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Abstract

Background: The vasoactive peptide endothelin-1 (ET-1) acts via two receptors, ET,
and ETg. ET-1 is overexpressed by human colorectal cancer tissue. The aim was to

elucidate whether 1) there is differential expression of ET, and ETp receptors in

colorectal cancer and 2) ET-1 is a mitogenic factor for colorectal cancer.

Method: The distribution of receptors in normal colon and in tissue from patients with
colorectal cancer was determined by immunohistochemistry and by autoradiography.
In vitro experiments with colorectal cancer cell lines were carried out to determine the
presence of ET and ETp in these cells using autoradiography, the effect of exogenous
ET-1 on their growth and if ET s and ETg antagonists could modulate the ET-1 induced

growth.

Results: ET 4 1s overexpressed in colorectal cancer as compared to normal colon while

ETp is underexpressed. The density of expression of ETa in colorectal cancer

significantly exceeded that of ETg. Both receptors were expressed by epithelial, and
endothelial cells in normal colon and colorectal cancer. Neuronal normal colonic tissue
also expressed both receptors. ET-1 acted as a growth stimulator for colorectal cancer

cells and this effect was inhibited by ET, but not by ETp, antagonists.

Conclusion: ET 5 receptors are overexpressed in colorectal cancer. ET-1 can stimulate

the proliferation of colorectal cancer cell lines via the ET,, but not the ETp, receptor.
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1.1 Colorectal Cancer

1.1.1 Introduction

Colorectal cancer is the third commonest cancer in men, after lung and prostate cancer,
with an incidence of 158700 per million, and in women, after breast and lung cancer,
with an incidence 153600 per million UK (CRC cancer stats 1998). It is also the third
commonest cause of death from cancers, with an annual mortality of more than 17, 000

in the UK (CRC cancer stats 1999).

1.1.2  Aetiology

Colorectal cancer develops by the accumulation of gene mutations, which ultimately
provide a selective growth advantage. At least 2 pathways of tumour initiation and
promotion have been identified for colorectal cancer based on insights into molecular
events underlying 2 inherited syndromes: Familial Adenomatous Polyposis (FAP) and
Hereditary Non-Polyposis Colorectal Cancer (HNPCC). The majority of colorectal
cancers are sporadic, 80-85%, and are most prevalent in the 60-70 age group, unlike
hereditary FAP and HNPCC cancers that present at a younger age. (Lynch et al 2000,
Ilyas et al 1996). However, the same type of mutations have been identified in both
sporadic and hereditary cancers, with approximately 85% of sporadic cancers
exhibiting mutations which are usually found in the FAP pathway and 15% of sporadic
cancers being more similar to the HNPCC pathway. Fearon and Vogelstein in 1990
were the first to construct a model of step-wise progression of colorectal carcinogenesis
to link genetic mutations to oncogenic progression and a modified version is shown in

Figure 1.1.
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The predisposing mutation linked to FAP is in the adenomatous polyposis coli gene
(APC). APC is a tumour suppressor gene, whose protein product complexes with -
catenin and targets it for degradation. The product of the mutated gene cannot do so,
and this leads to accumulation of B-catenin, which in turn up-regulates genes critical
for proliferation and transformation of colorectal epithelial cells. APC mutations are
identified very early in colorectal tumourigenesis (Powell et al 1992, Kinzler et al
1991). The two other major mutations identified in this path are; Ras mutations that
arise during the adenomatous phase and p53 mutations which coincide with transition
to malignancy. Ras is a molecular switch/GTPase which drives proliferation and its
mutated form remains in the switched-on form, while p53 is a tumour suppressor which

when mutated or deleted cannot drive apoptosis (Chung et al 2000).

The predisposing mutations linked to HNPCC affect the 5 mismatch repair genes
whose products form a complex proofreading system capable of correcting base pair
mismatches during DNA replication (Kim et al 1994). Because of the uncorrected
errors, a number of genes end up mutated. Particularly susceptible are genes that
contain short repetitive sequences, i.e., microsatellite (MS) repeats. One such gene,
with MS repeats in coding exons, is the class II receptor for TGFp. Inactivation of this
receptor, removes the potent inhibitory effect of TGF on colonic epithelial cell
growth (Markowitz et al 1995, 2000). Therefore, such tumours are characterised by
microsatellite instability (MSI), unlike tumours conforming to the FAP scenario which

often exhibit chromosomal instability.

The relationship between the MSI phenotype and mutations of APC, ras or p53 remains

unclear. However, it is currently believed that APC inactivation is probably the
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initiating event of colorectal oncogenesis, regardless of the pathway followed. Other

gene mutations and epigenetic events (such as hypo- and hyper- méthylation) are also

associated with colorectal tumourigenesis, but are not described here (Chung et al

2000).

APC / B-Catenin CcOoXx2 K-Ras p53
Lat
Normal Early ate
Adenoma Adenoma

DNA Mismatch
Repair Genes

APC / B-Catenin
(hMSH2, hMLHI)

18q LOH

Carcinoma

TGFBRII, BAX,
IGF HR,
E2F4, TCF-4

Figure 1.1 Overall scheme ofkey genetic events in colorectal tumourigenesis. Two major

pathways exist: Eighty-five percent of tumours follow genetic events illustrated in A

(modified Vogelgram), which result in the classical adenoma-carcinoma progression.

The remaining 15% of tumours are characterized by microsatellite instability and

conform to path B. C0X2 = Cyclo-oxygenase-2; LOH = loss of heterozygosity; BAX =

apoptosis regulator molecule; IGF-UR = Insulin like growth factor receptor class II;

E2F = cell cycle regulated transcription factor; TCF-4 = T-cellfactor 4, transcription

factor. (Diagram modifiedfrom Chung 2000).
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Epidemiological studies have suggested that diets low in unsaturated fat (Stoneham et
al 2000), high in red meat and alcohol and low in fibre are a risk factor (Gratin et al
2000), as is cigarette smoking, These risk factors are based on epidemiological studies
(Waterhouse et al 1976, Bingham 1997). Other factors that may predispose to
colorectal cancer include bile salts (Nagengast 1995, Toucchi et al 1996), and their
metabolites (Alberts 1996), which may act as apoptotic factors in colorectal cancer
(Grewal et al 1996), hence, suggesting a potential link between cholecystectomies and
colorectal cancer (Rahman et al 1996). Although diet is believed to contribute to the
pathogenesis of colorectal cancer, its precise aetiological significance is still

undetermined.

Several diseases can also predispose to colorectal cancer. Those posing the highest risk
are the inflammatory bowel diseases, including ulcerative colitis, (Langholz et al 1992,
Heimann et al 1992, Levine et al 1991, Lennard-Jones et al 1990), radiation colitis
(Tamai et al 1999, Minami et al 1998, Morita et al 1998) and schistosomiasis in the Far
East (Chen et al 1981). If Crohn’s disease occurs in the colon, this too can be a pre-
disposing factor dependent on the number of years the disease has been present and its
severity. (Yamazaki et al 1991, Sigel et al 1999, Savoca et al 1990, Stahl et al 1992,

Kirk et al 1999). There is no link between diverticulitis and cancer.

1.1.3 Pathogenesis

Colorectal cancer arises in the majority of cases from dysplastic adenomas, with the
earliest lesion termed the aberrant crypt focus (microadenoma). Evidence for the
progression from microadenoma to adenoma to cancer has been found from studies in

rats and cows (McLellan et al 1991, 1988, Pretlow et al 1992). The presence of
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microadenomas has been demonstrated in humans (Pretlow et al 1991, Roncucci et al
1991, Tierney et al 1990) and post-mortem studies suggest a 35% prevalence of these
lesions in asymptomatic people (Johannsen et al 1989, Jass et al 1992, Coode et al
1985). Epidemiological studies in humans have indicated a possible progression time
of 10 to 15 years (Muto et al 1975, Winawar et al 1993). The incidence of colorectal
cancer is reduced in patients who have undergone polypectomies (Winawar et al
1993), providing further evidence that the former constitute a sequential step in cancer
development. The genetic events underlying colorectal tumourogenesis are described in

the previous section.

1.1.4 Staging of colorectal cancer

The purpose of staging is to provide accurate information relevant to prognosis. The
standard method of staging patients is based primarily on the pathological
characteristics of the resected specimen. Duke’s system originally described for rectal
tumours is the accepted classification in the U.K. (Dukes 1930). Dukes’ classification

is based on the ABC system where:

Stage A: Confined to the bowel wall with no lymph node involvement.

Stage B: Extension through the bowel wall without lymph node involvement.

Stage C: Lymph node involvement. If the apical lymph node does not have tumour
involvement then the stage is C), if it contains tumour then the stage is C;. The apical
lymph node is the one furthest or most distal from the tumour in the area of tumour
drainage.

Since the original Dukes’ description it has become customary to add Duke’s D for

those patients with distant metastasis (often to the liver for colorectal cancers).
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The TNM classification system based on American Joint Committee on Cancer and the

Union International Contre le Cancer AJCC/UICC is used where:

Stage 1is NO, T1-T2.
Stage 2 is NO, T3-T4.
Stage 3 is N1-N2-N3.
Stage 4 is M 1.

(Figure 1.2)

At the time of diagnosis, 35% of patients have localised disease, i.e. stage 1, 38% have

regional disease, i.e. stage 2, and 22% metastatic disease, i.e. stage 3 or 4 (Ries et al

2000).

No

Tullour depth

Submucosa M uscul
I Proprlg

(NO)

A

Yes (N 1-3)

N uni her involved

1 1

Pcrico he Vascu la
ouisjd

1.1.5 Figure 1.2 UICC TNM classification after Hermanek (1989)
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1.1.5 Treatment

1.1.5.1 Surgery

The mainstay of colorectal cancer treatment remains surgical. However approximately
40% of patients with a potentially respectable primary colorectal cancer have incurable

disease as a result of the presence of metastases (Allum et al 1994).

The stage of colorectal cancer invasion at the time of presentation is the most
influential prognostic factor. Five years after surgery, 94% survival has been reported
in patients in stage 1 carcinoma, 70% in stage 2 carcinoma, and 9% in stage 3 and 4

cancers (Ries Lag et al 2000).

The most common site for metastases is the liver and resection remains the only
curative treatment for colorectal liver metastases. Surgery is indicated as treatment of
choice if there is a maximum of three tumour foci confined to one lobe of the liver, a
satisfactory excision margin can be achieved (>1cm), and there is no extra-hepatic
disease. Only 5-10% of patients fulfil these criteria and not all undergo operations
(Taylor 1996). Studies show 5 year survival rates of approximately 25%. Recurrences
(either within the liver or extrahepatically) appear in 65-80% of patients, and usually

present within a year of resection (Geoghegan et al 1999).

1.1.5.2 Adjuvant therapy

Adjuvant therapies are either palliative or curative. The main stay of adjuvant therapy
is in the form of chemotherapy, radiotherapy and newer forms such as immunotherapy,
alcohol ablation, chemoembolisation, cryosurgery, laser and radio frequency ablation

of liver metastases. These therapies remain experimental.
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Chemotherapy

The most commonly used form of adjuvant chemotherapy is 5-fluorouracil (5-FU) in
combination with levamisole and/or leucovorine. Newer chemotherapy agents are

under research and include irinotecan, raltitrexed and oxaliplatin.

No chemotherapy is offered for stage 1 colorectal cancer. Adjuvant chemotherapy for
stage 2 colon cancer does not give a significant improvement in survival compared to
untreated patients (International multicentered pooled analysis), with only a 7%
increase at 5 years (Mamounas et al 1999). This may be due to incorrect staging, for
example if micro metastases were not recognised, and therefore sub-selection may

improve survival (Liefers et al 1998).

There is a general consensus that adjuvant chemotherapy is recommended for patients
with stage 3 colorectal cancers. The combination of 5-FU/levamisole in stage 3
colorectal cancer results in an increase in the 5 year disease-free survival of up to 40%
(Marsoni 2001, Scheithauer et al 1998 and Moertel et al 1995) and a 5 year overall

survival of up to 50%.

Stage 4 colorectal cancer treatment is palliative and is usually with systemic 5-FU with
minimal survival benefits (Moertel 1994). Loco-regional infusion of 5-FU with or
without leucovorin improves survival marginally (Poon et al 1991, Buroker et al 1994

and meta-analysis group 1998).

New drug combinations that show promise include irinotecan (Topoisomerase 1

inhibitor, CPT-11) with 5-FU, with better response rates but no proven survival
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advantage (Iveson et al 1999, Drengler et al 1999). Of the other infusion modalities, the

only one to improve 2-year disease-free survival is 5-FU/leucovorine with floxuridine

(Kemeney et al 2000).

More recent treatments that have some benefit include oral fluoropyramidines, such as
UFT (a combination of uracil & tegafur) and Capecitabine, which are prodrugs of 5-
FU. (Nakagoe et al 2000, Kusuonoki et al 2000). Another approach utilizes
ethynyleuracil which ultimately inhibits the degradation of 5-FU, and, therefore when

given in combination with SFU, ethynyleuracil improves 5-FU’s therapeutic activity.

Newer approaches being investigated are based on immunotherapy and vaccines (Koda

et al 2001, Safa et al 2001).

Radiotherapy

The use of radiotherapy is mainly confined to the anorectal cancers and confers a
definite palliative advantage (Aleman et al 1995). There has been evidence to show a
definite survival advantage for both preoperative and postoperative treatment with
radiotherapy in anorectal adenocarcinomas prompting its routine use for stage 2 and 3

anorectal cancers. (Horgan et al 2000, Farouk et al 1997 and Lim et al 1999).

1.1.6 Growth factors and colorectal cancer

Growth factors may contribute to colorectal cancer progression, acting either as
mitogens for epithelial cancer cells or as angiogenic factors. Mitogenic growth factors

include TGFp (transforming growth factor beta), TGFa (transforming growth factor
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alpha), EGF (epidermal growth factor) and IGF (Insulin like growth factor).
Angiogenic growth factors include VEGF (vascular endothelial growth factor), FGF

(fibroblast growth factor) and PDGF (platelet derived growth factor).

Normally, growth factors act by binding to receptors that in turn initiate a cascade of
intracellular signal transduction pathways leading to nuclear events and causing either
inhibitory or propagatory growth effects. If the feedback mechanisms that regulate
growth factors and their cascades escape normal physiological control, the resulting
imbalance may contribute to cancer growth. Escape from control mechanisms happens
at four levels: Firstly, the amount of growth factor available may alter, i.e. the amount
produced, the amount used or degraded, or the amount available which is subtly
controlled by binding proteins. Secondly, the number or biochemistry of receptors
available for binding may change. Thirdly, the downstream intracellular signals may be
potentiated or attenuated, e.g. by amplification, or positive and negative cross-talk.
Changes in intracellular pathway signals remain the most complex and least
understood. Fourthly, the availability of target genes within the nucleus may be
altered, e.g., by mutation. Some of the changes outlined above have been identified
within the context of the adenoma carcinoma pathway or the MSI pathway (Figure

1.1).

A review of the evidence for the involvement of mitogenic and angiogenic growth

factors in colorectal cancer follows.

1.1.6.1 Transforming growth factors beta

TGFP's (Transforming growth factors beta) are potent inhibitory growth factors, with

three isoforms identified in humans: TGFB1, TGFB2, and TGFB3. The growth factor

27



attracts and binds transmembrane receptor II, TGFBRII, which in turn attracts TGFBRI
receptor I. The ligand-receptor complex phosphorylates (activates) downstream
molecules (SMADs) which in turn signal the nuclear transcription of amongst others
inhibitors of cyclins and cyclin dependent kinases and therefore stop the cell cycle and

inhibit proliferation. (Figurel.3)
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Figure 1.3 Simplified signal transduction pathway for TGFf. Growth factor binds to
TGF{fRII which is constitutivcly autophosphorylating. TGFfRI recognizes and joins
bound ligand-R II and is in turn phosphorylatcd. All downstream molecules to be
phosphorylated are SMADs (smart mothers against decapentaplegia) and some are
transcriptional activators, capable ofentering the nucleus and binding/activating ON A

transcription ofgenes whose products inhibit the cell cycle.
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Manning et al in 1991 was one of the first to show that the growth of three non-
tumorogenic human colorectal adenoma cell lines was inhibited by the addition of
exogenous TGFp, while no such inhibition was found in five tumorogenic colorectal
cancer cell lines despite high concentrations of exogenous TGFP. The conversion of
one adenoma cell line to a tumorogenic cell line was accompanied by loss of response
to TGFp, suggesting loss of sensitivity to TGFP (i.e. loss of growth inhibition) occurs

relatively late in colorectal carcinogenesis.

Based on the above findings, a number of researchers looked for a progressive loss of
TGFB with disease progression. For example, Avery and colleagues in 1993
investigated TGF[ expression in colonic tissues. Positive TGFp staining was found in
52 of 58 (90%) normal colons, 8 of 10 (80%) adenomas and 46 of 48 (96%) of
carcinomas, suggesting no real difference between patient groups. TGFf plasma levels
and TGFB mRNA were significantly increased in 22 patients with colorectal cancer
compared to controls and furthermore there was correlation between both TGFf
parameters and Duke’s staging, i.e. disease progression (Tsushima et al 1996). These
and other similar findings show that TGFp itself is not downregulated or under
expressed in colorectal cancer. Any possible loss of growth inhibition may be due to

alteration of the receptors.

