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ABSTRACT 

The Role of Endothelin-1 in Colorectal Cancer and Liver Métastasés

Cancer is regarded as a disease in which normal growth signalling pathways are 

deregulated. Growth regulatory molecules are overproduced, mutated, expressed at 

inappropriate stages of development or lost due to inheritance or aberrant mitotic 

division. Endothelin-1 (ET-1), a vasoactive molecule which acts via two receptors 

ETa and ETb, was found to be a mitogenic factor that enhances growth in 

a variety of cancer cells in vitro. Raised levels of ET-1 have also been detected in 

tissues from patients with different types of tumours.

This thesis is concerned with the putative role of ET-1 in colorectal cancer from three 

perspectives: Firstly, to study the effects of intraportal infusion of ET receptor 

antagonist on tumour growth in a rat model of colorectal liver métastasés.

Secondly, to assess the expression of ET-1 in surgical specimens of colorectal cancer 

and their liver métastasés by immunohistochemistry. Thirdly, to confirm previous 

work suggesting that production of ET-1 by cancer cells is reflected in raised plasma 

levels in colorectal cancer patients with and without métastasés.

Early intraportal infusion of ETa receptor antagonist following tumour inoculation 

was found to significantly reduce the tumour weight in the liver {p = 0.03). On the 

other hand antagonism of ETb receptor did not affect tumour growth.

Using Immunohistochemistry, ET-1 was found to be abundantly expressed in 

colorectal cancer cells with over spillage in the stroma unlike normal colon where the 

epithelium was mostly negative for ET-1. ET-1 plasma levels were significantly 

elevated in patients with and without métastasés compared to the control group 

{p = 0.0001,/? = 0.002 respectively).

ETa receptor antagonism may be a potential pharmacological tool for manipulation 

of colorectal cancer growth.
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1.1 Overview

Colorectal cancer is one of the most devastating malignancies in developed countries, 

with an age adjusted annual mortality rate world wide of up to 31 deaths per 100 000 

men and 21 per 10 000 women ( Parker et al 1997). Colorectal cancer is the second 

most common cause of cancer death after lung cancer and the overall 5 year survival 

is 40% (CRC 1993). More than 29% of patients with colorectal cancer have occult 

liver métastasés at the time of initial presentation (Finlay et al 1986). Approximately 

50% of patients with colorectal cancer present at some stage with hepatic métastasés 

(Scheele et al 1993).

Within the past few years it has been established that cancer is the end result of a 

series of genetic alterations leading to progressive disorganization of the normal 

cellular mechanisms controlling growth. The major molecules that control cellular 

and intercellular physiology are growth factors, signal transducers, oncogenes and 

tumour suppressor genes. Over the last twenty years many growth factors and 

mitogens have been identified. In the process of cancer development, some of these 

molecules are either overproduced, mutated, expressed at an inappropriate stage of 

development or lost due to inheritance or aberrant mitotic division.

Human colorectal cancer tissue has been shown to express a variety of growth factors 

and their receptors forming multi autocrine and /or paracrine loops. Transforming 

growth factor-a (TGF-a) and epidermal growth factors (EGF) have been implicated 

in the development of colorectal cancer (Saeki et al 1995). Low or absent expression 

of TGF-a in colorectal cancer tissue has been shown to be a significant predictor of 

an unfavorable outcome (Younes et al 1996). Endogenous basic fibroblast growth 

factor (bFGF) has been found to promote invasion potential of human colorectal 

carcinoma cells (Galzie et al 1997). Many laboratories showed that increased activity 

of insulin-like growth factor (IGF) can stimulate growth of colorectal cancer cells 

(Stoll et al 1998).
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Vascular endothelium growth factor (VEGF) has been shown to be associated with 

progression, invasion and métastasés of colorectal cancer (Ishigami et al 1998). 

Hepatocyte growth factor (HGF) serum levels and tumour tissue concentration were 

found to be raised in colorectal cancer patients (Fukuura et al 1998).

Endothelin is a 21 amino acid molecule, which has growth regulatory properties. It 

was first isolated and sequenced from vascular endothelial cells (Yanagisawa et al

1989). Beside its vasoregulator properties it was found to have a wide range of 

pathophysiological effects. Three isoforms of Endothelin named ET-1, ET-2 and 

ET-3 have been identified by cloning (Inoue et al 1989). Two types of ET receptors 

have also been characterized, ETa and ETb (Kozuka et al 1991, Wada et al 1990) and 

their genes have been cloned (Arai et al 1990, Sakurai et al 1990). As a growth 

regulatory peptide, ET-1 influences cell proliferation. Binding of ET-1 to its receptors 

leads to activation of a series of signaling pathways including mitogen activated 

protein kinase (MAPK), phospholipase C and phospholipase A with a concomitant 

increase in intracellular Ca^\ Receptor activation of phospholipase C pathway and 

alteration in Ca^^ levels were shown to be key events in the mechanism of action of 

many mitogens stimulating DNA synthesis and growth of many types of cells 

(Berridge 1986).

The cell surface is studded with growth factor receptors that, via autocrine/ paracrine 

fashion provide a constant stream of growth regulatory information to the cell and, 

via signal transduction pathways to the nucleus. Endothelin interacts synergistically 

with growth factors such as platelet derived growth factor (PDGF) (Weissberg et al

1990), Epidermal growth factor(EGF) (Bagnato et al 1997), transforming growth 

factor-p, (TGFp) (Brown et al 1989) and regulatory peptide, bombesin (Schrey et al 

1992 ) to enhance cellular transformation and mitogenesis.

Recent studies suggest that ET-1 may be involved in the development of a variety of 

neoplasms. Endothelin is synthesized and secreted by a variety of cancer cells in vitro 

(Kusuhara et al 1990) and stimulates their proliferation (Shichiri et al 1991).
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Endothelin-1 was localised in variety of cancer tissues including pulmonary tumours 

(Giaid et al 1990), breast adenocarcinoma (Yamashita et al 1991), hepatocellular 

carcinoma (Ishibashi et al. 1992), brain tumours (Fagotto et al 1995), prostate cancer 

(Nelson et al 1996) and ovarian tumours (Bagnato et al 1999). Moreover, ET-1 

binding sites were also detected in colorectal cancer tissue (Inagaki et al 1992).

This thesis is concerned with the putative role of Endothelin-1 in colorectal cancer.

1.2 Endothelin Biochemistry:

1.2.1 Discovery of Endothelin:

In the past fifteen years leading investigations revealed that vascular endothelial cells 

synthesize and release vasorelaxant factor named Endothelial Derived Relaxant 

Factor (EDRE) ( Furchgott et al 1989) and vasoconstrictor factor (EDCF), (DeMey 

et al 1982). Hickey and coworkers described a peptidergic vasoconstrictor mediator 

(1985). This was discovered when culture medium from vascular endothelial cells 

(VEC) was added to smooth muscle cells (VSMC) and triggered contraction of 

VSMC. This pioneering work has been confirmed by further studies (O’Brian et al 

1987).

Mazaki and his colleagues isolated, purified, sequenced and cloned this peptide 

which was named Endothelin (Yanagisawa et al 1989). ET-1 was originally identified 

as a 21 amino acid peptide in the culture supernatant of porcine aortic endothelial 

cells (Yanagisawa et al 1988). It has subsequently been found to exert a wide variety 

of effects on both vascular and non vascular tissue.

1.2.2 Molecular Structure of Endothelin:

All Endothelin family isoforms consist of 21 amino acids and show complete 

homology in 10 positions. The three ET isoforms are synthesized as large pre-pro
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forms of 203 amino acids which are processed by a dibasic amino endo peptidase to a 

pro peptide called Big Endothelin of 37-41 amino acids (38 amino acids in humans). 

Subsequent second cleavage of Big Endothelin to mature Endothelin is carried out by 

endothelin converting enzyme, ECE, (Sawamura et al 1989). This enzyme is a novel 

neutral métallo endopeptidase and is efficiently inhibited by the metalloprotease 

inhibitor Phosphoramidon ( Ikegawa et al 1990, Figure!. 1). Among the ET isoforms, 

ET-2 differs from ET- 1 in only two amino acid in the N-terminal hydrophobic 

region. ET-3 differs at positions 2,4,5,6,7, and 14. All share a common C-terminal tail 

(16-21) and two disulfide bonds (cys^-cys^^ and cys^ - cys^*).

Three separate human ET related genes cloned by screening a genomic DNA library 

have been identified (Inoue et al 1989). Each of the human genes predicted a putative 

21-residue peptide similar to but distinct from each other.

Endothelial cell expression of prepro ET-1 mRNA is known to be affected by a 

number of factors, including haemodynamic shear stress (Morita et al 1993), hypoxia 

(Kourembanas et al 1991), TGF-p (Kurihara et al 1989), tumour necrosis factor-a 

(TNF-a) (Maesden & Brenner 1992), angiotensin II (Kohno et al 1992) and 

vasopressin (Kohno et al 1993). Interestingly, a group of peptide toxins from the 

venom of the borrowing asp Attractaspis engaddensis, the Sarafatoxin S6, exhibits a 

remarkable structural and functional similarities to ET-1 (Kloog et al 1989).
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1 3  11 15 21

Figurel.l. Proposed pathway for proteolytic processing of human Preproendothelin to mature 
Endothelin. The signal peptide portion is presented by light shading and the mature Endothelin 
is presented by the dark shading. The amino acid sequence encompassing the Endothelin 
converting enzyme cleavage site and the sequence of mature ET-1 showing the two disulfide 
linkage are also illustrated. (Adapted from Rubanyi and Polokoff, 1994).

1.2.3 Endothelin Receptors:

The three isoforms of the Endothelin family bind to specific cell surface receptors. 

The combined differential expression of the receptors and the availability of different 

endothelins probably result in diverse pharmacological action.

Three complementary DNA clones that encode Endothelin receptors have been 

isolated by employing direct expression cloning techniques (Arai et al 1990, Sakurai 

et al 1990, Lin et al 1991). Subsequently, human homologs of these receptors were



isolated by cross hybridization using these cDNAs as probes. Two closely related 

distinct genes in the human genome for ETa and ETb receptors have been described 

(Sakamoto et al 1991)

Both receptors share several features. They are G protein coupled receptors, located 

on the cell membrane. Each receptor consists of three parts:

(1) A transmembrane domain which consists of seven stretches of 20-17 hydrophobic 

amino acid residues (2) An extracellular portion of relatively long N- terminal which 

is involved in binding ET peptides. (3) A cytoplasmic loop which consists of a C- 

terminal tail. A third receptor subtype specific to ET-3 has been demonstrated in 

cultured bovine endothelial cells named ETc (Emori et al 1990). However, ETc 

receptors have not been demonstrated in human tissue as yet.

The three isotypes have a different affinity to ET receptors. ET-1 is equipotent to 

ET-2 but more potent than ET-3 on ETa receptors, whereas ET-1 is equipotent to ET- 

2 and ET-3 for ETe receptor (Arai et al 1993, Sakaurai et al 1990). The pattern of 

expression of ET receptor subtype mRNA expression in human tissue reveals that 

ETa is relatively abundant in lung, aorta and heart (atrium> ventricle) and much less 

abundant in the liver, pancreas , kidney, brain, adenal, gut, skeletal muscle and 

placenta (Hosoda et al 1991, Hori et al 1992, Elshourbaghy et al 1993). ETe receptors 

are relatively abundant in cerebral cortex, cerebellum, liver, kidney, lung and placenta 

and much less abundant in pancreas, gut, heart and skeletal muscle (Ogawa et al 

1991, Elshourbagy et al 1993). Within the vascular wall, smooth muscle cells mainly 

express ETa and endothelial cells mainly express ETe receptors (Hosoda et al 1991, 

Ogawa et al 1992).
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1.2.4 Endothelin Antagonists:

In the last decade a wide range of peptide and non-peptide antagonists have been 

developed. Some are selective for either ETa or ETb receptors and others have 

non selective ETa and ETg antagonistic activity (Table 1.1). The main application of 

these agents has been experimental, to study the effect of endothelin blockers on the 

pathophysiology of some diseases, most notably cardiovascular and renal. Many 

animal model studies have been conducted to throw light on the pathophysiology 

derived from ET receptor antagonism. Most of these studies were concerned with the 

effect of Endothelin antagonism in hypertension, myocardial infarction, heart failure, 

pulmonary hypertension and renal disease. Interestingly, the selective Endothelin ETa 

receptor antagonist BQ-123 has been shown to antagonize ET-1 mediated 

mitogenesis in vascular smooth muscle cells in vitro (Ohlstein et al 1992).

ETa ETb ETa/ETb

Peptide Molecules
BQ123
BQ485
BQ610
FR139317

Peptide Molecules 
BQ788 
IRL 1038 
RES-701-1

Peptide Molecules 
PD 142893 
PD 145065 
TAK-044

Non peptide molecules 
PD 155080 
PD 156707 
BMS 182874 
A -127722

Non peptide molecules 
bbA- 192621

Non peptide molecules 
RO 470203 (Bonestan) 
RO 46-2005 
L-754142 
L-751282 
SB 209670 
SB 217242 
CP 170687 
LU 135252

Table 1.1 ETA and ETe receptors antagonists.
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Some of these agents have also been tested clinically. In healthy volunteers brachial 

artery infusion with BQ-123, an ETa antagonist caused progressive forearm 

vasodilatation (Haynes et al 1994). Bonestan, a non specific ETa and ETb receptor 

antagonist, in a dose of lOOmg followed by 200 mg an hour later lowered pulmonary 

artery pressure and vascular resistance in patients with chronic heart failure and 

increased the cardiac index (Kiowski et al 1995). In another study in ten healthy 

volunteers bonestan was found to limit cyclosporin induced renal hypoperfusion 

without effects on systemic blood pressure (Binet et al 2000). PD-142893 is a G 

terminal analog non selective ET receptor antagonist. It is produced by modification 

within the C-terminal linear hexapeptide segment of ET-1. It has nearly a 20 fold 

greater affinity for ETa and ETb receptor over ET-1. (Cody et al 1992).

1.2.5 Signal Transduction:

Endothelin receptors are G-protein coupled high affinity receptors. Signal 

transduction induced by ET-1 binding to its specific receptors includes multiple 

mechanisms with phospholipase C and A2 being major upstream molecules (Figure 

1.2). The initial membrane event is activation of phospholipase C through interaction 

with the G protein. Phospholipase C hydrolyzes phosphatidyl inositol 4,5-biphosphate 

to form a second messenger, a water soluble inositol 1,4,5-triphosphate and a neutral 

diacylglycerol. These second messengers in turn lead to a biphasic elevation of 

intracellular Ca^^ and activate protein kinase C ( PKC) (Simonson et al 1989). 

Receptor activation of phospholipase C pathway and alteration in second messenger 

level were shown to be key events in the mechanism of action of many mitogens 

stimulating DNA synthesis and growth of numerous types of cells (Berridge et al. 

1986). ET-1 binding to receptors also increases extracellular influx of Ca"̂  ̂ through 

multiple types of calcium channels in a cell specific manner (Berridge et al 1989).

Ca^^ is a universal second messenger that activates a diversity of cellular processes 

including motility, secretion and ion transport. An increase in Ca^^ leads to transient 

expression of the cellular proto oncogenes c-fos and c-myc (Takawa et al 1989).
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Also increased [Ca I is one of the signal mediating contractile action of ET-1 on 

vascular and non vascular smooth muscle (Kasuya et al 1989).

Protein kinase C has been implicated in the mitogenic action of ET with increase 

expression of c-fos in rat mesangial cells (Simonson et al 1989), vascular smooth 

muscle (Komuro et al 1988) and Swiss3T3 fibroblasts (Takawa et al 1989). C-fos 

genes act as switches for activating transcription of gene net works in response to a 

variety of extracellular signals. The expression of c-fos and c-jun mRNA activated 

through PKC is one of the earliest genomic responses to cell stimulation.

Endothelin also stimulates phospholipase A l  to release arachidonic acid from 

membrane phospholipids. Arachidonic acid in turn is converted into prostaglandins 

(PG F2, PG E2) or thromboxane depending on the enzymatic profile of the target cell. 

These metabolites may mediate ET vasomotor actions (Simonson & Dunn 1990).

Mitogen activated protein kinase (MAPK) is activated by various growth factors via 

phosphorylation of tyrosine and threonine residues and plays an important role in the 

signaling pathways between growth factor receptors and the nucleus. ET-1 has been 

reported to activate (phosphorylate) MAPK in cultured ventricular myocytes 

(Bogoyevitch et al 1993) in cultured VSMC (Koide et al 1992) and rat mesangial 

cells (Wang et al 1992). It seems that ET-1 does not only deploy phospholipase 

C/PKC pathways, but also cross talks with tyrosine kinase cascades.
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1.3 Growth Factor Peptides and Cancer:

Growth factors were first identified following their isolation fi'om cell culture media, 

with the subsequent demonstration that they can support cell growth. Malignant trans

formation might involve independence from the action of external growth factors.

It has been hypothesized that an autocrine mechanism of growth stimulation, 

involving secretion of endogenous peptide growth factors that stimulate growth of the 

producer cell via functional surface receptors, underlie the relative growth autonomy 

of tumour cells (Todaro and Delarco 1978). On the other hand, growth factors 

released by one cell type and influencing proliferation of another cell in a paracrine 

manner may also play an important role in tumour progression. Also, there is a 

reciprocal relationship between stromal cells and parenchymal cells as they can 

influence each other by increasing the production of growth factors or decreasing the 

production of inhibitory cytokines.

The binding of a growth factor to its complementary receptor triggers a variety of 

biochemically distinct signal transduction pathways that carry information from the 

cell membrane to the nucleus culminating in changes of gene expression 

(Figure 1.3 ). Structural alteration or overexpression of these peptides can change 

these intracellular biochemical pathways that enhance cellular proliferation in the 

absence of a bona fide  signal and thereby lead to malignant transformation.

In the last two decades approaches aimed at identifying the functions of retroviral 

oncogenes converged with efforts to investigate normal mitogenic signaling by 

growth factors. A number of retroviral oncogene products were found to be similar to 

the protein kinase encoded by v-src product (Collett & Erickson 1978). Also, the B- 

chain of platelet derived growth factor (PDGF) is similar to the predicted v-sis 

oncogene product (Doolittle et al 1983). The proliferative effect of growth factors 

seems to be secondary to alteration in gene expression consequent to binding to their 

receptors. The two proteins that are markedly increased following growth factor

24



administration are the products of c-fos and c-myc oncogenes both of which are 

potent nuclear oncogenes controlling cellular proliferation (Curran et al 1989).

A number growth factors has been implicated in tumour development either by 

advancing cell from the Go phase of the cell cycle into Gi e.g. EGF, PDGF, FGF or by 

helping the progression through Gi e.g. IGF. In contrast, TGF-p acts as an 

antimitogen by reversibly inhibiting cells at Gi. These growth factors are summarized 

in Table 1.2.

