terminus, Asn: Asparagine, Asp: Aspartic acid, Cys: Cysteine, Gln: 

Glutamine, Glu: Glutamic acid, His: Histidine, Ile: Isoleucine, Leu: Leucine, Lys: 

Lysine, Met: Methionine, Phe: Phenylalanine, Ser: Serine, Thr: Threonine, Tryp: 

Tryptophan, Tyr: Tyrosine, Val: Valine. 

The endothelins functions both in paracrine and autocrine medium through their binding 

to specific cell receptors, this includes the ETAR and the ETBR. These receptors have 

been implicated in physiological actions such as vasoconstriction, inflammation, pain 

and most commonly cancer (Bagnato & Natali, 2004; Inoue et al., 1989). The endothelin 
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receptors are G- protein coupled receptor (GPCRs), they stimulate the signaling of 

calcium which is mediated via phospholipase C (PLC) activation. The three 21-amino 

acid endothelin peptides, shows equal binding affinity to the ETBR but ET-3 shows low 

binding tendency to the ETAR (Rubanyi & Polokoff, 1994). ET-1 role in cancer has over 

the last decade grown, the production of ET-1 has been seen in several tumor cell lines. 

New evidence shows that ET-1 may be implicated in amplifying mitogenesis, apoptosis, 

angiogenesis, invasion of tumor and metastasis progression (Kusuhara et al., 1990). 

2.2 ET-1 peptide synthesis  

The endothelin is composed of a family of 21 amino-acid peptides, which includes ET-1, 

ET-2 and ET-3. They are formed from preproET, a 212-amino acid. These peptides via 

proteolytic cleavage by a signal peptidase is reduced to a 139-amino acid pro-ET-1, this 

initial step of ET-1 processing takes place in the endoplasmic reticulum (ER) upon 

nascent protein entry into the secretory pathway (Bass et al, 2000), it is then activated by 

Furin, a subtilisin-like convertase. This activation, results in the release of 38 amino acid 

long pro-ETs called BigETs. A more specific membrane bound endothelin converting 

enzyme-1 cleaves to the BigETs and 21 amino acid active endothelin peptides are 

produced (Figure.2.2a.) (Xu et al., 1994; Aubert & Juillerat-Jeanneret, 2016).  
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Figure.2.2a: ET-1 biosynthesis. The signal peptidase, cleaves at the terminal of the 212-

amino acid precursor molecule, thus producing proETs-1. Cleavage of ProET-1 occurs 

further via Furin-like endopeptidase to yield BigET-1 a 38amino acid. Then Endothelin 

converting enzymes results in the formation of mature ET-1(Xu et al., 1994; Aubert & 

Juillerat-Jeanneret, 2016).  

The conversion of the BigET-1 to ET-1 occurs intracellularly and extracellularly in the 

endothelial cell membrane or the on the smooth muscle cells (Schiffrin & Touyz, 1998).  
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Figure.2.2b: ET-1 Biosynthesis, intracellular processing from its precursor preproET-

1. Big ET-1 conversion to ET-1 catalyzed by Endothelin conscerting enzymes (ECE-1). 

The intramolecular disulfide bond, is symbolized by the Cys-Cys (Miyauchi & Goto, 

2013). 

2.3 The Endothelin-1 gene  

The EDN1 gene from mammals is made up of 5 exons and it spans to about ~6.8 kb of 

the DNA genome. The site where EDN1 first transcription initiates, have been 

surrounded independently by the nuclease protection (Inoue et al., 1989). The synthesis 

of ET-1 peptide involves multiple processing steps as seen in (Figure 2.3). EDN1 human 

gene translation, was found to produce a 2.8-kb mRNA which encodes the 212-amino 

acid known as preproET-1 (Yanagisawa et al., 1988). The N-terminal signal sequence of 

preproET-1 is spliced by a signal peptidase. This process of preproET-1 cleavage takes 

place in the endoplasmic reticulum as soon as the protein gets into the secretory pathway 

(Bass et al, 2000). This initial process yields proET-1, it is then acted upon by a furin-
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like endopeptidase yielding a 38-amino acid protein known as Big ET-1 (Blais et asl., 

2002). As a final step of ET-1 peptide synthesis, Big ET-1 is cleaved by ECE-1 yielding 

the active 21-amino acid ET-1 (Shimada et al., 1995; Emoto & Yanasigawa, 1995). 

 

 
 

Figure.2.3: ET-1 gene synthesis overview. The intron-exon structure and RNA 

processing pathway are indicated for the EDN1 gene. PreproET-1, is yielded from 

translation of this gene, which through sequential proteolytic steps is processed to 

produce ET-1(Stow et al, 2011). 

2.4 Endothelin receptors 

Endothelin receptors are located in various tissue types in the body such as vascular, 

neuronal, neuroendocrine and endocrine cells, this shows why they have diverse roles 

(Stojlkovic & Catt, 1996). The endothelins activity is mediated by the ETAR and ETBR, 

via G-protein coupled receptors (GPCRs) pathway signaling. Ligand activation of ETBR 

results in the inhibition of the intracellular pathways that are counter-regulatory to ETAR 

signaling (Bagnato et al., 2008). These two receptors, mediates the activity of ET-1 on 
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surrounding endothelial and smooth muscle cells in an autocrine and paracrine fashion 

and then reaches circulation (Schiffrin & Touyz, 1996). ETAR and ETBR stimulation on 

smooth muscle cells, results in physiological actions like contraction, proliferation and 

cell hypertrophy. ETBR stimulation on endothelial cells promotes nitric oxide and 

prostacyclin release which results in vasodilation. The vasoconstrictive activity of ET-1 

lasts longer than its vasodilatory activity, which is only short lived (Noll et al., 1996).  

2.4.1 Endothelin receptors signaling Pathway 

ETAR and ETBR both share a common signal transduction pathway via the G-Gq/11 

signaling pathway, there by resulting in the release of Ca2+ into the cytosol. The Ca2+ 

cytosolic increase takes place in two phases (biphasic), it initiates with intracellular Ca2+ 

release from stores and then extracellular fluid. PLC is activated as soon as the ligand 

binds to the receptor, followed by phosphatidylinositol 4,5-biphosphate (PIP2) 

conversion into 3,4,5-triphosphate (IP3) (Rubanyi & Polokoff, 1994). ET-1/ETAR axis is 

involved in various signal transduction pathways such as MAPK and PI3-K dependent 

AKt which promotes proliferation of cells, anti-apoptosis, angiogenesis, EMT, invasion 

and metastasis (Rosano et al., 2011). 

ETAR binding by endothelin results in G-proteins Ga-S and Ga-Q activation, and ETBR 

binding by endothelin leads to the activation of Ga-Q and Ga-l as seen in (figure 2.4). 

PLC-b is activated by G-aQ which results in the release of cytosolic IP3 and membrane 

bound DAG. The IP3 causes a sudden increase in Ca2+ via its release from intracellular 

storage. PKC is activated by DAG, thereby increasing the sensitivity of constrictive 

structures to Ca2+ and also induces the intracellular signaling mechanisms which 

promote cell proliferation and migration via the MAPK cascade. Endothelin also 

activates PLD and PLA2. Phospholipase-A2 leads to an increase in the production of 

Arachidonic acid, Cyclooxygenase products such as prostaglandins and thromboxanes, 

lipooxygenase products like leukotrienes and lipoxines (Miyauchi & Masaki, 1999). 

Receptor tyrosine kinase transactivation and PI3-K phosphorylation via the cytosolic 

tyrosine kinase c-Src, mediates SHC-GRB2 and SOS complex formation resulting in the 

activation of Ras, which further leads to the activation of Raf-MAPK pathway resulting 
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in proliferation and migration of cells. Raf has intrinsic effects against apoptosis by 

inhibiting the protease family known as caspase (Foschi et al., 1997). 

 
Figure.2.4: ET-1 signaling pathway. The endothelin has great affinity for the ETAR and 

ETBR that are found on the endothelial cells, vascular smooth muscle cells, fibroblasts 

and other cells types in the body (Kedzierski & Yanagisawa, 2001).  
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2.5 Pathophysiology of endothelin receptors  

ETAR and ETBR stimulation on the cells of the smooth muscles leads to contraction, cell 

proliferation and hypertrophy of cells. The contraction action mediated by ET-1 on 

ETBR, has a longer duration when compared with its vasodilatory effect (Noll et al., 

1996; Zonnenberg & Voest, 2003). ETBR mediates mitogenesis of the endothelia cells 

(Grimshaw, 2007; Bagnato et at., 2008). ETAR exhibits potent vasoconstriction, cell 

proliferation, and pro-inflammation. ETBR are expressed by the endothelial cells, this 

expression results in the release of nitric oxide, thereby eliciting vasodilation.  