There are two major ways in which that the receptors can become responsible for the
loss of inhibitory action of TGFP: a) Biochemical/functional abnormality of the

receptor and b) down regulation of the number of receptors.
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Inactivating mutations of the TGFBRII gene were first reported in colorectal cancer cell
lines with high rates of microsatellite instability by Markowitz et al (1995) and Wang
et al (1995). Furthermore, reversal of the transformed phenotype of cancer cells was
achieved by transfection of functional TGFBRII (Markowitz and Roberts 1996),
confirming that the receptors should be termed tumour suppressor gene products.
Studies in human colorectal cancer tissue gave similar results. Souza and co-workers
(1996) showed 13 of 16 (81%) colorectal cancers had TGFBRII mutations as compared
to 2 of 44 (4%) normal colonic tissues and further work by a number of groups showed
that approximately 90% of human colorectal cancers arising via the microsatellite
instability (MSI) pathway have inactivations in the TGFBRII receptor (Souza 2000).
Gene mutations are first detected in advanced MSI adenomas and are therefore late

events in carcinogenesis.

The down regulation of TGFBRII receptors was explored by Sheng et al (1999), who
showed that colorectal cancer cells exposed to TGFp initially reduced their growth, but
after a week, the remaining cells adapted by reducing TGFBRII levels by 95%. The
down regulation of TGFBRII was also reported in human tissue and followed the
adenoma carcinoma progression. Matsushita et al (1999) showed that TGF receptor
mRNA was expressed in 100% of normal colorectal and adenoma epithelia but only in
36% of colorectal cancers, at much reduced levels. Eskinazi et al (1998) had shown
that there is no dysfunction of the type II TGF-beta receptors in sporadic colorectal
cancers. These findings are in stark contrast to hereditary non polyposis coli cancers
(HNPCC), where approximately 77% of patients had insertion or deletion of the TGFf

II receptor. This brings the two types of receptor action loss into clinical realms
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whereby sporadic tumours exhibit down regulation and MSI tumours exhibit mutations

of the receptors.

The above findings bring together the apparently contradictory findings of unchanged
or increased TGFP production and down regulation of receptors. TGFfB is
produced/released as an inhibitory molecule from the microenvironment of the cancer
as an attempt at tumour inhibition. However, in the case of MSI cancers with inactive
receptors, the raised levels are ineffective, while in sporadic cancers an overabundance
of growth factor results in down regulation of its receptors and renders cancers less

sensitive to growth inhibition

1.1.6.2 Insulin Growth Factor (IGF)

Unlike TGFp, whose actions inhibit growth, the rest of the growth factors found to be
involved in colorectal cancer have a mitogenic effect. Insulin like growth factor (IGF)
is one such peptide. Two IGF isoforms were discovered, I and II, which act via two
receptors, RI and RII. Escape from normal physiological function has been shown to
occur mainly at the first level, i.e. the amount of circulating IGF available for binding
to the receptors, and not at the intracellular or intra nuclear downstream stages. Some

of the relevant evidence is presented below.

Durrant et al (1991) and Lahm et al (1992) made the link between IGF and mitogenesis
by showing that both IGFI and IGFII cause up to 3 fold increase in the growth of
colorectal cancer cell lines. In colorectal cancer tissues, IGFII gene expression was
shown to be 800 times that of adjacent colon. However no such difference was found
for IGFI gene expression (Lambert et al 1991). This link between IGF and colorectal

cancer was further substantiated, by showing that tissue staining for IGFII correlated
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with prognosis (Kwomoto et al 1998). Furthermore, Renehans et al (2000)
demonstrated that patients with colorectal cancer had raised plasma levels of IGFII and

that the levels dropped to normal after resection.

The possible mechanism for control of the free circulating IGF is related to IGF
binding proteins (IGFBP) of which there are three, I, II and III. Binding proteins bind
to these ligands, in this case IGF, and make them unavailable for binding to their
receptors and therefore unavailable for biological activity. IGFBPIII, which is a major
determinant of circulating levels of IGF, is inversely related to the risk of colorectal
cancer. This is consistent with the proposition that IGFs are promoters of growth and
that IGF levels are inversely proportional to binding proteins levels (Pollak et al 1999).
Coinciding with these findings was the discovery of various gene location
abnormalities in IGFBPIII in colorectal cancers (Zou et al 1998). This would suggest
that reduced amounts of the binding protein are produced, as demonstrated by Pollak
and his colleagues, or that the affinity for IGF of the altered protein is diminished. On
the other hand, IGFBPII was shown to be elevated in the plasma of patients with
colorectal cancer and also dropped after resection of the tumour. This is contrary to the
above scenario. Possible explanations were either that IGFBPII was a mitogenic agent
itself or, as suggested by Sheehan et al., a byproduct of tumour whose full biological

function is not elucidated.

There was no significant difference in IGFRI receptor expression between colorectal
cancers and normal colon and no relation between IGFRI and survival (Adenis et al
1995, Bhatavdkar et al 1995). However, Perer et al (2000) found that inhibition of the

IGFRI receptor by antibodies in the presence of other chemotherapeutic agents, such as
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5FU, results in up to a 10 fold increase in colorectal cancer cell numbers compared to
no increase in the presence of SFU alone. Souza et al (1999) has shown that the
IGFRII gene is a tumour suppressor gene in which stimulation of the gene produces a

decrease in growth and an increase in apoptosis in colorectal cancer cells.

IGF has a role in the adenoma carcinoma progression theory in colorectal cancer. A
mouse model with APC gene which was genetically engineered to be a high producer
of IGFII was shown to have a ten fold increase in the number and a diameter of
colorectal adenomas when compared to mice that did not have these defects (Hassan et
al 2000). Also patients with colorectal adenomas have raised levels of IGFII (Renehan

et al 2001).

In summary IGF is a growth promoter for colorectal cancer whose main stay of
physiological control is that of its plasma concentration with some changes at the

receptor level.

1.1.6.3 Epidermal growth factor family
Epidermal growth factor (EGF) and EGF related peptides include transforming growth

factor alpha (TGFa), cripto, amphiregulin and heparin binding EGF. They act as
ligands for EGF receptors (EGFR). EGFR is a member of the erbB family of tyrosine

kinase membrane receptors, which include EGFR (erbB)), erbB, erbB; and erbBy.

In dealing with the EGF family, attention will be given to EGF and TGFa only. As
these are the most common and the ones for which most information related to

colorectal cancer is available. They will be discussed at the level of bioavailability, i.e.
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the amount of growth factor present and available for binding to its receptor; therefore,
eliciting an effect. The receptors will be dealt with collectively, later. The signal
transduction pathways or the nuclear pathways of the receptors will not be discussed as
changes in these pathways do not appear to play a major role in colorectal cancer

growth and progression.

The growth effects of EGF on colonic cancer cells were first shown by Scheithauer et
al (1987); they found that, in experiments to improve conditions for colonic cancer cell
proliferation, EGF more than doubled plating efficiency (i.e., the size the colony
reached over time). Thomas (1994, 1995) found a 102% increase in the number of

colorectal cancer cells by the addition of EGF.

TGFa has a mitogenic effect as well as a morphogenic effect on colorectal cancer cells.
TGFa caused an increase in numbers of EGFR expressing colorectal cancer cells
(Durrant et al 1991) as well as enhancing the crypt-like differentiation when grown in
three dimensional collagen gels (Liu et al 1994). Solic et al (1995) demonstrated
variable effects of TGFa on two colorectal cancer cells with similar levels of EGFRs.
The exogenous addition of TGFa to one cell line caused an increase in cell number and
to the other a change in the architecture of the colorectal cancer cell colonies. This
study suggested the defining factor in the mitogenic and/or morphogenic action of

TGFua is at the receptor level and below.

EGF was expressed by 7 of 19 (36.8%) colorectal cancers as compared to 1 of 12

(8.3%) normal colons. TGFa was present in 16/19 (84.2%) of colorectal cancers as

compared to no staining in normal colons (Tanaka et al 1991). Younis et al (1996)
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demonstrated a survival advantage in patients expressing TGFa in less than 25% of

their tumour cells, compared to high expressors.

Tanaka et al (1992) followed the above findings with a demonstration of differential
expression of EGF and TGFa in the adenoma carcinoma progression process. They
showed using immunohistochemistry, that EGF was detected in 14/32 (43.8%) invasive
cancers, 12/27 (44.4%) carcinomas in situ and 12/58 (20.7%) adenomas. The staining
intensity for EGF was not related to histological grade. They also demonstrated similar
findings for TGFa, with positive staining in 26/32 (81.3%) invasive cancers, 12/27
(44.4%) carcinoma in situ and 12/58 (20.7%) adenomas. Furthermore there was
increased intensity of TGFa staining with increased grade of malignancy. In vitro
experiments suggest EGF can protect adenoma cells against apoptosis for a limited

period (Hague et al 1997).

Plasma levels of EGF and TGFa were not raised in patients with colorectal cancer
(Klijn et al 1990). However, in contrast, Moskai et al (1995) showed a significant
increase of TGFa in the sera of patients with colorectal cancer as compared to the

random population and the levels of TGFa decreased after resection (Shim et al 1998).

The implication of these findings is that the bioavailability of both, EGF and TGFa,
changes in colorectal cancer, and that other growth promoter effects may happen at the
receptor level or further downstream. TGFa probably plays a bigger role in colorectal
cancer mitogenesis than EGF. Therefore EGFR, erbB,, erbB; and erbBs will be

discussed in terms of their role in proliferation of colorectal cancer cell lines, their
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differential expression in colorectal cancers and any possible roles they may have in

the adenoma carcinoma pathways.

Studies of EGFR expression report variable findings for differences between normal
colon and colorectal cancer. Moorghen et al (1990) demonstrated the same expression
for normal colon from both adjacent to the tumour and more distant tissue and for
adenocarcinoma and, similarly, Koretz et al (1990) found no correlation between
EGFR and Dukes’ stage. Conversely, an increase in EGFR in colorectal cancer
compared to normal tissue was shown by Messa et al (1994) and, using
immunohistochemistry to observe the presence of EGFR, Steele et al (1990) examined
the relationship to survival and observed that although EGFR occurred in all colorectal
tumours there were more receptors in Dukes’ C tumours than in Duke’s A and B and
higher grade tumours had stronger staining. They concluded that EGFR levels relate to

poorer prognostic factors.

There are only two reports of erbB, status in colorectal cancer. Saik and colleagues
(1995) demonstrated, using immunohistochemistry, that erbB, was present in 13 of 45
(28.9%) of colorectal tumour compared to none in normal colon. They also found that
7 of 13 (53.8%) carcinomas with lymph node involvement expressed erbB,, which is
significantly more than those without metastasis. Immunostaining for products of the
erbB, gene, (Shirai et al 1995) demonstrated higher expression in patients with flat
colorectal cancers compared to those with adenomatous components to their cancer.
They suggested that erbB, may be involved in the development of de novo cancers
rather than those that follow the adenoma-carcinoma sequence. ErbB; and erbB, have

not been examined in colorectal tissue.
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1.1.6.4 Angiogenic factors

Neovascularisation is a critical requirement for tumour growth and metastasis
formation. Numerous angiogenic factors that regulate this step have been identified
including Vascular Endothelial Growth Factors (VEGF A, VEGF B, and VEGF C).
Fibroblast Growth Factors (FGF1 (acidic FGF), FGF2 (basic FGF), FGF 3, FGF 4) and
Platelet Derived Growth Factor (PDGF). These are the factors that are currently
thought to be the most potent angiogenic factors, especially the VEGFs. Other, less
potent, factors can also stimulate angiogenesis, including TNF alpha, TGF alpha, TGF
beta, Interleukin 8, Angiogenin and Platelet Activating Factor. Only VEGF appears to
be of importance in colorectal cancer and will be further discussed (Harris et al 1997,

Folkman et al 1995).

1.1.6.5 Vascular endothelial growth factors
There are three VEGF peptides termed A, B, C. These act via three VEGF receptors.

Furthermore each of the VEGFs has up to four isoforms that bind the receptors
differentially and therefore exert different actions (Tokanaga et al 1998). However, in
this thesis only the overall effects of VEGFs on colorectal cancer will be discussed,

focusing in particular on VEGF production and distribution.

Colorectal cancer cell lines have been found to synthesise VEGF, for example, initially
HT29 (Lobb et al 1985) and subsequently other lines (Ellis et al 1996). In colonic
tissue, mRNA for VEGF occurs at a much higher level in colorectal cancer than in
normal colon (Brown et al 1993) and is further increased in metastatic cancers
compared to non-metastatic (Takahashi et al 1995, 1997 and 1998; Cheung et al 1998).
Normal colon taken from immediately adjacent to a tumour showed higher expression

of VEGF than tissue removed at a distance from the cancer (Nekata et al 1998) and
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very high levels of VEGF were measured in ascites fluid from patients with very

advanced colorectal cancer (Zebrowski et al 1999).

This pattern of higher levels of VEGF associated with more metastatic disease suggests
that VEGF may be important for the invasion and metastasis of colorectal tumours.
Further support for this came from experiments using a mouse model where, in a range
of lesions mimicking the adenoma-carcinoma progression, high levels of VEGF were
found in adenomas, the pre-malignant stage of the cancer, and even higher levels were
found in adenocarcinomas, the malignant stage, compared to normal tissue (Wong et
al 1999). Also the transfection of VEGF into the LoVo colorectal cancer line resulted
both in a larger, more vascular tumour after subcutaneous inoculation and in higher
capacity for establishing metastases after intraportal and intraperitoneal inoculation

into nude mice, compared to the parent cell line (Kondo et al 2000).
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1.2 Endothelin

The endothelin family consists of 3 related peptides, Endothelin-1 (ET-1), Endothelin-2
(ET-2) and Endothelin-3 (ET-3), that are closely related to the sarafotoxins, which are
highly lethal peptides isolated from the venom of the burrowing asp (Attractaspis
enggadensis) (Yanagisawa et al 1988, Kloog et al 1988). The endothelins and their
receptors are widely distributed throughout human tissues. Originally they were
identified as potent vasoconstrictors released by endothelial cells. They are now
recognised as having multiple physiological and pathological actions and are thought to

be involved in cancer.

1.2.1 Structure of endothelins

The endothelins are a family of 21 amino acid peptides, which are probably, expressed
in all mammalian species (Inoue et al 1989, Saida et al 1989) as well as some non-
mammalian species (Uemura et al 1991). The three endothelin isoforms have their
amino acid chains cross-linked by two disulphide bridges and all have a carboxyl

terminal tryptophan residue. (Figure 1.4)
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Figure 1.4 Structure of the endothelins. The peptide chain is made up of 21 amino
acids with two disulphide bridges represented in bold. The amino acid residues in ET-2
and ET-3, which differ from ET-1, are in bold. The C-terminal amino acids shown are

those involved in binding.

The genes for ET-1, 2, and 3 have been localised to chromosomes 6, 1 and 20
respectively  (Bloch et al 1989, 1991, Arinami et al 1991). Human ET-1 is derived
from a 212 amino acid precursor termed pre-pro-endothelin-1. This peptide undergoes

a proteolytic cleavage to pro-endothelin, a 38 amino acid peptide normally called big
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endothelin-1 (big ET-1) (Figure 1.5). The conversion of big ET-1 to ET-1 is an
important regulatory event controlling the amount of ET-1 present and is catalysed by
Endothelin Converting Enzyme (ECE) (Yanagisawa et al 1988). ECE is a
metalloprotease that is inhibited by phosphoramidon but is insensitive to other closely
related metalloprotease inhibitors. ECE is active at neutral pH (Ohnaka et al 1990,

Opgenorth et al 1992).
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Figure 1.5 Thepathway ofET-1 synthesis. Pre-pro ET-1 is processed to pro ET-1 (big

ET-1). Big ET-1 is further cleaved to ET-1 by ECE.
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1.2.2 Receptors

The endothelins act via two receptor subtypes ET4 and ETg. The receptors contain
seven segments; each made up of 20-27 amino acids. They belong to the G protein
coupled receptor superfamily. The human ET, receptor gene has been assigned to
chromosome 4 and the ETg receptor gene to chromosome 13. Both the ET4 and ETg
gene have a single copy in the human genome (Hosoda et al 1991, 1992). The affinity
of the three isopeptides for the ET4 receptor is ET-1 > ET-2 > ET-3. In man the ETy
receptor has 1000 times greater affinity for ET-1 than ET-3 (Hosoda et al 1991). The
ETg receptor shows no selectivity for any of the ET isoforms (Sakamoto et al 1991,

1993).

The difference in binding affinity of ET-1 and ET-3 to ET4 led to the classification and
characterisation of the receptor’s physiological response. The vasoconstrictor response
was produced by stimulation of the ET4 receptors on vascular smooth muscle cells and
the vasodilator response by stimulation of the ETp receptors on the endothelium.
However subsequent experiments using isolated vascular preparations have provided
evidence to indicate that renal and several arterial and venous circulations contain ETg
receptors, which produce vasoconstriction (Bigaude et al 1992, Clozel et al 1992,
Cristol et al 1993). Further stimulation of the ETg receptors on the vascular smooth
muscle of the jugular and saphenous veins of rabbits also resulted in vasoconstriction
(Moreland et al 1991, 1994, Summer et al 1992). As a result of the above evidence two
ETg receptor subtypes were thought to exist and this was confirmed by

pharmacological studies (Warner et al 1993).