Growth factor receptors (GFR) link the information from the extracellular 

environment (growth factors) to a number of intracellular pathways. GFR are 

composed of three parts, the extracellular domain which binds growth factors, the 

transmembrane helix which anchors the protein and may be involved in signal 

transduction or modulation and the intracellular domain which binds ATP and 

effector proteins. The most important type of GFR with respect to malignant 

transformation is the transmembrane receptor tyrosine kinases (Yarden 1988). The 

expression of GFR in tumour tissue may yield relevant clinical information. For 

example, the presence of EGF receptors in human breast cancers has been correlated 

with a higher incidence o f lymph node métastasés at initial presentation and 

decreased duration of disease free survival (Sainsbury et al 1987).
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1.3.1 Growth Factors and Colorectal Cancer:

Human colorectal tumours have been demonstrated to express a variety of growth 

factors and their cognate receptors, forming autocrine and / or paracrine loops. Many 

studies were conducted both in vivo and in vitro to elucidate the role of these peptides 

in tumour progression and their correlation with clinicopathological variables.

Using immuno-staining in 68 colorectal cancer specimens, EGF, TGF-a and EGF 

receptor were detected at 35%, 74% and 16% respectively (Shirai et al 1995). In 

another study, there was a significant association between the frequency of either 

TGF-a (P<0.05) or erbB-2 (P<0.05) immunohistochemical expression and lymph 

node metastasis. Also there was a significantly higher frequency of positive staining 

for TGF-a in Dukes’ grade C carcinomas (P<0.01, Saeki et al 1995). This was 

confirmed by another study which showed that TGF-a expression was higher in liver 

métastasés derived from lymph node positive primary carcinomas, in synchronous 

and in irresectable liver métastasés compared with those derived from lymph node

negative primary carcinomas, metachronous and resectable liver métastasés (De Jong 

et al 1998). TGF-a was also found to be significantly raised in serum of colorectal 

cancer patients compared to healthy controls and to return to normal levels following 

surgical excision of the tumour (Shim et al 1998).

On cell culture level, TGF-p was found to be a potent inhibitor for LS513 and 

L S I034 colorectal carcinoma cell lines and that TGFp-1 and Interleukin-4 suppressed 

the expression of IGF-II, an autocrine growth factor for these cells, in the SL1034 cell 

line (Lahm et al 1996). In another study using six related human cdon carcinoma cell 

lines it was demonstrated that exogenously added bFGF stimulated proliferation of all 

cells and that exogenously added bFGF caused the usually non invasive HCT116A 

cells to invade collagen gels (Galzie et al 1997).
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VEGF is a specific mitogen for vascular endothelial cells and is important for tumour 

angiogenesis, a process necessary for the growth of solid tumours (Folkman 1990). 

Using Northern blot hybridization in tumour and non tumour tissue, the level of 

VEGF mRNA was quantified in 60 primary colorectal cancer patients. It was found 

that VEGF was associated with progression, invasion and métastasés of colorectal 

cancer and that overexpression of VEGF mRNA in primary tumour was thought to be 

closely correlated with poor prognosis of colorectal cancer (Ishigami et al 1998).

This was further confirmed by enzyme-linked immunosorbent assay (ELISA) in 

tumour , peritumoural mucosa and peripheral blood of colorectal cancer patients and 

controls, where VEGF was upregulated in tumour tissue but not in peritumoral 

mucosa and bFGF was significantly lower in tumour tissue and in peritumoral 

mucosa than in healthy mucosa. VEGF tissue and serum levels significantly 

correlated with the stage of the disease (Landriscina et al. 1998). Serum levels of 

hepatocyte growth factor (HGF) were found to be significantly higher in patients with 

colorectal cancer than in normal controls and so was tissue expression in colorectal 

cancer compared to normal mucosa (Fukuura et al 1998). IGF-2 tissue expression in 

92 patients with colorectal cancer was found to correlate to tumour progression, 

proliferating cell nuclear antigen (PCNA) and patient survival (Kawamoto et al 

1998).
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Growth factors Associated Cancer Author

PDGF Breast cancer

Sarcoma

Melanoma

Bladder& Lung cancer

Lippman et al 1987. 

Betsholtz et a ll983. 

Westmark et al 1983. 

Bowen-Pope et al 1986

EGF Breast cancer 

Colon cancer

Sainsbury et al 1987. 

Bradley et al 1986.

TGF-a Breast cancer Lippman et al 1987.

TGF-p Colon cancer Coffey et al 1987.

IGF I & II Breast cancer 

Liposarcoma & colon 

adenocarcinoma

Lippman et al 1987. 

Tricoli 1986.

Bombesin Small cell lung 

carcinoma

Moody 1985.

b-FGF Kaposi’s sarcoma Folkman 1994.

Table 1.2 Growth factors produced by various human cancer cells.
PDGF: Platelet Derived Growth Factor, EGF: Epidermal Growth Factor, TGF: 
Transforming Growth Factor, IGF: Insulin like Growth factor, b-FGF: basic 
Fibroblast Growth Factor.
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Author Growth Factor Material Studied Result

Shirai 1995 EGF, TGFa, EGFR Colorectal cancer tissue T expression.

Saeki1995 TGFa Colorectal cancer tissue ^expression 
associated with 
L.N.metastases.

Lahm 1996 TGFP Cell culture Potent inhibitor.

De Jong 1998 TGFa colorectal cancer & liver 
métastasés tissue.

Î expression in 
advanced cases.

Shim 1998 TGFa Serum levels in colorectal 
cancer patients.

Î

Galzie 1997 bFGF Cell culture T proliferation.

Ishigami 1998 VEGF Colorectal cancer tissue overexpression 
correlated with poor 
prognosis.

Landriscaina VEGF Colorectal cancer tissue & 
serum levels.

Both significantly t .

1998

Fukuura 1998 HGF Colorectal cancer tissue 
expression & serum levels. Both significantly T.

Kawamoto

1998

IGF-2 Colorectal cancer tissue
T expression.

Table 1.3 Growth factors and colorectal cancer ( 1= increased).
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1.3.2 Growth Regulatory Properties of Endothelin:

It has been demonstrated that ET-1 is essential to normal embryonic development. 

Mice homozygous for an ET-1 mutation have cardiovascular malformation and 

abnormalities of craniofacial organs derived from the pharyngeal arch (Kurihara et 

al. 1995). Mice knocked out for the ETa receptor develop lesions that mimic those 

seen in the velocardiofacial and CATCH 22 (cardiac anomaly, abnormal face, thymic 

hypoplasia, cleft palate, hypocalcaemia, chromosome 22 deletion) (Clouthier et al 

1998). Mice deficient in ET-3 or ETb receptors develop white spotted coats and 

aganglionic megacolon due to the absence of neural crest derived melanocytes and 

enteric neurons (Hosada et al 1994). Interestingly, in patients with Hirschsprung 

disease mutations of the ET-3 and ETb receptor gene have been reported (Hofstra et 

al 1996, Puffenburger et al 1994).

In Swiss 3T3 fibroblasts, a classic model for studying cell growth control and 

signaling pathways, ET-1 triggers a series of intracellulars reactions with the final 

result of transient expression of the cellular protoncogene c-fos and c-myc (Takawa 

et al. 1989).

1.3.3 Interaction Between Growth Factors and Endothelin:

The presence of synergistic effects on DNA synthesis between regulatory peptides 

and growth factors is well established (Rozengurt 1991). ET-1 has been reported to 

enhance DNA synthesis and to increase synergistically the [3H] thymidine 

incorporation induced by other polypeptide growth factors (EGF, PDGF, FGF and 

TGFp in a dose dependent manner in Swiss 3T3 cells (Brown & Littlewood 1989). 

Moreover interaction between ET-1 and EGF, PDGF resulted in a synergistic 

stimulatory effects on DNA synthesis in rat aortic smooth muscle cells (Komuro et al 

1988).
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On the other hand a number of growth factors stimulate expression and production of 

Endothelin. For example, EGF and Bombesin stimulated ET-1 release from a human 

breast cancer cell line T47D ( Schery et al 1992). It is not fully elucidated how does 

ET-1 act synergistically with other GFs. However, some intracellular molecules 

involved in cross-talk have been identified as described previously in this chapter 

(1.2.5 Signal Transduction)

1.3.4 Therapeutic Strategies for Cancer Implementing Growth Factors and 

their Receptors :

Several strategies have already been developed to exploit the present knowledge of 

the role of growth factor signalling pathways in the clinical management of cancer. 

One of the promising targets is the growth factor receptor. Antigrowth factor receptor 

antibodies have been produced. Monoclonal antibody (mAb) 425 blocks binding of 

EGF and TGF-a to the receptor and can inhibit stimulation of fibroblasts by 

exogenous EGF (Murthy at al 1987). Another approach is using growth factors 

antagonist peptides, which have partial sequence homology to growth factors but do 

not elicit a mitogenic response. Moreover, active immunization against peptide 

growth factors has been demonstrated with neuron growth factor (NGF). Application 

of mouse antibodies against mouse NGF to young mice caused the destruction of 

NGF-dependent neurons in sympathetic ganglia (Businaro et al 1981).

Tyrosine phosphorylation is an important step in mitogenic signal transduction which, 

provides another target for pharmacological manipulation. Erbstatin, is a prototype 

tyrosine analogue isolated from actinomycetes (Umesawa et al 1990). Also, 

tyrphostins are related molecules that block tyrosine phosphorylation and have been 

reported to inhibit cell proliferation in culture (Yaish et al 1988). Further exploration 

of such approach is required to determine its feasibility in treatment of human 

tumours.
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1.4 Endothelin and Cancer:

Recent studies have documented the involvement of Endothelin in tumour 

development both in vitro and in vivo.

1.4.1 Endothelin and Cancer Cells:

By using a specific ET-1 radioimmunoassay, ET-1 was detected in 13 out of 42 

human cancer cell lines. The frequency of ET-1 production and its concentration were 

high in mammary, pancreatic and colon carcinoma cell lines (Kusuhara et al 1990). 

Pre pro ET-1 mRNA was present in human endometrial HEC-IA cancer cells . 

Immunoreactive ET-1 was secreted into the medium of these cells (Economos et al 

1992). Moreover, ET-1 was detected in 11 of 12 pancreatic cancer cell lines (Oikawa 

et al 1994). Human prostate cancer cell lines produced ET-1 messenger RNA and 

secreted immunoreactive ET-1 (Nelson et al 1995). Exogenous ET-1 induced cellular 

proliferation directly and enhanced the mitogenic effect through ETa receptor 

(Nelson et al 1996).

Endothelin -1 was synthesised and released from epithelial carcinoma cell lines 

derived from human cervix (Hela) and larynx (HEP-2). It stimulated proliferation of 

these carcinoma cells (Shichiri et al 1991) suggesting that ET-1 promotes growth in 

an autocrine fashion. Bombesin and glucocorticoids were found to stimulate human 

breast cancer cells to produce Endothelin, which in turn acts as a paracrine mitogen 

for breast stromal cells (Schery et al. 1992). ET-1 has been shown to be produced by 

ovarian cancer cell lines and acted through ETa receptors as an autocrine growth 

factor (Bagnato et al 1997). Moreover, ET-1 is produced and secreted by colorectal 

adenocarcinoma cell line, DLD-1 as demonstrated by radioimmunoassay and northern 

blot analysis (Nakayama et al 1998).
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1,4,2 Endothelin and Cancer Patients:

Endothelin presence, storage and synthesis have been demonstrated in different 

human tumours.

Hepatocellular carcinoma’.

ET-1 plasma levels were significantly raised in patients with hepatocellular 

carcinoma compared to controls. These levels came down with successful arterial 

embolisation of the tumour. ET-1 was also detected by immunohistochemistry in 

specimen from patients with hepatocellular carcinoma (Ishibashi et al 1993).

Pulmonary tumours :

Endothelin mRNA has been demonstrated in pulmonary adenocarcinoma and 

squamous cell carcinoma (Giaid et al 1990). Moreover, ET-1 receptors have been 

localized in the blood vessels of pulmonary tumours and in stromal tissues 

surrounding the tumour nest (Zaho et al 1995). Also, Endothelin has been detected in 

ectopic ACTH secreting bronchial carcinoid tumour by radioimmunoassay 

( Takahashi et al 1993).

Prostate cancer:

ET-1 was detected by immunohistochemistry in prostatectomy specimen and prostate 

cancer bone métastasés (Nelson et al 1996).

Colorectal cancer:

Using autoradiography, specific ET-1 binding sites have been localized in human 

colonic cancer stromal tissue including tumour vessels, fibroblasts and nerve fibers 

(Inagaki et al 1992). Furthermore, previous work in this department showed ET-1 

overexpression in tumour cells, endothelial cells and fibroblast like cells, by 

immunoelectronmicroscopy in a small series of human colorectal liver métastasés 

(Shankar et al 1998).
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Breast cancer:

ET-1 has been detected immimohistochemically in human breast cancer tissue. ET-1 

positive tumours has been shown to have a higher local recurrence rate and a lower 

five year survival ( Kojima et al 1995).

Ovarian cancer:

Using reverse transcription PCR and northern blot analysis, ET-1 mRNA was 

detected in 90% of primary ovarian tumours and 100% of metastatic ones. ET-1 

mRNA was shown to be significantly higher in ovarian tumours than in normal 

ovarian tissue. (Bagnato et al 1999)

1.4.3 Endothelin and Angiogenesis:

An essential aspect of the growth of any neoplasm is the development of new blood 

vessels. Métastasés also are dependent on angiogenesis at two stages of the metastatic 

cascade. First, metastatic cells are shed from the primary tumour only after it has 

become vascularized (Liotta et al 1974). Second, when metastatic cells reach and 

lodge in their target organ they must undergo new vascularization to reach a clinically 

detectable size.

The process of neovascularization requires both endothelial cell growth and vascular 

smooth muscle growth. Endothelin-1 promotes endothelial cells growth and 

proliferation through ETb receptors (Ziche et al 1995). Many studies have shown that 

ET-1 is a potent mitogen for vascular smooth muscle cells (Hirata et al 1989, Nakaki 

et al 1989). Therefore, it could play a role in angiogenesis during the development of 

tumours. It has been reported that some tumours produce angiogenic agents in vitro 

(Folkman 1985). ET-1 may well participate in angiogenesis possibly acting in concert 

with other angiogenic factors e.g. angiogenin or fibroblast growth factor. One of the 

end results of binding of ET-1 to its receptors is increasing intracellular Ca^^, which 

may promote cell replication and motility. ET-1 binding sites for ET-1 have been 

identified in pulmonary tumours blood vessels ( Zaho et al 1995). In colorectal
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cancer, ET-1 binding sites are mainly expressed in the stroma around neoplastic 

glands and in the stromal blood vessels (Inagaki et al 1992). In human colon, ET-1 

binding sites are also localized by autoradiography in the ganglion cells of the 

myenteric and submucous plexuses and blood vessels (Inagaki et al 1991). These data 

suggest that ET-1 may be involved in vascular regulatory mechanisms in the tumour 

bed.

1.5 Endothelin and The Liver:

1.5.1 The Hepatic Vascular Bed;

The liver receives about 25% of the cardiac output. Portal blood flow accounts for 

two thirds of total hepatic blood flow. Although the liver does not regulate portal 

blood flow it regulates the portal blood pressure. The hepatic arterial blood flow is 

regulated by a unique intrinsic regulatory system. This consists of two mechanisms 

both of which share a common factor, adenosine concentration. The first form of 

intrinsic mechanism is the arterial autoregulation; as the arterial blood pressure rises 

the hepatic artery responds by constricting. This response is myogenic in origin. The 

second mechanism is the hepatic arterial buffer response. If the portal blood flow is 

reduced the hepatic artery dilates, and if the portal flow increases, the hepatic artery 

constricts. (Lautt 1985).

The extrinsic regulation of hepatic blood flow is less well understood. The hepatic 

artery is richly supplied by sympathetic nerves and shows direct response to intra 

arterial or intra portal infusion of vasoactive agents when given in pharmacological 

amounts. However, none of these agents seem to have a physiological role in the 

regulation of hepatic arterial blood flow ( Lautt 1985).
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1.5.2 ET-1 Effects on the liver:

Sinusoidal endothelial cells produce ET-1 in response to various mediators including 

TGFp (Reider et al 1991) and endotoxins (Sugiura et al 1989).

Significant binding of ET-1 has been shown in the fat storing cells, Kupffer cells and 

hepatocytes of the rat liver (Furuya et al 1992). ET-1 also induces direct constriction 

of hepatic sinusoids (Zhang et al 1994) and contraction of the bile canaliculi 

(Serradeil et al 1991). In an animal model it has been demonstrated that ET-1 

decreased hepatic tissue oxygenation associated with sinusoidal vasoconstriction and 

increase in the portal blood pressure (Okumura et al 1994). ET-1 at concentrations 

that may closely approximate physiological ones produces profound constriction in 

hepatic sinusoids in vivo (Bauer et al 1994).

The above data suggest that ET-1 may be an important regulator of distribution of 

sinusoidal blood flow under normal conditions and its action are likely exaggerated 

during pathological conditions associated with increased production of ET-1.

1.6 Colorectal Liver Métastasés:

Of all complications that can befall colorectal cancer patients, liver métastasés is one 

of the most ominous and remains the ultimate challenge for curative treatment of 

colorectal cancer patients. Liver métastasés are diagnosed in up to 25% of patients at 

time of excision of primary colorectal cancer (Finaly et al 1986) and develop later in 

up to 50 - 60 % of such patients ( Taylor 1981).

1.6.1 The Metastatic Process:

There is an intrinsic pathological relationship between the liver and the colorectum. 

The portal blood flow carries the venous return to the liver. The histological 

architecture of the liver renders it an effective “Trapper”.
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Tumour emboli are commonly seen in portal venules at autopsy but are rarely seen in 

the small radicals of the hepatic artery (Foster 1981). Malignant cells require a 

complex process to gain access to the portal venous system. This involves shedding 

from the primary tumours and invasion of the basement membrane of the vascular 

endothelium by secreting appropriate metalloproteinase enzymes e.g. gellatinase. 

These cells have to survive in the portal circulation, adhere to the vascular 

endothelium of portal venules within the liver, invade the vascular endothelium 

basement membrane and gain access to the liver parenchyma. Proliferation and 

establishment of a blood supply within the liver parenchyma completes the metastatic 

process. Facilitator proteins may act at many levels intracellulary or extracellulary to 

enhance the process of invasion and metastasis.

Shedding from The Primary Colorectal Cancer:

After the initial transforming events growth of the neoplastic cells must be 

progressive. Tumours smaller than 2mm in diameter can receive all nutrients by 

diffusion (Folkman 1985). The further growth of the neoplasm depends on the 

development of an adequate blood supply. This is dependent on several angiogenesis 

factors (Folkman et al 1987). Mechanical pressure produced by the rapid proliferation 

of neoplasm may force cords of tumour cells along tissue planes of least resistance 

and lead to pressure atrophy. Cell motility may also play a role in tumour cell 

invasion since the tumour cells possess the necessary cytoplasmic machinery for 

active locomotion (Strauli & Haemmerli 1984). Furthermore, destruction of host 

tissue by degradative enzymes, metalloproteinases, facilitates neoplastic infiltration 

(Jones & De Clerck 1982).