ETBR found in the vascular smooth muscle evokes contraction (Hynynen & Khalil, 

2006; Kowalczyk et al., 2015). This Vasoconstriction elicited via the ETBR is said to 

occur at ET-1 pharmacological concentration (Pollock, 2013). Vasoconstriction, 

mitogenesis, angiogenesis, apoptosis, bone remodeling, matrix synthesis and nociception 

among others as seen in (Figure 2.5), are physiological processes in which endothelins 

have been implicated (Zonnenberg & Voest, 2003). ETBR is implicated in the regulation 

of actions elicited by ET-1/ETAR axis in normal cells via mechanisms such as nitric 

oxide production, elevating ET-1 clearance, initiating apoptosis and cell growth 

blockage (Lambert et al., 2008; Irani et al., 2014). 

 

 
Figure. 2.5: ET-1 receptor pathophysiology. Endothelin-A receptor mediated activity of 

ET-1 (Zonnenberg & Voest, 2003). 
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2.5.1 ETAR mediated physiological actions  

2.5.1.1 Vasoconstriction  

ET-1 has been found to be a highly potent vasoconstrictor (Hickey et al., 1985). ETAR 

stimulation on the smooth muscle cells results in vasoconstriction (Noll et al., 1996; 

Zonnenberg & Voest, 2003). In normal physiological state, the vasculature in human’s 

releases ET-1 from the endothelial cells, which results in a controlled vasoconstriction 

that is chiefly displayed on the smooth muscles. In contrast, if the condition is 

pathophysiological, ET-1 is overexpressed and this causes cell proliferation and 

remodeling of the vasculature (Maguire & Davenport, 2015). 

2.5.1.2 Cell proliferation  

ETAR mediates the induction of mitosis in the cells of vascular smooth muscle cells and 

endothelial cells (Grimshaw, 2007; Bagnato et al., 2008). The response to mitogenesis 

by other growth factors is significantly increased by the endothelins. Cell growth and 

differentiation, are directly regulated by these endothelins (Neylon, 1999; Zonnenberg & 

Voest, 2003). ET-1 cell proliferation, is evidently mediated via the ETAR. ET-1 binding 

to the ETAR leads to the G-protein-mediated signal cascade, this results in other 

processes that influence the growth of cancer cells (Levin, 1995; Zonnenberg & Voest, 

2003). ET-1 stimulates the synthesis of DNA and proliferation of cells in epithelial 

tumor cells and some cancer cells such as prostate, ovarian and cervical cancer. ETA 

receptor is the only means by which ET-1 acts as an autocrine modulator of cell 

proliferation (Nelson et al., 2003; Bagnato et al., 2008). The proliferation of endothelial 

cells may be further amplified by the indirect action of ET-1 through the stimulation of 

the production of vascular endothelial growth factor by other cell types (Komuro et al., 

1997; Grant et al., 2003). The growth response of different cancer cell types to ET-1 

stimulation varies dramatically, although it is evident that the autocrine ET-1 signaling 

has a significant role in the growth and survival of tumors. It has been found that ET-1 

exhibits an autocrine modulatory action in cell proliferation, mediated via the ETAR 

(Rosano et al., 2013). ET-1 interaction, when combined with growth factors like the 

epidermal growth factor (EGF), fibroblasts growth factor, and insulin-like growth 

factors, increases it’s mitogenic effect in the affected cell lines (Nelson et al., 2003). The 
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signaling via ET-1 has interaction with some other signaling pathways in other to 

convey the mitogenic signals to the cell nucleus which promotes proliferation of cells 

(Rosano et al., 2013).  

2.5.1.3 Anti-apoptosis 

Apoptosis is a cell death program that is controlled genetically. It is implicated in some 

distinct biological and morphological events like fragmentation and cellular shrinkage 

(Shichiri et al., 2000). The binding of ET-1 on the ETA receptor leads to the suppression 

of the programmed cell death in the endothelia and smooth muscle cells, which could 

result in cell growth disorders (Shichiri et al., 1997; Zonnenberg & Voest, 2003). ET-1 

displays anti-apoptotic activity in different types of cells, this shows that the cell 

survival pathway may be modulated by ET-1, pathways like PI3K-dependant Akt 

activation. In ovarian carcinoma cells, the signaling of ET-1 mediated by the ETAR 

results in Akt activation by means of PI3-kinase (Del Bufalo et al., 2002). Based on 

recent discovery, it has been found that there is a relationship between high levels of Akt 

phosphorylation and a likely possibility of prostate cancer reoccurrence (Ayala et al., 

2004). The protein responsible for apoptosis, is made inactive through phosphorylation 

which is mediated by activation of Akt. This is believed to be a direct mechanism 

through which cell survival is promoted by ET-1 (Nelson et al. 2005). In melanoma 

cells, ET-1 has been implicated to be anti-apoptotic, it is however found that the growth 

response in normal melanocytes diminishes even in the presence of sufficient endothelin 

receptors. Due to the endothelin receptor upregulation and diminished rate of basic 

apoptosis by the endothelin, melanoma progression is potentiated (Eberle et al., 2002). 

2.5.1.4 Osteogenesis 

ET-1, has shown some activity in the process of osteogenesis. The Osteoblasts shows 

ETAR in high density and they respond to ET-1, this results in the osteoblasts 

proliferation and formation of new bone relating to prostate and breast cancer metastases 

(Guise et al., 2006; Bagnato et al., 2008). Therefore, ET-1 results in the stimulation of 

Mitogenesis in the osteoblasts, which results in a decline in reabsorption of bone and 

motility of the osteoclasts. Based on recent data, the stimulation of the osteoblasts 

mediated by ET-1 have revealed the complicity of a calcium and calmodulin dependent 
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serine/threonine protein phosphatase (calcineurin) (CaN) which activates the nuclear 

factor of activated T-cells (NFAT) (Van Sant et al., 2007; Bagnato et al., 2008). The 

level of intracellular calcium could be elevated by ET-1 through the ETAR. However, 

ET-1 activation of calcineurin and the influx of calcium, results in the induction of de-

phosphorylation and translocation of members of the NFAT family, which causes the 

formation of a complex and leads to activation of the NFAT-controlled gene which 

suppresses the programmed cell death (Van Sant et al., 2007). 

2.5.1.5 Angiogenesis 

This is a process that involves new vessels formation from existing vasculature, this 

plays a significant role in the progression of tumor which originates from premalignant 

lesions (Hanahan & Weinberg, 2000). Different regulators are implicated in 

angiogenesis initiation like the local hypoxia, which has been found to be an inducer of 

angiogenic factor synthesis that in turn results in endothelial cell growth synthesis 

(Ruoslati, 2000). ET-1 and its receptors through both autocrine and paracrine pathways, 

has been found to be involved in the development and progression of cancer (Bagnato & 

Catt, 1998). Despite the fact that different processes of angiogenesis are modulated by 

ET-1, it has also been found to act indirectly through major angiogenic factor induction, 

such as vascular endothelial growth factor (VEGF). The interaction between ET-1 and 

VEGF has been studied and it was discovered that VEGF amplifies both mRNA 

encoding ET-1 and ET-1 secretion in the endothelial cells (Matsuura et al., 1998). In 

cancerous tissue, most regions are found to be hypoxic (Hockel & Vaupel, 2001; Irani et 

al., 2014). As a result of angiogenesis in cancer, the vasculatures are often lined by 

cancer cells, this structure mimic the normal vasculatures, a state usually referred to as 

“mimicry”. In another case, which is referred to as “mosaicism”, the endothelial cells 

and cancer cells may line up the vasculature (Maniotis et al., 1999; Irani et al., 2014). 

Blood vessels that are cancerous are however found to be highly permeable and can 

easily leak their content (Hobbs et al., 1998; Irani et al., 2014). These vasculatures that 

shows mimicry are very aggressive, they rapidly proliferate and they also have highly 

elevated metastasis risk (Paulis et al., 2010; Irani et al., 2014). The hypoxia-responsive 

pathway is activated by ET-1 under hypoxic conditions, via the induction of HIF-1α 

stabilization. The vascular endothelial growth factor (VEGF), implicated as an 
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influencer of cancer cell lined vasculature, is found to be regulated by the HIF-1α 

(Rybak et al., 2003; Irani et al., 2014). Under hypoxic conditions, ET-1 can increase the 

rate at which HIF-1α and VEGF are produced (Spinella et al., 2002; Irani et al., 2014). 