Finally the possibility of a third ET receptor was raised by Wren et al 1993 in which
ET-3 was shown to mediate cell proliferation in wounded human umbilical vein
endothelial cells. The addition of ET-1, ET-2 or selective agonists for ET s and ETp had
no effect on this process. This suggested the presence of a third ET receptor, named
ETc. The ET¢ receptor was demonstrated in Xenopus laevis (Karne et al 1993).

However, no actual ET¢ receptor has been found in humans.

Despite the pharmacological evidence to indicate the presence of endothelin receptor

subtypes, biochemical or molecular evidence has remained elusive.

1.2.3 Signal transduction

Transmembrane signalling systems relay information from the exterior to the interior
of a cell through a series of complex protein-protein interactions and second messenger
cascades. Two types of signalling have been described: A) short term actions
characterised by responses such as contraction or secretion, B) long term responses that
are adaptive in nature such as cell growth or apoptosis (Okazawa et al 1998). These

pathways and cascades are cytosolic and/or nuclear.

The initial step of ET-1 signalling is the docking of ET-1 on the G protein coupled
receptor. The final biological effect depends on the availability of receptor subtypes,
the state of the cell and the interactions between the target cells and its environment

(Milligan 1993).

Ligand receptor binding leads to activation of G protein which in turn can switch on

(phosphorylate) one of the following upstream initiators of different pathways:
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phospholipase C (PLC), phospholipase D (PLD), phospholipase A, (PLA;), adenylate
cyclase (Mallat et al 1996), guanylate cyclase. Furthermore a Na'-H' exchange
mechanism to facilitate ion transfer is also activated. (Ambar et al 1993, Sokolovsky

1992, 1994, Aramori et al 1992, Simonson et al 1989, Vigne et al 1991). (Figure 1.9).

The PLC cascades appear to play a major role in mitogenesis. PLC activates protein
kinase C (PKC) and also acts on the endoplasmic reticulum to release calcium within
the cell. PKC in turn phosphorylates other intracellular proteins, which eventually turn
on fos in the nucleus. The latter acts as a transcription factor for other genes involved
in mitogenesis. However, extramitogenic stimuli seems to be generated from cross talk
between the molecules described above and other cascades. To date (Figure 1.10),
PLC/PKC/Ca®" result in the phosphorylation of tyrosine kinases such as focal adhesion
kinase (fak) and mitogen activated protein kinase (MAP kinase) (Liu et al 1999). This
scenario is one possible explanation for synergism between growth factors and ET-1
(Smith et al 1998). These steps have been demonstrated in ovarian cancer cells, smooth
muscle cells and fibroblasts (Bagnato et al 1997, Savill et al 1994, Fujitami et al 1995,

Luttrell et al 1999, Schwartz et al 1999).
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Figure 1.6 Schematic representation of the signal transdiwtion pathways associated
with activation of the endothelin receptors. Upstream transduction molecules include:
Phospholipase A2 (PLAj); Phospholipase C (PLC); Phospholipase D (PLD); Adenylate
cyclase (AS) Guanylate cyclase (GC). Downstream molecules include: Phosphokinase
A, G, C, (PKA, G, C) respectively; Prostaglandins (PG); Thromboxane (TX);
Leukotriene (LT). Fos is one example of a nuclear transcription factor involved in
mitogenesis. Cross talk between the PLC cascade and the tyrosine kinase cascade is

shown by the bold arrows.
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1.2.4 Physiological function

The endothelins and their receptors are present throughout the whole body and have a
homeostatic function in normal physiological processes. The physiological functions of
the endothelins can be related to their effect on smooth muscle, particularly in blood
vessels and the autoregulation of blood flow locally. Endothelins are also implicated in

development, mitogenesis, inflammation and wound healing.

The mechanism of action of ET-1 on vascular smooth muscle is shown in Figure 1.7.
ET-1 can bind to the ETs and/or ETg, receptor on smooth muscle cell causing
vasoconstriction. Excess ET-1 is degraded by endothelin degradation enzyme (EDE).
Experimentally, intravenous administration of ET-1 elicits an initial reduction in
arterial pressure, which is followed by a prolonged increase in blood pressure (Lippton

et al 1988, Wright et al 1988).
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Figure 1.7 ET-1 and other endothelium derived vaso-active factors and their
interactions. In endothelial cells Endothelin Converting Enzyme (ECE) converts
proET-1 to ET-1. ET-1 hinds to ETa and ETbi receptor on the vascular smooth muscles
causing vasoconstriction. ET-1 released in the Ilumen is degraded rapidly by
Endothelin Degradation Enzyme (EDE). Circulating ET-1 can also bind to ETbi
receptor, which stimulates Nitric Oxide Synthetase (NOS) and Cyclo-oxygenase-1
(COX-1). The resultant nitric oxide (NO) and prostacyclin (PGf) acts on the

underlying smooth muscle causing vasodilatation.



Endothelin plays a vital role in the cardiovascular system both in the contraction of
cardiac muscle (Yanagisawa et al 1988) and in the coronary perfusion of the heart
(Haynes et al 1994). Contrary to expectation the endothelins do not control blood
pressure on a minute-to-minute basis (Masaki 1993) but undoubtedly have a role in the
overall maintenance of blood pressure through their effect on vascular tone and water

balance (Wilkins et al 1993).

The production and release of endothelins has been shown to be sensitive to carbon
dioxide levels and oxygen levels (Bell et al 1998). Therefore it follows that the
endothelins play a role in normal respiratory function of blood perfusion through the
autoregulatory mechanisms described above, the ventilation aspects of respiration at
the level of the bronchioles through its effects on smooth muscle (Haynes et al 1993)
and finally at the gaseous exchange levels with the involvement of the inflammatory

mediators described earlier.

The endothelins are important in maintaining homeostasis of kidney function through
their control of renal blood flow of both efferent and afferent blood vessels and the
glomerular filtration rate, hence affecting the body’s water and electrolyte balances.
Additionally, there is evidence for a direct role of ET-1 on the tubules and mesangial

cells of the kidney mainly by the ion pumps (Simonsen et al 1990, 1994).

The endothelins are thought to play an important role in liver function. Endothelin

binding sites are found on endothelial cells of sinusoids, portal veins and central veins

as well as on hepatic stellate cells (fat storing cells). Bile duct epithelium is able to
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synthesise ET-1 (Mallat et al 1996). Endothelin acts on the liver to affect its blood
flow, the metabolic function e.g. glycogenolysis (Gandhi et al 1990, Tran-Thi et al
1993, Serradeil-Le Gal et al 1991) and bile secretion in rats (Tanaka et al 1994) and

humans (Fouassier et al 1998).

Endothelin has several effects on the gastrointestinal tract (GI), which will be discussed
in section 1.2.8. The role of endothelin in the normal physiological function of the
central nervous system remains unclear despite ample evidence for endothelin
involvement in diseases resulting in the compromise of cerebral perfusion. This will be

discussed further in the section below.

Finally and of most interest to this work is that endothelin plays a physiological role in
cell growth and healing as a response to injury through inflammation, as a primary
growth factor and to complete the cycle in cell death and apoptosis. The endothelins’
physiological role in this area is described in the section on signal transduction
pathways (1.2.3) and the section on the effect of endothelin on growth (1.2.6). Further
evidence for the endothelins’ role in growth and development comes from studies on
the deletion of the ET-1 gene in knockout mice, which is lethal at birth due to
respiratory failure and craniofascial abnormalities (Kurihara et al 1994). Knockout
mice for the ET-3 gene or the ETg receptor gene results in animals with aganglionic

megacolon. (Hosoda et al 1994, Baynash et al 1994).

1.2.5 Role of endothelin in disease

Changes in the levels of endothelin immunoreactivity and receptor expression have

been reported in several diseases, such as, hypertension, renal failure, myocardial
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ischaemia, myocardial arrhythmia, asthma, atherosclerosis, Crohn’s disease, ulcerative
colitis (Murch et al 1992) and subarachanoid haemorrhages in addition to diseases
involving abnormal vasculature, for example, eclampsia and Raynaud's disease. The
evidence for the involvement of ET-1 in some of these diseases will be reviewed below

(Hosoda et al 1992, Hori et al 1992, Elshourbagy et al 1993).

Patients with myocardial infarctions have raised plasma ET-1 levels (Lechleitner et al
1993, Tomoda 1993) that correlate with the degree of myocardial damage and
prognosis (Yasuda et al 1990, Omland et al 1994). The use of ET4 receptor antagonists
increased coronary blood flow and decreased myocardial damage indicating a primary
role for ET-1 in myocardial infarctions (Grover et al 1993, 1992, Lee et al 1994,
Nelson et al 1994). The ability of ET-1 to promote growth and stimulate migration of
smooth muscle cells and fibroblasts has been implicated as a cause of atherosclerosis
and restenosis following balloon angioplasty in coronary vessels (Ohlstein et al 1993).
Further evidence for ET-1 as a factor in myocardial infarctions is provided by the
administration of ET, receptor antagonists in a rat model, which reduced neo-intimal
thickening by up to 50%, (Douglas et al 1994) and blocked angiotensin induced

cardiomyocyte hypertrophy in an in vitro model (Ito et al 1994).

ET-1 may be a factor in respiratory dysfunction as increased ET messenger RNA
expression was found in the tissue of patients with asthma (Kraft et al 1994), adult
respiratory distress syndrome and pulmonary hypertension (Filep et al 1992). Also an
ETa receptor selective antagonist reduced pulmonary hypertension and pulmonary

artery medial wall thickening in the rat (Bonvallet et al 1993, 1994).
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In the central nervous system, endothelium dependent relaxation is known to be
impaired in cerebral arteries from patients suffering from subarachanoid haemorrhage
(Faraci 1993). The use of the ETa receptor antagonist, BQ123, reversed artery
vasospasm by approximately 70% (Foley et al 1994) and significantly reduced
neuronal death following global cerebral ischaemia (Feuerstein et al 1994, Nirei 1993)
found that ETa receptor antagonists depressed the early vasoconstriction following

haemorrhage. These studies all implicate ET-1 in central nervous system disease.

There is considerable evidence suggesting ET-1 involvement in the pathogenesis of
acute and chronic renal failure as well as cyclosporin toxicity. For example,
administration of antibodies to ET-1 following ischaemic insult to the rat kidney
improved renal blood flow and glomerular filtration rate (Sandok et al 1992). In an
animal model of kidney disease treatment with high doses of the ET, receptor
antagonist, BQ123, improved creatinine clearance (Mino et al 1992), however low
doses had no effect (Chan et al 1994, Gellaiet al 1994) confirmed this and found a
remarkable decrease in mortality, which was attributed to an improvement in tubular
function and the prevention of lethal increases in K*. (Perico 1993) has proposed a
hypothesis for chronic renal failure in which a role is attributed to ET-1. Here, renal
insult gives haemodynamic changes, which release ET-1 from glomerular endothelial
cells, causing an increase in the arteriolar resistance and glomerular hypoperfusion
resulting in renal damage. Benigni et al (1991, 1993) have evidence supporting parts of
this model and have shown that the ET4 receptor antagonist, BQ123, reduced the level
of chronic renal failure in the rat with improved glomerular filtration rate, reduced

proteinurea and better creatinine clearance compared to controls.
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Endothelins influence the microcirculation of all liver cells (Gandhi et al 1996) and
during injury can directly contribute to the transformation of stellate cells (fat storing
cells) into myofibroblasts (Gabriel et al 1999). Via these mechanisms they are thought
to have a role in liver cirrhosis (Gandhi et al 1996) and fatty liver changes. Despite the
above evidence there are, as yet, no studies demonstrating modulation of liver disease

by endothelin receptor agonists or antagonists.

The above are just a few examples of the diseases in which endothelin may play a role.
This thesis is based on the growth inducing properties of endothelin, their role in

cancer and specifically in colonic / colorectal cancers.

1.2.6 Effect of endothelin on growth

The suggestion that ET-1 could act as a mitogen and/or angiogen was inferred from
studies, which demonstrated that ET-1 regulated DNA synthesis in various smooth
muscle cells (Hirata et al 1989, Serradeil-Le Gal et al 1991). The mechanism was
thought to occur by stimulation of c-fos and c-myc (Komuro et al 1988), via ETa
(Ohlstein et al 1992). ET-1 was also found to stimulate mitogenesis of fibroblasts,
including fibroblasts from rat kidney (Yeh et al 1991), human breast (Schrey et al
1992), human skin (Kahaleh et al 1991) and Swiss 3T3 cells (Brown et al 1989,
Takuwa et al 1989, Fabregat et al 1989, Kusuhara et al 1990). ET-1 induced DNA
synthesis in a multitude of other cell types such as bovine brain capillary endothelial
cells (Vigne et al 1990), rat astrocytic glial cells (MacCumber et al 1990), rat and
murine osteoblastic cells (Schvartz et al 1992, Takuwa et al 1989) rat mesangial cells
(Badr et al 1989, Simonson et al 1989, 1992), and human prostate secretory epithelial

cells and fibromuscular stromal cells (Walden et al 1998, Saita et al 1998).
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ET-2 can also stimulate DNA synthesis and is equipotent with ET-1 in stimulating
synthesis in rat osteoblasts and human melanocytes, (Bohm et al 2001, Imokawa et al
2000). ET-3 is less active (Takuwa et al 1990, Yada et al 1991) (Table 1.1). Human big
ET-1 is substantially less effective in promoting DNA synthesis than ET-1 (Yada et al

1991).

However, some of ET-1’s mitogenicity may come from acting as a co-mitogen. In vitro
experiments will contain other growth factors from serum or additives e.g. insulin, or
from the endogenous secretion of growth factors by cells (Weissberg et al 1990).
Evidence that ET-1 acts more powerfully as a co-mitogen is demonstrated using Swiss
3T3 mouse fibroblasts. The addition of ET-1 alone produced an increase in cell number
up to 7 fold, whereas ET-1 with EGF produced a 35 fold increase in numbers, with
TGFP a 22 fold increase, and with PDGF a 28 fold increase (Brown et al 1989).
Similar results were found using normal human breast fibroblasts (Schrey et al 1992)

and human melanocytes (Yada et al 1991).

A further possible explanation for the apparent ET-1 induced growth may be attributed
to the increased lifetime of cells by altering programmed cell death e.g. in human
melanoma cells (Okazawa et al 1998). ETp receptors were implicated in apoptosis in
rat vascular smooth muscle cells, as shown by Cattaruzza et al (2000). Similar results
were demonstrated by Ehrenreich et al (2000) in human rat and rabbit neurones. ET-1
also induced apoptosis in rat vascular endothelial cells (Suenobu et al 1998), which was
mediated by the ETp receptor (Shichiri et al 1998). The above demonstrates the

possible homeostatic role of the endothelins on growth through multiple pathways,
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where ETA receptor pathways induce mitogenesis as described earlier and ETg

receptors mediate apoptosis.

On the contrary other studies have shown that ET-1 inhibits growth, particularly in

liver stellate cells (Mallat et al 1995, 1996).

1.2.7 Effect of endothelin on cancer

Several cancer cell lines synthesize ET-1. Kusuhara et al (1990) detected ET-1
production by 13 of 42 human cancer cell lines, with high ET-1 production by
mammary, pancreatic, and colonic carcinoma cell lines. Schrey et al (1992, 1995) and
Yamashita et al (1993) showed that ET-1 is produced by breast cancer cell lines and
that this production is stimulated by bombesin, glucocorticoids and interleukin 6.
Other cancer cell lines that secrete ET-1 include; pancreatic (Oikawa et al 1994),
gastric (Mathieu et al 1995), prostatic (Le Brun et al 1999), ovarian (Moraitis et al
1997), cervical, laryngeal (Shichiri et al 1991) and endometrial (Pekonen et al 1992),

(Economos et al 1992).

Shichiri (1991a, b) has shown that ET-1 is an autocrine / paracrine growth factor for
human cervical cancer cell lines (HeLa) and laryngeal cancer cell lines (HEP-2).
Further evidence for ET-1 as a growth factor in cancer cells was supplied in human
ovarian cancer cell lines by Bagnato et al (1995, 1997) and Moraitis et al (1997). They
demonstrated a direct ET-1 induced growth by these cells and showed that ET-1 acts as
an autocrine growth factor via ETA. Specifically, ET-1 acted via protein kinase C and

. . . - . . +
tyrosine kinase pathways, and caused an increase in intracytoplasmic Ca** and
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thymidine uptake, both being inhibited by the ET antagonist BQ123 (Bagnato et al

1999).

The above are the only published studies that show a direct link between ET-1 and
human cancer cell growth. However, other studies imply this relationship, for example:
Le Brun et al (1999) found up-regulation of ET-1 in conjunction with other growth
factors by human prostate cancer cells. Functional ET receptors have been localised in
human melanoma cells (Yohn et al 1994). ET-1 regulated intracellular Ca**
concentration and by inference influenced growth of human adrenocortical carcinoma
cells (Rossi et al 1997, Patel et al 1995) demonstrated that breast cancer cells could
process big ET-1 to ET-1, which in turn acted as a paracrine mitogenic factor for breast

fibroblasts.