To gain access and exit to the circulation, malignant cells have to penetrate the 

basement membranes surrounding thin walled blood vessels. Favoured sites for 

tumour cell attachment and destruction of the basement membrane are collagens and 

proteoglycans. Metastatic tumour cells often secrete high amounts of a collagenase 

specific for Type IV collagen, the major collagen type in the basement membrane
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(Woolley et al 1984) and other enzymes capable of cleaving proteoglycan basement 

membrane (Nakajima et al 1991).

It is not clear whether the metastatic process is a random or specific process. A small 

sub- population of cells within the tumour might express properties that render high 

probability to form métastasés. On the other hand all tumour cells might have an 

equal probability to metastasize but only a few manage to survive the several stages 

of the process (Weiss et al 1990). Recent studies have suggested that the tumour 

microenvironment, particularly hypoxia may select for more aggressive tumour cell 

phenotypes, which are more likely to metastasize (Graeber et al 1996).

Blood Bom Metastasis:

During haematogenous métastasés, tumour cells must survive transport in the 

circulation, adhere to capillaries, invade the vessel wall, and extravasate into the 

organ parenchyma. However, the presence of tumour cells per se in the circulation 

does not constitute métastasés as most cells rapidly die (Fidler et al 1970, Weiss et al 

1986). The number of tumour emboli in the circulation correlates well to the size and 

duration of the primary neoplasm (Weiss et al 1986). The development of necrotic 

and haemorrhagic areas in primary tumour facilitates entry of cells into the circulation 

(Weiss et al 1986). The greater the number of cancer cells released by the primary 

tumour into the circulation, the greater the probability that some cells will survive to 

form métastasés (Fidler et al 1970).

Two distinct factors are probably responsible for the death of most tumour emboli. To 

a large extent, mechanical factors such as blood turbulence and shear forces imposed 

on the insufficiently deformable tumour cells as they pass through the 

microcirculation. On the other hand, natural host immunity, to some extent, is able to 

destroy blood bom malignant cells (Fidler 1991). Nonspecific immune surveillance is 

performed by macrophages, natural killer cells and neutrophils, while specific 

immunity is mediated by antigen dependent cytotoxic T cells and antibodies.
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Hanna (1984) has shown that there is an inverse correlation between the activity on 

natural killer cells in the host animal and the metastatic ability of injected tumour 

cells. Blood flow is an additional factor since reduced blood flow could increase 

trapping of circulating tumour cells and their survival.

Arrest and Extravasation:

Arrested tumour cells can grow locally and destroy the surrounding vessels, penetrate 

the endothelial basement membrane, or follow migrating white blood cells. Malignant 

cells posses the ability to extravasate into surrounding tissue of a particular organ due 

to selective adherence and invasion of a particular tissue (Nicolson et al 1988). 

Malignant cells invade thin walled capillaries but rarely invade arteries or arterioles 

walls (Carr et al 1983). This is not only due to mechanical resistance only but also the 

production of protease inhibitors by connective tissues (Liotta et al 1986, Woolley et 

al 1984).

The arrest of tumour cells in small blood vessels of organs has sometimes been 

associated with thrombus formation involving interaction of the tumour cells with 

platelets and leucocytes. Administration of anticoagulants can reduce the number of 

métastasés after intravenous injection but has little effect on formation of spontaneous 

métastasés (Hilgard et al 1983).

1.6.2 Alteration of Hepatic Blood Flow by Liver Métastasés:

There are definite haemodynamic changes that accompany the development of liver 

métastasés from colorectal tumours. The hepatic perfusion index (HPI), the ratio of 

hepatic arterial to total liver blood flow as measured by dynamic scintigraphy, is 

abnormally elevated in patients with colorectal liver métastasés (Leveson et al 1985) 

This increase in HPI has been shown to be due to a reduction in the portal blood flow 

associated with an increase in gastrointestinal vascular resistance ( Nott et al 1989).
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A rat model of liver métastasés has proved that these changes are due to a humoral 

mediator (Carter et al 1994). As tumour blood vessels lack perivascular nerve supply 

(Ashraf et al 1997) they do not respond to vasoactive drugs. This decreases blood 

flow through normal hepatic parenchyma and leads to an increase in the tumour blood 

flow.

ET-1, being a potent vasoconstrictor might be responsible for the haemodynamic 

alterations in the tumour bearing liver. It has been shown in an animal model that 

ET-1 influences the hepatic microcirculation with a profound and lasting decrease in 

red cell velocity (Bauer et al 1994).

1.6.3 Modalities of Treatment of Liver Metastasis:

Although surgical resection is the only method that can offer potential cure to patients 

with colorectal liver métastasés, it is applicable to a small group of patients, 1-3% of 

colorectal cancer patients undergo liver resection (Scheele 1993). There is 

a large number of patients who are unsuitable for surgery either because of their 

general condition or due to technical reasons such as extensive small deposits in the 

liver or the tumours are close to essential intrahepatic vascular structures. Such group 

of patients may be suitable for other modalities of treatment. Chemotherapy produces 

a response in some patients but can have significant morbidity, and there is no 

convincing survival benefit (Taylor 1985a, Allen -Mersh 1989, Mayer 1992). Other 

modalities of treatment include physical methods of tumour ablation, immunotherapy 

and gene therapy.

1.6.3.1 Liver Resection:

Surgery remains the only curative treatment for colorectal liver métastasés. However, 

resection is appropriate in only 5-10% of affected patients who have a small volume 

of liver tumour (Steele & Ravikumar 1989, Adson et al.l980). This amounts to 

around 2000 patients a year with potentially resectable colorectal liver métastasés in
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the UK. In the absence of an effective therapeutic alternative and the growing 

experience in hepatic resection, indications were extended over the last decade. It is 

generally agreed that resection is the treatment of choice for up to three métastasés 

confined to one lobe of the liver, assuming that a satisfactory surgical margin can be 

achieved and in the absence of extrahepatic disease (Taylor 1992).

Studies consistently report an operative mortality of less than 5%, three year survival 

of 40% and 5-year survival rates averaging 25%( Scheele et al.l991, Hughes et al. 

1986, Nakamura et al 1992). Those few who survive beyond 5 years seem to do well. 

Multivariate analysis showed that there are three independent factors that are 

associated with long term survival: absence of serosal infiltration, absence of 

peritumeral lymph node invasion and liver resection margin of 1 cm or more. (Jaeck 

el al 1997). In a multi institutional study of indication for resection of the liver for 

colorectal métastasés the following factors were found to have some effect on the 

prognosis: Firstly, a pathologic margin of the liver resection greater than 1 cm. 

Secondly, the stage of primary tumour at the time of diagnosis. Patients with Dukes’

B primary tumours do much better than patients with Dukes’ C. Thirdly, disease free 

interval; patients with a longer disease free interval have an improved survival when 

compared with patients with brief disease free interval. Fourthly, the size of the 

solitary métastasés seem to affect survival, patients with métastasés > 8cm will do far 

worse than patients with small métastasés. Fifthly, the type of resection: patients 

undergoing anatomical resection have more favorable prognosis than those 

undergoing wedge resection. And finally, the number of métastasés excised, patients 

with three or more métastasés did worse than those with one or two métastasés 

(Registry for hepatic métastasés, 1988).

Despite the curative potential of liver resection in a selected group of patients, 

recurrence rate has been reported in 65-80% of patients. 40-60 % of recurrence is 

limited to the liver. The majority of these recurrences occur in the first year following 

resection (Hughes et al 1986, Scheele et al 1990). Recently, there has been a growing 

enthusiasm for repeat resection in specialized centers (Lange et al 1989, Stone et al
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1990, Bozzetti et al 1992, Griffith et al 1990, Elias et al 1993). However, repeat 

resection is performed in only 7-10% of patients who had previous resection (Stone et 

al 1990, Griffith et al 1990). This small proportion reflects a significant selection 

process. Still, the criteria for selection of patients for repeat resection are not well 

defined. Absence of extrahepatic disease, no recurrence at the primary site, recurrence 

in the liver confined to surgically resectable region seems to be the current criteria for 

repeat resection.

Repeat resection is technically demanding due to adhesions, loss of anatomical planes 

and land marks, distortion of intrahepatic vascular anatomy and fibrotic or friable 

liver parenchyma following regeneration or chemotherapy (Elias et al. 1993). After 

repeat resection mortality rate are quoted between 0-9% and morbidity rates vary 

from 0-50% (Lange et al 1989, Stone et al 1990, Bozzetti et al 1992, Griffith et al 

1990, Elias et al 1993). After repeat resection survival rates were lower than after 

initial hepatic resection from colorectal liver métastasés. One series of 34 repeat 

hepatectomies reported a 20 months disease free survival in 25 % of patients (Lange 

et al 1989). Further evaluation of repeat resection is required to identify the subset of 

patients that would benefit from repeat resection procedure.

With the growing interest in minimally invasive surgery and refinement of techniques 

and instruments, laparoscopic liver resection has become feasible. In all the series 

reported so far the results in terms of mortality and morbidity are comparable to those 

of conventional (open) surgery (Samama et al 1998). In a series of 38 resections 

wedge, segmental and left liver resections were performed through laparoscopic 

approach while right liver resections were accomplished by a video-assisted approach 

(Huscher et al 1998).
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1.6.3.2 Chemotherapy:

The aims of chemotherapy in advanced colorectal cancer with métastasés is to 

improve survival with a good quality of life and to control symptoms. Various 

treatment regimens are used, the benefits of which are not well defined.

1.6.3.2.1 Systemic (intravenous) chemotherapy:

5- Fluorouracil is the main agent combined with immunomodulatory drugs such as 

levamisole (Moertel et al 1990) or biomodulator such as folinic acid (leucoverin), 

(Woolmark 1993). Folinic acid (leucoverin) is the most successful agent for 

modulating the cytotoxicity of 5-FU. Several randomized trials have confirmed the 

better response rate to the combination of 5-FU and folinic acid than 5-FU alone 

(Arbuck 1989). However, gastrointestinal toxicity of folinic acid remains a problem. 

Biochemical modulation of 5-FU using recombinant a-2a interferon seems to give a 

good response rate of 63% ( Walder et al 1990). There is substantial evidence that 

systemic 5-FU and levamisole in Dukes’ C patients impart a survival benefit and a 

reduction in metachronous liver métastasés in the first 2-3 years following resection 

of primary colorectal cancer (IMPACT 1995, Moertel 1992). The meta-analysis 

group in cancer showed that continous 5-FU therapy had a statistically significant 

higher response rate than did bolus, with improved overall survival (MAGC 1998).

1.6.3.2.2 Locoregional Chemotherapy;

Established liver métastasés are supplied by arterial blood (Breedis & Young 1954, 

Taylor 1979). Regional chemotherapy for liver métastasés via a surgically introduced 

hepatic artery catheter achieves higher drug concentrations in the liver with decreased 

systemic spill and decreased systemic toxicity. The meta-analysis group in cancer has 

confirmed that hepatic artery infusion with 5-fluoro-2 ’deoxyuridine (FUDR) can 

achieve much higher tumour response rates than systemic intravenous chemotherapy 

in patients with liver métastasés from colorectal cancer. However, there is no
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convincing evidence as yet that survival is prolonged (MAGC 1996). Cytotoxic drug 

uptake depends on blood flow. With this concept in mind, methods to improve 

delivery of cytotoxic agents to liver métastasés were developed. New blood vessels 

in liver métastasés lack autonomic perivascular nerves. They also have 

an incomplete or absent smooth muscle layer (Ashraf et al 1997). It seems to be 

reasonable to target chemotherapy towards the tumour by using vasopressor agents 

that would act on normal liver vasculature only. Angiotensin II has been used to 

target cytotoxic loaded albumin microspheres via hepatic artery infusion 

( Goldberg et al 1991). It has been shown that Angiotensin II receptors are down 

regulated in metastatic colon cancer compared to normal liver (Sitzmann et al. 1994) 

Another method to improve regional drug delivery is cytotoxic loaded degradable 

starch microspheres to increase tumour drug level ( Flowerdew et al 1987).

1.6.3.2.3 Portal Vein Infusion (PVI) Chemotherapy:

It has been suggested that in a high proportion of colorectal cancer patients, 

micrometastases exist in the liver in a dormant state (Taylor 1997). Prophylactic PVI 

chemotherapy of cytotoxic agents at the time of surgical excision of colorectal cancer 

was advocated in 1957 to prevent liver métastasés (Morales etal 1957). In a 

randomized study, Taylor et al found a significant reduction in the incidence of liver 

métastasés and an improvement in survival in patients receiving 5-FU infusion into 

the portal vein at the time of surgical excision of the primary (1985b). Promising 

results of early studies by Taylor stimulated further trials which have shown 

improvement in overall and disease free survival specially in patients with locally 

involved lymph nodes (Dukes C) but did not confirm a statistically significant 

reduction in liver métastasés (SAKK 1995). It seems that improvement in disease - 

free survival following intraportal infusion of 5-FU can be attributed to the systemic 

effect of which results in reduction in all tumour relapses i.e. local recurrence, liver 

métastasés and other distant métastasés. Moreover, in a meta-analysis of 3499 

patients recruited in 10 trials it was concluded that intra portal infusion of 5-FU for 

one week after resection of primary colorectal cancer may produce an absolute
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improvement in 5-years survival of a few percent. However, the results should be 

tempered with caution, as they were statistically insecure. (LIMAG 1997).

Adjuvant chemotherapy via PVI following hepatic resection for colorectal liver 

métastasés gave inferior results to hepatic artery infusion in terms of 5-year disease- 

free survival rate and recurrence rate in the remaining liver (Ambiru et al 1999).

1.6.3.2.4 Chronotherapy and Neoadjuvant Chemotherapy:

Chronotherapy implies adaptation of chemotherapeutic drug dehvery to the circadian 

rhythms (Levi 1997). Chronotherapy has been shown to be significantly less toxic 

and more effective than constant rate infusion. Tumour shrinkage and good 

tolerability allowed down staging and the secondary surgical resection of colorectal 

liver métastasés in otherwise inoperable patients (Bismuth et al 1996). In this series of 

53 patients, neoadjuvant therapy comprised 5-FU, folinic acid and Oxaliplatin 

administered as a chronomodulated intravenous infusion through implantable Port-a 

Cath and time/dose programmed multichannel pump. Cycles lasted 4-5 days and were 

repeated every 2-3 weeks.

1.6.3.3 Selective Internal Radiation Therapy:

Selective internal radiation therapy involves those techniques in which radiation can 

be delivered in a selective way to tumours within the liver. Yttrium-90 microsheres 

have been used in the treatment of colorectal cancer. Yttrium-90 emits beta radiation 

with a maximum human tissue penetration of 11 mm. When 25-50 micron 

microsheres are delivered selectively via an isolated hepatic artery port-a-cath, 

selective uptake is achieved into the tumour. Selective uptake can be enhanced by 

prior injection of a vasoconstrictor agent such as angiotensin II. This selective uptake 

protects normal liver tissue from radiation hepatitis. Regression of liver métastasés 

has been reported using this modality of treatment (Gray et al 1992).
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Lipidol, labeled with may also be used as a vehicle for selective internal 

radiotherapy. However uptake of lipidol in large colorectal liver métastasés is very 

poor (Hind et al 1991). Other forms of internal radiation include labeled anti-CEA 

monoclonal antibody (Delaloye et al 1985). Toxicity, heterogenous antigen 

expression and dose limitations render this technique impractical.

1.6.3.4 Ischaemic Therapy:

Established liver métastasés are predominantly supplied by the hepatic artery (Taylor 

et al. 1979). Restriction of blood flow to these tumours should arrest tumour growth. 

Hepatic artery ligation of its own has no survival benefit in patients with liver 

métastasés. Pulsed ischaemia has been developed by Bengmark. Intermittent 

occulsion of the hepatic artery is achieved by using an inflatable cuffed balloon 

around the hepatic artery. The theory underlying this mode of treatment is the 

observation that tumour vasculature has a special endothelium which has a high 

metabolic demand. This makes it particularly vulnerable to short episodes of 

ischaemia (Bengmark & Jepsson 1989).

Ischaemic therapy has been used in conjunction with regional chemotherapy. Taylor 

et al combined hepatic artery ligation with distal artery infusion of 5-FU with or 

without portal vein infusion of 5-FU in a randomized controlled study. There was no 

survival benefit of hepatic artery ligation and intra-arterial 5-FU over that for 

untreated controls; but there was a significant survival improvement when combined 

with portal vein infusion (1978). Laufman et al found a 63% response rate and a 

median survival of 13 months in 19 colorectal liver métastasés patients treated with 

hepatic artery ligation and portal vein infusion of 5-FU and mitomycin C (1984).

Chemoembolization has also been performed using starch microspheres as a vehicle 

for cytotoxic agents. Haunt (1990) reported improved survival (median of 13 months) 

in patients receiving intra-arterial 5-FU and starch microspheres , compared with 

untreated controls ( median of 9.3 moths).
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Radiological embolization of the hepatic artery is another alternative of ischaemic 

therapy. It provides symptomatic relief in some patients with colorectal liver 

métastasés (Taylor 1985a). The survival benefit of this mode of treatment has not 

been consistent. Collateral vessels develop within days and render this technique 

alone ineffective.

1.6.3.5 Physical Methods:

1.6.3.5.1 Interstitial Laser Photocoagulation:

When Interstitial laser phtocoagulation (ILP) is applied to the tumour, it is slowly 

heated with subsequent protein dénaturation and coagulation using low power laser 

energy (Bown 1983). Flexible optic fibres are applied to the tumour tissue via metal 

needles inserted percutaneously guided by ultrasound or CT scan. The laser source 

provides Nd:YAG of 1064 wavelength . The laser light scatters in the surrounding 

tissue tissue and is absorbed as heat. This results in a fairly predictable, well defined 

spherical zone of coagulative necrosis around the fiber tip (Mathewson 1987). More 

than one optic fibre can be used per lesion depending on the size of the tumour. 

Métastasés less than 4cm in size were treated more effectively and required fewer 

treatment sessions than did those over 4cm. The effect of ILP can be assessed by 

ultrasound in which thermal damage appear as increased echogenicity or enhanced 

CT scan which demonstrates necrosis as a new area of non enhancement (Amin et al 

1993a). The efficacy of thermal damage and tumour ablation following ILP has been 

also asssessed by fine needle biopsy. In a small series of eleven cases, fine needle 

biopsy showed necrotic material in nine cases and residual tumour in two cases 

(Nolsoe 1993). Still much more clinical evaluation is awaited to refine and 

standardize the technique of ILP.
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1.6.3.5.2 Radiofrequency:

This method depends on radiofrequency thermal ablation (RFA) where a high 

frequency alternating current induces thermal damage by ionic agitation. A fine 

needle tip sheathed in non-conductive plastic is introduced into the tumour 

percutaneously under image guidance or intraoperatively. The extent of thermal 

damage and coagulative necrosis can be detected by ultrasound as an expanding 

echogenic zone around the needle tip. It is a safe, low cost percutaneous technique for 

destroying small liver tumours. Clinical experience with high radioffequency in liver 

métastasés from colorectal cancer is limited. In a series of 12 patients (24 liver lesion) 

followed for more than 3 month only one lesion recurred (De Baere et al 1999). 