ET-1 role in the aggressive behavior of cancer can be explained by the upregulation of 

ET-1, which takes place as a result of hypoxia. This leads to a positive feedback in such 

a way that the expression of ET-1 in turn activates the hypoxic pathway, thereby 

stimulating the further expression of ET-1 and continuously maintained expansion of the 

vasculature independent of the status of oxygen (Irani et al., 2014).  

2.5.1.6 Nociceptive effect 

The most important endothelin peptide implicated as a mediator of pain, is the potent 

vasoconstrictor peptide ET-1 (Cherny & Portenoy, 1994). Based on recent discoveries, 

there are some evidence that implicates ET-1 in various pain states both in humans and 

animals (Piovezan et al., 1997; Hammerman et al., 1997).  ET-1 direct stimulation of 

nociceptor receptors is believed to be responsible for the refractory pain experienced in 

prostate cancer. However, the mechanism of action of this process is not fully 

understood (Kopetz et al., 2002; Zonnenberg & Voest, 2003). It has been proposed that 

ET-1 has a role in the state of pain that is experienced in some cancers that are 

metastatic. It was found that injecting ET-1 results in pain and also nociceptors are 

excited via the ETAR and analgesia is simultaneously produced through the enhancing β-

endorphin release via ETBR activation (Khodorova et al., 2003; Bagnato et al., 2008). 

2.5.2 ETBR mediated Physiological actions   

2.5.2.1 Vasodilatory activity  

This Vasodilation that occurs via the ETBR is as a result of nitric oxide and prostacyclin 

release. This release is mediated by the stimulation of ETB receptors on endothelial cells. 

The effect of ET-1 on the ETBR does not last for long as the vasoconstrictive effect does 

(Noll et al., 1996; Zonnenberg & Voest, 2003). This vasodilatory effect of ETBR 

functions as a negative feedback mechanism in other to reduce and inhibit ET-1 

vasoconstrictive effect (Maguire & Davenport, 2015). Low levels of ET-1 increases the 

vasodilatory activity of ET-1 (Davenport et al., 2016). 

2.5.2.2 Promotion of ET-1 clearance 
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ETBR functions as an endothelin clearance receptor. Rapidly removed ET-1 from 

circulation is usually retained in the body tissues, particularly the lungs, kidney and 

liver. This ET-1 retention is however inhibited by ETBR, in this regard, ETAR has no 

activity (Fukuroda et al., 1994; Schneider et al., 2007). The capability of this receptor to 

exhibit this clearance action is not completely understood (Verhaar et al., 2000; 

Schneider et al., 2007). However, it has been postulated that there could be more 

stability with the complexes of ET-1 and ETBR than there is with complexes of ET-1 

and ETAR (Takasuka et al., 1992; Schneider et al., 2007). Due to decrease in the 

endothelin clearance, there is increase in ET-1 concentration, when the ETBR is not 

present (Nelson et al., 1997; Irani et al., 2014).   

2.5.2.3 Promotes cell apoptosis 

ETBR in normal cells, modulates the activities of ET-1 or ETAR axis via actions such as 

triggering of apoptosis among others (Lambert et al., 2008; Irani et al., 2014). The 

survival of cells and their resistance to apoptosis, play a significant role in how cancer 

cells have the ability to survive in tumor progression and metastasis (Pinkas et al., 2004; 

Jones & Thompson, 2009).  

2.5.2.4 Neutral endopeptidase (24.11) upregulation  

The expression of ETBR through ET-1 binding to the receptor promotes the expression 

of Neuroendopeptidase (24.11), an enzyme that promotes the elimination of plasma ET-

1 levels, thereby contributing in the clearance of ET-1 in circulation. The effect of NEP 

in a study carried out in-vitro was found to be decreased in prostate cancer cell lines that 

are androgen-independent (Papandreou et al., 1998). Androgen functions as a regulator 

of ET-1 expression by prostate cancer cell lines, signaling pathways implicated in ET-1 

mediated prostate cancer progression have been found to be inactivated in androgen 

dependent prostate cancer cell lines, unlike prostate cancer cell lines that are androgen 

independent (Granchi et al., 2001). 

2.5.3 ET-1 effects on the vascular endothelial growth factor (VEGF) 

ET-1 have been found to affect the production of VEGF-A, which functions as a 

mediator in the process of angiogenesis which is necessary during the formation and 

repair of bones (von Schroeder et al., 2003). VEGF-A was discovered by Gerber et al, to 
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play a significant physiological role in the bone as any resulting blockage in the 

capillary also blocks both bone synthesis and reabsorption in the growth plate (Gerber et 

al., 1999). ET-1 is implicated in VEGF regulation by inducing the production of the 

VEGF protein as seen in preserved pre-osteoblastic MC3T3-E1 mouse cells (Kozawa et 

al., 2000). Studies show that ET-1 may have a role in the paracrine control of the VEGF 

induced functions of angiogenesis and osteoclasts in the remodeling of bones, both of 

which are necessary in the formation of bones. ET-1, as an endothelial derived factor 

stimulates proliferation of the osteoblasts, but it downregulates VEGF. It is considered 

to be the only peptide with such effect (von Schroeder et al., 2003). ET-1 increases the 

production of VEGF and angiogenesis via activation of ETAR, ILK, AKt, and the HIF-

1a pathways. It was found that ET-1 enhanced VEGF-dependent angiogenesis could be 

a potential target in the angiogenesis and metastasis of tumor (Zhou et al., 2008). ET-1 

role in production of VEGF has been implicated in some cancers cells (Wu et al., 2012).  
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3 ET-1 role in carcinogenesis 

ET-1 has been implicated in multiple cancer related processes and mechanisms in both 

tumors and cancer cell lines (Jewell et al., 2010). It also shows mitogenic activity which 

is mediated by the ETAR stimulating DNA synthesis (Asham et al., 1998). The 

endothelin mitogenic activity is amplified by co-stimulation of other growth factors such 

as basic fibroblast growth factor (bFGF), epidermal growth factor (EGF), insulin-like 

growth factor (IGF), platelet-derived growth factor (PDGF). Evidently, the ET-1/ETAR 

axis play a role in progression of different cancers such as ovarian cancer, prostate 

cancer, among others as its overexpression is linked with these cancers (Kedzierski & 

Yanagisawa, 2001; Rosano et al., 2005; Bagnato & Rosano, 2007). 

3.1 Ovarian carcinoma 

In about 85% of primary and Ovarian carcinomas, ET-1 and ETAR are seen to be over-

expressed, which corresponds to advance stages of the disease. ET-1 levels are seen to 

be considerably increased in patients with epithelial ovarian cancer who presents with an 

abnormal buildup of abdominal fluid. Cells that exhibits multiple phenotypic expression 

seen in gene pleiotropy whose cell signaling have been implicated in cell proliferation 

control, survival, migration and invasion, are mediated by the ETAR upon it’s activation 

(Bagnato et al., 2005; Bagnato et al., 2008). The recent analysis on gene expression 

profile relating to ovarian cancer, has identified ETAR as a metastasis-linked gene 

(Donninger et al., 2004; Bagnato et al., 2008). 

3.2 Prostate cancer  

ET-1 axis of recent has been found to be involved in the pathophysiology of prostate 

cancer (Kopetz et al., 2002; Bagnato et al 2008). In the cells of prostate cancer, ECE-1 is 

seen to be over-expressed (Dawson et al., 2006; Bagnato et al., 2008). In normal and 

noncancerous prostate glands, the epithelial cells produce ET-1 and the highest ET-1 

concentration, is found in the seminal fluid.  The major clearance pathway components 

like ETBR and the NEP are usually reduced in prostate cancer, this results in an increase 

in ET-1 local concentration. In both primary and metastatic prostate cancer, increased 

ETAR expression is observed. This corresponds usually to advanced stage and grade 

tumor. ET-1 presence in the cell lines of prostate cancer, have been implicated in the 
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promotion of cell proliferation, anti-apoptosis, osteogenesis, and the expression of 

sensory receptors for painful stimuli (Nociceptors) (Carducci & Jimeno, 2006; Bagnato 

et al., 2008). 