In tissue from patients with cancer, differential expression of ET-1 or its receptors has
been shown. Increased ET-1 immunoreactivity was first described in breast cancer
(Yamashita et al 1991, Patel et al 1995). Several other cancers were shown to have
increased ET-1, including pulmonary tumours and their blood vessels (Giaid et al 1990,
Zhao et al 1995), prostatic cancer (Nelson et al 1995, 1996), testicular cancer (Takeda
et al 1994) hepatocellular carcinoma (Ishibashi et al 1993, Suzuki et al 1998).
However, Ben-Baruch et al (1993) found reduced ET-1 binding in endometrial cancers
as compared to uterine tissue from myomatous women. This suggested that ET-1 might
act to increase blood flow to the tumour rather than as a direct mitogen for endometrial

cancer.
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High concentrations of ET-1 in the plasma of patients with cancer, for example
hepatocellular carcinoma (Nakamuta et al 1993), breast cancer (Yamashita et al 1995),

oesophageal and gastric cancers (Itoh et al 1996) have been reported.

Studies of endothelin receptors in cancer tissue are confined to comparison of the
distribution of the receptor types with those in normal tissue and the ratio of ET4 to
ETg in tumour compared to normal tissue. In prostatic cancer, which perhaps is the
most studied, (Nelson et al, 1996) down-regulation of ETp receptors as compared to
normal prostate without any such change in ET, receptors ratio has been reported by
Nelson et al (1997) using binding studies. They also demonstrated a concomitant

down-regulation of mRNA for ETs.

In tissue from patients with ovarian cancer an increase of ET4 receptors compared to

normal tissue was demonstrated using reverse transcriptase PCR (Bagnato et al 1999).

1.2.8 Endothelin and the gastrointestinal tract

1.2.8.1 Endothelin and gut physiology

Endothelin-like immunoreactivity was detected throughout the gastrointestinal (GI)
tract, from saliva in the mouth of humans (Lam et al 1991) to high levels in the fundus
of the stomach, jejunum, ileum and colon in rats (Takahashi et al 1990) and in humans
(Escrig et al 1992). Takahashi and colleagues also showed that ET-1 was present in the
colonic mucosa as well as the smooth muscle layers in the rat. Inagaki et al (1991 a, b)
demonstrated that all endothelins bound at specific sites within nerve bundles

throughout the human colon and to most ganglia cells. Endothelin binding was also
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detected in the mucosa and submucosa of colon but with reduced affinity compared to

nerve and muscle binding. The results were similar in pigs (Hemsen et al 1991).

One possible physiological function of endothelins is the control of intestinal secretions
of Na" and K ions in humans (Brown et al 1991) and CI" and K" secretion in the rabbit
descending colon (Roden et al 1992, Reddix et al 1998). In the rat, this ion secretion is
brought about by stimulation of ion transport (Moummi et al 1992) through the cyclo-
oxygenase pathway and activation of the enteric nerves (Kiyohara et al 1993). Further
work by Hosokawa et al (1994, 1995) has shown that ET, and ETp receptors regulate
1on transport and that the use of receptor antagonists alters the balance of receptors able

to be activated and consequently ion secretion and transport.

Endothelins may regulate blood flow to the GI tract. ET-1 causes a reduction in the
blood flow of the colonic vascular bed, both directly due to the vaso-constrictive effect
of ET-1 acting on vascular smooth muscle (Usune et al 1991, Bitar et al 1992,
Kitsukawa et al 1994, Okabi et al 1995) and nerve fibres (Wiklud et al 1991) and
indirectly by inhibition of the vaso-active intestinal peptide (VIP) (Blank et al 1991).
Endothelin receptor antagonists have been shown to both increase and decrease blood

flow to the gastrointestinal tract (Lazaratos et al 1995, Gulati et al 1997).

The endothelins may be involved in the regulation of the immune response in the gut,
as suggested by the presence of endothelin (ET-1, 2, 3 and big ET-1, 2, 3)
immunoreactivity in mast cells (Liu et al 1998). ET-1 can also act via the ET4 receptor
to induce leukocyte adhesion to the submucosal venules, which may increase the

number of leukocytes able to intravasate to the submucosa (Boros et al 1998).
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1.2.8.2 Endothelin involvement in gut pathology

The pathological sequelae of the dysfunction of the endothelin system in the gut are
multiple and include inflammatory, developmental, functional and secretory

abnormalities.

Inflammatory abnormalities related to the endothelin system have been shown by
Slomiany et al (1999) in which a direct relation between ET-1 levels and gastric
mucosal injury was demonstrated using a rat model. This injury was reduced by antacid
treatment. The use of endothelin receptor antagonists reduced acute and chronic colitis

in the rat (Gulluoglu et al 1999).

Developmental abnormalities in the colon only occur with ET-3 and its interaction with
ETp; mutations of the endothelin-B receptor gene produced megacolon in mice
(Hosoda et al 1994, Baynash et al, 1994). In vitro work by Wu et al (1999) suggested
that the ET-3/ETg receptor interaction prevented the premature differentiation of neural
crest derived precursors. This in effect controls the migration neural crest cells
enabling the precursor population to persist for long enough to finish colonising the
bowel. In vivo evidence has been obtained by Leibel et al (1999) who found high

expression of ET-2 mRNA in mouse caecal mesenchymal cells during embryogenesis.

High plasma ET-1 levels correlated with long oro-caecal times in moderate pancreatitis
and vice versa (Chen et al 1999). This suggested that ET-1 contributes to low gut
motility. The hypothesis, i.e. that ET-1 plays a role in gut motility, was supported by
work in an experimental rat model of paralytic ileus, where endothelin potentiated the

actions of acetylcholine in the control group but not the experimental group (Tekin et al
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1999). Also, ET-1 has an excitatory effect on the anal sphincter of the opossum via a

protein kinase ¢ and a Ca®" pathway (Chakder et al 1999).

1.2.8.3 Endothelin and colorectal cancer

The production of ET-1 by colorectal cancer cell lines was shown by (Kusuhara et al
1990) and binding sites for ET-1 were demonstrated by (Inagaki et al 1992). Previous
work originating from this department demonstrated that ET-1 was present in higher
amounts in colorectal cancer tissues than in normal colon (Asham et al 1997, Shankar
et al 1998) and that patients with colorectal cancer or liver metastases had higher
plasma levels of ET-1 than control patients. Asham et al (2001) has also shown ETx
antagonism reduces colon cancer mass in a rat model in vivo. However, the effect of
ET-1 on colorectal cancer development and/or progression remains to be resolved, that
is, does ET-1 act as a mitogen as has been shown for several cancer cell lines?
(Bagnato et al 1995, 1997, Moraitis et al 1997, Shichiri et al 1991 a, b) or is it
influencing apoptosis as found by Eberl et al (2000) in rat colon carcinoma cell lines in

Vitro?

The aim of the thesis is to determine if ET-1 has a direct link to colorectal cancer
growth. This will be investigated by: -
1) Examining if there is quantitative and/or qualitative differences in ET receptors
in colorectal cancer tissue compared to normal colon.
2) Determining if ET-1 can stimulate growth of colorectal cancer cell lines.

3) Assessing if ET receptor antagonists inhibit the growth of colorectal cell lines.
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2 Localisation of Endothelin
Receptors using

Immunohistochemistry
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2.1 Introduction

The increase in endothelin-1 demonstrated in tissue from patients with colorectal
cancer and the higher levels of endothelin-1 found in the plasma of these patients
suggest that this peptide may act in colorectal cancer. To exert an effect on the cells
endothelin would have to bind to its receptor so activating signal transduction pathways
as described in section 1.2.3. Therefore the first step was to determine if endothelin
receptors are present in colorectal cancer, which type of receptor occurs and the
distribution within the tissue. Antibodies to ETs and ETg were used to examine their
presence and distribution in normal colonic and colorectal cancer tissue from patients

with colorectal cancer.

2.2 Materials and Methods

2.2.1 Materials

2.2.1.1 Chemicals:

These were from Merck, Poole, Dorset, U.K. and of at least AnalaR grade unless stated

otherwise.

2.2.1.2 Tissues:
All tissue was from patients undergoing a surgical resection for colorectal cancer.
Fresh-frozen - normal colon, both adjacent to the tumour and distant (at least 10cm)
from it, and tumour was collected, divided into 1cm? pieces, snap frozen and stored in
liquid nitrogen. Archival material that had beeﬁ formalin fixed and wax embedded was

also used. From all samples Spm sections were cut to stain for endothelin receptors.
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2.2.1.3 Antibodies:

The primary antibodies were all polyclonal and two were used for each receptor. Sheep
anti-endothelin A receptor (anti-ETA) antibodies (Alexis Corporation, Bingham, Notts,
UK. and Research Diagnostics, Flanders, New Jersey, U.S.A.) and sheep anti-
endothelin B receptor (anti-ETg) antibodies (Alexis Corporation, Bingham, Notts, U.K.

and Research Diagnostics, Flanders, New Jersey, U.S.A.).

Secondary antibodies: For the 3-layer avidin biotin method, a kit containing a rabbit
anti-sheep IgG biotin-labelled antibody and the components to prepare the avidin biotin
complex was used (Vector Laboratories, Peterborough, Cambs., U.K.). For the two
layer techniques either a rabbit anti-sheep IgG labelled with horseradish peroxidase
(HRP) at 1 in 50 in 5% normal rabbit serum or one labelled with fluorescein
isothiocyanate (FITC) at 1:100 in 5% normal rabbit serum were employed (both from

Southern Biologicals, Birmingham, Alabama, U.S.A.)

2.2.2 Method development

A small pilot study was carried out to determine the optimum conditions for staining

for the endothelin antibodies, investigating the following:

1. The concentration of the ETp and ETg antibodies was tested at 1:20, 1:50,
1:100, 1:150, 1:200, 1:400 and 1:800. The optimum dilution for frozen sections
was 1:100 and for paraffin sections was 1:150.

2. A variety of fixatives for the frozen sections were examined; acetone at 4°C,
acetone and chloroform (1:1), acetone and methanol (1:1), 4%
paraformaldehyde, and 10% neutral buffered formalin.  Best results were

obtained with formalin fixation.
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3. Three different immunohistochemical staining techniques were employed, a
two-layer with a FITC labelled secondary antibody, a two layer with an HRP
labelled secondary antibody and a three layer avidin biotin system. The three-
layer system produced the most consistent results and was therefore employed

and is described below (section 2.2.3).

2.2.3 Three layer avidin biotin technique

Sections from frozen tissue were fixed in formalin for 30 minutes and then washed in
phosphate buffered saline (PBS) three times. Paraffin embedded sections were
dewaxed in xylene, rehydrated in reducing concentrations of alcohol from 100% to

70% and washed in PBS. The slides were then treated identically.

The tissue sections were permeabilised, for 30 minutes, with 0.1% Saponin (Sigma,
Poole, Dorset, U.K.) in PBS, to facilitate entry of the antibody to its cytoplasmic
epitope. Endogenous peroxidase activity was prevented by incubating the slides with
0.3% hydrogen peroxide in methanol for 30 minutes, followed by washing with tap
water for 3 minutes, distilled water for 5 minutes and then PBS for 5 minutes. Non-
specific binding to the primary antibody was blocked by incubating the sections with
10% normal rabbit serum (Sigma, Poole, Dorset, U.K.) for 10 minutes. Excess serum
was removed from the slides and then the sections were incubated overnight at 4°C
with anti-ETp or anti-ETp antibodies prepared in 1% normal rabbit serum in PBS.
After washing three times with PBS the sections were incubated with secondary
antibody at 1:100 in 5% normal rabbit serum at room temperature for 45 minutes in a
humid atmosphere. Following a further three washes in PBS the avidin biotin
complex, prepared according to the manufacturers instructions, was applied to the

sections and they were incubated for 45 minutes at room temperature and then washed
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three times in PBS. To be able to visualise the endothelin receptors the sections were
incubated with the chromagen, diaminobenzidine (0.25mg/ml) in Tris buffer pH 7.5
containing 0.1% hydrogen peroxide for 12 minutes. After washing in tap water the
nuclei were counter-stained with Harris haematoxylin for 10 seconds, the slides ‘blued’
in tap water, dehydrated with 70% followed by 100% alcohol and xylene, and then

mounted using DePX.

The slides were viewed by light microscopy (Olympus, London, U.K.) and the
distribution and intensity of the staining was assessed by three observers
independently. There appeared to be a distinctive pattern of staining of the epithelial
cells and therefore a subjective scoring system was devised in which 0=no staining,
1=1-33% cells stained, 2=34-66% epithelial cells stained, 3=67-100% epithelial cells

stained.
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2.3 Results

2.3.1 Introduction

Sections of normal colon from adjacent to a tumour (n=35) and from at least 10cm
from a tumour (n=10) and of colorectal tumours (n=45) were stained for endothelin
receptors, A and B using an indirect immunoperoxidase technique. The tumours were
staged as 18 Dukes’ A, 13 Dukes’ B and 14 Dukes’ C and most (32) were moderately

differentiated with 7 well differentiated and 6 poorly differentiated (Appendix 6.1).

2.3.2 ETA staining

2.3.2.1 Distant normal colon:

There was very little staining for ET4 in the distant normal colon with no staining of
epithelial cells (Table 2.1) or blood vessels and in just two patients (20%) ETs was

seen in the stroma (Table 2.2).

2.3.2.2 Adjacent normal colon:

The distribution of ET4 in normal colon immediately adjacent to colorectal tumours
was similar to that observed in the tumours. The majority (91%) of the patients had
staining for ETp in the epithelial cells with approximately a third having the majority
of the epithelial cells stained (Table 2.1). The number of epithelial cells expressing
ETa was reduced with distance from the tumour. No staining for ET 5 was observed in
the blood vessel walls in the adjacent normal colon and in only 6 patients (17%) was it

present in the stroma (Table 2.2)
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2.3.2.3 Tumours:

ETa was seen in the epithelial cells of all sections of tumour (Figure 2.2) and in one-
third of cases more than 67% of the cells was stained (Table 2.1). For poorly
differentiated tumours it was not always possible to estimate the percentage of
epithelial cells stained. The presence of ETa could also be seen associated with blood
vessels in 14 (31%) patients, usually in the muscle layers but occasionally within
endothelial cells. In twenty of the patients (45%) ETa was also present in the stroma
(Table 2.2). There was no correlation between the staining for ET 5 and either the stage

or the grade of the tumour.
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Figure 2.1 Sections across the junction between normal colon and moderately
differentiated colonic adenocarcinoma. Control for figures 2.2-—2.4 in which the
primary antibodies have been omitted. The nuclei have been counterstained with

haematoxylin. Original magnification X100.
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Epithelial tissue

Blood vessel

Figure 2.2 Staining of a moderately differentiated tumour with antibody to ETa cmd
visualised with 3-step avidin-biotin and DAB technique. ET4, seen as brown particles,
is present in the majority ofepithelial cells (score 3) and can also be observed in some

blood vessels. Original magnification x500.
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Table 2.1 Staining of epithelial cells for ET, in normal and malignant colon

Score (0-3) Normal colon Normal colon Tumour
distant from adjacent to tumour
tumour
Number of samples 10 35 45
% Stained 0 91.5 100
Score 0 0 3 (8.5%) 0
Score 1 0 7 (20%) 8 (18%)
Score 2 0 15 (43%) 23 (51%)
Score 3 0 10 (28.5%) 14 31%)

Sections of normal colon taken from either adjacent to the tumour or at least 10cm
from it and sections of tumour were stained using an indirect immunoperoxidase
technique for ETa. The staining of the epithelial cells was assessed as 0=no staining, 1

=1-33% cells stained, 2=34-66% epithelial cells stained, 3=67-100% epithelial cells

stained. The sections were viewed by 3 observers independently.

Table 2.2 Summary of ET4 staining

Area of tissue

Normal colon
distant (n=10)

Normal colon
adjacent (n=35)

Tumour (n=45)

Epithelial cells 0 91% 100%
Blood vessels 0 0 31%
Stroma 20% 17% 45%

Percentage of patients stained for ET, in each region of the colon
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2.3.3 ETg staining

2.3.3.1 Distant normal colon:

Staining for ETg occurred in only 30% of patients in the epithelial cells and in only a
third of these were the majority of cells stained. In three patients (30%) ETp was
observed in the blood vessels, both in the endothelial cells and in the vessel walls

(Table 2.4). Staining in the stroma was observed in just one patient (10%).

2.2.1.1 Adjacent normal colon:

There was far more staining for ETg in the adjacent normal colon than in the distant
normal colon. ETpg occurred in all patients in their epithelial cells but not all cells were
stained (Table 2.3, Figure 2.3). The receptor was present in the blood vessels of 36%

patients and stromal staining occurred in 27% of patients.

2.2.1.2 Tumours:

ETg was present in epithelial cells, in blood vessels and in the stroma in colorectal
cancers (figure 2.4,Tables 2.3 and 2.4). All patients contained some staining for
epithelial cells though only in 22% were more than two-thirds of the cells stained
(Table 2.3). In only 16 patients (36%) was ETg present in the blood vessels occurring
in endothelial cells and in the vessel walls. Stromal staining for ETg was present in 12
patients (27%) (Table 2.4). There was no correlation between the staining for ETg and

either the stage or the grade of the tumour.
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Figure 2.3 Normal colon stained for ETB using 3-step avidin-biotin technique. The
brown staining represents ETB staining in the epithelial cells and in blood vessels.