Kainuma et al combined RFA with HAI using 5-FU in 9 patients with bilobular liver 

métastasés. Six patients survived more than 1 year and 3 more than 2 years (1999).

1.6.3.5.3 Cryotherapy:

The concept of tumour ablation using cryotherapy was developed by Cooper in 1961 

(Gage 1998). The mechanism of tumour destruction is trifold: Firstly, expansion of 

the intracellular ice leads to disruption of the cell membrane and cell death. Secondly, 

rapid production of ice within the tissue produces thrombosis and thrombophlebitis of 

the feeding vessels. Thirdly, the intracellular antigens released upon cellular 

disruption may provoke an immune response. Cryotherapy for liver métastasés is 

achieved via a laparotomy. Intraoperative ultrasound is invaluable in inserting the 

probes into intrahepatic lesions. In superficial anterior lesions treatment can be 

applied laparoscopically. Morris et al (1995) has reported a series of 162 separate 

procedures on 149 patients with colorectal liver métastasés. An 84% reduction of the 

pre-operative value of CEA was achieved. Mortality included one 30-day death due 

to myocardial infarction and one late death due to liver abscess. Median survival in 

those patients was in excess of 30 months with a median number of 3.9 unresectable 

métastasés.
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The current opinion is that cryoablation may be of survival benefit to patients with 

unresectable multiple colorectal liver métastasés (Seifert et al 1998).

1.6.3.5.4 Alcohol Injection:

Percutaneous ethanol injection (PEI) has emerged as a new therapeutic strategy for 

treatment of liver tumours. It has a particular appeal because it is simple and of low 

cost as sterile 95% absolute alcohol is used. The cytotoxic effect of alcohol lies in its 

ability to cause direct cell destruction and coagulative necrosis. PEI has achieved 

satisfactory results in hepatocellular carcinoma. However, it is less effective in 

colorectal liver métastasés because such lesions tend to be hard surrounded by soft 

liver tissue so injected alcohol tends to track into the surrounding liver rather than 

stay in the tumour (Amin et al 1993b).

Carcinoembryonic antigen values were decreased for a period of 2-6 months 

following this mode of treatment. However, recurrence of the treated lesions or 

development of new liver métastasés restricts this mode of treatment to single, small, 

metachronous nonoperable métastasés (Livraghi et al 1991).

1.6.3.5.5 High Intensity Focused Ultrasound:

High intensity focused ultrasound may produce a well-delineated lesion of 

coagulative necrosis in deep organs. It is an attractive mode of therapy for 

parenchymal solid tumours as it is applied by means of extracorporeal transducer and 

therefore noninvasive. High intensity ultrasound can produce rapid tissue destruction 

in a focal zone within seconds. The lesions produced are a combination of thermal 

injury and ischaemia (Darzi et al 1993). HIFU has been studied extensively in animal 

models with encouraging results (Sibille et al 1993, Chen et al 1993).

All these modalities of interstitial physical therapy seem to be valid options for 

treatment of unresectable liver métastasés. However, in the absence of controlled

50



randomized trials comparing these emerging local treatments no definite conclusions 

can be drawn regarding their efficacy.

1.6.3.6 Gene Therapy:

Recent advances in direct gene transfer to living animals have made it possible to 

develop gene therapy as a new treatment modality for cancer. Numerous vehicles 

have been developed for delivery of genes to cancer cells including retrovirus, 

adenovirus, vaccina virus, adeno-associated virus, and herpes virus (Culver et al 

1995). Several gene therapy strategies have been examined in animal models for their 

therapeutic potential in treatment of colorectal liver métastasés. Herpes simplex virus 

thymidine kinase (HSV-tk) gene is one of the well studied suicide genes. Caroll et al 

(1996) studied the effect of a recombinant herpes simplex virus vector hrR3 on 

human colon carcinoma cells in vitro and colon carcinoma liver métastasés in vivo. 

HSV vector hrR3 is defective in the gene encoding ribonucleotide reductase and 

contains the lacZ reporter gene. The activity of enzymes necessary for DNA 

replication such as ribonucleotide reductase is increased in rapidly proliferating 

tumour cells as compared to normal tissue. In a nude mice model of liver métastasés 

HSV-rhR3 gene was delivered intraportally via splenic injection. lacZ gene 

expression was detected in 96% of metastatic nodules examined.

In another study Chen et al (1995) examined the effect of herpes simplex virus 

thymidine kinase (HSV-tk) in a mice model of liver métastasés. HSV-tk converts the 

pro drug ganciclovir (GCV) to a form that is cytotoxic to dividing cells (Mattews et al 

1988). The study showed that direct delivery of HSV-tk combined with mouse 

interleukin- 2 genes in recombinant adenoviral vectors to metatstatic colorectal 

cancer resulted in their regression in vivo.

Kooby et al showed that direct tumour injection or PVI of G207, a multi-mutated 

replication-competent type-1 herpes simplex virus suppressed colorectal liver 

métastasés growth significantly in an animal model (1999).
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One of the challenges in gene therapy is effective delivery of the genes into target 

tumours. It is unlikely that infection of every tumour cell could be achieved by direct 

intratumoural injection or portal injection. However, it has been shown that the viral 

gene expression is required in only a portion of tumour for complete tumour 

regression (Barba 1994). The bystander effect refers to the death of uninfected 

tumour cells adjacent to transduced cells. Another problem in gene therapy is the 

theoretical capability o f causing neoplastic transformation of normal cells by 

insertional mutagenesis when using vectors such as retroviruses.

1.6.3.7 Liver Transplantation:

In 1995 Pichlmayr et al advocated liver transplantation as treatment for a selected 

group of patients with liver métastasés from neuroendocrine primary tumours 

Enthusiasm for such treatment was hampered by a high rate of early recurrence up to 

59% (Penn 1991). At present, liver transplant centres agree that there is no role for 

liver transplantation in the treatment of colorectal liver métastasés. However, total 

hepatectomy and orthotropic liver transplantation may benefit patients with 

neuroendocrine métastasés or small hepatocellular carcinoma (DeMatteo et al 1999).

1.6.3.8 Immunotherapy:

The cellular antitumour immune response is depressed by major surgery particularly 

hepatectomy. Attempts to boost the immune system in the perioperative period to 

combat the dissemination of cancer cells that invariably occurs following 

hepatectomy led to the incorporation of a number of immunotherapy strategies.

In a randomised controlled trial recruiting Dukes’ C colon cancer patients, 

Levamisole, a non-specific immune stimulant when combined with 5-FU as an 

adjuvant therapy, was shown to reduce the recurrence rate by 40% and death rate by 

33% (Moertel et al 1995). Also, combining 5-FU with interferon as a neoadjuvant
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regime was shown to be effective in an animal model of liver métastasés (Lee at al 

1992).

In a controlled randomised study including 19 patients, interleukin-2 was used as a 

neoadjuvant immunotherapy. Recombinant interleukin-2 (rIL-2) was administered by

i.v. infusion in incremented doses for 5 days prior to liver resection. The mean 

circulating lymphocyte count (T and natural killer cells) was increased in the 

perioperative period in the treated group. rIL-2 was well tolerated without increased 

mortality or morbidity (Elias et al 1995).

Monocolonal antibodies (MAb) are another immunological tool to target antigen on 

colorectal cancer cells. The antigen 17-lA is selectively expressed on human 

colorectal cancer cells. Clinical trails approved the efficacy of MAb-17-1A in 

improving survival following resection of Dukes’ C colorectal cancer (Reithmuller et 

al 1994). Several other human monoclonal anti-idiotypic antibodies were developed. 

They recognise colorectal tumour antigens such as CEA and 105AD7. Immunised 

patients seem to have improved survival (Denton et al 1994).

Furthermore, cancer vaccines have been developed to stimulate the immune system to 

target colorectal cancer antigen. Vaccination includes anti idiotypic antibodies that 

mimic tumour antigen. Also, polynucleotide mediated immunisation has been 

developed where DNA or RNA encoding epitope are inserted into the cell genome 

(Maxwell-Armstrong et al 1998).
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1.7 Aims :

The aims of this study is to explore the role of Endothelin in colorectal cancer and 

liver métastasés from three perspectives:

1. To study the effect of intraportal infusion of ETa and ETb receptor antagonists in 

an animal model of liver métastasés.

2. To assess the expression of Endothelin-1 in specimen of surgically excised primary 

colorectal cancer and colorectal liver métastasés and to correlate the intensity of 

expression to Dukes’ staging and survival.

3. To confirm the elevated plasma levels of Endothelin-1 in patients with colorectal 

cancer.
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Chapter II

EFFECT OF ET-I RECEPTOR ANTAGONISTS

ON TUMOUR DEVELOPMENT IN AN ANIMAL 

MODEL OF LIVER METASTASES
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2.1 Introduction:

Several studies of the natural history of colorectal carcinoma have shown that liver 

métastasés are the primary determinant of patient survival. Metachronous liver 

métastasés afflict 23-25% of patients who had potential curative primary colorectal 

cancer resection (Gordon et al 1993). Occult liver métastasés are possibly present at 

the time of excision of the primary colorectal cancer (Finlay et al 1986).

The prophylactic treatment of colorectal liver métastasés by intraportal injection of 

cytotoxic agents at the time of surgery for the primary lesion was proposed in 1957 

(Morales 1957). This concept initiated several randomised trials comparing 

intraportal infusion of various chemotherapeutic drugs after surgery versus surgery 

alone. The first of such trials gave promising results (Taylor et al 1979). Such 

approach is rational as colorectal liver métastasés spread to the liver via the portal 

vein. Micrometastases up to 0.2 mm depend on the portal vein for their preliminary 

blood supply (Haugeberg et al 1988).

The possibility of influencing intra tumour distribution of drugs and metabolites by 

vasoactive agents attracted great clinical interest. It seems that vasoactive peptides 

have a role in the development of various tumours (nakayama et al 1998).

The development of liver métastasés is accompanied by subtle haemodynamic 

changes in the liver blood flow. This has been shown in an experimental model (Nott 

at al 1989) and also in patients with colorectal liver métastasés as measured 

objectively by duplex changes in the hepatic perfusion index (HPI). The increase in 

HPI (hepatic artery flow / hepatic artey flow + portal vein flow) was partially 

explained by a fall in the portal venous blood flow secondary to splanchnic 

vasoconstriction (Leen et al 1991). Such haemodynamic changes were ascribed to a 

humoral factor (Carter et al 1994)

ET-1 is a vasoactive peptide (Yanasigawa et al 1988), which, was isolated from a 

variety of cancer cells including colorectal cancer cells (Kusuhara et al 1990,

56



Nakayama et al 1998) and colorectal liver métastasés (Shankar et al 1998). ET-1 acts 

via two types of receptors ETa and ETb. Since ET-1 can act as a mitogen, it may be 

involved in the growth and development of colorectal liver métastasés. In this study, a 

rat model of colorectal liver métastasés was used to investigate the effects of selective 

and nonselective ET receptor antagonism on the development of liver métastasés.

2.2 Aims:

1. To determine the effect of intraportally infused ETA and ETb receptor selective 

antagonists on the growth of liver métastasés.

2. To identify the receptor subtype mediating the mitogenic effect of ET-1.
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2.3 Materials & Methods:

2.3.1 In vitro Culture of MC28 Sarcoma Cells:

MC28 syngeneic sarcoma cells were originally obtained from The Institute of Cancer 

Research, Sutton, UK. Cells were grown in 75cm^ plastic flasks (Gibco BRL, Paisley, 

UK) in Dulbecco’s modified Eagles medium (DMEM) with Glutamax and 10% fetal 

calf serum (Gibco BRL). 100 units/ml of penicillin and lOOpg/ml streptomycin were 

added. The cultures were maintained in a humidified atmosphere, 5% CO2 and a 

temperature of 37°C.

Once cell cultures were confluent they were washed twice in phosphate buffered 

solution (PBS) and 1ml of trypsin- EDTA (500pg /ml of trypsin in 0.02% EDTA in 

PBS) was added to disaggregate the cells at 37°c. After 3 minutes, 10 ml of DMEM 

containing 10% fetal calf serum were added to terminate the trypsin enzyme reaction. 

The cell suspension was centrifuged at lOOOrpm (300g) for 5 minutes, the supernatant 

discarded, and the precipitated cell pellet washed twice in PBS and centrifuged to 

remove any remaining trypsin. Cells were counted using a haemocytometer and the 

appropriate amount of PBS was added to produce a cell concentration of 5 x l(f/ ml. 

Cells were kept on ice for the in vivo experiments. Passage numbers 15-20 were used. 

Cell viability was assessed by the trypan blue dye exclusion method (appendix 1) and 

was more than 95%.

2.3.2 Intraportal Injection of MC28 Sarcoma Cells:

Male Hooded Lister rats weighing 250-300 g were kept on rat pellets and water W  

libitum. All animals were anaesthetised by induction in the anasthetic chamber with 

3% halothane and 5 1/ min oxygen. Anaesthesia was maintained by 1.5% halothane 

and 5 1/ min oxygen by means of a facemask. The animals were placed on a heated 

mat to make up for the heat loss during laparotomy.
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The abdomen was shaved and a midline laparotomy performed. The caecum and 

terminal ileum were delivered. Using a 27G needle, 0.2ml containing 1x10^ MC28 

sarcoma cells were injected into one of the tributaries of the ileocolic vein 

(Figure 2.1). This dose is known from previous work in the department to produce 

enough tumour nodules by 14 days. Pressure was applied using cotton wool sticks 

just proximal to the site of injection to prevent blood back flow. The needle was 

withdrawn and pressure applied to the site of injection for a few minutes to seal the 

needle puncture point and ensure haemostasis. The laparotomy was closed in two 

layers using 3/0 silk.

2.3.3 Intraportal Infusion of ET-1 Receptor Antagonists:

The study consisted of two arms according to infusion protocols:

Day 0 infusion:

30 minutes after tumour cell inoculation the rat was anaesthetised again as above and 

the laparotomy wound was opened, the caecum and terminal ileum were delivered. 

With the help of a magnifying loop (Harvard Instruments,USA) the ileocolic vein was 

dissected and a 1 cm segment was isolated on proximal and distal 3/0 silk slings. The 

proximal sling was ligated to prevent blood loss. Fine curved forceps were passed 

underneath the vein segment to gain control and a 27G needle was used to puncture 

the vein. A bevelled and previously stretched 2F Portex catheter (Portex, Hythe, UK) 

flushed with saline was gently introduced through the puncture site and guided 

upwards through the ileocolic vein. The catheter tip was advanced for few millimetres 

into the portal vein. The catheter was secured in place by ligating the distal 3/0 silk 

sling (Figure 2.2). The catheter position was confirmed by withdrawing portal blood 

in the cannula with slight suction. The tip of the catheter could be seen in the portal 

vein when the backflow is flushed with 0.2ml of normal saline. For infusion, animals 

were divided into five groups, 6 rats in each as follows;

Group 1: Saline only. 100 pl/kg/min.
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Group 2; ETa receptor antagonist BQ123 100 pg/kg/min (Alexis Co., Nottingham, UK) 

Group 3: ETb receptor antagonist A-192621 100 pg/kg/min. (Abott, Chicago, USA) 

Group 4: ETa+  ETb receptor antagonist PD-142893, 100 pg/kg/min (Alexis Co.) 

Group 5: Saline + intramuscular hypotensive agent acepromazine 0.1 mg/kg (NVS, 

Staffs,UK).

All infusâtes were dissolved immediately prior to infusion in 0.9% saline or sterile 

water according to the manufacturer’s instructions. The doses of infusion were chosen 

according to review of the literature (Douglas et al 1995, Allcock & Warner 1995,

Ihara et al 1992). Substances were infused for 30 minutes using an electronic pump 

(Harvard Apparatus, Edenbridge, UK). At the end of the infusion, the catheter was 

withdrawn and the vein ligated just distal to the puncture site, haemostasis was 

ensured and the laparotomy was closed in two layers with 3/0 silk.

Day2, 4 & 6 infusion:

48 hours after tumour cell injection the rats were anaesthetised again and the ileocolic 

vein was cannulated as above. The injecting part of the cannula was implanted 

subcutaneously in the subscapular region for repeated infusions. Each rat received the 

same dose of infusion on days 2, 4 and 6 after the day of tumour cell injection (day 

0), under anaesthesia. Animals were divided into four groups, six in each as follows; 

Group 1: Saline only. 100 pl/kg/min.

Group 2: ETa receptor antagonist BQ-123, 100 pg/kg/min (Alexis Co.)

Group 3: ETa+ ETb receptor antagonist PD-142893, lOOpg/kg/min (Alexis Co.)

Group 4: Saline + intramuscular hypotensive agent acepromazine 0.1 mg/kg (NVS)

2.3.4 Measurement of Blood Pressure Changes:

Blood pressure changes due to administration of ET-1 receptor antagonists were 

investigated in a pilot study, 4 animals for each infusate. This ensured that the non 

specific changes in the blood pressure caused by ET antagonists was known and 

controlled for. The latter was achieved by introducing an extra “control” group of
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animals that received not only saline infusion but also a hypotensive agent, 

intramuscular (i.m.) acepromazine. The hypotensive agent produced a blood pressure 

drop equivalent to experimental groups.

An incision was made along the medial border of the stemomastoid muscle. The 

carotid artery was dissected from the surrounding fascia using fine forceps and two 

3/0 slings were placed to isolate a segment of the artery. Fine curved forceps were 

passed beneath the artery to gain control of the blood flow and a puncture was made 

using 27 G needle. A heparinised saline flushed 2F portex cannula (Portex) was 

introduced via the puncture site and secured by the 3/0 silk ligatures.

The presence of adequate pulsatile backflow was confirmed. A blood pressure 

monitor ( Harvard Apparatus), which recorded the mean arterial blood pressure 

was calibrated, set to zero and connected to the carotid artery cannula. The base line 

mean arterial blood pressure was recorded and thereafter every minute during the 30 

minutes of portal vein infusion and for 10 more minutes after the infusion. The 

cannula was withdrawn, the artery was ligated proximal and distal to the puncture 

site, haemostasis was ensured and the wound was closed with 3/0 silk.

2.3.5 Assessment of Tumour Growth by Cell Proliferation

On day 14 post tumour cell injection, each rat received intraperitoneal injection of 

1 ml/100 g of 5-bromo-2-deoxyuridine (BrdU), a cell proliferation marker 

(Amersham, Little Chalfton, UK). Four hours later, the rats were killed in a CQ 

chamber, the laparotomy wound was opened and the liver was harvested. The weight 

of the tumour bearing liver was recorded. Using a magnifying loop the tumour foci 

were dissected from the liver and their total weight was recorded for each rat. 