3.3 Breast cancer  

In breast carcinoma, ECE-1 is seen to be over-expressed and this expression is related to 

an adverse outcome (Smollich et al., 2007; Bagnato et al., 2008). During breast 

carcinoma progression, ET-1 expression and its receptors increases. This corresponds to 

the cancer malignant potential (Smollich & Wulfing, 2007; Bagnato et al., 2008). 

However, ETAR overexpression among other members of the ET family, has been linked 

to decreased remission from cancers. The presence of ET family, in biopsies of invasive 

breast cancer has linked to elevated expression of VEGF and extensive superficial veins 

(Smollich & Wulfing 2007; Bagnato et al., 2008). ETBR activation in breast cancer starts 

the invasion (Grimshaw et al., 2004; Irani et al., 2013). 

3.4 Lung cancer 

In lung cancer, ETA R is usually over-expressed in this tumor type (Boldrini et al., 2005; 

Bagnato et al., 2008).  ET-1 was implicated as a marker for non-small cell lung 

carcinoma (NSCLC) for the purpose of making prognosis (Arun et al., 2004; Bagnato et 

al., 2008) ET-1, ETAR and ECE-1 displays higher expression in tumors of the lungs than 

they do in tissues that are healthy, there is however a decrease in ETBR. VEGF 

expression and poor prognosis in NSCLC are both associated with the expression of ET-

1 (Ahmed et al., 2000; Boldrini et al., 2005; Bagnato et al., 2008).  

3.5 Colon cancer 

ET-1 and ECE-1 have been found to be overexpressed in colon adenocarcinoma cells 

than cells that are noncancerous. In vitro studies show that ET-1 acting via the ETAR 

displays mitogenic activity in cancer cells of the colon and rectum, ETAR is upregulated 

in all cell types in contrast to cells that are healthy. ETBR in contrast is found to be 

expressed in significant amount in the noncancerous colon cells, but the expression is 

decreased in blood vessels and fibroblasts that are affected by cancer, less is seen in 

epithelial cells (Edigy et al., 2000). The modification that occurs in how endothelin 

binds to the receptor as observed in fibroblasts and endothelial cells affected by cancer, 
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may enhance the signaling of ET-1, there by resulting in progression of colorectal cancer 

growth and neovascularization through the ETAR (Hoosein et al., 2007). In about 80% of 

primary human colon cancer, significant elevation in ET-1 levels occurs. ET-1 enhances 

the growth of colon cancer cells and inhibits the apoptosis of these cells, which all 

results from b-catenin signaling inhibition (Kim et al., 2005).  
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4 ET-1 expression in cancer   

The expression of ET-1 have been seen in various cancer cells in humans, such as the 

prostate cells, colon cells, breast cells, and glioblastoma cancer cells (Kusuhara et al., 

1990). The normal functioning and expression of the endothelin system is modified in 

tissues showing malignancies (Egidy et al., 2000). Changes in the plasma level of ET-1, 

usually an elevation in the levels, is seen in patients that presents with metastatic or non-

metastatic liver cancer and colorectal cancer at primary stage (Shankar et al., 1998). 

Some other patients who presented with different types of tumors like hepatocellular, 

prostate and gastric cancer, were investigated and it was found that the level of ET-1 

was elevated as well (Nakamuta et al., 1993). 

4.1 ET-1 expression in various cancers and their concentration 

Table 1.1: ET-1 expression and their concentration in cancers. 
 

Cancer Type 
 

ET-1 Expression 
 

ET-1 Concentration 
 

References 
Prostate Cancer  • Increases 

autocrine growth 

stimulation of 

prostate cancer 

cells. 

1271 ± 130(pg/ml) 

 

(Weydert et 
al., 2009) 

Ovarian cancer 

 
• Stimulates 

synthesis of DNA 

and cell 

proliferation 

• Leads to rapid 

phosphorylation 

and p42 mitogen 

protein kinase 

(MAPK) 

activation. 

62.5 ± 5.3 (pg/ml) 

 

(Bagnato et al., 
1997; Wang et 
al., 1992) 

Colorectal 

cancer 

• Elevated ET-1 

plasma levels. 

4.5 (pg/ml) 
 

(Asham et al., 
2001; Shichiri 
et al., 1991) 
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• Results in the 

increase of tumor 

cell turnover.  

  
 

Breast cancer • Tumor cell 

invasion via 

autocrine and 

paracrine 

interaction. 

2.3 ± 0.51 (pg/ml) (Hagemann et 
al., 2005) 

Renal cancer  • Autocrine 

regulation in 

renal cancer cells. 

• Induces anti-

apoptosis  

180.42 ± 5.65(pg/ml) (Pflug et al., 
2007) 

Melanoma • Decreases basic 

apoptotic rate in 

melanoma cells 

and normal 

melanocytes. 

• Potentiates the 

progress of 

melanoma due to 

ET receptors 

upregulation. 

6.6 ± 2.9(pg/ml) (Eberle et al., 
2002; 
Pickering et 
al., 2008) 
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Nasopharyngeal 
carcinoma 

• Tumor cell 

metastasis 

initiation or 

promotion. 

1.9 ± 15.2 (pg/ml) (Mai et al., 
2006) 

Oral cancer • Enhances the 

invasion and 

metastasis of oral 

cell carcinoma. 

17.87 ± 4.0 (pg/ml) (Pickering et 
al., 2007) 

Lung cancer 
 
 
 
 
 
 

• Stimulates the 

Vascular smooth 

muscle cell 

proliferation. 

8.3 ± 0.5 (pg/ml) (Carpagnano et 
al., 2004) 

 
 
4.2 ET-1 expression in Cancer cell lines from homo sapiens origin 
 
Table 1.2: Cancer cell lines and cell types showing ET-1 expression  

 
Cancer Type 

 
Cell lines 

 
Cell Type 

 
References 

Prostate cancer  PC-3 
DU-145 
LNCap 
22Rv1 

Epithelial (Granchi et al., 2001; 
Nelson et al., 1995; 
Weydert et al., 2009) 
 
 
 

Breast cancer  
 

MDA-MB-231 
ZR-75-1 
T47D 
BT483 
MCF-7 
BT-20 
ZR-75-30 

Epithelial (Chen et al., 2014; 
Hagemann et al., 2005; 
Nelson et al., 1995; Yin et 
al., 2003; Kusuhara et al., 
1990) 
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Ovarian cancer  
 

HEY 
OVCA 433 
PEO4 
PEO14 
SK-OV-3 

Epithelial (Rosano et al., 2005; 
Moraitis et al., 1997; Del 
Bufalo et al., 2002) 
 
 

Nasopharyngeal 
carcinoma 

NPC 
HEK 293 

Epithelial (Mai et al., 2006) 

Melanoma 
 

A-375 
Bro 
M-5 
Mel-2a 

Epithelial (Eberle, et al., 2002) 
 
 

MeWo Fibroblast 

Sk-Mel-13 Melanoma 
Sk-mel-19 Melanoma 

Hepatocellular 
carcinoma 

HepG2 
Hep3B 
SNU-423 
SNU-449 

Epithelial (Shi et al., 2017; Park et 
al., 1995) 

Bladder cancer  
 

UMUC3 
T24 

Epithelial (Said et al., 2011) 

Glioblastoma T98G 
 

Fibroblast 
 

(Sone et al., 2000; Egidy 
et al., 2000) 

LN18 Epithelial 
Lung cancer  
 

SPC-A1 
SV40-HBE 
A549 
NCI-H69 
NCI-H345 
Lu-65 

Epithelial (Ahmed et al., 2000; 
Zhang et al., 2008; 
Kusuhara et al., 1990) 
 

Cervical 
carcinoma 

HeLa 
CaSki 
SiHa 
C33A 
 

Epithelial (Shichiri et al., 1991; 
Venuti et al., 2000) 

Astrocytoma U138MG Epithelial (Wu-Wang et al., 1996) 

Colon carcinoma  
 
 
 

HT-29 
HT-116 
COLO 205 
SW-48 
COLO 320 

Epithelial (Peduto-Eberl et al., 2003; 
Liakou et al., 2011; 
Kusuhara et al., 1990) 

Gastric carcinoma  KATO-III Stomach (Kusuhara et al., 1990) 



 33 
 

Pancreatic 
carcinoma 
 

PSN-1 
FA-6 
PANC-1 
ASPC-1 
BxPC-3 

Epithelial (Kusuhara et al., 1990) 

Colorectal cancer  
 

LIM1215 
HT-29 
SW620 

Epithelial (Grant et al., 2007) 

Renal carcinoma  
 

769-P 
A498 
786-0 

Epithelial (Pflug et al., 2007) 

Osteosarcoma MG-63 Fibroblast (Zhao et al., 2011) 
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5 ET-1 and prostate cancer  

5.1 ET-1 role in prostate cancer  

ET-1 play a significant role in the progression of prostate cancer. It was found that a 

modification occurs in the endothelin profile in prostate cancer cells. This modification 

in the endothelin profile is characterized by increased immunoreactive endothelin levels 

(Nelson et al., 1995), ETAR levels upregulation (Gohji et al., 2001). Decreased ETBR 

expression (Nelson et al., 1996), and decreased neutral endopeptidase (NEP) activity as 

seen in (Figure 3.1) (Papandreou et al., 1998). The endothelin modified prolife has been 

implicated in prostate cancer progression (Kopetz et al., 2002). 