Original magnification xIO0O0.
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B ood vessel

Figure 2.4 Staining o fa moderately differentiated tumour with antibody to ETs and
visualised with 3-step avidin-biotin and DAB technique. ETB, seen as brown particles,
ispresent in the majority ofepithelial cells (score 3) and can also be observed in some

blood vessels. Original magnification x40.
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Table 2.3 Staining of epithelial cells in normal and malignant colon for ETg

Score (0-3) Normal colon Normal colon Tumour
distant from adjacent to tumour
tumour
Number of samples 10 35 45
% Stained 30 100 100
Score 0 7 (70%) 0 0
Score 1 1 (10%) 6 (17%) 12 (27%)
Score 2 1 (10%) 24 (69%) 23 (51%)
Score 3 1 (10%) 5(14%) 10 (22%)

Sections of normal colon taken from either adjacent to the tumour or at least 10cm

from it and sections of tumour were stained using an indirect immunoperoxidase

technique for ETg. The staining of the epithelial cells was assessed as 0=no staining, 1

=1-33% cells stained, 2=34-66% epithelial cells stained, 3=67-100% epithelial cells

stained. The sections were viewed by 3 observers independently.

Table 2.4 Summary of ETp staining

Area of tissue

Normal colon
distant (n=10)

Normal colon
adjacent (n=35)

Tumour (n=45)

Epithelial cells 30% 100% 100%
Blood vessels 30% 36% 36%
Stroma 10% 27% 27%

Percentage of patients stained for ETg in each region of the colon
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24 Summary

The aim of this section was to investigate the distribution of ET4 and ETp receptors in

normal colon and in colorectal cancers by immunohistochemistry.

To determine the optimum conditions for staining a pilot study was carried out. From
this study the avidin-biotin 3-layer technique produced optimum staining, that is a low
background with clear staining for the receptors, when the tissue was fixed in formalin,

incubated overnight with the primary antibody at 4°C and visualised with DAB/H,0,.

The staining was assessed to determine the distribution of the receptors. As striking
differences were observed in the percentage of epithelial cells stained both between
tumour and normal tissue and within a tissue group a subjective estimation of the
number of cells stained was made. All sections were viewed by three people and there

were no noteworthy differences in their evaluation of the staining.

There was a large increase in the expression of ET4 in tumours compared to distant
normal tissue, as staining for ET, in this normal tissue was restricted to the stroma of
only 20% of patients. In contrast, in tumour samples, epithelial cells stained positively
for ET4 and staining was also present in blood vessels and the stroma, though not in
every case. Interestingly, microscopically normal tissue from adjacent to the tumour
demonstrated a pattern intermediate to distant normal colon and tumour; it showed the

same pattern of staining as for normal tissue in the stroma and blood vessels, but -
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similarly to the tumour - the epithelial cells expressed ETa, suggesting that factors

released by the tumour affect the adjacent epithelial cells.

ETg staining was also increased in colorectal cancer but only in the epithelial cells,
which increased three-fold compared to distant normal tissue. Like ETj,, the levels of
ETy were similar in the adjacent normal tissue to the tumour. There was no difference
in the ETg staining of blood vessels or stroma between any of the three groups of

tissue.

In summary, ET4 and ETg profiles are markedly different in tumour tissues compared

to normal colon. It remains to be seen if this is part of a mechanism that contributes to

tumour growth.
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3 Autoradiographic Quantitative
Analysis of Endothelin Receptors and

Double Localization Techniques
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3.1 Introduction

To assess the presence of ETA and ETp in sections of normal colon and samples of
colorectal cancer autoradiography was carried out. This technique enables the binding
affinities of the two receptors to be assessed and by combining high resolution
autoradiography with immunohistochemistry the cell types expressing the receptors

can be identified.

3.2 Materials and Methods

3.2.1 Tissue collection and preparation

Cancer and normal colon specimens (at least 10cm away from the tumour) were
obtained at routine resections from 9 patients with colorectal cancer (appendix 6.1,
Table 6.3). The tissues were divided into approximately lcm’® samples and stored
frozen in liquid nitrogen. The samples were taken out and serial cryostat sections 10um
thick were cut and mounted on gelatin coated slides. The slides were stored at —70°C

for up to 7 days.

All tumours were diagnosed histopathologically as moderately differentiated
adenocarcinomas. When frozen sections were cut, 6 of the cancer specimens also
incorporated adjacent normal colon, easily distinguishable morphologically on staining

with haematoxylin and eosin (H&E).
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3.2.2 Endothelin A and B receptor (ET, and ETg) binding

The sections were equilibrated to room temperature for 20 minutes and then incubated
in 50mM Tris buffer, pH7.4, for 15 minutes at room temperature to allow endogenous

levels of ET-1 bound to the receptors to decrease by dissociation.

Sections were incubated for 2 hours at room temperature in Tris buffer containing
5mM MgCl, 1% bovine serum albumin and 100,000IU/ml aprotinin in the presence of
150pM ET, selective ligand ['*°1]-PD151242 (an antagonist) or 150pM ETg selective
ligand ['*°1]-BQ3020 (an agonist) (each 2000Ci/mmol specific activity, from Nycomed
Amersham, Little Chalfont, Bucks, UK). The sections were washed twice in Tris buffer
(as above) at 4°C for 10 minutes each time and dried in a stream of cold air. Sections
were post-fixed in paraformaldehyde vapour at 80°C for 2 hours. Non-specific binding
was determined by incubating adjacent sections in the presence of 1uM unlabelled ET-

1.

For characterisation of receptor subtype binding, competitive inhibition analysis was
carried out by incubating 100nM unlabelled ET-1 with increasing concentrations from
25pM to 1nM of ET, selective ligand ['*I]-PD151242 or ETj selective ligand [*°1]-
BQ3020 to obtain the apparent dissociation constant (Ky), that is the value at which the
forward and backward reactions are at equilibrium, and the maximum binding capacity
(Bmax), that is the concentration of the ligand required to saturate 100% of the receptors

according to the following equation:
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Fast

Receptor | Ligand R-Ligand complex
Slow
(Ku) (Bmax)
Fast
ET, + IPD 15124 ETA- '"“IPD15124 Compl
Slow

Equation 3.1 The general reversible equationsfor ligands used in autoradiography.

Analysis was carried out using Inplot curve fitting software (Graphpad, San Diego,

CA, USA).

This procedure enabled the comparative analysis of amounts of ETA and ETB receptors

in colorectal cancer, adjacent normal colon to the cancer and distant normal colon.

3.2.3 Image generation

Two types of autoradiographic image analysis were employed. Firstly, macroscopic
autoradiography, which investigated gross regional variations of radioactive ligand
uptake within a section, and secondly, high resolution (microscopic) autoradiography,
which examined uptake of the radioactive ligands at the cellular level. The latter

technique was carried out with ETa and ETg individually and then, to identify the cells
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binding ET-1, a combination of autoradiography using ET-1 with

immunohistochemistry for cell markers was employed.

3.2.3.1 Macroscopic autoradiography

Autoradiographs were generated by opposing sections to Hyperfilm-"H (Nycomed
Amersham) for 2 to 4 days at 4°C. Films were developed in undiluted D19 (Kodak,
Hemel Hempstead, Herts. UK) for 5 minutes at room temperature and fixed with IF23
fixer (Ilford, Mobberley, Cheshire, UK) diluted with 1:4 in tap water for 5 minutes at

room temperature and rinsed in running tap water. The films were then dried.

3.2.3.2 Microscopic autoradiography

To obtain a higher degree of anatomical resolution of the binding sites, sections were
also prepared by the ‘dipping technique’. After post-fixation, sections were removed
from the paraformaldehyde vapours and allowed to cool for several hours until residual
vapours had dispersed. The sections were then defatted in ascending concentrations of
alcohol (70% to 100%) followed by xylene for 1 hour. The sections were rinsed in
distilled water, warmed to 40°C, dipped in liquid emulsion K-5 (Ilford) at 42°C,
exposed for 7 to 10 days at 4°C and developed and fixed as for macroscopic
autoradiography. To visualise the cell nuclei slides were counterstained with

haematoxylin.

The high temperature in some sections caused some loss of the radioactive ligand.
Therefore high resolution autoradiography was also carried out using cut coverslips
dipped in liquid emulsion; left to dry then applied against prepared sections. The

coverslips were secured using DePX as mountant. The slides were developed as above.
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3.2.4 Identification of cell types expressing ET receptors

To identify the cell types that express endothelin receptors, high resolution
autoradiographs using ET-1 were combined with immunohistochemical techniques

using antibodies to specific cell types.

Frozen sections of distant normal colon, adjacent normal colon and colorectal tumours
were allowed to equilibrate at room temperature for 45 minutes and then fixed with
acetone for 15 minutes at 4°C. The slides were then washed three times in Tris
buffered saline (TBS 50mM Tris in saline pH7.4), each wash was for 5 minutes at
room temperature. This same washing procedure was employed for all subsequent
washes. The sections were treated with 0.5% H,0O, in methanol for 10 minutes to block
endogenous peroxidase activity, washed and non-specific antibody binding was
blocked by incubating the sections with 20% sheep serum in TBS for 20 minutes at
room temperature. Excess serum was tapped off the slides and the sections incubated
for one hour at room temperature with primary antibody diluted in TBS containing 1%
normal rabbit serum. The antibodies used were: NF200 a marker of nerves at 1/200
(donated by Dr. M. Dashwood, Department of Biochemistry and Molecular Pathology,
Royal Free & University College London School of Medicine, London, UK); PECAM,
an endothelial cell marker at 1/50 (donated by Dr. M. Dashwood) and ASO, a
fibroblast marker, at 1/100 (Dianova, Hamburg, Germany), control slides were
included in which the primary antibody was replaced with TBS. After washing,
sections were incubated with biotinylated sheep anti-mouse diluted 1/500 in TBS
containing 2% normal sheep serum for 30 minutes at room temperature. The avidin-
biotin complex was formed by incubating avidin:biotin:buffer (1:1:100) for 30 minutes

before applying to the sections for 30 minutes. After washing, the sections were
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incubated with diaminobenzidine (DAB 250ug/ml) in Tris pH7.4 containing 0.1%
H,0; for 10 minutes at room temperature. The slides were washed under running tap

water for 5 minutes and then microautoradiography with ET-1 was carried out.

3.2.5 Image analysis

Images, obtained from macroautoradiography, were digitised using a Hewlett Packard
scanner and were analysed by reading grey densities using the histograms in Adobe
Photoshop 5 (Epson, Hemel Hempstead, Hertfordshire, UK). To check that this
software package did not lead to distortion of the results, the images were also analysed
using Corel Draw 7 (Kodak, Hemel Hempstead, Herts, UK) and the same readings

were obtained.
The histogram system works by dividing each cm? into 255 points. Each point is given

a comparative figure from 0 to 250 scale (where black is zero and white is 250) and the

mean and standard deviation calculated.
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3.3 Results

3.3.1 Characterisation of ETA and ETB receptors

To enable a comparison to be made between ETA and ETB receptors by
autoradiography the ligands for the two receptors have to bind comparably that is to
bind at just saturation levels so no binding sites are left undetected. To achieve this
dissociation experiments were carried out using increasing concentrations of ligands to
calculate the IQ maximum (association constant) for the receptors. For ETA the K'max

was 0.125nM and for ETB it was 0.068nM (Figure 3.1).

Figure to determine the binding constants for ET* and ET,

160 1

140
3 120

ET,
9
0.068
0 0.4 0.6 i 12
Concentration o f agpnist nM
Figure 3.1 The association curvesfor ETA ETBto determine the minimum

concentration ofthe agonists requiredfor comparable binding, Kj=0.125nM for ETA

and Kj=0.068nM for ETB-
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3.3.2 ET, receptors

There was an approximately 60% increase (p<0.0001) in ET4 receptor antagonist in
colorectal tumour compared to adjacent and distant normal colon (Table 3.1, Figures
3.2 and 3.3). The uptake in normal colon was the same for tissue from adjacent and

distant normal colon from the tumour.

Table 3.1 Up-take of ligands to ET4and ETp

ET, uptake ETpg uptake
mean * s.d. mean +s.d.
(arbitrary units) (arbitrary units)
Distant normal colon 129.19 £ 15.66 207.01 £35.46
Adjacent normal colon 128.68 £ 15.15 206.58 +35.35
Tumour 205.88 £27.02 122.30+24.5

Summary table of receptor densitometry reflecting uptake of ligands for ET s and ETp
in tumour, adjacent and distant normal colon. There were nine patients in each group

and three sections were assessed for each tissue from each sample.
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Figure 3.2 Gross autoradiography demonstrating the specificity of the up-take of

ligands in a section across the junction between normal colon and a moderately

differentiated tumour. Non-specific up-take ofthe ligands is minimal.

Lanel: ETA, Lane 2: Non-specific controlfor ETA,
Lane 3: ETs, Lane 4: Non-specific controlfor ETs,
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Normal colon
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Normal colon

Figure 3.3 Autoradiograph of section from the junction between normal colon and
moderately Differentiated adenocarcinoma in which receptor bindingfor ETA (a) cind
ETB (b) has been demonstrated (seen as black granules of silver nitrate). ETA is

present in greater levels on the cancer than the normal colon, whereas ETB occurs at a

higher level on normal colon than cancer.



3.3.3 ETjg receptors

For ETpg, there was a much greater uptake of receptor ligands by normal colon both
adjacent to and distant from the tumour than from the tumour itself (Table 3.1, Figures
3.2. and 3.3). This 70% difference was significant p<0.0001(paired t-test). There was

no difference in the ETp uptake between adjacent and distant normal colon.

3.3.4 Comparison between ET, and ETjy receptor uptake
There was a significantly higher 68% (p=0.0001) uptake of ligands by ET4 receptors as

compared to ETp in tumours. Whereas for normal colon there was a significantly
higher uptake of ETg 60% for adjacent normal colon and 62% for distant normal colon

compared to ET 4 (p=0.00015, p=0.00013 respectively).

3.3.5 Microautoradiography

Using antagonists and agonists to ET, and ETp showed that ET, appeared to be
predominately in the epithelial cells of the tumour with some up-take by the stroma
(figure 3.4 a). For ETg the microautoradiography suggested a predominant uptake by

the epithelial cells of the normal colon (figure 3.4 b).

To confirm the stromal distribution of the cell types that can bind ET-1,
autoradiography using labelled ET-1 was carried out simultaneously with
immunohistochemistry using antibodies to specific cell types. This demonstrated that
ET-1 was taken up by blood vessels in both normal (figure 3.6) and tumour (figure

3.7). Also there was good uptake of ET-1 by nerves (figure 3.8). Unfortunately the
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fibroblast antibody did not give conclusive staining and it was therefore not possible to

determine if these cells could bind ET-1.

Figure 3.4 Microautoradiograph offigure 3.3 reflecting increased ETAreceptor uptake
in moderately differentiated adenocarcinoma (a) and increased ETB receptor uptake in
normal colon (b). The receptors are reflected by the black silver nitrate grains and are

in the epithelium with a significant amount in the stroma. Original magnification X 8
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(a)

%

(b)

Figure 3.5 Section ofnormal colon (a) andfrom thejunction ofnormal colon and a
moderately differentiated adenocarcinoma (b) that have been stained with an
antibody to endothelial cells using an indirect immunoperoxidase technique (stained
brown) followed by microautoradiography for ET-1 (black silver nitrate granules),
see methodical details in section 3.2. There are some areas of co-localisation of

brown and black granules demonstrating that endothelial cells are able to bind ET-1.
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Figure 3.6 Section of a moderately differentiated adenocarcinoma stained with an
antibody to nerves (see section 3.2.4for details) followed by microautoradiographyfor
ET-1. Thepresence ofnerves is indicated by the brown staining and ET-1 is seen as the
black silver nitrate grain. There are areas in which the brown staining co-localises

with the black grains demonstrating that the nerves in the colon are able to bind ET-1.
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34 Summary
The previous chapter has shown that ET 4 and ETp receptors are expressed in colorectal
cancer. These results were based on observational analysis of immunohistochemistry.
The next step was to try and use a method that was more sensitive, allowed mapping of
receptors grossly and at the cellular level in a dynamic way and could be analysed
objectively. We used autoradiography, a method for studying receptors first established
by Young and Kuhar in 1979 and modified in 1980 by using reversibly bound ligands.
Autoradiography is easily amenable to semi-quantitation. Also, it provides a dynamic
way of looking at the receptors in an environment that is closer to the in vivo situation.
Furthermore, microautoradiography allows identification of the type of cells that

express these receptors.

This method allowed a quantitative dynamic measurement of these receptors using
pharmacokinetics, i.e., (1) the ligands used were high affinity reversibly bound ligands.
(2) The speed of the forward reaction was fast enough to be practical (2 hours), (3)
while the process of dissociation, or backward reaction was slow enough to be
measured (10-14 days). (4) The Bmax value (concentration of radioligand required to
saturate 100% of the receptors) was reasonably low, therefore could be calculated from
ligand concentrations within safe radioactive limits (5) The dissociation constant (Kg)
value (i.e., the value at which the forward and backward reactions are at equilibrium)
was small enough for the ligand concentrations used to be able to exceed it and reach

close to Bmax.
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123 that has a half-life of 56 days. The ligands also were

The radioisotope used was I
very specific for the receptors; I'>PD151242 is ET, selective, and '’ BQ3020 is ET;

selective. Both ligands have been used extensively, a Medline search since 1994 found

29 publications using the ET4 ligand and 53 for ETj.

At the beginning of the experiments the Ky values and Bmax approximations were
extrapolated for ET and ETp ligands. The Ky values measured 0.068 and 0.125 nM
respectively. For Bmax, the concentration used was 0.25nM, which is close to the
Bmax value for both receptors. This ensured maximum binding capacity at a similar
level for both ETA and ETy receptors, therefore allowing comparison between the

receptor uptake to take place.