Specimens of the non tumour bearing liver and tumour foci were snap frozen in liquid 

nitrogen and stored in -70°C. Frozen sections were stained by immunohistochemistry 

for BrdU according to the manufacturer’s instructions (Amersham).
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Frozen sections were cut at 5 pm intervals on an open top rotary microtome cryostat 

and applied directly to clean slides and left to air-dry at room temperature. Tissue 

sections were fixed for 15 minutes with 100% acetone at 4°C. Sections were washed 

three times in PBS for 5 minutes. Treating sections with 2% hydrogen peroxide in 

methanol at room temperature for 20 minutes blocked endogenous peroxidase 

activity. Sections were washed 3 times in PBS for five minutes. A mixture of anti-5- 

bromo-2-deoxyuridine monocolonal antibody and nuclease enzyme was added to 

cover the specimen and incubated for 1 hour at room temperature. Specimens were 

washed 3 times with PBS for 5 minutes. The secondary antibody peroxidase anti 

mouse IgG2a was added to the specimens for 30 minutes at room temperature. 

Specimens were washed 3 times with PBS. Substrate intensifier was added to 

diaminobenzine (DAB) solution (5 drops/ 50 ml) and the solution was stirred 

vigorously. Slides were immersed in the solutions for 5 minutes. Slides were washed 

3 times with PBS and were counterstained with haematoxylin for 1 minute, washed in 

running tap water and mounted using aqueous mountant, Aquamount (BDH 

Chemicals, Poole, UK). Controls were stained in the same method but omitting the 

primary antibody. Slides were examined microscopically using x40 high power field 

(10 sections per liver and ten sections per tumour for each animal). The number of 

stained nuclei and unstained nuclei were counted and the percentage of stained nuclei 

was calculated for each liver and each tumour specimen.

2.3.6 Assessment of Tumour Growth by Weight.

The weight of the tumour bearing liver was recorded on post mortem, 14 days after 

tumour cell injection (figure 2.3). Tumour foci were dissected from healthy tissue and 

wet weights of tumour tissue were recorded. The maximum diameter of each tumour 

focus was also recorded. The percentage of hepatic replacement (PHR) by tumour 

tissue was calculated as follows; PHR= Tumour weight / liver weight xlOO.

Results are presented as PHR in experimental animals/ PHR in control animals.
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2.1.7 Statistics

Data were analyzed using SPSS software (SPSS Inc., Chicago, U.S.A.) with one way 

analysis of variance and Wilcoxon signed ranks test, p- values less than 0.05 were 

considered significant.

2.4 Results:

2.4.1 Blood Pressure Changes:

The initial study was concerned with the changes in the mean arterial blood pressure 

(mmHg) produced by intraportal infusion of vasoactive peptides to the rats.

The results are outlined below for each group.

ETa receptor antagonist BQ-123 intraportal infusion:

The mean + SD of serial readings over 40 minutes of the mean arterial blood pressure 

(MAP) in rat 1 was 96.5 + 7.1, in rat 2 was 92.7 + 2, in rat 3 was 97.3+ 6 and in rat 4 

102.9 + 4.9. The actual reading for all four rats ranged from 84-112 (appendix 2). 

Maximum drop in MAP was 23% (range 8-23%) as ETa receptors mediate 

vasoconstriction (Figure 2.7)

ETa o.nd ETb receptor antagonist PD-142893:

The mean + SD of serial readings over 40 minutes of MAP in rat 1 was 62,5 + 5.5, in 

rat 2 was 87.4 + 6.1, in rat 3 was 83.3+4.5 and in rat 4 MAP was 83.5+5.5.

The actual reading for all four rats ranged from 52-100 (appendix 3). Maximum drop 

in MAP was 32% (range 17-32%), (Figure 2.8)

ETb receptor antagonist A - 192621:

The mean + SD of serial readings over 40 minutes of MAP in rat 1 was 107.2+ 6.2, 

in rate 2 was 93.3 + 7.8, rat 3 was 86.5 + 8.2 and in rat 4 was 88.1 + 6.4. The actual
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reading for all four rats ranged from 74-117 (appendix 4). Maximum rise in MAP was 

19% (range 16-19%) as ETb receptors mediate vasodilatation (Figure 2.9)

Saline intraportal infusion + i.m. acylpromazine:

The mean + SD of serial readings over 40 minutes of MAP in rat 1 was 66.9 + 6, in 

rat 2 was 65.4 + 5.4, in rat 3 was 73.9+6.1 and in rat 4 was 71.7+ 6.9. The actual 

reading for all four rats ranged from 90-61 (appendix 5). Maximum drop in MAP was 

26% (range 23-26%), (Figure 2.10)

Saline only intraportal infusion :

The mean + SD of serial readings over 40 minutes of MAP in rat 1 was 99.3 J- 1.3, in 

rat 2 was 86+ 1.8 , in rat 3 was 94.9+ 1.3 and in rat 4 was 79.3 + 1.4. The actual 

reading for all four rats ranged from 102-77 (appendix 6). Maximum drop in MAP 

was 7% (range 4-7%) due to the effect of anaesthesia (Figure 2.11).

2,4.2 Day 0 infusion:

In this study, tumour cells were inoculated intraportally and agents were infused 30 

minutes later. Animals were killed on day 14 following tumour inoculation. The 

results are shown as ratios of PHR for each rat over control (figure 2.6).

Tumour weight :

The mean + SD of the PHR in each group (n=6) was as follows; control group was 

27.58 + 23.74, BQ-123 group was 0.64 + 0.2, PCX 142893 group was 1.10 + 0.9,

A -192621 group was 1.13 + 0.88 and saline infusion plus i.m. acylpromazine was 

1.41 + 0.7. The actual figures of PHR for each animal are in appendix 8.

The only group that demonstrated significant reduction in tumour load (both actual 

tumour weight and PHR) compared to the saline control group was those animals.
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which received ETa receptor antagonist BQ-123 {p  = 0.03, Wilcoxon matched pairs 

signed ranks test, figures 2.5 and 2.6). The group which received ETb antagonist, A- 

192621 showed no significant difference in tumour load compared to controls. And 

interestingly neither did the group which received the non specific ETa and ETb 

receptor antagonist, PD-142893. The results of the group which received saline and 

hypotensive agent are similar to the saline only controls. This suggests that the fall in 

the MAP does not interfere with metastatic process.

BrdU staining:

Positively stained nuclei appeared brown (figure 2.4)

In the normal liver the percentage of BrdU positively stained nuclei ranged from 0-

0.25%. There was no difference between the rat groups.

In the tumour tissue, there was constant but insignificant reduction in the percentage 

of BrdU stained nuclei in the BQ-123 group. In the other infusion groups there was 

no constant reduction in the percentage of BrdU stained nuclei compared to the 

controls. Percentage of positively stained nuclei are shown in table 2.1 (A). Four and 

not six rats were investigated for BrdU staining due to time and budget constrains.

2.4.3 Day 2,4 & 6 infusion:

In this study, tumour cells were inoculated intraportally and agents were infused on

2,4 and 6 days later.

Tumour weight:

The mean + SD of the PHR in each group (n=6) was as follows; control group was 

19.27 + 12.25, BQ-123 group was 1.11 + 0.8, PD-142893 group was 1.02+0.58, 

and saline infusion plus intramuscular acylpromazine was 1.75 + 1.7 (Appendix 8).
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In this protocol of infusion, none of the administered ET receptor antagonist agents 

produced significant reduction in tumour load compared to the saline control group. 

Again, the results from the saline + hypotensive agent group are very similar to control 

(saline only) data.

BrdU staining:

In the normal liver there was no significant difference between the rat groups and the 

percentage of positively stained nuclei ranged from 0-0.25%

In the tumour tissue, there was no significant difference in the percentage of BrdU 

stained nuclei in any of the experiment infusion groups compared to controls. Table 2.1 

(B). However, for a 0.5 minimum difference in means that can be detected with 80% 

power, fifty rats per group should be used. Time and budget constrains did not allow for 

such a number. Therefore, BrdU staining is considered as a pilot study.

Control BQ123 PD 142893 A192621 Sal+Hypo
0.9 0.3 0.4 0.5 0.7
1.5 0.4 0.5 0.6 1
5.3 1.4 0.2 0.4 0.01
0.4 0.4 0.8 0.5 0.6
Mean 2.02 0.62 0.47 0.5 0.58
SD 2.23 0.52 0.25 8.1 0.41

A) Day 0 infusion. Though there was constant reduction in % of stained nuclei in the 
ETa receptor BQ-123 group it was not statistically insignifcant.

Control BQ123 PD 142893 Sal+Hypo
0.9 0.1 0.3 0.9
1.4 0.8 0.4 0.6
0.9 0.3 0.4 0.3
0.5 1.8 0.4 0.9
Mean 0.92 0.75 0.37 0.67
SD 0.37 0.76 5 0.29

B) Day 2,4& 6 infusion. There was no statistically significant reduction in % of stained 
nuclei.

Table 2.1 BrdU staining. % of BrdU positively stained nuclei. Each cell represents the 
mean of 10 high power fields (x40) o f tumour tissue per rat.
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Figure 2.1 Injection o f MC28 cells into the portal vein tributary in a Lister hooded 
rat.

Figure 2.2 Cannulation o f the ileocolic vein for intraportal infusion in a Lister 
hooded r a t .
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Figure 2.3 Liver harvested 14 days following intraportal injection of 1x10 MC 28 
sarcoma cells.

/

Figure 2.4 Cell proliferation study. Staining for BrdU using 
immunohistochemisrty,PAP method and DAB as a chromogen. Positively stained 
nuclei appear brown (arrow).
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Figure 2.5 Significant reduction o f tumour weight following portal infusion of BQ-123 
(ETa receptor antagonist) only on day 0 (p< 0.05).
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There was a significant reduction of tumour Load in the ETa receptor antagonist, 
BQ-123 group (p = 0.03).
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2.5 Discussion:

The metastatic process consists of invasion, intravasation, arrest of cancer cells, 

extravasation and neovascularization. In case of colorectal liver métastasés cancer 

cells reach the liver via the portal circulation. The initial micrometastases obtain their 

blood supply from the portal vein. This is the rationale behind perioperative portal 

vein chemotherapy (Taylor et al 1985b). The concept of regulation of metastatic 

growth by factors produced by the primary cancer was postulated by numerous 

reports. There is interplay of growth factors between the primary tumour and its 

métastasés indicating that the administration of regional or systemic treatment prior to 

primary tumour removal inhibits both production and response to growth stimulating 

factors (Fisher et al 1989).

ET-1 has been shown to be produced by colon carcinoma cell lines amongst other 

cancer cell lines (Kusuhara et al 1990, Nakayama et al 1998) and to stimulate 

proliferation of a variety of cultured cancer cells in a dose dependent manner 

(Shichiri et al 1991). Previous in vitro studies, using ovarian cancer cells, have 

highlighted the importance of ETa receptors in mediating the mitogenic effect of 

ET-1 (Bagnato et al 1999).

In the immunohistochemistry component of this project, which examined tissue from 

colorectal cancer (chapter III), ET-1 was immunolocalized both in cancer cells and 

the surrounding stroma and blood vessels. Previous work from this department 

showed that in an animal model of liver métastasés, ET-1 was overexpressed both by 

tumour cells and endothelial cells of tumour vessels (loesch et al 1997). This suggests 

that ET-1 may be involved in both epithelial cancer cells growth and 

neovascularization of colorectal cancer.

This study was designed to investigate the effect of ET-1 antagonism via the portal 

vein in the above-mentioned animal model of liver métastasés. MC 28 cells are a 

methylcholantherene-induced sarcoma that is syngeneic for the Hooded Lister rat 

(Senior et al 1985). MC28 tumour cells foci in the liver possess similar anatomical
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and physiological profiles to human colorectal liver métastasés and also express 

elevated levels of ET-1 (Loech et al 1997). Three different ET receptor antagonists 

were used. BQ-123 is a cyclic pentapeptide synthesized by amino acid manipulation 

of a natural ETa antagonist BE-18257A that is isolated from Streptomyces 

misakiensis (Ihara et al 1992). It is a highly potent, specific and water-soluble ETa 

receptor antagonist that has an inhibitory effect on ET-1 induced DNA synthesis 

in vitro in a dose dependent manner (Eguchi et al 1992). PD-142893 is a C-terminal 

analogue nonselective ET receptor antagonist. It is produced by modification within 

the C-terminal linear hexapeptide segment of ET-1. It has nearly a 20 fold greater 

affinity for ETa and ETb receptor over ET-1. (Cody et al 1992). A-192621 is a 

selective ETb antagonist that has a half life of 5 hours in rats. It was recently 

developed and kindly donated by Abbot Pharmaceuticals in a quantity just enough for 

day 0 infusion.

The results of this study illustrate the importance of ET receptor antagonism in the 

development of colorectal liver métastasés. Day 0 infusion arm tested the effects of 

ET-1 antagonism at an early stage of tumour cell métastasés. Day 2,4 & 6 infusion 

arm tested the effects of ET-1 antagonism once the tumour cells are established in the 

liver parenchyma. Only the ETa receptor antagonist produced a significant reduction 

in tumour weight compared to controls. The timing of delivery of the antagonist via 

the portal circulation had a determinable effect. BQ-123 reduced the tumour load 

when infused 30 minutes after tumour inoculation but not on repeated infusion on 

days 2,4 and 6 post tumour inoculation. These findings support other studies 

involving prophylactic portal vein chemotherapy at the time of resection of primary 

colorectal cancer compared to delayed treatment (Sutanto-Ward 1992).

One explanation for the absence of effect following delayed portal infusion is that 

established colorectal liver métastasés switch their blood supply from the portal vein 

to the hepatic artery Archer & Gray 1989). Missing this early phase by late 

administration of the antagonists produced no significant reduction in the tumour 

load. Another explanation is that by 48 hours following intraportal injection tumour
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cells would have established themselves within the liver parenchyma and are more 

resistant to ET receptor antagonism. Also established tumour foci cause liver tissue 

damage and release increasing amounts of ET-1. The lack of effect in the hypotensive 

control group suggests that changes in blood pressure caused by ET-1 receptor 

antagonism are not the underlying cause of the reduction in tumour load following 

ETa receptor antagonism.

One of the limitations of this study is the intermittent course of infusion. It does not 

resemble the clinical situation where continuous portal vein infusion of 

chemotherapeutic agents is utilized. The application of continuous infusion of the 

antagonist using implantable osmotic pumps ( Charles River, Margate, UK) rather 

than intermittent infusions on days 2,4,and 6 was considered but it was not 

technically feasible as the antagonists were not stable long enough at body 

temperature. Also, regarding the pharmachokinetics of the antagonists used, the 

manufacturer did not have available data on their half-life. ETb receptor antagonist,

A -192621 was used only in day 0 infusion as a limited amount was donated by 

Abbott Pharmaceuticals. Also the effect of ET-1 antagonism on the hepatic 

microcirculation was not assessed objectively by means such as laser doppler.

These results are in agreement with other studies, which suggest the role of ETa 

receptors in epithelial cancer cell proliferation. Ovarian cancer cell proliferation was 

decreased in the presence of ETa receptor antagonist in vitro (Bagnato et al 1999).

In other human tumours including prostate adenocarcinoma (Nelson et al 1996) and 

meningioma (Fagotto et al 1995), there was an upregulation of ETa receptors in 

primary and metastatic tumour tissue while ETb receptor were predominant in the 

normal tissue counterpart. The ETa receptor seems to be responsible for mitogenic 

signal transduction (Bagnato et al 1999) while ETb receptors seem to be responsible 

for clearance of ET-1 from the circulation ( Fukuroda et al 1994). ETb receptors were 

reported to mediate apoptosis in endothelial cells (Shichiri et al 1998). However, ETb 

receptor antagonism in this model did not increase significantly the tumour load and
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therefore does not suggest an active blocking of apoptotic pathways by ETb receptor 

antagonist, A- 192621.

There was no significant effect in the BrdU cell proliferation study. This may be due 

to the relatively long time lapse between antagonist infusion on day 0 and 

intraperitoneal injection of BrdU on day 14 prior to sacrificing the animals. Also a 

small number of animals was used in this study.

This study suggests that ET-1 is one of the growth factors involved in the growth 

control of liver métastasés in this animal model as demonstrated by the decrease in 

tumour mass by infusion of ETa receptor selective antagonist. These results highlight 

the importance of ETa receptors in development of colorectal liver métastasés in this 

animal model, a finding with significant clinical implications. Pharmacological 

manipulation of ETa receptors can be a potential tool in inhibition of autonomous 

growth of colorectal cancer cells. A further point to consider is that ET-1 was found 

to enhance migration and proliferation of vascular endothelial cells (Ziche et al 1995) 

and VSMC in vitro (Komuro et al 1988). This suggests that ET-1 can play a pivotal 

role in angiogenesis. Therefore, it would be interesting to investigate the effect of 

ET-1 antagonism on tumour neovascularisation as ET-1 is thought to augment 

angiogenesis.

Finally, when considering metastatic growth of colorectal cancer cells in the liver, it 

should be bom in mind that ET-1 can be synthesised and released from hepatic 

endothelial and sinusoidal cells in response to various stimuli such as endotoxins and 

hypoxia. ET-1 also alters hepatic microcirculation and oxygen delivery to the tissue 

(Bauer et al 1994). These adverse conditions are bound to be present in a liver where 

tumour foci are growing. Therefore, one could describe a scenario where the actual 

condition of tumour cell implantation and growth causes enough damage to the 

normal liver stmcture causing them to produce ET-1, which, is then utilized by the 

tumour itself.
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Chapter III

DETECTION OF ET-1 BY IMMUNOfflSTOCHEMISTRY 

IN COLORECTAL CANCER TISSUE
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3.1 Introduction:

Endothelin-1 (ET-1) is the first member of the Endothelin family of biologically 

active peptides, which was originally identified as a potent vasoconstrictor peptide in 

vascular endothelial cells. Subsequently, it was found to have a wide variety of 

pathophysiological activities. These include mitogenesis, regulation of local blood 

flow and possibly angiogenesis. ET-1 was immunolocalized in a number of surgically 

excised tumour tissues including pulmonary tumours (Giaid et al 1990), breast cancer 

(Yamashita et al 1991), hepatocellular carcinoma (Ishibashi et al 1993), advanced 

prostate cancer (Nelson et al 1996) and ovarian tumours (Bagnato et al 1999).

3.2 Aim:

The aim of this part of the study was to assess the presence of ET-1 in colorectal 

cancer tissue. This was done in two series. The first was a prospective series of 

colorectal cancer and liver métastasés specimens. The second was a retrospective 

study in a series of consecutive archival specimens of colorectal cancer.