 

  
 
Figure. 3.1: Schematic illustration of ET-1 in normal cell and cancerous cell (Gohji et 

al., 2001; Nelson et al., 1996; Papandreou et al., 1998).  

 

It was also suggested that ET-1 is a growth factor in prostate cancer, in relation to 

neovascularization and cell proliferation (Nelson et al., 1997). The mitogenic activity of 

ET-1 as opposed to its effect on apoptosis, may be the reason for the proliferation of the 

cells in prostate cancer (Nelson et al., 1996). Neutral endopeptidase, is an enzyme that is 

involved in the degradation of ET-1. It was postulated that it may also be implicated in 
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prostate cancer progression. More so, the expression and catalytic activity of the neutral 

endopeptidase in vitro was found to be decreased in cell lines that are androgen 

independent thereby enabling ET-1 in the stimulation of cell proliferation in prostate 

cancer by not degrading it (Papandreou et al., 1998). ET-1 have been implicated in bone 

metastasis and pain, both of which are seen in prostate cancer pathogenesis (Kopetz et 

al., 2002). ET-1 receptor antagonists are mostly in clinical trial phases for prostate 

cancer therapy and direct blockage of cell proliferation that occurs in prostate cancer. It 

also shows the possibility of preventing angiogenesis and activation of the osteaoclast, 

thus possibly inhibiting the bone metastasis and reducing the levels of pain (Zonnenberg 

& Voest, 2003).  

5.2 ET-1 mediated cell proliferation in prostate cancer  

When ET-1 binds the ETAR, a mitogenic stimulus is initiated which results in the 

activation of the GPCR intracellular pathways. This results in the amplification of the 

PLC, which leads to an increase in the levels of Ca2+. PKC is then activated as seen in 

(Table 3.2) (Obara et al., 2000) followed by the activation of the ras/raf/MAPK 

pathways. The mitogenic effect that is mediated by ET-1, results in a further interaction 

with other growth factors such as epidermal growth factor (EGF), platelet-derived 

growth factor (PDGF), insulin-like growth factor, beta-fibroblast growth factor (b-FGF), 

transforming growth factor (TGF), they affect the normal cell processes (Battistini et al., 

1993). ET-1 mediates cell proliferation through a second messenger, by transactivation 

of receptor tyrosine kinase and phosphorylation of the epidermal growth factor receptor 

(EGFR). The phosphorylation of proteins like Shc, GrB2, is promoted by ET-1, through 

its effect on the MAPK/ras pathway signaling (Daub et al., 1996). 

5.3 ET-1 anti-apoptotic effect in prostate cancer  

ET-1 anti-apoptotic activity that is seen in the cell lines of prostate cancer is mediated by 

a PI3-kinase/AKt dependent pathway. ET-1 binding on the ET-1/ETAR, leads to the 

phosphorylation of AKt through the PI-3 kinase pathway (Nelson et al., 2005). AKt in 

turn results in the blocking of the apoptosis process through the inhibition of pro-

apoptotic proteins like Bad, Bax and Bak which all belongs to a family of protein known 

as Bcl-2 (Mayo & Donner, 2001). AKt is a serine-threonine-kinase that can affect 
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various proteins through phosphorylation and it has a role in the processes such as 

regulation of apoptosis, metabolism and proliferation which are regulated by proteins 

that AKt phosphorylates (Ayala et al., 2004). The suppression of proteins Bad and 

caspase-9 activity by Akt as proposed, may be a possible mechanism by which AKt 

facilitates anti-apoptosis in prostate cancer cells (Datta et al., 1997). 

 

 

 
 

Figure 3.2: Illustration of ET-1 mediated anti-apoptosis and cell proliferation. ET-

1/ETAR signaling cascade resulting in G-protein stimulation and then activation of 

phospholipase-C which mediates further processes that promotes cell proliferation and 

anti-apoptosis (Lalich et al., 2007).  
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5.4 ET-1 effect on AR in androgen-independent prostate cancer  

Androgen regulates the prostate gland and its action occurs via the androgen receptor 

(AR). Over the years, various evidence from studies shows that the most of the androgen 

independent prostate cancers expresses AR and PSA, among other androgen regulated 

genes. The human prostate cancer cells from LNCap cell line of epithelial origin, shows 

AR expression upregulation (Shen et al., 2000). Prostate cancer cell lines and tumor 

specimens highly expresses ET-1 and in men with androgen-independent prostate cancer 

elevated ET-1 plasma level is observed. In androgen-independent prostate cancer, ET-1 

greatly elevates the prostate cancer cell growth which is facilitated by polypeptide 

growth factors like IGF-I, IGF-II and EGF (Nelson, 2005). ET-1 effect on AR 

expression was examined and it was found that there is a significant increase in the level 

of AR protein and mRNA when ET-1 is present (Lee et al., 2009). 

The differentiation of neuroendocrine (NE) in prostate cancer have been implicated in 

androgen-independent progression (Culig et al., 2000). The inducing of AR by ET-1 that 

results in the AR expression upregulation, is greatly dependent on the c-myc. ET-1 

activates c-myc via the signaling of Src/PI-3K pathway (Sumitomo et al., 2000). Based 

on results from findings, BQ123 an antagonist of ETAR suppresses the effect of ET-1 

and it shows that it is the ETAR that mediates ET-1 effect on the AR activity. The 

Src/PI-3K/c-myc signaling pathway as seen in (Figure 3.3), can be inhibited by PP2, 

LY294002 and siRNA respectively, thereby suppressing the action of ET-1 and 

mitigating AR expression upregulation (Lee et al., 2009). 
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Figure 3.3: Schematic illustration showing the signaling pathways that mediates the 

effect of ET-1 on AR expression. Upon the withdrawal of androgen, ET-1 enhances the 

expression of c-myc via Src and PI-3K signaling activation, resulting in increased AR 

transcription level (Lee et al., 2009).  

5.5 Prostate cancer tumor suppressor genes 

Alteration in the tumor suppressor gene has been found to contribute immensely in 

prostate cancer development as seen in (Table 2.1) which show some tumor suppressor 

gene implicated in prostate cancer development and progression. It was found that 

mutation in some of the tumor suppressor gene in prostate cancer can be significant in 

the prediction of the biological and clinical behavior of the tumor (MacGrogan & 

Bookstein, 1997).  

 



 40 
 

Table 2.1: Showing some tumor suppressor gene implicated in prostate cancer  

Tumor suppressor 

Gene 

Description Gene alteration References 

Retinoblastoma gene Located on 

chromosome 13q 

long arm. It 

normally functions 

in cell division 

suppression 

Promotes tumor 

development in the 

DU-145 PCa cell 

line 

(Bookstein et al., 

1990) 

P53 It is found on 

chromosome 17p13 

Suppresses tumor 

development in PCa 

as seen in TSUPr-1, 

PC3 and DU-145 

PCa cell lines 

(Huncharek &. 

Muscat, 1995; 

Isaacs et al., 1991) 

nm23 
(nm23-H1 & nm23-

H2) 

Located on 

chromosome 17. 

They serve as a 

medium for 

identifying the 

metastatic 

capability of tumor 

cells 

An observable 

decrease in the gene 

expression 

especially as PCa 

progresses 

(Rinker-Schaeffer 

et al., 1994; 

Fishman et al., 

1994) 

E-cadherin It is located on 

chromosome 16q21. 

Used as an indicator 

in the Prognosis of. 

PCa 

Decrease in gene 

expression 

(Bussemaker et al., 

1992; Cheng et. al., 

1996) 

KAI-1 Found on 

chromosome 

11p11.2 

Significant decrease 

in expression in the 

PCa cell lines. 