This study showed, by gross autoradiography, a higher ET4 expression by cancers
compared to normal colon, similar to that seen by immunohistochemistry.
Densitometric semi-quantitation suggested slightly more than a 2-fold increase in ETa
uptake in tumour compared to normal. However, ETg receptors were reduced in
colonic cancer as compared to normal colon, a finding which is directly opposite to the
results obtained by immunohistochemistry. ETp uptake by tumours was about 70% that
of normal colon, as calculated by densitometry. Densitometry values for normal
distant colon and normal adjacent colon were very similar, suggesting a cut off effect at
the tumour/normal boundary. When compared directly, there was a significantly higher

uptake of ligands by ET4 receptors than ETp receptors in tumour.

The discrepancy between autoradiographic and immunohistochemical results for ETp

is discussed in the overall discussion chapter.
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Microautoradiography showed that ET5 was present predominately in the epithelial
cells of the tumour with some up-take by the stroma. For ETj there was a predominant

uptake by the epithelial cells of the normal colon.

To confirm the stromal distribution of the cell types that can bind ET-1,
autoradiography using ET-1 was carried out simultaneously with immuno-
histochemistry for specific cell types. ET-1 was taken up by blood vessels in both
normal and tumour. Also there was good uptake of ET-1 by nerves. Fibroblast staining

was inconclusive.

Having demonstrated differential receptor profiles between tumour and normal, the
question which needs to be addressed is the biological significance of ET-1 in
colorectal cancer. The scenario investigated in the next chapter assumes that ET-1 may

act as a growth factor for epithelial colorectal cancer cells, using an autocrine loop.
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4 Cell Culture
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4.1 Introduction

To investigate the effect of ET-1 on colorectal cancer epithelial cells, colorectal cancer
cell lines were used. Initially the ability of the cell lines to secrete ET-1 was studied
and from this investigation two cell lines, one that secreted high levels of ET-1 and one
that produced moderate levels were selected to examine the addition of exogenous ET-

1 to the cells and if ETA and/or ETp receptor antagonists had an effect on the ET-1

induced growth of the cells.

4.2 Materials and methods

4.2.1 Celllines

The following cell lines were tested for their ability to produce ET-1: HT29, SW620,
SW480, Lovo (all from European Collection of Cell Culture, Porton Down, Salisbury,
Wiltshire, U.K.), LIM1215, SKCO1, SKCO17, (all kindly donated by Prof. M. O’Hare,
Ludwig Institute of Cancer Research, London, U.K.). Two cell lines were chosen for
further experiments in this thesis: HT29, a high ET-1 producer, and LIM1215, a

moderate ET-1 producer.

4.2.2 Endothelin receptor agonists and antagonists

Development of the method for the in vitro system was carried out using the ETa
receptor antagonist A122271 and the mixed antagonist PD145 (Alexis, Bingham,

Nottinghamshire, U.K.). For further cell culture studies the ETa receptor antagonists
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BQ123 and BQ610 and the ETp receptor antagonist BQ788 were used (all from
Alexis). ETp / ETp receptor agonists became commercially available only after the
development part of this work had finished. ET-1 (Sigma, Poole, Dorset, U.K.) was

used as the mixed agonist for ET, and ETp receptors.

4.2.3 Cell culture

Cells were routinely grown in flasks (Falcon plasticware, Becton-Dickinson, Marathon,
London, U.K.) in Dulbecco's Modified Eagles Medium (DMEM) with phenol red pH
indicator and F-12 medium (1:1) to foetal calf serum (10% FCS), L-glutamine (2mM),
penicillin (100IU/ml), streptomycin (100mg/ml) (all from Imperial Labs, Basingstoke,
Hants, UK.) and were maintained at 37°C at 5%CO;, in 95% air. The cells were
passaged at a split ratio of between 1 in 3 and 1 in 5 at approximately 90% confluence
every 3 to 7 days dependent on the cell type. Passaging was carried out by washing
thoroughly in phosphate buffered saline (PBS, Oxoid, Basingstoke, Hants, UK), then
incubating at 37°C in 1mg/ml trypsin (Sigma, Poole, Dorset, UK) in 0.02% EDTA in

PBS (Imperial Laboratories, Basingstoke, Hants, UK) until the cells detached.

4.2.4 ET-1 production by colorectal cancer cells

To measure ET-1 production by each colorectal cancer cell line and to obtain relative
amounts, media was collected from the growing cultures 24 or 48 hours after adding
fresh media. Both media with and without FCS were used and all other additives were
present. The media collected was immediately spun at 400g for 5 minutes and stored at
—~70°C until assay. To be able to compare ET-1 levels between the different cell types

the number of cells in each flask was counted by trypsinizing, spinning and
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resuspending the cell pellet in a known volume of media and counting on a
haematocytometer and therefore ET-1 production could be expressed as per cell
number. As a negative control, media containing appropriate additives but without
cells was used and HT29 acted as a positive control since it is known to be a high
producer of ET-1 (Kusuhara et al 1990). ET-1 levels in the media were measured using
an ELISA kit (Nycomed Amersham, Little Chalfont, Bucks, UK) and read at 550nm on
a plate reader (MRX Denley, Billinghurst, West Sussex, UK). The assay has a
sensitivity of 1 to 32 fmol per well for a 96 well plate and specificity of 98% for ET-1,
cross reactivity with ET-2 < 2% and ET-3 <0.01% (details provided by the
manufacturer). In view of the fact that serum contains ET-1, albeit in small amounts, it

was decided to carry out further studies using serum free media.

From the above, two cell lines were chosen; HT29, which is a high producer of ET-1
and LIM1215, a moderate producer, both grow readily and are easy to maintain. All

subsequent cell culture experiments were carried out with these two cell lines only.

4.2.5 Endothelin receptor expression in colorectal cancer cells
using autoradiographic techniques

Cells (HT29 and LIM1215) were grown as above then trypsinised and cytospins were
prepared, by adding 200ul of a cell suspension containing 1 million cells/ml to

cytospin slides and spinning at 300g for 4 minutes. The slides were incubated with 150

pM of 1251 ET-1 (specific activity 2000 Ci/mM, Nycomed Amersham) and non-

specific binding was determined by incubation of alternate sections with 500nM
unlabelled ET-1. Endothelin receptor subtypes were identified using 150 pM 1251

PD15142 for ETA or 1251-BQ3020 for ETg, specific activity 2000 Ci/mM for both
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(Nycomed Amersham). The technique was described in detail in chapter 3 section 3.2.2

and 3.2.3.

4.2.6 Influence of ET-1 and endothelin receptor antagonists on
growth

A pilot study was carried out to determine the range in which the methylene blue assay
gave linear readings for cell growth over a 4 day period. 20,000 cells per well were

chosen as an appropriate seeding density for both cell lines.

Twenty thousand cells per well were plated into 24-well plates and grown for 24 hours
in fully supplemented medium. The cells were washed and incubated in serum free
medium containing 107 to 10"°M ET-1/well for 24 hours, 48 hours or 72 hours. At
each time the cells were fixed in 10% formalin and the cell number measured using the
methylene blue assay (see 4.2.7). The optimum concentrations of ET-1 from this

experiment were used to investigate receptor antagonism.

This experiment demonstrated that the optimum concentration of ET-1 was 10®M for
LIM1215 and 10°M for HT29 but only after 48 and 72 hours incubation. Therefore to
investigate the receptor antagonists 100nM of the ET4 receptor antagonists BQ123 and
BQ610 and ETg receptor antagonist BQ788 were added to each well with or without
ET-1 at 10-8M for LIM1215 or 10°M for HT29 and after 48 and 72 hours the plates
were fixed with 10% formalin and the cell number measured by the methylene blue

assay.

All experiments were repeated at least eight times.
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4.2.7 Methylene blue assay

4.2.7.1 Fixation of cells

To remove the media prior to fixing the cells comparisons between tipping (inverting)
and vacuum aspirations of the media from individual wells were made for HT29 and
LIM1215. There was no difference detected between the two techniques and the

standard deviations were the same.

At the endpoint (48, 72 hours), the culture medium in each well was removed by
inverting the plate gently. The wells were then filled with PBS and reinverted. The
cells were fixed by adding 0.5 ml of 10% formalin to each well for 30 minutes. Time of
fixing and type of fixative have been previously investigated (Oliver et al 1989), with
the conclusion that formalin gives the most consistent results, and a fixation time
between 15 and 45 minutes produced constant results. At this stage the plates were

wrapped in aluminium foil and stored to be assayed as a batch.

4.2.7.2 Cell staining and readings of plates

The fixative was removed and 0.5ml filtered 1% methylene blue in 0.01M borate
buffer pH 8.5 added to each well for 30 minutes. Excess dye was discarded and plates
were washed gently by dipping into 0.01M borate buffer (pH 8.5) baths, this washing
step was repeated six times by which time all the non-bound dye was removed.
Consistency in washing is absolutely crucial for reproducibility and therefore six

washes were used every time (Oliver et al 1989).

The dye was eluted by adding 1ml of 1:1 95% ethanol: 0.1 M HCI to each well. The

plates were then shaken using a plate shaker (Model 804, Luckham, Billingshurst,
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West Sussex, U.K.) at level 6 for 30 minutes. To be able to measure the absorbance
the eluted dye had to be transferred to a 96-well plate, 100ul per 96-well was added,
with 4 wells on 96-well plate from each well of the 24-well plate. The absorbance was
read at 650nm (Agsg) on a microplate reader (MRX Denley, Billinghurst, West Sussex,
UK). A background reading was obtained by leaving four wells empty; the mean of
these wells was used as the blank by the photometer and subtracted from every other

reading.
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4.3 Results

4.3.1 Production of ET-1 by human colorectal cancer cells

ET-1 was measured in conditioned media from the 6 colorectal cell lines, LIM1215,
SW620, LOVO, SKCO1, SKCO17 and HT29 (Table 4.1). There was a wide variation
in the amount of ET-1 measured at 24 and 48 hours by the colorectal cancer cell lines,
the highest producer being HT29 (71.7fmol/ml/10° cells at 48 hours) and the lowest
SW620 (8.4fmol/ml/10° cells at 24 hours) and SKCO17 (10.1fmol/mV/ 10%cells at 48
hours). HT29 and LIM1215 were selected for further study. HT29 secreted the largest
amount of ET-10f the cell lines investigated and therefore might be responsive to ET-1
and more specifically, HT29 might be a good model for demonstrating the effect of
inhibiting the action of ET-1 through the use of antagonists to endothelin receptors ETa
and ETg. LIM1215 secreted a moderate amount of ET-1 and potentially might be able
to respond to further addition of ET-1 as well as responding to antagonists to the

receptors. For further experiments only HT29 and LIM1215 were used.
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Table 4.1 ET-1 production by colorectal cancer cell lines

Cells ET-1 fmol/ml/10°cells
24 hours 48hours

Control medium 0.6 0.6
SKCO1 9.7 11.4
SKCO17 9.5 10.1
HT29 41.7 71.7
LIM1215 213 22.6
LoVo 9.8 204
SW620 8.4 113

ET-1 was measured in the media of colorectal cancer cell after incubation of the cells

for 24 or 48 hours using an ELISA assay. The concentration of ET-1 has been

corrected for the amount in the basic media.

4.3.2 Endothelin receptor expression in HT29 and LIM1215

Binding for ET-1, ET4 antagonist (PD15142) and ETpg agonist (BQ3020) in HT29 and

LIM1215 was demonstrated by autoradiography. Total binding was clearly in excess

of non-specific binding for ET-1 for the receptor subtypes and ET-1 in these cells,

suggesting the presence of these receptors on the cells (Figure 4.1)
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Non-specific Total Non-specific Total

Figure 4.1 Binding for ETA and ETB receptors on LIMI1215 and HT29 cell cytospins
were demonstrated by autoradiography. Slides were incubated with ETA antagonist
(i""-PDI5142) or ETBagonist (" "-BQ3020) for total binding. Non-specific binding
was determined by incubation with excess unlabelled ligand. Total binding was clearly
in excess of non-specific binding suggesting the presence ofboth receptors in these cell

types.
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4.3.3 Effect of exogenous addition of ET-1 and response to ET,

and ETy antagonists

4.3.3.1 Effect of ET-1 on HT-29 and LIM1215 growth
Addition of ET-1 at 10”7 to 10"'2M to LIM1215 and HT29 stimulated their growth in a

dose-dependent manner (Table 4.2, Figures 4.2 and 4.3). For LIM1215 this was
maximal at 10®M with a rise of 32.7% and 28.4% above controls at 48 and 72 hours
respectively. In contrast the maximal number of cells for HT29 occurred with 10°M
ET-1 when there was an increase of 13.4% and 15.7% above control numbers at 48 and

72 hours respectively.
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Effect of ET-1 on growth of LIM 1215

72 hours

&5%0

48 hours

iﬁgvoa

ET-1 concentration (M)

Figure 4.2 LIM1215 cells were plated in serum-containing media and left to settlefor
24h. The media was then removed and the cells fed with serum-free media containing
10~ to W'"M ET-1. After 48h or 72h the cells werefixed withformalin and the number
of cells determined by the methylene blue assay. A statistically significant increase in

cell number occurred with ET-1 at 10" and 10'""M (p<0.05 by Student's t-test).
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Effect of addition of ET-1 on HT-29 cell growth

72 hours

48 hours

ol 10-12 10-n 10-10 10-v 10K 107 contn») 10-12 10-11 10-10 10-9 10-K 107

F f-1 concentration (M)

Figure 4.3 HT29 cells were plated in serum-containing media for 24 hours and then
the media was removed and the cells fed with serum-free media containing ET-1 at
concentrations from 10" to 10"~ M  After 48h or 72h the cells were fixed with
formalin and the number of cells determined by the methylene blue assay. A

statistically significant increase in cell growth occurred with ET-1 concentrations 10"
to Iff'° M(*p<0.05).
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Table 4.2 Stimulation of growth of colorectal cancer cell lines by ET-1

Cell Line | Controls Endothelin-1 concentration (M)
0 10-12 10-!! 10-10 109 10-8 107
LIM1215| 0.459 0.483 0.511 0.533 0.573 0.609 0.516
48h (0.069) (0.061) | (0.123) | (0.129) | (0.145) | (0.155) | (0.132)
P<0.05 P<0.01
LIM1215 1.211 1.342 1.338 1.344 1.486 1.555 1.276
72h (0.168) (0.245) | (0.166) | (0.209) (0.22) (0.177) | (0.091)
P<0.05 P<0.01
HT29 0.567 0.593 0.593 0.609 0.643 0.607 0.456
48h (0.168) (0.141) | (0.155) | (0.159) | (0.163) | (0.199) | (0.027)
P<0.01 P<0.01 P<0.05
HT29 1.214 1.271 1.310 1.297 1.405 1.351 1.266
72h (0.153) (0.212) | (0.176) | (0.127) | (0.204) | (0.184) | (0.146)
P<0.05 P<0.05

The effect of ET-1 addition for 48 and 72 hours on colorectal cancer cell growth was

measured using the methylene blue assay and the results (absorbance at 650nm,

arbitrary units) expressed as the mean (standard deviation). Statistical analysis was

carried out using a paired student’s t-test and significance was taken as p<0.05.

4.3.3.2 Effect of antagonists on cell growth

Competitive ET, antagonists BQ123 and BQ610 significantly inhibited ET-1 induced

proliferation of both LIM1215 and HT29 at 48 and 72 hours respectively (Figures 4.4

and 4.5). ETg antagonists had no effect on ET-1 stimulated proliferation of these cell

lines.
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Figure 4.4 Cells were allowed to settle overnight and then the media removed and
serum-firee media added containing ET-1 (10'"M) with or without its receptor
antagonists, either the ETa receptor antagonists (BQI123 or BQ610) or ETb receptor
antagonists (BQ788) all at 100nM. After 48h or 72h the cells werefixed with formalin
and the number of cells determined by the methylene blue assay. Cell numbers were
significantly higher in the ET-1 group compared with controls (*p<0.05, Student's t-
test) whereas cell numbers in the groups treated with ET-1+E T4 antagonists were
similar to the control group and significantly lower than the ET-1 only group
P<0.05, Student's t-test).
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Figure 4.5 Cells were allowed to settle overnight and then the media removed and
serum-free media added containing ET-1 (10'"M) and/or its receptor antagonists,
either the ETA antagonists, BQJ23 or BQ610, or the ETB antagonist, BQ788, all at
l00OnM, After 48h or 72h the cells were fixed informalin and the number determined
using the methylene blue assay. Cell numbers were significantly higher in the ET-1
group compared with controls (*p<0.05. Student's t-test) whereas cell numbers in the
groups treated with ET-1+ETA antagonists were similar to the control group and

significantly lower than the ET-1 only group fp<0.05. Student's t-test).
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4.4 Summary

Tissue culture work presented in this thesis investigated, firstly the production of ET-1
and expression of ET, and ETy receptors by two colorectal cancer cell lines, secondly
the ability of ET-1 to stimulate the proliferation of these cell lines and finally the

potential of ET receptor antagonism as an inhibitor of growth.