Section I-Prospective series: 

3.3 Materials & Methods:

3.3.1 Specimen Collection:

Specimens of primary colorectal cancer and normal colonic tissue (taken 10cm away 

from the tumour proximal margin) were collected at the time of resection firom 10 

patients and immediately snap frozen in liquid nitrogen. Two specimens of liver 

métastasés and normal liver (taken at least 5 cm from métastasés) were also collected 

during the time of surgery (appendix 9).
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3.3.2 Immunohistochemistry staining:

Frozen sections were cut (6 |iim thick) on coated slides and air dried for 30-90 

minutes. Sections were fixed in acetone for 10 minutes at room temperature. For ET- 

1 staining, sections were washed in Tris Buffered Saline (TBS, 3 x 5  min. Appendix 

8) and incubated in optimal diluted (1:100) mouse monoclonal anti-ET-1 antibody in 

TBS, obtained from the Department of Immunology, University College London, UK 

Immunoradiometricassy of this antibody showed 15% cross reaction with both ET-1 

and ET-3 and no cross reaction with big-ET (Ong et al 1993) for 60 minutes. The 

specimens were washed again in TBS and incubated with rabbit anti-mouse 

immunoglobulin for 30 minutes. The specimens were washed again with TBS and 

incubated in alkaline phosphatase anti-alkaline phosphatase (APAAP complex) 

(APAAP kit, Dako, Ely, UK) for 30 minutes. The chromogen used was the water- 

soluble fast red substrate, which was applied for 15 minutes. It contains 3mg of 

livamisole which blocks endogenous AP. Slides were rinsed in TBS and washed in 

running tap water. Slides were counterstained with haematoxylin for 30 seconds and 

mounted in aqueous mounting medium. All routine chemicals were obtained from 

Sigma (Dorset, UK) unless otherwise stated. Antigen sites stained red. The entire 

procedure was performed at room temperature.

The tumour histological grade was determined by a consultant histopathologist.

A semi-quantative method of assessment of immunoreactivity was used. The intensity 

of the red positive staining was graded 1+ to 3+, with blood vessel endothelium 

providing the reference for maximum staining (3+) as endothelial cells are the main 

source of ET-1 in healthy tissue. The percentage of cells stained was graded as 

follows, grade 1 < 25%, grade 2 = 25-50% and grade 3>50%. Each specimen had ten 

randomly chosen areas counted under high power field (x40) by 2 independent 

observers. Such an assessment was carried out by the histopathologist and the author. 

Neither was aware of the other’s interpretation nor of the assigned grade in each case.
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3.4 Results:

3.4.1 Colorectal Cancer and Normal Colon Tissue:

Five patients had Dukes B and 5 had Dukes C tumours (3 females and 7 males, mean 

age 59.6 + 9.7years). In the colorectal cancer specimens there was a strong expression 

of ET-1 in the cytoplasm of cancer cells, surrounding stroma and blood vessels.

All the tumour specimens scored 3+ for percentage of stained cells (Figure3.2).

The intensity of staining results were 2 patients 1+, 3 patients 2+ and 5 patients 3+

In the normal colon only the apical layer of the colonic epithelium, vascular 

endothelial cells and surrounding stroma stained positive (Figure 3.1). The overall 

intensity of staining score for the normal colon was 0 in 5, 1+ in 3 and 2+ in 2. These 

results are summarized in tables 3.1 and 3.2. There was no correlation between 

Dukes’ staging and intensity of staining (- 0.15, Spearman correlation test). However, 

the numbers in this series are small to draw solid conclusions.

3.4.2 Liver Métastasés and Normal Liver Tissue:

In the specimens of the two patients (Appendix 9) ET-1 was strongly expressed in the 

cytoplasm of the colorectal liver métastasés cells. In normal liver ET-1 

immunohistochemcal positive staining was observed in blood vessels and Kupffer 

cells only (Figures 3.3 & 3.4). The interobserver agreement on scoring the staining in 

this series was 100%.
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Figures. 1 Prospective study. Normal colon frozen section.
APAAP immunohistochemistry. Positive ET-1 staining (red) in the apical cell 
layer (black arrows). Magnification x20.

B

Figure 3.2 Prospective study, colon cancer frozen section. APAAP 
immunohistochemistry showing positive staining for ET-1 (red) in the cytoplasm 
o f cancer cells and surrounding stroma. A. Haematoxylin counter stain (x 20 
magnification). B. No counter stain (x40 magnification).
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Figure 3.3 Prospective study. Normal liver, frozen section showing central vein. 
APAAP immunohistochemistry. Negative ET-1 staining. x20 magnification.

Figure 3.4. Primary colon cancer paraffin section. PAP immunohistochemistry. 
Negative control where the primary antibody was omitted. x40 magnification
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Section II- Retrospective series:

3.5 Materials and Methods:

3.5.1 Specimen Collection:

Paraffin wax embedded tissue from 98 patients who underwent surgical excision of 

colorectal cancer between 1984 -1985 were retrieved from the pathology archives. 

Other information about the patients was retrieved from the colorectal database at 

University College Hospital, London, UK (Appendix 10).

3.5.2 Immunohistochemistry Staining:

Paraffin sections (5p) were dewaxed in xylene, rehydrated through decreasing 

concentrations of ethanol and washed in TBS (3x5 min). Tissue endogenous 

peroxidase was blocked by incubating the sections for 10 minutes in a mixture of 

200pml hydrogen peroxide in 12ml methanol. Sections were washed in running tap 

water. The antigen was unmasked by emerging sections in 600ml of citrate buffer and 

microwaving (800Watt) for 20 minutes. The hot buffer was flushed out with cold 

running water and sections were washed with TBS. The primary monocolonal 

antibody, mouse antihuman anti ET-1 antibody prepared at Immunology Department, 

UCL, London was applied at an optimal dilution of 1:100 for 1 hour. Sections were 

washed in TBS as above. The secondary antibody rabbit antimouse was applied for 

35 minutes. The secondary antibody was rinsed off with TBS and the Streptavidine- 

biotin peroxidase labeling system was applied (Dako, Ely, UK) for 35 minutes. 

Sections were rinsed with TBS.The chromogen, freshly prepared 3,3diamino- 

benzidine (DAB) incorporating 0.03% hydrogen peroxide solution, was applied for 

10 minutes. DAB was rinsed off with TBS and sections washed in running tap water. 

Sections were counterstained with haematoxylin for 4 minutes then washed in 

running tap water, dehydrated in increasing concentrations of alcohol and then xylene
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and mounted .To ensure specificity, negative controls were obtained by omitting the 

primary antibody. The immunoreactivity of large blood vessels was the reference for 

positive ET-1 staining (3+).

The intensity of staining was scored on a scale of l+,2+ and 3+ and the number of 

cells stained were scored as +1 <25%, +2= 25-50% and +3 >50% by two 

independent observers as above. Ten high power fields (x40) were scored for each 

sections and the mean was calculated.

A number of methodological variations were tried before choosing the optimum 

conditions as described above. Antigen unmasking was attempted by using enzymatic 

pretreatment with 0.05% trypsin in PBS. Primary antibody dilutions 1:500 and 1:200 

were also tried but gave inferior results.

3.5.3 Statistics:

Correlations were calculated using Spearman test. The sofiware programme SPSS 

(SPSS Inc., Chicago, U.S.A.) was utilized.

3.6 Results:

Colorectal tissue from 98 patients were stained for the expression of ET-1. There 

were 51 males and 47 females, the maen age was 62.2+10.4 years. Most specimens 

were Dukes’ B (n=62, 63.2%) while 9 (9.2%) were Dukes’ A and 27 (27.6%) were 

Dukes’ C.

In cancer specimens, a diffuse positive pattern was predominantly present in the 

cytoplasm of cancer cells and the surrounding stroma. Vascular endothelial cells in 

the vicinity of tumour nests also showed strong expression of ET-1 (Figure 3.6).

As regards to the intensity of staining, the majority of the specimens (n= 48) were 

scored as +1, 37 specimens 37 +2, 6 specimens +3 and the remaining seven
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specimens did not stain at all (Table 3.3). As regards to % of stained cells, the 

majority of the specimens (n=56) were scored +3, 31 specimens +2, 4 were scored +1 

and 7 were 0. Those 7 patients’specimens that gave negative signal were 3 males and 

3 females (age range 39-86). All were staged Dukes’ B. 5 were moderately 

differentiated, 1 well differentiated and 1 poorly differentiated.

Each patient had few paraffin wax blocks and in some of those normal colon tissue 

was encountered in separate blocks. Though there were no data on how far those 

normal colon specimen were from the tumour they were stained as above. The apical 

cell layer was stained positively for ET-1 in the 22 samples encountered. The 

agreement between the two independent observers was 96% concerning the scoring 

of the intensity of staining and 91% concerning the percentage of positively stained 

cells.

Using Spearman correlation test, there was no correlation between the intensity of 

staining (correlation coefficient = 0.05) or the % of stained cells (correlation 

coefficient = 0.11) and Dukes staging. As regards to survival, there were no survival 

data available on 14 patients. However, there was no correlation between the % of 

stained cells and survival (- 0.08). The intensity of staining did not correlate to 

survival (-0.04) of those patients either as shown in the survival curve (Figure 3.7)
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Figure 3.5 Retrospective study. Normal colon paraffin section.
PAP immunohistochemisrty showing positive ET-1 staining (brown) in the apical 
cell layer o f the colon mucosa (black arrow) and the stroma. x20 magnification.
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Figure 3.6 Retrospective study. Colon cancer paraffin section. PAP 
immunohistochemistry. Positive ET-1 staining (3+) in 100% of cancer cells with 
overspillage in the stroma (brown colour). x40 magnification.
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A. X 10 magnification. The liver parenchyma is distorted by métastasés.Central 
vein (white arrow) and cancer cells (black arrow).
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B. X 40 magnification.

Figure].?. Prospective study. Colon cancer liver métastasés frozen section.
APAAP immunohistochemistry. Positive ET-1 staining (red) in >50% o f cancer cells 
(black arrows).
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Figure 3.7 Kaplan Meyer survival curve for intensity of ET-1 staining in the 
retrospective series. The intensity of staining did not have an impact on survival.
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Intensity of Staining Normal Colon Colorectal Cancer
(n -  10) (n = 10)

0 5 0

1+ 3 2

2+ 2 3

Si- 0 5

Table 3.1 Intensity of staining in normal colon and colorectal cancer in the 

prospective series.

Intensity of staining

Dukes 0 +1 +2 4-3

A 0 0 0 0

B 0 1 1 3

C 0 1 2 2

Table 3.2 Prospective study. Intensity of staining in cnacer specimens according to 

Dukes’ classification.

Intensity of staining

Dukes’ 0 +1 +1 -H3

A 0 5 2 2

B 7 31 20 4

C 0 12 15 0

Table3.3 Intensity of staining in the retrospective series of cancer specimens 

according to Dukes’ classification.
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3.7 Discussion:

ET-1 is a 21-amino acid peptide first reported to be synthesized by vascular 

endothelial cells (Yanasigawa et al 1988). In addition to its potent vasoconstrictor 

action, ET-1 was suggested to induce mitogenesis in an extensive array of cells such 

as vascular smooth muscle cells VSMC (Komouro et al 1988) and fibroblasts 

(Takuwa et al 1989).

Also, many cancer cells were found to synthesize and secrete ET-1, which enhanced 

their growth and proliferation (Kusuhara et al 1990, Shichiri et al. 1991). Moreover, 

tissue expression of ET-1 was detected in a number of human cancer tissue including 

pulmonary tumours using in situ hybridization (Giaid et al 1990), breast cancer by 

radioimmunoassay (RIA) (Yamashita et al 1990). Using immunohistochemistry ET-1 

was also localized in hepatocellular carcinoma (Ishibashi et al 1992) and prostate 

cancer (Nelson et al 1996).

In this study we used immunohistochemical techniques to assess ET-1 

immunoreactivity in colorectal cancer. The results provide the evidence for cellular 

localization of ET-1 in these tumours and point out an overexpression of this peptide 

in colorectal cancer tissue compared to normal colon tissue. Also, ET-1 was present 

in the stroma and blood vessels of both cancer and normal colon. The most striking 

difference between the two tissues was the localization of ET-1 in epithelial cancer 

cells. Only 7 specimens gave negative staining (7.1%) and the only common 

denominator for those seven patients was Dukes’ stage B. Taking into account these 

results together with evidence from the animal experiments of this study, which 

showed that ET-1 may promote tumour growth, suggest the possibility of 

paracrine/autocrine loop in colorectal cancer. The presence of ET-1 in the apical cell 

layer of normal colon suggests that it is produced only by mature colonic epithelium 

and that it may play a role in the regulation of epithelial turn over. In vitro studies 

suggest that endogenous ET-1 has an autocrine/ paracrine role in protecting 

endothelial cells against apoptosis via ETb receptors (Shichiri et al 1998). The
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expression of ET-1 in the apical cell layer may reflect its antiapoptotic effect on 

normal colonic epithelium. However, these data should be considered with some 

caution since they do not elucidate whether ET-1 detected by antibody method is 

produced by cancer cells, following uptake from the extracellular compartment or a 

receptor bound peptide. The abundant cytoplasmic positive signal is in favour of the 

first.

Our current observation indicates that neither the intensity of staining nor the % of 

stained cells correlated to Dukes’ classification of patients in this series. Therefore, 

Endothelin-1 expression cannot be regarded as a prognostic indicator in colorectal 

cancer patients.

Further studies are required to investigate the molecular mechanisms that control 

ET-1 production within the colon epithelium cells. It seems that such mechanisms 

are out of control in colon cancer with abundant production of ET-1.

One of the essential aspects of tumour growth and metastasis is the new development 

of blood vessels. The process of neovascularization requires both endothelial cell and 

smooth muscle development and proliferation. Cancer cells have been shown to be 

capable of inducing angiogenesis through a variety of soluble factors such as 

fibroblast growth factors (Folkman 1985). Endothelin was found to stimulate 

proliferation and migration of human umbilical vein endothelial cells in vitro in a 

dose dependent manner (Ziche et al 1995). Moreover, Eguchi and colleagues (1995) 

described ET-1 as an autocrine growth factor for endothelial cells. ET-1 was also 

found to have a mitogenic effect on vascular smooth muscle cells (Hirata et al 1989). 

Another study demonstrated that ET-1 stimulated the synthesis of vascular 

endothelial growth factor by vascular smooth muscle cells and induced endothelial 

cell proliferation and invasion (Pedram et al 1997). In the colorectal cancer 

specimen, ET-1 was strongly expressed in the endothelium of the blood vessels 

surrounding tumour nests. This indicates a possible novel role for endothelin in
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tumour angiogenesis. However, these results should be tempered with caution and 

further studies are awaited to explore any putative role of ET-1.

In summary, this study suggests that ET-1 is present in colorectal cancer cells and 

may play a role both locally in an autocrine/paracrine fashion in the growth and 

development of colorectal cancer. The diffuse manner of positive ET-1 staining in the 

stroma is in favour of a paracrine influence on neighboring stromal cells. Previous 

studies demonstrated specific binding sites for ET-1 in human colorectal cancer tissue 

(Inagaki et al 1992). The question that was not addressed by this study is whether any 

particular type of endothelin receptor is upregulated in colorectal cancer tissue. 

Identifying such receptors would provide a possible approach to control cancer cell 

growth. However, this issue was addressed in chapter II, the animal model of 

colorectal liver métastasés.
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CHAPTER IV

ET-1 PLASMA LEVELS IN COLORECTAL CANCER PATIENTS
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4.1 Introduction:

ET-1, a potent vasoconstrictor peptide first isolated from endothelial cells 

(Yanasigawa et al 1998) has an emerging role in the pathophysiology of cancer.

In vitro studies demonstrated that ET-1 is produced by and may be a mitogen for 

cancer cells (Kusuhara et al 1990, Shichiri et al 1991, Bagnato et al 1997). Moreover, 

ET-1 was over expressed in a number of cancer tissue specimens e.g. pulmonary 

tumours (Giaid et al 1990) and prostate cancer (Nelson et al 1996). In the previous 

chapter, immunohistochemical studies detected overexpression of ET-1 in colorectal 

cancer tissue.

Raised ET-1 plasma levels were detected in patients with a number of disorders 

particularly those associated with vasospasm, ischaemic heart failure and sepsis 

(Kanno et al 1991, Stewart et al 1992, Pittet et al 1991). Also, ET-1 plasma levels 

were raised in some patients with cancer e.g. hepatocellular carcinoma (Ishibashi et al 

1993) and prostate cancer (Nelson et al 1995). In a previous pilot study from the 

Department of Surgery at University College London ET-1 plasma levels were raised 

in patients with colorectal cancer.

4.2 Aim:

The aim of this study was to measure ET-1 plasma levels in patients with colorectal 

cancer and those with colorectal liver métastasés and compare them to a control 

group.
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4.3 Materials and Methods:

4.3.1 Patients:

Patients studied comprised three groups. Group 1; 39 patients undergoing resection 

for primary colorectal cancer without evidence of métastasés. Group 2; 26 patients 

with liver métastasés who had their primary tumours excised on a previous occasion 

and group 3; 22 healthy volunteer controls (Appendix 11, 12, 13).

Patients who had conditions known to raise ET-1 plasma levels namely, recent 

myocardial infarction, hypertension, chronic renal disease, liver cirrhosis, 

vasospastic disease and concomitant other malignant disease were not included in the 

study.

Patients’ Data Collection:

Patient details were retrieved from the clinical notes. Investigations including liver 

function tests, colonoscopy, liver ultrasound and /or CT scan were recorded. 

Anatomical position of the lesion(s) and type of resection were noted. Dukes’ 

staging and histological differentiation were documented.

Blood Sample Collection:

Venous blood samples were collected on the morning of the operation day from 

patients who were fasted overnight. Samples were kept in ice-chilled tubes 

containing ethylene diamnie tetra-acetic acid (EDTA). The specimens were 

centrifuged in a chillspin at 4°C for 15 minutes at 200g immediately after collection. 

Plasma was stored at -7CfC.
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4.3.2 ET-1 Radioimmunoassay:

Plasma levels were estimated using radioimmunoassay RIA, (Nichols Institute 

Diagnostics Ltd., Essex, UK) according to the manufacturer’s instructions.

Sample extraction procedure:

Plasma samples were thawed on ice. Once thawed 2ml of sample were pipetted into 

an 8ml polypropylene round bottom tube. 3ml of 4% acetic acid was then added to 

each tube and mixed thoroughly. Samples were kept on ice until ready to use. 

Sep-pak cartridges are plastic cylinders packed with hydrophobic C-18 matrix.

These were shipped in dried form and were activated by the addition of methanol. 

Each column was flushed through with 5ml 100% methanol followed by 5ml 

deionised water and finally by 5ml 4% acetic acid. The acidified sample was applied 

to the cartridge and allowed to elute through under gravity and the empty tube was 

flushed out by adding 3ml of water to the cartridge. The cartridge was eluted with 

3ml of 25% ethanol and then with 86% ethanol and the sample was collected in a 

polypropylene tube. This ethanolic sample was converted to complete dryness in an 

evacated centrifuge. Dried sample were reconstituted with borate buffer and stored at 

-20°C.

Radioimmunoassay procedure:

Conical polypropylene tubes (4.5 ml) were labelled in duplicate, for each sample, 

standard and control. Additional tubes (T) were used for total counts and for non

specific binding (NSB). Borate buffer (0.3ml) was pipetted into each NSB tube.