(Dong et al., 1995) 
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5.6 Available and prospective prostate cancer biomarkers  

As of 2012, there was an estimate of about 1.1 million men globally who were 

diagnosed with PCA. Canada was found to be the third country with the most PCA 

diagnosis, followed by USA as the second leading country (Society, 2015). The 

advancement in methods that are used in the diagnoses of PCA has contributed greatly 

in increasing the survival rate, using available biomarkers like the prostate-specific 

antigen (PSA), being the earliest and most common biomarker among other biomarkers 

as seen in (Table 2.2) (Mondo et al., 2008). Biomarkers play a significant role in PCA 

diagnosis as well as prognosis, and the future prominent biomarkers seem promising as 

guidance tools in expanding the therapeutic options (Gaudreau et al., 2016). 

Table 2.2: Present and future prostate cancer biomarkers. 

Biomarkers Applications Samples 

used 

References 

Prostate specific 

antigen (PSA) 

Diagnosis of PCa and PCa 

follow-up examinations 

Serum (Catalona et al., 1993) 

Free PSA 

(fPSA) 

Diagnosis of PCa Serum (Heidegger et al., 2015) 

Prostate health 

index (PHI) 

Used in differentiating 

between benign and 

malignant prostate state in 

patients ³ 50 years of age 

and over, that has a serum 

PSA ranging 4-10ng/mL 

and whose digital rectum 

exam that is normal 

Serum (Lazzeri et al., 2013) 

4K Score  Use in improving the 

accuracy in predicting 

prostate cancer that is 

considered aggressive  

Blood 

plasma 

(Carlsson et al., 2013) 

Prostarix Used to in initial and Urine (Sartori & Chan, 2014) 
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repeat biopsy decision 

making by physicians in 

patients with a negative 

digital rectum exam 

(DRE) and moderately 

elevated PSA level 

 
 
 
 
 
 
 

 

TMPRSS2: 

ERG 

Used for prognosis 

purposes and predictive 

application at various 

disease stages  

Urine, 

blood and 

tissue 

(Sartori & Chan, 2014; 

Boström et al., 2015) 

ProMark Used to differentiate 

between tissue biopsies 

and also for prognostic 

purposes 

Tissue (Blume-Jensen et al., 

2015) 

ConfirmMDx Used for diagnosis and 

helps with repeat biopsy 

decisions 

Tissue (Partin et al., 2014) 

Prostate core 

Mitomic Test  

Used in the detection of 

negative prostate biopsies 

Tissue (Parr et al., 2013) 

Prolaris Score Used in the detection and 

differentiation of PCa 

Tissue (Bianconi et al., 2015) 

Circulating 

tumor cells 

(CTCs) 

Used as a prognostic and 

predictive marker  

Serum (de Bono et al., 2008) 

Progensa 

prostate cancer 

antigen 3 

(PCA3) assay 

Used for decision making 

in repeat biopsies  

Urine (Bourdoumis et al., 

2015) 
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5.7 Proto-oncogenes and oncogenes in prostate cancer  

The progression of prostate cancer is also facilitated by changes in the way some proto-

oncogenes are expressed. For instance, MYC overexpression is usually associated with 

the cancer metastasis (Jenkins et al., 1997). BCL2, a protein that inhibits apoptosis, is 

found to be present in high amount in almost all prostate cancers, especially prostate 

cancers that are androgen independent (McDonnell et al., 1992).  BAX, p53 and p14ARF1 

are proteins that promote apoptosis in cells that are not affected by cancer, they limit the 

cell growth signaling of MYC. Alteration in the function of these proteins contributes 

greatly to the growth of cells in PCa (Djakiew, 2000).  

Table 2.3: Showing various pro-oncogenes and oncogenes in prostate cancer 

PCa 

Oncogenes/Pro-

oncogenes 

Expression Oncogene /Pro-

oncogenes 

References 

c-myc Promote PCa 

development 

Oncogene (Thomas, 1990) 

c-fos & c-jun They are 

implicated in the 

signaling of 

mitogens 

Pro-oncogene (Wong &Wang, 1996) 

Her-2/neu 

(ERBB2)  

Promotes anti-

apoptosis and 

progression of 

bone metastasis in 

PCa 

Proto-oncogene (Baxevanis et al., 2010; 

Wen et al., 2000; Zhau 

et al., 1996) 

BCL2 Inhibits 

programmed cell 

death 

Pro-oncogene (McDonnell et al., 

1992) 

ras Promotes bone 

metastasis 

Oncogene (Moul et al., 1992) 
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5.8 Signaling pathways involved in prostate cancer  

The progression of prostate cancers especially in advanced stages is greatly dependent 

on pathways like an autocrine growth factor, or hyper-expression of the tyrosine kinase 

receptor, or the alteration in RAS or other factors such as MYC, among others as seen in 

(Table 2.4). (Wang & Wong, 1997). 

Table 2.4: List of some signaling pathways implicated in Prostate cancer 

PCA 

pathways 

Pathway Signaling  Ligand References 

PI-3K Promotes apoptosis, cell 

proliferation 

angiogenesis, and 

metastasis 

ET-1 (Janku et al., 2018) 

AKt Leads to 

Phosphatidylinositol-3 

kinase 

ET-1 (Nelson et al., 

2003) 

PI-3K/Akt Promotes cell survival, 

proliferation and 

differentiation 

ET-1 (Wu-Wong et al., 

2000; Vivanco & 

Sawyers, 2002) 

AR Promotes epithelial cell 

differentiation into 

urogenital structures 

seen in men and it 

regulates 

spermatogenesis  

Testosterone and 

Dihydrotestosterone 

(DHT) 

(Lonergan & 

Tindall, 2011) 

MAPK Facilitates cell anti-

apoptotic activity, cell 

proliferation and PCA 

progression 

ET-1 (Kholodenko & 

Birtwistle, 2009) 

b-cat/Tcf Promotes cell 

proliferation and anti-

ET-1 (de la Taille et al., 

2003) 
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apoptosis 

TGF-

b/SMAD 

Exhibits regulatory 

activity on cell growth 

differentiation, 

migration, and apoptosis 

TGF-b (Blobe et. al., 

2000) 

WNT It is implicated in the 

progression of tumor, 

metastasis and exhibits 

resistance to therapy  

LRP5/LRP6 (Murillo-Garzon & 

Kypta, 2017) 

 

5.9 Growth factors implicated in prostate cancer  

Prostate cancer progression is facilitated greatly by growth factors and their receptors. 

The expression of these growth factors in prostate cancer show that they promote PCa 

progression and metastasis as seen in (Table 2.5). Changes or alteration in how these 

growth factors are expressed is the resulting factor that implicates them in prostate 

cancer progression (Djakiew, 2000). 

Table 2.5: Showing different growth factors implicated in prostate cancer. 

PCA growth 

factors 

Expression Cell type References 

VEGF Facilitates angiogenesis Epithelial cells  (Ferrer et al., 1997; 

Campbell et al., 

1999) 

PDGF Promotes proliferation, 

anti-apoptosis, 

chemotaxis and 

malignant PCA 

transformation 

Epithelial and 

Stromal cells 

 

(Kim et al., 1997; 

Vlahos et al., 1993) 

EGF Promotes PCA cell 

proliferation 

Smooth muscle 

stromal cell and 

Epithelial cell 

(Connolly & Rose, 

1989; Rajan et al., 

1996) 
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FGF Stimulates the 

proliferation of PCA 

cells 

Stromal cells (Nakamoto et al., 

1992; wang et al., 

1999) 

IGF Stimulates the signal 

transduction cascade of 

EGFR, thereby 

promoting PCA 

development and cell 

proliferation 

Epithelial cells 

and Stromal 

cells 

(Connolly & Rose, 

1994; Cohen et al., 

1991; Cohen et. al., 

1994) 

TGF Facilitates PCA growth 

and metastasis 

Epithelial cells (Barrack, 1997; Guo 

& Kyprianou, 1999) 
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6. 

…………………………………………………………………………………………… 

ET-1 antagonists   
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6 Endothelin-1 antagonists 

6.1 ET-1 antagonist in prostate cancer therapy 

ET-1 via the ETAR activation promotes cell growth and mitogenesis (Bagnato & Catt, 

1997), Shows anti-apoptotic activity (Del Bufalo et al., 2002) and induces angiogenesis 

(Bagnato & Spinella, 2003), leads in the multiplication of the osteoblasts, bone 

remodeling and the release of growth factors which facilitate the anti-apoptosis and 

enhancement of metastatic tumor cells growth (Nelson et al., 1999). This has made the 

ETAR a potential target for cancer therapy. ETAR specific antagonism can inhibit the 

cancer promoting effects of ET-1, thereby resulting in ETBR mediated beneficial effects 

such as apoptosis and the clearance of ET-1 (Morris et al., 2005). 