All colorectal cancer cell lines tested produced ET-1 and the cells ranged from “low” to
“high” secretors. HT29 was selected for further study since this cell line secreted the
highest level of ET-1; the amount measured was similar to that previously reported for
HT29 of 23fmol/ml/106cells (Kushara et al 1990). Also LIM1215 was chosen; this was
a moderate secretor and therefore addition of exogenous ET-1 might give further
stimulation of growth. It could also be possible to inhibit any effects of endogenous

ET-1.

ET-1 acts via two receptors, ET, and ETg, which were found to be present on
LIM1215 and HT29 by autoradiography. This technique, by utilising radio labelled
ligands that display high affinity for receptors, demonstrated the presence of the

receptors and indicated that they occur in a functional state.

Exogenous ET-1 was found to significantly increase cell number for both cell lines
with a higher rise for LIM1215 than HT29. The difference may be related to the greater
endogenous production of ET-1 by HT29: If the mitogenic effect occurs via one or

both of the receptors and these receptors are partially occupied by endogenous ET-1,
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then addition of further ET-1 will have less of an effect than in a cell line where the

receptors are available for binding.

The effect of ET-1 on LIM1215 and HT29 was mediated the ET,, and not the ETy

receptor, as demonstrated by the ability of BQ123 and BQ610 to prevent an increase in

cell number on addition of ET-1.

In summary, the colorectal cell lines studied expressed both ET4 and ETp, produced

ET-1 and grew better after being stimulated by exogenous ET-1. The growth stimulus

was blocked by antagonising ET4 and not ETg.
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5 Discussion
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Endothelin-1, a small vaso-active peptide originally isolated from endothelial cells, has
been implicated in cancer growth and progression. Raised ET-1 levels have been
detected in plasma and tissue samples from patients with solid malignant tumours
including liver, lung, prostate and breast cancers (Giaid et al 1990, Yamashita et al
1992, Kojima et al 1995, Ishibashi et al 1993, Nelson et al 1996). Binding sites
(receptors) for endothelin have been described in tissues from ovarian, prostate cancer
phaechromocytomas (Watanabe et al 1997) and adrenocortical carcinomas (Rossi et al
1997). ET-1 is also produced in vitro by several cancer cell lines including colonic,
pancreatic, ovarian, breast, stomach and prostate (Kusuhara et al 1990, Oikawa et al
1994, Baley et al 1990, Mathiew et al 1995), while receptors have been detected on
ovarian and prostate cancer cell lines. The production of a biologically active peptide
by the same tissue that expresses receptors for it raises the possibility of autocrine or
paracrine growth loops. Indeed, Shichiri and colleagues proposed that ET-1 acts as an

autocrine growth factor for cancer cells as early as 1991.

Previous work from the department of Surgery, UCL, focused on ET-1 in colorectal
cancer: Raised levels of ET-1 were detected in the plasma of patients with either
primary colorectal cancer or colorectal liver metastases. Furthermore, ET-1 was
demonstrated immunohistochemically in tumour epithelial cells, stroma and the blood
vessels of both primary colorectal cancer and liver metastases (Asham et al 1997, 1998,
Shankar et al 1997). Further in vivo work using a rat model of liver metastasis Asham
and colleagues (2001) has shown significant reduction in tumour mass following
antagonism of the ET4 receptors. Other workers detected the presence of binding sites
(putative receptors) for ET-1 in colorectal cancer specimens and normal tissue,

including the nerve supply of colons, by autoradiography (Inagaki et al 1991, 1992).
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Although colorectal cancer cells have been shown to secrete ET-1 in vitro, it is
unknown if this peptide acts as a mitogen for these cells or indeed if these cells express

the receptor for ET-1 and therefore have the potential to respond to ET-1.

Therefore, the first question this thesis addressed was whether tissues from patients
with colorectal cancer express receptors for ET-1 and hence, are capable of receiving
and responding to a signal from this peptide. After establishing that cells within
tumours in the colorectum have endothelin receptors, I examined one of the possible
growth stimulation loops by ET-1, namely autocrine stimulation of growth by

employing the colorectal cancer cell lines, LIM1215 and HT29.

5.1 Profiles of ET, and ETy in colorectal cancer

The distribution of the two G-protein linked receptors ET4 and ETp was investigated in
normal colon and in specimens from patients with primary colorectal cancer. The
techniques used were immunohistochemistry and autoradiography. Previous
autoradiographic studies had detected the presence of binding sites (putative receptors)
for ET-1 in colorectal cancer specimens and normal tissue, including the nerve supply
of colons (Inagaki et al 1991, 1992). No immunohistochemical studies have been

carried out previously.

In this study, immunohistochemical staining demonstrated a large increase in the
expression of ET4 in tumours compared to distant normal tissue as staining for ET, in
normal tissue was restricted to the stroma and even here was seen in only 20% of
patients. In contrast, in tumour samples, staining of tumour epithelial cells was

observed in all samples and staining was also present in blood vessels and the stroma,
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though not in every case. Interestingly, microscopically normal tissue adjacent to the
tumour demonstrated a pattern intermediate to distant normal colon and tumour; it
showed the same pattern of staining as for normal tissue in the stroma and blood
vessels but was also similar to the tumour in that the epithelial cells expressed ET 4.
This suggests that changes are occurring intracellularly in the epithelial cells adjacent
to malignant cells but have not yet manifested in other normal cells types or affected
the morphology. This could be due to factors released by the tumour affecting the

adjacent epithelial cells.

A similar increase in the expression of ET, receptors was demonstrated in ovarian
cancer as compared to normal tissue using immunohistochemistry with a rabbit
polyclonal ET, antibody (Peninsula laboratories, Belmont, CA, USA) (Bagnato et al
1999). The distribution of ET4 receptors in ovarian cancer mirrored that of colonic
cancer, with staining in the epithelial cells, blood vessels and stroma and also for the
latter two areas in the normal tissue adjacent to the tumour. Also
immunohistochemistry =~ has  demonstrated  increase = ETA  receptors in
phaechromocytomas (Watanabe et al 1997) and in adrenocortical carcinomas (Rossi et

al 1997).

Immunohistochemical staining for ETg demonstrated an increased distribution in
colorectal cancer; however, this was restricted to a greater percentage of epithelial cells
containing ETg compared to normal colon. As observed for ET,, the levels of ETg
were similar in the adjacent normal tissue to the tumour. The ETp distribution in the

blood vessels and the stroma was the same in the three groups of tissue examined.

117



Immunohistochemistry for ETg receptor has been carried out in malignant melanomas
and an increase in their expression compared to normal skin demonstrated (Demunter
et al 2001) and also in phaechromocytomas as compared to normal adrenomedullary

tissue (Wattanabe et al 1997).

Similarly, to immunohistochemistry, a higher ET4 expression in cancers was observed
compared to normal colon using autoradiography with semi-quantitation indicating
twice as many receptors in tumours. Microautoradiography demonstrated a higher
expression of ET4 receptors in tumour as compared to adjacent normal colon, with the
epithelial cells of the tumour exhibiting the largest difference from normal colon.
(Figure 3.2). However, in situ hybridisation for ET, mRNA between normal colon and
tumour shows no difference in mRNA levels and therefore, suggests that any
differences in protein levels are due to post-translational modifications indicating the
dynamic nature of expression of receptors and their activation depending on the cycle

phase (Egidy et al 2000).

When ETp receptors were studied by autoradiography they were reduced in colorectal
cancer tissue as compared to normal colon and this was confirmed by

microautoradiography. This is opposite to the results with immunohistochemistry.

The reduction in ETg receptor expression demonstrated in colorectal cancer as
compared to normal colon using the autoradiography technique was similar to that
reported by Kobayashi et al (1994) and Nelson et al (1996) in human prostatic cancer

as compared to normal prostate. However, in situ hybridisation of ETg mRNA showed
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high levels of the signal in colon cancer stroma compared to normal colon (Egidy et al

2000). There was high binding of the ETp receptor in vascularised areas of the cancer.

The apparent discrepancy between the results obtained between autoradiography and
immunohistochemistry staining for ETp receptors, and indeed in situ hybridisation,
may be due to the following: Autoradiography is examining receptors that can uptake
ligands. Whereas with immunohistochemistry, it is possible that the receptors are
present but not able to bind endothelin. And indeed, the main difference in the results is
the staining of the epithelial cells in which immunolocalisation was seen intracellularly
which would not be detected by autoradiography. This could suggest that ETg is

unable to bind endothelin in colorectal cancer.

Secondly, for ET, all the receptors present may be active and able to bind endothelin.
Further work is required to determine if the ETy receptors are present but inactive or
whether the difference between the immunohistochemistry and autoradiography is due
to a technical problem such as lack of specificity of the antibody or cross-reactivity
with another ET receptor as yet unidentified. The manufacturers quote a 98%

sensitivity and specificity of the antibodies.

To date there is only one study in which structural abnormalities of the ET receptors
have been described (Zhang et al 1998). Thirdly, therefore, it is possible that the
discrepancies in the findings of the immunohistochemistry and the autoradiography for
ETpg are due to changes in the receptor that prevent binding of the agonist used for the
autoradiography but does not affect the binding of the antisera. The anti-ETg was a

polyclonal antibody and hence binds to several epitopes on the ETg which are located

119



on the intracellular part of the receptor, whereas the agonist binds to the domains of the
receptor which are located extracellularly. These different binding properties do give
the potential for changes in the receptor to affect one technique without influencing the

other.

These changes in ET4 and ETjy in tissue from patients with colorectal cancer compared
to normal colon tissue does suggest that the increased levels of ET-1 in tissue of
patients with colorectal cancer (Asham et al 1997) could be affecting the behaviour of
the epithelial cells. Immunohistochemistry does not show whether the receptors are
functional, however, this is implicated by the autoradiography for ETA. Inagaki and
colleagues demonstrated binding sites for ET-1 in human colonic tissue in 1992 that
found an increase compared to normal colon especially in the blood vessels and stroma
of the tumour. They did not distinguish between different sub-types of receptors or
demonstrate by cell markers the cell type, which took up ET-1. The
microautoradiographs used in this thesis localised the receptors and was combined with
immunohistochemistry to identify the cell types, which expressed the receptor. This
showed that ET receptors were present on epithelial cells and on nerves and blood
vessels, which confirmed the supposition made from histological examination of the

specimens by Inagaki and colleagues (1992).

The reason for the down-regulation of ETg receptors in cancer as compared to normal
colon remains unclear. Possibilities for the reduction in ETg include it having an
inhibitory effect on growth, that is functioning as a suppressor or having an apoptotic
function, and therefore it is beneficial to the tumour to decrease ETg. There is strong

evidence for the apoptotic function of ET-1. Eberle et al (2000) have shown that ET-1
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stimulated apoptosis and the mixed antagonist Bosentant blocked this stimulation in rat
colon carcinoma cell lines. Okazawa et al (1998) demonstrated, in melanoma cell lines,
that ET-1 induced apoptosis, probably via p53 up-regulation. The apoptotic effect was
mediated by ETp, since blocking the receptor with pertussis toxin abolished this effect.
This is consistent with the fact that previously Eberle and his colleagues in 1999 found
a down-regulation of the ETp receptor in melanomas, suggesting that losing the ability
to stimulate an apoptotic path confers a survival advantage on the tumour. On the other
hand, Lahav et al (1999) demonstrated that cell proliferation of melanoma cell lines
was mediated via the ETp receptor. Administration of an ETy antagonist can inhibit
cell growth and in certain cell lines promote cell death. In a mouse subcutaneous
melanoma model, blocking the ETg resulted in growth arrest in 50% of the mice
tumours. The evidence outlined above suggests that ETg may have a dual role in
growth, which is dependant on the existing conditions. In this case, its actions are not
dissimilar to how it affects vessel tone, i.e. ETg can mediate either dilatation or

constriction

Our studies suggest that in colorectal cancer ET, is the major receptor through which
ET-1 may act as a growth factor. This is suggested too in ovarian cancer tissue and cell
lines in which binding of ET-1 to ET, stimulated growth (Moraitis et al, 1997, Bagnato
et al 1995, 1997, 1999). Similar findings were demonstrated in lung cancer (Ahmad et
al 2000). Therefore ET-1, additionally, may be acting as a growth factor for epithelial
cells via ET4 as well as its traditional role as a vasodilator. The role of ET receptors
and its interaction is complex. This work demonstrates a difference in ET receptors in
colorectal cancer but does not address the pathways through which these might be

operating in colorectal cancer.
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52 ET-1 growth stimulation of colorectal

cancer cells

Tissue culture work presented in this thesis investigated the following. Firstly, the
production of ET-1 and expression of ET, and ETg receptors by two colorectal cancer
cell lines, secondly the ability of ET-1 to stimulate the proliferation of these cell lines

and finally the potential of ET receptor antagonists as an inhibitor of growth.

The two colorectal cancer cell lines employed in this study secreted ET-1, as has been
demonstrated for other cancers. The level of ET-1 measured in the medium was similar
to that previously reported for HT29 of 23 fmol/ml/10¢cells. All colorectal cancer cell
lines investigated have been shown to produce ET-1 in this study and include SKCOI1,
SKCO17, LoVo, SW480 and SW620 in amounts that are very similar. The endocrine
paracrine role of ET-1 in cancer growth was established by Kusahara et al (1990). The
amount of ET-1 produced by several cancer cell lines is within the same range, e.g.
Bagnato et al (1995) measured levels of 56-74 fmol/10° cells produced by three ovarian

cancer cell lines.

ET-1 acts via two receptors, ET, and ETg, which were found to be present on
LIM1215 and HT29 by autoradiography. This technique has directly, by utilising
radiolabelled ligands, which display high affinity for receptors, demonstrated the
presence of the receptors and indicated that they occur in a functional state (Dashwood
et al 1998, Mumtaz et al 1999). Several studies have indirectly demonstrated the

presence of ET, and ETy using receptor antagonist studies e.g. Leach et al (1999) in
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glioma cells and Lahav et al (1999) in melanomas. These studies imply the presence of
these receptors but do not establish a clear link between presence of receptors and
effect. Ovarian cancer cell lines have been shown to produce ET-1 and express ET,
and ETjy receptors using a similar method to our own (Mancina et al 1997). Moriatis et
al, Bagnato et al and Rossi et al (1997) have demonstrated the presence ET, and ETy
directly by demonstrating gene expression using the reverse transcription polymerase

chain reaction.

The mitogenic potential of exogenous ET-1 on these cell lines was assessed. This
peptide was found to significantly increase cell number for both cell lines with a higher
rise for LIM1215 than HT29. The difference may be related to the greater endogenous
production of ET-1 by HT29: If the mitogenic effect occurs via one or both of the
receptors and these receptors are partially occupied by endogenous ET-1, then addition
of further ET-1 will have less of an effect than in a cell line where the receptors are
available for binding. The concentrations of ET-1, 10°M and 10-8M, which resulted in
an increase in cell growth, are ten thousand times higher than the circulating plasma
levels of ET-1 in patients with colorectal cancer. However, locally in the tissues much
higher levels may occur (Inagaki et al 1991, Shankar et al 1998, Asham et al 2001). For

other cell lines, e.g. Swiss 3T3 fibroblasts, vascular smooth muscle and ovarian cancer

cell lines, a mitogenic effect of ET-1 was produced at 10-19M, only ten fold lower than

that required to produce an effect on LIM1215 and HT29.

The effect of ET-1 on LIM1215 and HT29 was mediated via the ET,, and not the ETg
receptor, as demonstrated by the ability of the ET4 antagonists, BQ123 and BQ610, to

prevent an increase in cell number on addition of ET-1. ET, has also been
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demonstrated to be the receptor through which the mitogenic effect of ET-1 is
mediated for ovarian cancer cell lines and for a number of other cell lines. E.g. rat
neuroblastoma cells (Heinroth-Hoffmann et al 1998, Zhou et al 2001),
Choriocarcinoma cell lines (Mauschitz et al 2000), lung cancer cells (Ahmed et al

2000). In contrast, BQ788, the ET antagonist had no effect on cell number.

The only in vitro cancer model in which ET-1 mitogenic signalling has been studied
used ovarian cancer cells. Binding of ET-1 to the ET, G protein coupled receptor
resulted in activation of phospholipase C activity and Ca2*/PKC signalling, which are
the classical effectors of G protein signalling. Furthermore, other intracellular targets
activated included; tyrosine kinases (e.g., focal adhesion kinase p125FAK), p42 mitogen
activated protein kinase (MAPkinase), and immediate-early response genes (e.g. fos).
This suggested that ET-1 does not just utilise phospholipase C/PKC pathways, but
cross-talks with tyrosine kinase cascades. These intracellular steps have been
implicated in mitogenic signalling via ET, in a variety of cell types, including
fibroblasts and vascular smooth muscle cells (Stahl et al 1992, Kirk et al 1999,

McLellan et al 1991, Pretlow et al 1992)

5.3 Further Studies

This project does suggest the role of ET-1 in colorectal cancer and progression should
be further investigated in order to understand its importance in this disease and to
ultimately help identify specific steps, which could be selectively blocked in a

therapeutic manner.
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One aspect to study is the control of ET-1 levels, examining the production of ECE and
EDE, which are enzymes that control at the cellular level, by measuring their levels in

serum or tissue. This will indicate the availability of bioactive ET-1.

The study of the pathways through which ET-1 operates will also provides important
information on how ET-1 exerts its effect on cells and, hence alternative methods of
controlling its activity. The intracellular steps downstream of ET-1 leading to its
mitogenic effect must be delineated. These include cross-talk with other pathways, e.g.
MAPkinase. Knowledge of these steps may provide us with putative therapeutic
options, especially since relevant specific blockers of other pathways have been

manufactured and are now in clinical trials.