0.2 ml of standards, sample and control extracts were pipetted into appropriate tubes.

0.1 ml of I-ET was added to each assay tube and then 0.1 ml of rabbit anti-ET 

antibody was added to each tube except T and NSB. The tubes were mixed 

thoroughly and incubated overnight at 2-8°C. Precipitation of the ET-1- anti-ET-1 

complex was performed by the addition of anti rabbit IgG (donkey). This precipitant
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was added to all tubes except T. The reagent was mixed continually during addition 

to ensure a uniform suspension. Each tube was vortex mixed and incubated for 30 

minutes at room temperature. Deionised water was added to each assay tube except T 

and vortexed. Assay tubes were centrifuged at 2-8fC for 15 minutes at 1500-2000g 

and supernatant from each tube except T was decanted. The radioactivity was 

determined in each assay tube on a Cobra Auto gamma 5005 counter. Radioactivity in 

the bound fraction was quantified in counts per minute (cpm).

A calibration curve was constructed measuring cpm against known (standard) 

concentrations of ET-1 and samples were referenced against this calibration curve 

(appendix 15). This procedure was performed on a computer using a four parameter 

logistical fitting programme, RIA smart (Canberra-Pakard).

4.3.3 Statistics:

Unpaired r-test (SPSS statistics software) was used to compare the means of plasma 

levels in the three groups of patients. Pearson correlation test used to correlate ET-1 

plasma levels with Dukes’ staging. Statistics software in Microsoft excel was used for 

this purpose.

4.4 Results:

Plasma levels of ET-1 in the control group (age range 42-82, mean age 59.5, 8 

females and 14 males) had a mean of 2.7 pg/ml, (SD=1.37, n=22). In the colorectal 

cancer group those without métastasés (16 females and 23 males age 55-77, mean 

64.6) had a mean ET-1 of 3.9pg/ml, (SD=1.4, n=37). There were 2 Dukes’ A, 23 

Dukes’ B and 12 Dukes’ C. Those with liver métastasés (3 females and 23 males, age 

46-75, mean 55) had a mean ET-1 of 4.5 pg/ml, (SD=1.5, n=26) as illustrated in figure 

4.1. There was a significant difference between the cancer patients and the control 

group (/7=0.0001 and /?=0.002 for the métastasés and primary colorectal cancer 

groups respectively) whilst there was no significant difference between the two
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groups of cancer patients {p = 0.09)

The mean + SD of serum albumin levels was 36.4+ 6.3 and CEA levels was 228.6 + 

1123.8 (Appendix 14) Using Pearson correlation test, no correlation was found 

between ET-1  levels and serum albumin (correlation coefficient = 0.19) or serum 

CEA (correlation coefficient = -0.02).

4.5 Discussion:

This study has confirmed the earlier work with regard to plasma levels of ET-1 in 

patients with colorectal cancer. Previous work in the department has demonstrated 

that elevated ET-1 plasma levels are not associated with endothelial cell trauma (as 

determined by the plasma levels of Thrombomodulin, a marker of endothelial cell 

integrity) and as such represent an increased production of ET-1 rather than a 

consequence of tumour invasion and damage of adjacent blood vessels (Shankar et al 

1998). This has been further confirmed by the immunohistochemistry component of 

this study which demomstrated the presence of ET-1 within the cytoplasm of 

colorectal cancer cells and the surrounding stroma. Immunoreactive endothelin (ir- 

ET), which may include ET-1, ET-2, ET-3 and big ET-1, is present in normal human 

plasma. Low concentrations are found in healthy individuals, ranging from less than

0.3 pg/ml to an average of 3.0 pg/ml (1.5 pmol/1) ( Kaufman et al 1991, Vierhapper et 

al 1990).

Endothelin plasma level are raised in a number of pathological processes; acute 

myocardial infarction (Miyauchi et al 1989), heart failure (Stewart et al 1992), 

endotoxic shock (Pittet et al 1991) vasospastic conditions (Kanno et al. 1991), 

pregnancy induced hypertension (Kamoi et al 1990), and chronic renal failure 

(Shichiri et al 1990). All of these conditions were exclusion criteria for patients who 

were included in this study. Moreover, ET-1 plasma levels were found to be raised in 

hepatocellular carcinoma (Ishibashi et al 1993) and prostate cancer (Nelson et al 

1995).

100



It has been shown that ET-1 binds to albumin and that human plasma proteins, 

specially serum albumin, inhibit ET binding to its receptors but do not have a 

significant effect on ET-1 stimulated biological response in vitro (Wu-Wong et al 

1998). Patients with colorectal liver métastasés may have low serum albumin 

depending on the extent of hepatic damage by tumour tissue. However, the results of 

this study showed no correlation between ET-1 plasma levels and serum albumin.

It has been shown previously that the development o f colorectal liver métastasés 

results in haemodynamic changes. Using flow scintigraphy, Leveson et al (1985) 

have demonstrated an abnormal elevation in the hepatic perfusion index (HPI = 

hepatic arterial blood flow/ total liver blood flow) in patients with colorectal liver 

métastasés. Similar observations have been reported using duplex/colour doppler 

sonography (Leen et al 1991). This abnormal elevation of the HPI was attributed to 

reduction in portal blood flow and an increase in hepatic blood flow.

In an experimental model of liver métastasés (Walker 256 carcinosarcoma cells in 

Fisher rats) Nott and co-workers (1989) have shown that increased HPI is due a to 

reduction in portal blood flow consequent to portal and splanchnic vasoconstriction. 

There are three possible mechanisms that may explain the reduction of portal blood 

flow secondary to tumour development within the hepatic parenchyma:

1. Simple mechanical compression of the portal vein triad by tumour tissue. This is 

difficult to prove experimentally.

2. Development of new arterio-venous shunts within and around the tumour.

3. The presence of a humoral factor either an endogenous one or produced by the 

tumour.

In another animal model (HSN syngeneic sarcoma cells in Hooded Lister rats) it was 

shown that haemodynamic changes that accompany liver métastasés were due to a 

circulating mediator (Carter et al 1994).
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ET-1, a potent vasoconstrictor, may well be responsible for reduction in portal blood 

flow secondary to splanchnic vasoconstriction. Further study measuring ET-1 plasma 

levels in portal vein blood would verify this hypothesis. The rise in hepatic blood 

flow could be due to intrinsic autoregulation of hepatic blood flow or decrease in 

arterial vascular resistance secondary to neovasularisation in the tumour.

On the basis of these results, increased circulating levels of ET-1 in patients with 

colorectal cancer and those with liver métastasés could reflect an increase in the local 

production of Endothelin in the tumour tissue. However, ET-1 plasma levels cannot 

be used as a diagnostic marker for colorectal cancer because it is non-specific and 

ET-1 levels could be raised in a variety of other conditions. It cannot be used either 

for monitoring the disease progression because there was no statistical difference 

between patients with primary and secondary colorectal cancer.
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Figure 4.1 ET-1 plasma levels in the three studied groups. Means (figures shown) 

and SD are represented by the horizontal and vertical lines respectively. There was a 

significant difference between controls and primary colorectal cancer patients (CRC, 

p  =0.002) and between controls and liver métastasés group (p -  0. 0001).
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Figure 4.2 Correlation between ET-1 plasma levels and Albumin levels in colorectal 

cancer patients with and without métastasés. No significant correlation was found 

(correlation coefficient -  0.19).
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Conclusion of The Thesis

Summary of findings:

In the rat model o f  liver métastasés:

1. Intraportal infusion of ETa receptor antagonist, BQ-123 (lOOpg/kg/min) for thirty 

minutes on day 0 following tumour inoculation leads to significant reduction

ip = 0.03) of tumour weight and subsequently percentage of hepatic replacement by 

tumour but did not reduce significantly tumour cell proliferation.

2. Intraportal infusion of other ET receptor antagonists, PD-142893 a non specific 

ETa and ETb receptor antagonist and A -129 621, ETg receptor antagonist on day 0 in 

a dose of lOOpg/kg/min for 30 minutes did not produce significant reduction in the 

tumour weight or tumour cell proliferation.

3. Intraportal infusion of ETa receptor antagonist, BQ-123 and non specific ET 

receptor antagonist, PD-142893 on day 2,4 and 6 following tumour inoculation in the 

same doses and duration as above did not produce significant reduction in tumour 

weight or cell proliferation.

4. Intraportal infusion of normal saline combined with intramuscular injecton of a 

hypotensive agent acepromazine in a dose that produced similar changes in MAP did 

not produce any significant reduction in tumour weight or tumour cell proliferation.

In colorectal cancer specimens from patients:

5. ET-1 is produced by colorectal cancer cells with over spillage into the surrounding 

stroma. It is also present in the endothelium of blood vessels in the vicinity of the 

tumour. ET-1 is also expressed in the colorectal liver métastasés.
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6. In normal colon, ET-1 was expressed in the apical cell layer of the mucosa and 

blood vessels.

In the plasma o f patients with colorectal cancer:

7. ET-1 plasma levels are significantly elevated in colorectal cancer patients with 

(P<0.001) and without (P<0.02) colorectal liver métastasés.

The way forward:

Further issues that need to be addressed by additional studies:

1. The effect of ET 1-1 antagonism in vitro. It would be interesting to find out if 

ET receptor antagonism in tissue culture produces the same effects as in the animal 

model.

2. Up or down regulation of ETa and A T b receptors in cultured colorectal cancer cells 

and tumour tissue from patients with colorectal cancer. Identification of cell types 

expressing these receptors will give an indication of the existence of autocrine/ 

paracrine loops.

3. The best route and timing of administration of ETa antagonist in animal model of 

colorectal liver métastasés. This study points out ET receptor as mediating the 

inhibitory effect of ET-1 on tumour growth. More studies to explore the effects of 

different protocols of infusions and also different routes of administration e.g. hepatic 

artery infusion and oral ET antagonists may yield interesting results.

4. The role of ET-1 in tumour angiogenesis is another issue that needs to be explored. 

For example, to study the effect of ET-1 antagonism on tumour vascular density.
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The possibility of using ET antagonists in the clinical setting, either as antimitogen or 

as anti-angiogensis may open new horizons for treatment of non-operable liver 

métastasés. Bad prognosis associated with this condition should encourage every 

possibility for new modalities of treatment.
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Appendix 1 

Cell viability test

The trypan blue exclusion test was used to measure cell viability. 0.2ml of the cell suspension 

was mixed with 0.3ml of buffer and 0.5ml of 0.4% trypan blue (total volume= 1 ml). The mixture 

was transferred to a baemocytometer, and the number of cells staining blue was compared to 

the total number of cells present. Viable cells do not take up trypan blue dye while nonviable 

cells with a compromised membrane stain blue. The ratio is calculated to give the percentage 

of viable cells in cell suspension before in vivo experiments.

109



Appendix 2

Mean blood pressure (mmHg) changes during intraportal infusion of £ T a

receptor antagonist, BQ-123

Minute R at 1 Rat2 R at 3 R at 4
0 95 100 96 112
1 98 96 91 112
2 100 96 89 112
3 101 96 89 111
4 105 95 88 111
5 104 95 87 110
6 105 94 85 109
7 101 91 84 108
8 105 91 84 107
9 109 90 105 106
10 109 90 101 105
11 106 90 100 105
12 90 90 105 104
13 86 91 98 104
14 84 91 90 104
15 84 91 100 103
16 84 92 104 103
17 88 92 108 103
18 92 92 105 103
19 96 92 102 103
20 91 92 102 102
21 96 92 101 102
22 103 92 101 101
23 91 92 100 100
24 94 92 102 100
25 96 92 101 99
26 90 92 100 99
27 89 92 99 98
28 91 92 98 97
29 87 92 97 96

110



30 88 92 97 95
31 102 92 97 95
32 103 92 98 95
33 102 92 98 96
34 97 92 98 99
35 99 93 98 100
36 100 93 98 102
37 100 93 98 102
38 96 95 98 102
39 96 95 98 102
40 103 95 98 103
Mean 96.4878 92.6585 97.2683 102.927
SD 7.1138 2.04462 5.97086 4.88052
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Appendix 3

Mean Blood Pressure (mmHg) changes during intraportal infusion

Of non selective ETa and ETb receptor antagonist PD-142893.

M inute R at 1 R at 2 R at 3 R at 4
0 77 100 94 93
1 77 100 93 93
2 76 100 92 93
3 65 97 92 90
4 65 97 92 84
5 59 97 90 82
6 59 94 88 79
7 55 94 87 75
8 55 94 87 75
10 55 92 87 75
11 54 92 87 76
12 54 90 86 75
13 54 90 82 76
14 52 90 81 77
15 65 87 80 76
16 64 87 81 77
17 64 87 82 76
18 64 85 81 77
19 64 85 81 82
20 61 85 81 83
21 60 85 82 82
22 61 85 81 82
23 61 84 81 83
24 61 84 81 84
25 61 81 81 86
26 64 81 80 86
27 64 81 80 87
28 64 81 81 87
29 64 81 80 87
30 64 81 80 88
31 64 81 80 88
32 64 81 79 88
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33 65 82 80 88
34 65 82 80 86
35 63 83 78 87
36 63 83 79 87
37 63 83 81 88
38 63 85 81 88
39 63 85 82 87
40 63 85 82 87
M e a n 62.5 87.4 83.3 83.5
SD 5.5 6.1 4.5 5.5
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Appendix 4

Mean Blood Pressure changes (mmHg) during intraportal infusion of ETgreceptor

Antagonist A-192621

Minute Rat 1 Rat 2 Rat 3 Rat 4
1 99 74 76 91
2 98 75 76 91
3 99 76 77 92
4 100 80 78 91
5 101 82 80 94
6 102 86 82 96
7 107 92 81 96
8 106 92 80 97
9 106 95 80 101
10 107 94 74 97
11 107 96 75 93
12 108 96 77 93
13 108 97 77 92
14 108 97 77 96
15 106 97 78 99
16 98 97 88 98
17 100 98 87 97
18 101 98 87 89
19 101 104 80 84
20 101 104 80.5 84
21 102 102 82 85
22 102 99 84 84
23 105 97 86 83
24 107 98 90 81
25 110 98 95 81
26 115 98 95 81
27 116 99 98 81
28 117 99 97 81
29 117 98 97 81
30 117 99 96 81
31 117 98 96 81
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32 117 98 97 81
33 116 97 96 82
34 116 95 94 82
35 112 93 94 85
36 111 92 95 84
37 110 87 95 85
38 107 85 95 85
39 106 84 94 85
40 106 84 94 85
Mean 107.2 93.3 86.5 88.1
SD 6.2 7.8 8.2 6.4

115



Appendix 5

Mean Blood Pressure changes (mmHg) following intramuscular injection of

acylpromazine and intraportal infusion of normal saline.

Minute Rati Rat 2 Rat 3 Rat 4
0 83 79 90 85
1 81 79 88 86
2 80 78 87 85
3 80 75 87 84
4 76 72 83 84
5 74 72 81 83
6 74 72 81 82
7 73 70 80 80
8 70 70 77 81
10 64 70 71 78
11 61 67 68 75
12 60 66 67 73
13 60 66 67 70
14 60 65 67 71
15 61 63 68 70
16 65 61 72 69
17 67 61 76 66
18 67 62 74 66
19 68 63 75 65
20 62 63 70 66
21 63 63 69 67
22 64 63 71 67
23 64 61 71 66
24 65 60 70 67
25 65 60 69 67
26 64 61 71 67
27 63 61 70 67
28 63 61 72 67
29 63 61 71 66
30 63 61 70 67
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31 64 61 71 67
32 64 63 71 68
33 65 63 72 68
34 65 63 72 68
35 65 62 72 69
36 65 63 72 68
37 65 64 72 68
38 66 64 73 68
39 66 64 73 68
40 66 64 73 68
Mean 66.9 65.4 73.9 71.7
SD 6.04 5.4 6.1 6.9
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Appendix 6

Mean Blood Pressure changes (mmHg) during intraportal infusion of normal 

saline.

Minute R a ti Rat 2 Rat3 Rat 4
0 101 90 96 82
1 101 90 96 82
2 100 90 96 80
3 98 89 94 80
4 98 89 94 80
5 99 89 93 79
6 99 88 93 79
7 98 88 93 79
8 98 88 93 78
10 100 87 93 78
11 100 87 93 78
12 99 86 93 77
13 99 86 93 78
14 98 85 93 78
15 97 85 93 77
16 99 85 94 77
17 99 85 94 78
18 98 85 95 79
19 98 85 95 79
20 98 85 95 77
21 97 85 96 78
22 100 85 96 78
23 100 85 96 79
24 99 84 96 77
25 99 85 96 80
26 98 85 96 79
27 100 85 96 79
28 102 85 96 80
29 98 84 96 80
30 98 85 96 80
31 101 85 95 81
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32 102 85 95 81
33 100 85 95 80
34 100 85 96 80
35 100 85 96 80
36 100 85 96 80
37 100 85 96 80
38 101 85 97 81
39 101 85 96 81
40 100 85 96 81
Mean 99.3 86 94.9 79.3
SD 1.3 1.8 1.3 1.4
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Appendix 7

Preparation of Tris Buffered Saline (TBS)

5 liters of IM Tris: 605.7g of Tris in 5 litres of distilled water.

5 litres of IM HCL: 436ml of conc. HCL in 5 liters of distilled water.

The above stock solutions were used to prepare the following:

5x tris HCL buffer: 1250ml of IM Tris + 960 of IM HCL made to 5 liters with

distilled water.

Tris HCL buffer: 1 litre of 5x Tris-HCL plus 4 litres of distilled water.

pH was adjusted to 7.6 

Tris buffered saline: 1 litre of 5x Tris HCL + 4 litres of distilled water + 42.5g NaCl. 

pH was adjusted to 7.6.
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Appendix 8 Percentage of hepatic replacement in the rat model 

Day 0 infusion

Control BQ123 PD142893 A-192621 Sal.+Hypo
liver wt. tumour wt. Liver wt. Tumour wt. Liver wt. Tumour wt.Liver wt. tumour wt. Liver wt. Tumour w

21.3 8.4 16.6 2.5 22.1 9 21.1 9J8 31.2 10
17.4 2.3 227 2.2 15.2 2.5 14.3 2.2 16.5 5
46.4 31.2 30.8 20.4 31.9 14.1 22.1 10.1 32.9 25
19.4 1.5 18.8 0.8 16.8 0.3 14.2 0.12 14.3 1
15.2 4.9 18.6 4 19.7 3.1 22.^ 6.5 23 4
16.1 0.9 17.5 0.5 13.9 2.3 14.4 2.2 15.1 1

% Hepatic Replacement

Control BQ123 PD 142893 A-192621 Sal.+Hypo
39A4 15.06 40.72 4635 33.01
13.22 9.69 16.45 1538 3333
67.24 6&23 44.2 45.7 77.5

7.73 4.25 1.79 035 11.19
3Z24 21.5 15.74 2932 20.43

5.59 Z86 16.55 1538 10.6
Mean27.58 19.93 22,57 25.43 31.01
SD 23.74 23.71 16.42 18.27 2436

Ratio of % hepatic replacement to controls

BQ123 PD 142893A-192621 Sal+Hypo
038 1.04 1.03 1.18
033 1.24 1.16 232
038 0.66 038 1.15
035 0.23 0.11 1.45
037 0.49 0.9 0.63
035 296 273 1.9

Mean 0.64 1.1 1.1 1.47
SD 0.2 0.98 0.88 0.66
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Day 2,4 & 6 infusion.