Table 3.1: Showing clinically therapeutic antagonists of ET-1   

ET-1 antagonists Physiological action  ET-1 receptor 

selectivity 

References 

ABT-627 

(Atrasentan) 

Decreases the 

progression of 

metastasis in bones 

Selectively blocks 

ETA receptor 

(Verhaar, et al., 

2000) 

ZD4054 

(Zibotentan) 

Inhibits cell survival  ETA specific 

antagonist 

(Curtis et al., 

2004) 

A-127722 Relieves pain 

associated with 

metastatic Prostate 

cancer 

ETA receptor 

specific antagonist 

(Opgenorth et al., 

1996) 
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6.2  Prostate cancer signaling pathway antagonists 

Table 3.2: Showing various antagonists of signaling pathways in Prostate cancer  

Pca Signaling Pathways Antagonists References 

PI3K BKM120 (Shtivelman et al., 2014) 

Akt GD-0068 plus Abiraterone 

or Bicalutamide plus 

MK2206, AZD5363 

(Shtivelman et al., 2014) 

PI3K/Akt KN-93  (Rokhilin et. al., 2010)  

PI3K/mTOR GDC-0980 (Wallin et al., 2011) 

AR ARN-504, ODM-201 (Rathkopf et al., 2013; 

Fizazi et al., 2014) 

MAPK; AKt/mTOR Rapamycin & PD0325901 (Kinkade et al., 2008) 

TGF-b/SMAD LY2109761 (Wan et al., 2012) 

b-cat/Tcf LY294002 plus Paclitaxel (Sun et al., 2006) 

WNT OMP-18R5 & OMP-54F28 (Murillo-Garzon & Kypta, 

2017) 

 

6.3 Atrasentan antagonist role in prostate cancer therapy 

Atrasentan (ABT-627), is one of the three ET-1 antagonist that is in clinical stage and 

the first ET-1 antagonist to show promising efficacy in the treatment of hormone 

refractory prostate cancer. ETA receptor antagonism by Atrasentan decreases the 

progression of hormone refractory prostate cancer as seen in (Figure 4.1a) (Zonnenburg 

& Voest, 2003). ETA receptor specific antagonist. It selectively binds and blocks the 

activity of ET-1 (Verhaar, et al., 2000). It was found that it has minimal antagonism 

activity on ETB receptor (Nelson, 2003), this mean that it elevates ET-1 plasma level 

(Carducci et al., 2002). Atrasentan have shown therapeutic activity in patients that 

presents with hormone-refractory prostate cancer (Carducci et al., 2003). Atrasentan use 

in combination with Docetaxel have been found to be more effective than when these 

agents are used alone, they exhibit additive effect in the treatment of prostate cancer 

(Akhavan. et al., 2006; Banerjee et al., 2007).  
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Figure 4.1a: Illustrating the effect of Atrasentan antagonism of the ETAR. It decreases 
the progression of hormone refractory prostate cancer (Zonnenburg & Voest, 2003). 
 

The effect of Atrasentan in PCa treatment was tested using three PCa cell lines LNcap, 

C4-2b and PC-3 using MTT assay. Using the cell viability assay, a test was carried out 

to check if the PCa cell lines were more responsive to the toxic effect of Atrasentan and 

Taxotere when used in combination. (25 µmol/L) Atrasentan (ABT-627) was used alone 

or in combination with once dose of (1 nmol/L) Taxotere (docetaxel), on the viable PCa 

cell lines LNcap, C4-2b and PC-3 for 72hrs as shown in (figure 4.1b). The MTT assay, 

at the end of the testing showed that the use of this agents in combination (ABT-627 and 

Taxotere (docetaxel) for 72hrs, in the treatment of the PCa viable resulted in about 60% 

- 70% inhibition in the growth of LNCap cells as opposed to C4-2b, and PC-3 were 

found to be non-responsive to the combination therapy based on further studies. This 

studies however came to a conclusion that the use of Atrasentan and Taxotere 

(docetaxel) in combination shows more loss in the number of viable PCa cells than when 

used alone. Atrasentan amplifies the effect of Taxotere via inhibiting cell survival than 

when Taxotere is used alone, Atrasentan has additive effect on the chemotherapeutic 

agent (Banerjee et al., 2007). 
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Figure 4.1b: Histogram showing the efficacy of atrasentan and Taxotere (docetaxel). 

They were used alone and in combination in prostate cancer cell line LNCap, C4-2b and 

PC-3 for treatment of the PCa cell line viability (Banerjee, 2007). 

  
6.4 Zibotentan antagonist role in prostate cancer therapy  

Zibotentan (ZD4054), is an active oral antagonist of ETA receptor. It selectively binds to 

the ETA receptor and has no activity on the ETB receptor (Warren & Liu, 2008). Studies 

have shown that Zibotentan inhibits activities such as metastasis, angiogenesis and 
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progression, which are linked to prostate cancer progression. Studies show that 

Zibotentan does not result in any increase in the plasma level of ET-1, this proves that it 

has no activity on the ETB receptor (Morris et al., 2005). Zibotentan, was found to 

exhibit inhibitory effect in the activation of the PI3-kinase and AKt by ET-1, this effect 

potentiates the apoptosis that is induced by the use of cytotoxic drugs (Pflug et al., 

2007). Zibotentan as an antagonist of ETA receptor, have been implicated in promoting 

apoptosis, inhibition of proliferation in cancer cells as well as resulting in a decrease in 

angiogenesis and metastasis of cancer cells. (Growcott, 2009).  

Zibotentan show some additive effect when used in combination with other agents such 

as cytotoxic agents, which includes docetaxel and paclitaxel, EGFR-tyrosine kinase 

inhibitor like gefitinib and Src inhibitos like AZD0530. The antagonism activity of the 

agents seems to be potentiated. It was however noted that this additive or synergistic 

effect of Zibotentan and the other agents is not completely understood (Growcott, 2009). 

6.5 Present and prospective ET-1 antagonists for Prostate cancer therapy  

A phase I and II study on docetaxel and Atrasentan was conducted with the end goal of 

determining the maximum tolerated dose and secondarily the effectiveness of Atrasentan 

and docetaxel in prostate cancer combination therapy. The study consisted of 31 

participants with metastatic PCa, the patients were given 10mg Atrasentan and 

Docetaxel doses between 60-75mg/m2 at an interval of 21days. At the end of this study, 

the maximum tolerated dose was found to be tolerated by the participants, the PSA level 

significantly decreased, and the survival rate of the participants increased (Armstrong et 

al., 2008). However, it was found that Docetaxel and Atrasentan use in combination in 

prostate cancer therapy showed more efficacy in the inhibition of prostate cancer 

xenografts growth than when either Docetaxel or Atrasentan was used as in 

monotherapy. It can therefore be concluded that the use of Atrasentan and Docetaxel in 

combination, shows additive effect in the inhibition of some of the pathogenic activity of 

ET-1 mediated via ETA receptor like apoptosis, and it significantly decreases the PSA 

level and tumor growth, as well as the rate of proliferation (Akhavan. et al., 2006; 

Banerjee et al., 2007). 
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A phase II study was conducted to investigate Atrasentan efficacy and safety. The study 

consisted of 288 participants with hormone-refractory prostate cancer. They were 

grouped into 3 categories that included 104 of the participants that were given placebo, 

95 participants that were given 2.5mg Atrasentan and 89 of the remaining participants 

who were given 10mg Atrasentan. The end goal was to investigate the efficacy and 

safety of Atrasentan among these participants/patients, the study came to a conclusion 

that Atrasentan is effective in the delay of hormone-refractory prostate cancer 

progression (Carducci et al., 2003). 

A phase III study (M00-211) with Atrasentan which consisted of 809 participants with 

metastatic hormone refractory prostate cancer, was conducted to investigate the time to 

disease progression (TTP) and time to PSA progression in prostate cancer. The study 

consisted of two groups, the first group which consisted of 408 participants, received 

10mg Atrasentan and the second which consisted of 401 participants, received the 

placebo. At the end of the trial, the study was concluded that Atrasentan is well tolerated 

and effective. The time to disease progression was delayed (Carducci et al., 2004).  

A phase III study (M00-244) was carried out with Atrasentan, with the primary aim of 

investigating the efficacy of Atrasentan in PCa therapy by determining the time to 

disease progression (TTP). The study consisted of 941 participants with non-metastatic 

hormone-refractory prostate cancer, 467 of the participants were given 10mg dose of 

Atrasentan and 474 of the remaining participants were given placebo daily, with the end 

goal of determining the disease progression time, as it was considered as the onset of the 

PCa metastasis. The study was concluded to be inconclusive (Nelson. Et al., 2008). 

A phase II study was conducted with Zibotentan with a total of 312 participants who had 

metastatic hormone-refractory prostate cancer, these participants were categorized into 3 

groups which included 107 participants who received 10mg Zibotentan per day and 

another group of 107 who received placebo and the third group who received 15mg 

Zibotentan per day. The aim of this study was to investigate the effectiveness and safety 

of Zibotentan. The study lasted for 3years and at the end, the outcome of the study was 

said to be inconclusive. The phase II study being inconclusive, led to a phase III study 
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which involves a combination prostate cancer therapy with Zibotentan and Docetaxel 

(James et al., 2009; Fizazi et al., 2013). 

A phase III trial was carried out with Zibotentan and Docetaxel. There was a total of 

1,052 participants in this study, with 524 of the participants getting an oral daily dose of 

10mg Zibotentan and 75m/m2 of Docetaxel for the length of 21days and the remaining 

528 getting Docetaxel and placebo. This was carried out to investigate the efficacy of the 

two agents in prostate cancer combination therapy. At the end of this study, a 

comparison was made between the 524 patients that received Zibotentan with Docetaxel 

and the 528 patients that received Docetaxel and placebo, there were no observable 

therapeutic differences realized between these two groups. The study concluded that the 

combination therapy of PCa with Zibotentan and Docetaxel does not show any 

improvement in the anticancer efficacy, but an overall survival rate was observed in the 

patients (Fizazi et al., 2013). 
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Table 3.3: Showing some ET-1 antagonists available or in clinical trial for PCa 

therapy  

Drug 
names 

Trial 
phase 

Dosage No.  
of 

participants 

Disease 
state 

Duration  Outcome 
 

References 

Atrasentan 

plus  

Docetaxel 

I-II 10mg  

+ 

60-

75mg/m2 

31 Metastatic 

& 

Non-

metastatic 

2years Effective (Armstrong 

et al., 2008) 

Atrasentan II 2.5mg or 

10mg 

288 Metastatic 1year Effective (Carducci. 

et al., 2003) 

Atrasentan  

(M00-

211) 

III 10mg 809 Metastatic 3years Effective (Carducci 

et al., 2004) 

Atrasentan 

(M00-

244) 

III 10mg 941 Non-

metastatic 

3years Inconclusive (Nelson et 

al., 2008) 

Zibotentan II 10mg or 

15mg 

312 Metastatic 3years Inconclusive/ 

ongoing  

(James et 

al., 2009) 

Zibotentan 

plus 

Docetaxel 

III 10mg 

+ 

75mg/m2 

I.V  

1,052 

 
 
 
 

 

Metastatic 21days Not effective (Fizazi et 

al., 2013) 
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6.6 Prostate cancer treatment with Docetaxel and Prednisone 

Prostate cancer treatment with chemotherapy has proven effective in reducing the serum 

PSA level and improving the patient’s quality of life. It was also found that 

chemotherapy have some function in reducing pain associated with prostate cancer 

(Martel et al., 2003). In phase II studies of Docetaxel, serum PSA level is significantly 

decreased up to about 50% in about 50% of the population participating in the given 

study (Berry et al., 2001).  

A study was conducted with 12mg/m2 Mitoxantrone plus 5mg prednisone or 75mg/m2 

Docetaxel plus 5mg prednisone in 1006 men with metastatic hormone refractory prostate 

cancer with the end goal of comparing their effectiveness in improving patient’s survival 

rate, reducing pain and PSA serum level, in men with advanced prostate cancer as seen 

in (Table 3.4). It was found at the end of this study that the patients that received 

prednisone with Docetaxel every three weeks, showed significant improvement both in 

survival rate and quality of life, and there was a significant decrease in serum PSA level, 

and pain unlike Mitoxantrone with prednisone which was found to be inferior in their 

effectiveness compared to Docetaxel plus prednisone (Tannock et al., 2004). 

Table 3.4: A comparison between Mitoxantrone plus Prednisone or Docetaxel plus 

Prednisone for effectiveness 

Drug names Trial 

phase 

Dose No. of 

participants 

Disease 

state  

Duration Outcome 

Docetaxel 

plus 

Prednisone 

II 75mg/m2 

or 

30mg/m2 

plus 

5mg 

1006 Metastatic 2years Highly 

effective 

Mitoxantrone 

plus 

Prednisone 

12mg/m2  

plus 

5mg 

Less 

effective 
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6.7 Alternatives to prostate cancer therapy 

The use of taxanes, specifically docetaxel, which shows high efficacy in Bcl-2 inhibition 

in vitro (Petrylak, 2005), in combination with estramustine in patients with androgen 

independent prostate cancer and metastatic hormone refractory prostate cancer as seen in 

a preliminary phase I and II trial, decreased the patient’s PSA serum level, thereby 

showing improved survival rate in the patients (Petrylak et al., 1999; Kreis et al., 1999).  

Another study was conducted to evaluate the efficacy of docetaxel and thalidomide use 

in combination in the treatment of metastatic androgen independent prostate cancer. The 

study consisted of 75 patients who were at random 25 of the participants given 30mg/m2 

of docetaxel continuously for 3 weeks and then a resting break of 1 week and the second 

group consisting of 50 of the remaining participants were given 30mg/m2 of docetaxel 

plus 200mg thalidomide in combination. Participants that received both docetaxel and 

thalidomide show higher than 50% decrease in PSA and about 68.2% increase in the 

survival rate of the participants. The study based on these results came to a conclusion 

that the use of docetaxel in combination with thalidomide shows a promising clinical 

benefit in the treatment of metastatic androgen dependent prostate cancer (Dahut et al., 

2004). 
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7. 

…………………………………………………………………………………………… 

CONCLUSION 
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7 CONCLUSION 

Prostate cancer being a type of cancer that is prevalent among men, is one of the leading 

cause of deaths in men especially in developed countries all around the world. There are 

limited successful and effective treatment options available for this disease, this in turn 

has created the necessity to research and find possible and effective therapeutic options 

to treat or cure this disease. The availability of few new treatment options, most of 

which are still in clinical development, has significantly led to a decrease in the 

incidence of mortality in men with prostate cancer. 

The endothelin family in normal conditions, in the cell lines of the prostate have been 

found to exhibit positive and beneficial physiologic action in both the vascular smooth 

muscle cells (VSMC) and the endothelial cells. These positive physiologic actions 

include promotion of vasodilation, enhances cell death and most significantly promotes 

the clearance of ET-1 from plasma. These actions are mediated through the ETB 

receptor, this receptor regulates the actions that ETA receptor mediates. 

ET-1 in cancerous cells, shows negative and pathophysiologic actions such as promotion 

of cell proliferation, inhibition of cell death, promotion of angiogenesis, osteogenesis 

and negative nociceptive effects. ETA receptor mediates these pathophysiological 

actions of ET-1 on both the vascular smooth muscle cells and endothelial cells. ETB 

receptor expression is downregulated in this cancerous cells and ETA receptor is 

overexpressed. According to the studies reviewed, it is accurate and factual that 

endothelin-1 plays a significant role in the development and progression of prostate 

cancer.  

ET-1 pathophysiological activity that is mediated via the ETA receptor involves various 

signaling pathways like the Phosphatidylinositol 3-kinase pathway, AKt pathway, 

Mitogen activated protein kinase, WNT among others and growth factors and their 

receptors like the vascular endothelial growth factor, Platelet-derived growth factor, 

Epidermal growth factor, fibroblast growth factor, Insulin-like growth factor, among 

others. Prostate cancer progression via ET-1 significantly depends on these signaling 

pathways. Changes in the functioning of these growth factors facilitates the actions of 

ET-1 which in turn promote the progression of prostate cancer.  
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The ET-1 receptors, specifically the ETA receptor, which serves as a medium through 

which ET-1 shows its pathophysiologic effects in prostate cancer, shows promising 

therapeutic efficacy through the antagonism of the receptor. Various studies show that 

specific or selective antagonism of the ETA receptor could be a potential target in the 

treatment of prostate cancer. There are currently three available ET-1 antagonists in 

clinical development, which shows promising efficacy either when used alone or in 

combination. 
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