Control BQ123
PD14289
3

Sal+Hyp
0

liver wt.
Tumour
wt. Liver wt

Tumour
wt. Liver wt.

Tumour
wt. Liver wt.

Tumour
wt.

15.6 1.2 12.9 0.3 17 0.4 16.3 1.3
2&2 6.2 2L8 8.6 23/7 7.4 15.9 2J#
14.8 0.2 17.4 0.3 15.1 0.4 14.4 1.1

20 5.7 13.6 0.1 17.8 3.1 17.2 1.6
14.9 4.2 26.3 16.2 18.6 6.9 27.6 18
15.4 2.96 24.3 7.4 17.5 3.05 14.4 1.7

% Hepatic Replacement

Control BQ123 PD 142893 Sal+Hypo
7.69 232 235 T98

30.69 39.45 3L22 1632
1.35 1.72 2.65 7.64
2&5 (173 17.42 9.3

2848 61.83 3T09 6533
1&22 30.45 17.43 11.8

Mean 19.27 22.75 18.02 19.7
SD 12.25 25.33 14.28 223

Ratio of % hepatic replacement to controls

BQ123 PD 142893 Sal+Hypo
0.301 0.305 1.037
1.285 1.017 0.527
1.274 1.962 ^659
0T36 0.611 0326
2.194 1.316 2.314
1.584 &907 0.614

Mean 1.1 1.02 1.75
SD 0.8 0.57 2.04
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Appendix 9

Details of colorectal cancer patients in the prospective arm of the 

immunohistochemistry study.

Colon:

Initials Age/sex Operation Dukes’
Stage

Normal
Colon
staining
Intensity

Tumour
staining
intensity

% of stained 
cells in 
tumour

EM 63/F Hartman’s procedure C 1 3 3

CM 37/M Anterior resection C 2 2 3

EG 66/M Subtotal colectomy B 0 3 3

JW 58/F Left hemicolectomy C 0 1 3

LN 51/M Anterior resection C 1 2 3

DS 69/M Total colectomy B 1 2 3

RB 60/M Anterior resection B 2 3 3

JD 54/M Left hemicolectomy B 0 1 3

KB 64/M Anterior resection B 0 3 3

VC 74/F Left hemicolectomy C 0 3 3

Liver métastasés:

Initials Age/sex Liver
Métastasés

Operation Staining
Intensity
in
normal
liver

Staining
intensity
in
métastasés

% of
stained 
cells in 
métastasés

DC 53 Extensive Hepatic artery 
catheterization

0 3 3

ZB 65 Right lobe 
single

Right
lobectomy

0 2 3
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Appendix 10

Details of colorectal cancer patients in the retrospective arm of the 

immunohistochemistry study.

Dukes’A =1, B=2 and C=3.

Differentiation: well differentiated=l, moderately differentiated=2 

and poorly differentiated= 3

lab no.
Serial
no. Age Sex

% of
stained
cells intensity Dukes' Different.

Survival
(months) Status

1606/84 1 69 m 3 2 1 2 103 1
2988/83 2 79 m 3 2 3 2 27 0
3596/84 3 74 m 3 2 1 1 49 1
7860/85 4 78 f 3 2 3 2 61 0
1031/85 5 60 f 3 1 2 2 0
6031/85 6 78 f 3 1 2 2 60 0
147/84 7 87 m 3 2 2 2 49 0
7697/83 8 65 f 2 1 2 1 0
10246/85 9 76 m 3 2 3 1 9 0
5512/84 10 62 m 1 1 3 2 121 1
5907/84 11 53 m 3 2 2 2 17 0
10658/84 12 65 m 2 1 1 2 149 1
9750/85 13 70 m 3 2 2 2 0 0
2126/84 14 79 f 3 2 3 2 63 0
11223/84 15 65 f 3 1 3 3 22 0
4378/83 16 60 m 3 2 2 3 1 0
1973/85 17 71 m 3 2 3 2 77 0
1918/85 18 70 f 2 2 2 2 0
7157/85 19 68 m 3 1 2 2 17 0
86/84 20 69 m 3 1 2 3 60 0
6882/83 21 66 f 3 1 2 2 151 0
8789/84 22 78 f 3 3 2 2 58 0
872/85 23 70 m 3 3 1 3 59 0
5385/84 24 64 m 3 3 1 1 123 1
3367/85 25 66 f 3 2 2 1 11 1
4654/85 26 67 f 3 1 2 2 52 0
6489/83 27 41 m 3 2 3 1 152 0
6164/84 28 78 f 3 1 3 3 6 0
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75000/85 29 69 m 3 2 2 1 36 0
6343/85 30 62 f 3 1 2 2 130 1
4233/84 31 71 m 3 1 3 3 19 0
2298/84 32 70 m 3 2 2 2 0
8202/83 33 62 f 3 2 2 3 58 1
8355/85 34 66 m 2 2 2 2 66 0
9685/85 35 69 f 2 2 3 3 13 0
11420/84 36 64 m 3 2 2 2 116 0
9225/84 37 73 m 3 2 2 2 1 0
8762/85 38 55 m 3 2 2 2 89 0
9312/84 39 70 m 3 2 2 1 104 0
2853/84 40 74 f 3 2 3 3 3 0
9305/84 41 72 f 3 2 2 3 21 0
9221/85 42 65 f 3 2 2 2 0
9643/84 43 70 m 2 2 2 3.58 0
6538/85 44 85 f 2 3 1 1 0
7622/85 45 60 f 2 2 2 7 0
4378/83 46 60 m 3 2 3 1 0
1073/84 47 92 f 2 3 3 <1 0
7496/83 48 53 m 3 2 2 77 0
10700/84 49 56 m 2 2 2 47 0
8883/84B 50 72 m 2 2 2 1

870/83A 51 39 m 0 2 2 27 0
5159/83D 52 79 f 1 1 2 83 0
6116/83 53 85 f 2 2 2 27 0
8949/85D 54 70 m 0 0 2 2 0
1411/84 55 50 m 0 0 2 1 132 1
421/83 56 73 f 3 2 3 2 3 0
1541/83 57 69 m 3 1 2 2 2 0
2306/85 58 49 m 2 1 2 2 13 0
101/85 59 84 f 3 2 3 2 9 0
7783/84 60 74 f 2 2 3 2 0
6882/83 61 66 f 3 3 2 2 168 0
1073/84 62 92 f 2 3 3 <1 0
6538/85 63 85 f 2 3 1 1 0
10140/85 64 83 m 3 3 2 36 0
2499/83 65 65 f 1 1 2 0
7496/83 66 53 m 3 2 2 77 0
7622/85 67 60 f 2 2 2 84 1
10700/84 68 56 m 2 2 2 47 0
6708/83 69 63 m 3 3 2 12 0
4694/84 70 70 f 2 2 2 0
1888/84 71 72 m 2 1 2 42 0
616/84 72 87 f 2 3 2 21 0
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9803/83 73 86 f 0 0 2 2 104 1
4313/83 74 70 m 3 2 3 2 0
10843/85 75 77 m 3 2 2 110 1
2474/84 76 59 m 2 1 1 192 0
9772/83 77 63 f 3 2 2 12 0
1831/83 78 66 f 3 2 2 140 1
680/84 79 60 f 3 2 2 0
8277/83 80 68 m 3 2 1 37 0
10236/83 81 88 f 3 3 2 35 0
305/83 82 70 m 2 3 1 38 1
2218/83 83 70 m 2 2 1 58 0
304/84 84 66 m 3 2 1 1 0
6193/83 85 56 f 3 2 3 2 59 0
4094/85 86 73 f 3 3 2 2 144 1
6327/83 87 65 f 3 3 2 1 99 1
547/83C 88 55 f 0 0 2 3 126 1
89186/83 89 60 f 2 1 2 2 0
1300/83 90 81 m 2 1 2 2 16 0
4783/83 91 65 f 2 1 2 2 0
8573/84 92 77 m 3 2 2 2 81 1
3419/83 93 73 m 2 1 3 2 <1 0
9820/84 94 82 f 0 0 2 2 67 0
618/84 95 79 m 0 0 2 2 91 0
1542/83B 96 73 m 2 2 2 2 12 0
3371/83 97 66 f 3 1 2 2 0
1077/84 98 85 f 1 1 2 1 <1 0
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Appendix 11

Details of patients in the control group undergoing measurement of ET-1 plasma 

levels.

Initials Age/sex Operation ET-1 plasm a
levels
Pg/ml

WT 50/M Inguinal hernia 4.0

AS 64/M Inguinal hernia 1.1

RC 65/M Incisional hernia 0.9

AI 71/F Periumbilical hernia 4.5

MM 61/M Inguinal hernia 3.8

MT 52/M Inguinal hernia 4.3

PL 54/M Lipoma excision 5.3

AS 49/F Benign breast 
lumpectomy

3.0

JF 61/M Epididymal
cystectomy

2.5

DK 60/M Inguinal hernia 1.5

TH 73/M Inguinal hernia 0.6

DB 64/F Benign breast 
lumpectomy

2.8

AL 51/F Haemorrhoidectomy 3.0

AB 46/M Benign anal 
stricturoplasty

3.5

JV 69/F Laparoscopic
cholecystectomy

1.3

HM 42/F Laparoscopic
cholecystectomy

2.0

RU 45/M Inguinal hernia 2.3

MF 67/F Benign breast 
lumpectomy

1.7

IB 65/F Inguinal hernia 0.9

EM 23/M Inguinal hernia 3.3

LP 56/F Benign breast 
lumpectomy

4.5

AZ 58/F Benign subtotal 
thyroidectomy

3.8
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Appendix 12

Details of patients with primary colorectal cancer with no evidence of liver 

métastasés.

Initials Age/sex Operation Dukes’ ET-1
plasma
levels
(pg/ml)

CEA 
plasma 
levels (ug/1)

AB 75/F Rt. hemicolectomy A 4.5 <1

MP 58/F Lt. hemicolectomy B 3.3 1

MT 55/F Subtotal colectomy B 4.8 <1

BR 60/F Anterior resection B 4.5 1

NH 80/F Anterior resection C 1.9 2

RG 77/M A-P resection B 2.2 1

NF 68/M Anterior resection B 3.7 43

BM 65/F Subtotal
colectomy

C 3.8 3

TS 59/M Rt. hemicolectomy A 4.9 2

PM 63/M A-P resection B 4.9 3

JS 66/F Anterior resection C 2.3 <1

LL 6 7/M Rt. hemicolectomy B 6.3 16

DJ 70/M Anterior resection B 4.09 3.9

MH 51/M Loop colostomy C 2.46 935

EM 64/F Anterior resection C 1.67 32

FL 84/F Rt. hemicolectomy B 4.18 2

MB 86/F Rt. hemicolectomy B 4.89 2

WP 70/M Abdomino perineal 
resection

C 2.34 228

RL 64/M Anterior resection B 5.87 1

MT 73/F Lt. hemicolectomy B 3.29 2

ST 59/F Subtotal colectomy B 4.59 4

KP 62/M Lt. hemicolectomy C 4.33 7

JS 65/M Anterior resection B 3.05 4
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Initials Age/sex Operation Dukes’ ET-1
plasma
levels
(pg/ml)

CEA 
plasma 
levels (ug/1)

EG 65/M Rt. hemicolectomy B 3.23 1

RS 78/M Lt. hemicolectomy C 2.71 1

AE 51/M Rt. hemicolectomy C 4.65 3

DS 69/M Total colectomy B 4.45 1

RB 60/M Anterior resection B 5.76 2

RM 75/M Anterior resection B 4.1 2

MR 56/M Lt. hemicolectomy B 3.4 4

RR 73/F Anterior resection C 1.87 <1

KB 64/M Anterior resection B 7.26 3

JD 54/M Lt. hemicolectomy B 5.44 2

JS 65/M Abdomino perineal 
resection

B 6.3 9

VC 64/F Lt. hemicolectomy C 4.01 1

MS 53/F Lt. hemicolectimy 1.4 3

VM 52/F Lt. hemicolectomy B 3.2 1
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Appendix 13

Details of patients with colorectal liver métastasés.

Initials Age/sex Primary resection Time
interval

Hepatic
distribution

ET-1
plasma
levels
(pg/ml)

CEA
plasma
levels

DN 75/M Anterior

Resection

synchronous Extensive, >3 
per lobe

6.5 720

CT 55/M Anterior Resection synchronous Extensive,>3 
per lobe

4.8 51

CS 50/M Rt. Hemicolectomy synchronous Extensive,>3 
per lobe

7.5 1650

JM 48/F Anterior Resection 3 years Lt. Lobe, 2 4.3 <1

CT 52/M Advanced 
rectal carcinoma

synchronous Extensive,>3 
per lobe

5.7 44

EB 57/M Anterior resection 2 years Extensive,>3 
per lobe

3.0 22

GB 61/M Rt. Hemicolectomy 10 months Extensive,>3 
per lobe

1.6 12

PG 59/M Lt. Hemicolectomy 2 years Rt. Lobe, 1 3.5 4

MD 57/M Anterior Resection 14 months Extensive,>3 
per lobe

3.0 8

RK 54/F Rt. Hemicolectomy synchronous Extensive,>3 
per lobe

4.6 54

WL 69/M Sigmoid colectomy synchronous Extensive,>3 
per lobe

5.0 41

MS 51/F Sigmoid colectomy 3 years Rt. Lobe, 1 5.5 8

WG 71/M Rt. Hemicolectomy synchronous Extensive,>3 
per lobe

7.0 11

FT 53/M Anterior
Resection+chemo

10 months Rt. L obe, 2 4.6 4

BC 64/M Rt. Hemicolectomy 10 years Rt. L obe, 1 5.1 6

DM 66/M Rt. Hemicolectomy 3 years Lt lobe, 
extensive

2.8 7

CS 62/F Lt. Hemicolectomy 2 years Extensive ,>3 

per lobe

4.9 3
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Initials Age/sex Prim ary resection Time
interval

Hepatic
distribution

ET-1
plasma
levels
(pg/ml)

CEA
plasma
levels
(ug/1)

CM 45/M Anterior Resection Synchronous Extensive, >3 
per lobe

2.83 4

MF 62/M Anterior Resection 6 weeks Rt. Lobe, 1 3.05 5

LN 51/M Anterior Resection Synchronous Bilateral, >3 
per lobe

7.66 414

HW 16/M By pass, side to 
side anastomosis

Synchronous Extensive, >3 
per lobe 
Bilateral, lung 
métastasés

3.97 6900

DC 53/M Right
Hemicolectomy

6 weeks Extensive, >3 
per lobe

4.28 13

CA 58/M Hartman’s sigmoid 
colectomy

4 weeks Lt. Lobe, 1 4.65 2

MD 55/F Anterior Resection Extensive, 
>3 per lobe

Extensive, > 3 
per lobe

4.29 2

MT 65/M Anterior Resection 7 weeks Extensive, >3 
per lobe

3.6 2

RJ 57/M Abdomino perineal 
resection

3 years Rt. Lobe, 1 4.2 64

131



Appendix 14

Albumin levels and E-1 plasma levels in colorectal cancer patients with and 

without métastasés.

Initials Age Sex Dukes
Liver
mets.

ET-1
levelpg/ml Albumin g/l Operation

DJ 70 M B 0 4.09 38 Anterior Resection
MH 51 M C 0 2.46 29 loop colostomy
EM 64 F C 0 1.67 21 Anterior Resection
FL 84 F B 0 4.18 38 Right Hemicolectomy

CM 45 M C extensive 2.83 37
Anterior Resection 
+ Hickman’s line

MB 86 F B 0 4.89 34 Right Hemicolectomy
WP 70 M C 0 2.34 38 Abdomino-perineal Resection
RL 64 M B 0 5.87 40 Anterior Resection
MT 73 F B 0 3.92 24 Left Hemicolectomy
ST 59 F B 0 4.59 35 Subtotal.colectomy
KP 62 M C 0 4.33 34 Left Hemicolectomy
MF 62 M C R lobe 3.05 40 Right lobectomy
JS 65 M B 0 3.05 21 Anterior Resection
EG 65 M B 0 3.23 42 Right Hemicolectomy
JW 58 F C 0 0.7 28 Left Hemicolectomy
RS 78 M C 0 2.71 32 gross adhesions
AE 51 M C 0 4.65 41 Right Hemicloectomy
DS 69 M B 0 4.45 30 Total colectomy
LN 51 M C extensive 7.66 38 Anterior Resection
RB 60 M B 0 5.76 41 Anterior Resection
RM 75 M B 0 4.1 45 Anterior Resection
MR 56 M B 0 3.4 41 Left Hemicolectomy
RR 73 F C 0 1.87 41 Anterior Resection
KB 64 M B 0 7.26 38 Anterior Resection
JD 54 M B 0 5.44 36 Left Hemicolectomy
JS 65 M B 0 6.3 38 Abdomino-perineal Resection
HW 16 M C extensive 3.97 30 Bypass+Hickman’s line
DC 53 M C extensive 4.28 44 Hepatic artery catheter
VC 64 F C 0 4.01 29 Left Hemicolectomy
CA 58 M C L.L single 4.65 44 Left Hepatectomy
GT 85 F A 0 5.31 39 Anterior Resection
MD 55 F C extensive 4.29 41 Hepatic artery catheter
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MS 53 F C 0 1.4 40 Left Hemicolectomy

VM 52 F B 0 3.2 42 Left Hemicolectomy

MT 65 M C extensive 3.6 42 Hepatic artery catheter
RJ 57 M C R.L. single4.2 41 Right Hepatectomy
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Appendix 15

Construction of standard curve for ET-1 assay standard curve:

The standard curve is generated using standards prepared at the time of each assay. 

Generation of the curve is as follows:

1. Calculate the average counts (cpm) for each pair of assays tubes.

2. Subtract the average of non specific binding (NSB) tubes from every other count to 

obtain correct cpm.

3. Calculate the percent maximum binding (% Bo/T) if desired by dividing the 

corrected cpm of zero standard (Bo) by the average cpm of the total count tubes (TC).

4. Calculate the percent % B/Bo for each standard point by dividing the average 

corrected counts for each standard tube by the average corrected counts for the zero 

standard (Bo).

5. Prepare the standard curve by plotting % B/BO on the ordinate against the standard 

concentrations on the abscissa using semi-log graph paper.

Sample calculation:

1. Calculate the %B/Bo for each sample by dividing the average corrected counts for 

each sample by the average corrected counts of the zero standard.

2. Read sample value off the standard curve in pg/ml.

3. To obtain final result, divide sample value read from the curve by a factor of 4.
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