Although in this thesis, angiogenesis has not been investigated, ET-1 does have effects
on neovascularisation, which is obviously crucial to the development and progression
of a tumour, hence the effects of ET-1 on angiogenesis in colorectal cancer should

form part of any subsequent studies.

5.3 Conclusion

This thesis has demonstrated that ET-1 can stimulate net cell growth of LIM1215 and
HT29 colorectal cancer cell lines via the ET, receptor. Whether this effect is mediated
via a mitogenic stimulus, as in the case of ovarian cancer cells and other non-cancer
cells, or an anti-apoptotic signal, or a combination of the two, has not yet been
demonstrated in this model. However, the findings by Asham et al (2001) and Shankar
et al (1998) that ET-1 is produced by colorectal cancers combined with the data from

this study on the up-regulation of the ET receptor in colorectal cancer are consistent
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with the proposition that ET-1 may act as a mitogen in colorectal cancer and that there
may be some therapeutic potential in the use of ET, antagonists. Therefore ET-1 and
its receptors do appear to contribute to the development of colorectal cancer and further
investigations are required to determine precisely the mechanisms through which these

molecules operate.

54  Published work

5.4.1 Publications and presentations

Endothelin receptor expression in colorectal cancer.

Journal of Cardiovascular Pharmacology, 36 (Suppl. 1): S69-S71. 2000.

Endothelin receptor antagonism in colorectal cancer.
Stimulation of colorectal cancer cell line growth by ET-1 and its inhibition by ETx
antagonists. Gut. 2000 Nov; 47(5): 685-688.

Endothelin A receptor antagonism affects growth of colorectal cancer cells.

European Journal of Surgical Oncology December 1998, 24:622.

Endothelin Receptors in Colorectal Cancer.
University of London, Professor Charles Grant Clark Prize for Surgical Research (July
1998).
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Appendix
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6.1 Patients’s specimens for immunohistochemistry for ET,

Table 6.1 Histological details of patients used for immunohistochemistry and the

and ETg staining

results of staining for ET,.

. |Duke’s Grade

Histological

differentiation

ET, epithelial

staining for tumour

ET, epithelial
staining for adjacent

normal colon

1 A M 2

2 C P 2 1
3 A M 3 0
4 B M 2 2
5 B M 3

6 B P 2 3
7 B M 2

8 C M 3 1
9 A M 1 2
10 A M 2

11 B W 3 2
12 C M 3 0
13 B W 2 1
14 C M 3

15 A M 1 3
16 C M 2 3
17 A M 2 2
18 A M 2 2
19 A M 2

20 C P 1 1
21 C W 3 2
22 A P 2

23 A M 3 2
24 B M 1 1
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25

26
27

28

29
30
31

32
33
34
35

36
37

38

39
40
41

42

43

44

45
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Table 6.2 Histological details of patients used for immunohistochemistry and the

results of staining for ETp.

No. Dukes’s Histological ETjg epithelial staining | ETg epithelial staining
grade differentiation for tumour for adjacent normal
colon
1 A M 1
2 C P 2 1
3 A M 1 2
4 B M 2 1
5 B M 1
6 B P 2 2
7 B M 3
8 C M 1 2
9 A M 2 2
10 A M 2
11 B \' 3 2
12 C M 1 3
13 B W 3 2
14 C M 2
15 A M 2 2
16 C M 2 2
17 A M 1 2
18 A M 2 1
19 A M 2
20 C P 3 3
21 C W 1 2
22 A P 3
23 A M 3 2
24 B M 2 3
25 C W 2 2
26 A M 3 2
27 B M 1
28 C M 3 2
29 A M 2 2
30 B P 1
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Table 6.3 Patients 31 to 45 were patients who had distant normal colon samples. The

highlighted 9 patients were used for autoradiography studies.

No. | Duke’s Histological ETjg epithelial ETjg epithelial ETj epithelial
grade | differentiation staining for staining for staining for
tumour adjecent normal | distant normal
colon colon

31 c M 2

32 A w 3

33 B M 1 1

34 C M 1

35 A M 1

36 B M 2 0

37 A M 2 0

38 C M 2 1 1

39 A P 3 1 1

40 C W 2 3 0

41 A M 2 0

42 B M 2 0

43 C W 2 1

44 B M 2 0

45 A M 2 0
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Preparation of gelatin coated slides

6.2.1 Materials

Decon Solution: 20ml decon in 10 litres water
Subbing solution: 0.5% gelatin solution prepared by heating to 40°C until dissolved.
Following cooling, 0.05% chrome alum (chromic potassium sulphate) was added.

After stirring the solution was filtered.

6.2.2 Method

Microscope slides were pre-cleaned by immersing in decon solution overnight, rinsed
for 3 hours in tap water followed by a distilled water rinse. The slides were then
dipped in subbing solution for a few seconds, allowed to drain overnight at room
temperature in a dust-free environment. The slides were used immediately or stored at

-70°C.

132



7 References

133



Adenis A, Peyrat JP, Hecquet B, Delobelle A, Depadt G, Quandalle P, Bonneterre J,
Demaille A. 1995. Type I insulin-like growth factor receptors in human colorectal

cancer. Eur J Cancer. 31. 50-5.

Alberts DS, Ritenbaugh C, Story JA, Aickin M, Rees-McGee S, Buller MK, Atwood J,
Phelps J, Ramanujam PS, Bellapravalu S, Patel J, Bextinger L, Clark L. 1996.
Randomized, double-blinded, placebo-controlled study of effect of wheat bran fiber
and calcium on fecal bile acids in patients with resected adenomatous colon polyps. J

Natl Cancer Inst. 17. 81-92.

Ahmed SI, Thompson J, Coulson JM, Woll PJ. 2000. Studies on the expression of
endothelin, its receptor subtypes, and converting enzymes in lung cancer and in human

bronchial epithelium. Am J Respir Cell Mol Biol. 22. 422-31.

Aleman BM, Bartelink H, Gunderson LL. 1995. The current role of radiotherapy in

colorectal cancer. Eur J Cancer. 31. 1333-9.

Allum WH, Slaney G, McConkey CC, Powell J. 1994 . Cancer of the colon and rectum
in the West Midlands, 1957-1981. Br J Surg. 81. 1060-3.

Ambar I, Sokolovski M. 1993. Endothelin receptors stimulate both phospholipase C
and phospholipase D activities in different cell lines. Eur. J. Pharmacol. 245. 31-34.

Aramori I, Nakanishi S. 1992. Subtype selectivity of a novel endothelin antagonist.
Coupling of two endothelin receptor subtypes to differing signal Transduction in
transfected Chinese hamster ovary cells. J. Biol. Chem. 267. 12468-12474. .

Arinami T, Ishikawa M, Inoue A, Yanigisawa M. Masaki T, Yoshida MC, Hamaguchi
H. 1991. Chromosomal assignments of the human endothelin family genes: The
endothelin-1 gene (EDN1) to 6p23-p24, the endothelin-2 gene (EDN2) to Ip34, and the
endothelin-3 gene (EDN3) to 20q13.2-q13.3. Am. J. Hum. Genet. 48. 990-996. .

134



Asham E, Shankar A, Loizidou M, Fredericks S, Miller K, Boulos PB, Burnstock G,
Taylor 1. 2001. Increased endothelin-1 in colorectal cancer and reduction of tumour

growth by ET 4 receptor antagonism. Br J Cancer. 85. 1759-63.

Asham E, Loizidou M, Lakhani S, Miller K, Burnstock G, Boulos PB, Taylor 1. 1998.
Expression of endothelin-1 in 98 patients with colorectal cancer. Eur. J. Surg. Oncol
23. 589.

Asham E, Shankar A, Loizidou M, Bumnstock G., and Taylor I. 1997. Production and

secretion of endothelin-1 in colorectal cancer Br. J. Surg. 84. 1596.

Avery A, Paraskeva C, Hall P, Flanders KC, Sporn M, Moorghen M. 1993. TGF-beta
expression in the human colon: differential immunostaining along crypt epithelium. Br.

J. Cancer. 68. 137-9.

Badr KF, Murray JJ, Breyer MD, Takahashi K, Inagami T, Harris R C. 1989.
Mesangial cell, glomerular and renal vascular responses to endothelin in rat kidney. J.

Clin. Invest. 83. 336-342.

Bagnato A, Salani D, Di Castro V, Wu-Wong JR, Tecce R, Nicotra MR, Venuti A,
Natali PG. 1999. Expression of endothelin 1 and endothelin A receptor in ovarian

carcinoma: evidence for an autocrine role in tumor growth. Cancer Res. 5§9. 720-7.

Bagnato A, Tecce R, Di Castro V, Catt KJ. 1997. Activation of mitogenic signaling by

endothelin 1 in ovarian carcinoma cells. Cancer Res. 57. 1306-11.

Bagnato A. Tecce R. Moretti C. Di Castro V. Spergel D. Catt KJ. 1995. Autocrine
actions of endothelin-1 as a growth factor in human ovarian carcinoma cells. Clinical

Cancer Research. 9. 1059-66.
Baley PA, Resink TJ, Eppinberger U, Hahn AWA. 1990. Endothelin messenger RNA

and receptors are differentially expressed in cultured human breast epithelial and

stromal cells. J. Clin. Invest. 85. 1320-1323.

135



Baynash AG, Hosoda K, Giaid A, Richardson JA, Emoto N, Hammer RE, Yanagisawa
M. 1994. Interaction of endothelin-3 with endothelin-B receptor is essential for

development of epidermal melanocytes and enteric neurons. Cell 79. 1277-85.

Bell KM, Chaplin DJ. 1998. The effect of oxygen and carbon dioxide on tumour cell
endothelin-1 production. J. Cardiovasc. Pharmacol. 31. S537-S540.

Ben-Baruch G, Schiff E, Galron R, Menczer J, Sokolovsky M. 1993. Impaired binding
properties of endothelin-1 receptors in human endometrial carcinoma tissue. Cancer 72.

1955-8.

Benigni A, Perico N, Gaspari F, Zoja C, Bellizzi L, Gabanelli M, Remuzzi G. 1991.
Increased renal endothelin production in rats with reduced renal mass. Am. J. Physiol.
260. F331-F339.

Benigni A, Zoja C, Coma D, Orisio S, Longaretti L, Bertani T, Remuzzi G. 1993. A
specific endothelin subtype A reeptor protects against injury in renal disease

progression. Kidney Int. 44. 4440-444.

Bhatavdekar JM, Patel DD, Shah NG, Karelia NH, Vora HH, Ghosh N, Suthar TP,
Balar DB. 1995. Prognostic value of insulin-like growth factor-1 receptors in patients

with colon/rectal cancer: correlation with plasma prolactin. Eur. J. Surg. Oncol. 21. 23-

6.

Bigaud M, Pelton JT. 1992. Descrimination between ET4 and ETg receptor mediated
effects of endothelin-1 and (Alal,3,11,15)endothelin-1 by BQ123 in the anaethesised
rat. Br. J Pharmacol. 107. 912-918.

Bingham S. 1997. Meat, starch and non-starch polysaccharides, are epidemiological
and experimental findings consistent with acquired genetic alterations in sporadic

colorectal cancer? Cancer Lett. 19. 114. 25-34.

Bitar KN, Stein S, Omann GM. 1992. Specific G proteins mediate endothelin induced
contraction. Life Sciences 50. 2119-24.

136



Blank MA, Fuortes M, Nyren O, Jaffe BM. 1991. Effect of endothelin-1 and vasoactive
intestinal contractor on blood flow and output of vasoactive intestinal polypeptide in

the feline colon. Life Sciences 48. 1937-44.

Bloch KD, Eddy RL, Shows TB, Quertermous T. 1989. ¢cDNA cloning and
chromosomal assignment of the gene encoding endothelin-3. J. Biol. Chem. 264,
18156-18161.

Bloch KD, Friedrich SP, Lee M-E, Eddy RL, Shows TB, Quertermous T. 1989.
Structural organization and chromosomal assignment of the gene encoding endothelin.

J. Biol. Chem. 264. 10851-10857.

Bloch KD, Hong CC, Eddy RL, Shows TB, Quertermous T. 1991. cDNA cloning and
chromosomal assignment of the endothelin-2 gene. Vasoactive intestinal contractor

peptide is rat endothelin-2. Genomics 10. 236-242.

Bonvallet ST, Oka M, Yano M, Zamora MR, McMurtry IF, Stelzner TJ. 1993. BQ123,
and ET, receptor antagonist, attenuates endothelin-1-induced vasoconstriction in rat

pulmonary circulation. J. Cardiovasc. Pharmacol. 22.39-43.

Bonvallet ST, Zamora MR, Hasunuma K, Sato K, Hanasato N, Anderson D, Sato K,
Stelzner TJ. 1994. BQ123, and ETA-receptor antagonist, attenuates hypoxic pulmonary
hypertension in rats. Am. J. Physiol. 266. H1327-H1331.

Boros M, Massberg S, Baranyi L, Okada H, Messmer K. 1998. Endothelin 1 induces
leukocyte adhesion in submucosal venules of the rat small intestine. Gastroenterology

114. 103-14.

Brown KD, Littlewood CJ. 1989. Endothelin stimulates DNA synthesis in Swiss 3T3
cells. Synergy with polypeptide growth factors. Biochem J. 263. 977-80.

Brown LF, Berse B, Jackman RW, Tognazzi K, Manseau EJ, Senger DR, Dvorak HF.

1993. Expression of vascular permeability factor (vascular endothelial growth factor)

137



and its receptors in adenocarcinomas of the gastrointestinal tract. Cancer Res. 53.

4727-35.

Brown MA, Smith PL. 1991. Endothelin: a potent stimulator of intestinal ion secretion

in vitro. Regulatory Peptides. 36. 1-19.

Buroker TR, O'Connell MJ, Wieand HS, Krook JE, Gerstner JB, Mailliard JA,
Schaefer PL, Levitt R, Kardinal CG, Gesme DH Jr. 1994 . Randomized comparison of

two schedules of fluorouracil and leucovorin in the treatment of advanced colorectal

cancer. J. Clin. Oncol. 12. 14-20.

Chakder S, Rattan S. 1999. Mechanisms and sites of action of endothelins 1 and 2 on

the opossum internal anal sphincter smooth muscle tone in vitro. J. Pharmacol.

Exp.Therap. 288. 239-46.

Chan L, Chittandana A, Shapiro JI, Shanley PF, Schrier RW. 1994. Effect of an
endothelin-receptor antagonist on ischemic acute renal failure. Am. J. Physiol. 226.
F135-F138.

Chen CY, Lu CL, Chang FY, Lu RH, Ng WW, Lee SD. 1999. Endothelin-1 is a
candidate mediating intestinal dysmotility in patients with acute pancreatitis. Dig. Dis.

Sci. 44. 922-6.

Chen MC, Chang PY, Chuang CY, Chen YJ, Wang FP, Tang YC, Chou SC. 1981.

Colorectal cancer and schistosomiasis. Lancet 8227. 971-3.
Cheung N, Wong MP, Yuen ST, Leung SY, Chung LP. 1998. Tissue-specific
expression pattern of vascular endothelial growth factor isoforms in the malignant

transformation of lung and colon. Hum. Pathol. 29. 910-4.

Chung DC. 2000. The genetic basis of colorectal cancer: insights into critical pathways

of tumorigenesis. Gastroenterology 119. 854-65.

138



Clozel M, Gray GA, Breu V. 1992. The endothelin ETB receptor mediates both
vasodilation and vasoconstriction in vivo. Biochem. Biophys. Res. Comm. 186. 867-

873.

Compton CC, Fielding LP, Burgart LJ, Conley B, Cooper HS, Hamilton SR, Hammond
ME, Henson DE, Hutter RV, Nagle RB, Nielsen ML, Sargent DJ, Taylor CR, Welton
M, Willett C. 2000. Prognostic factors in colorectal cancer. College of American
Pathologists Consensus Statement 1999. Arch Pathol Lab Med. 124. 979-94.

Coode PE, Chan KW, Chan YT. 1985. Polyps and diverticula of the large intestine: a
necropsy survey in Hong Kong. Gut 26. 1045-8.

Cristol J-P, Warmner T D, Thiemermann C. 1993. Mediation via different receptors of
the vasoconstriction effects of endothelins and the sarafotoxins in the systemic
circulation and renal vasculature of the anaesthetised rat. Br. J. Pharmacol. 108. 776-
779.

Dashwood MR, Mehta D, Izzat MB, Timm M, Bryan AJ, Angelini GD, Jeremy JY.
1998. Distribution of endothelin-1 (ET) receptors (ET4 and ETg) and immunoreactive

ET-1 in porcine saphenous vein-carotid artery interposition grafts. Atherosclerosis 137.
233-42.

Demunter A, De Wolf-Peeters C, Degreef H, Stas M, van den Oord JJ. 2001.
Expression of the endothelin-B receptor in pigment cell lesions of the skin. Evidence

for its role as tumor progression marker in malignant melanoma. Virchows Arch. 438.

485-91.

Douglas SA, Louden C, Vickery-Clark LM, Storer BL, Hart T, Fuerstein GZ, Elliott
JD, Ohlstein OH. 1994. A role for endogenous endothelin-1 in neointimal formation
after rat carotid artery balloon angioplasty. Protective effects of the novel nonpeptide

endothelin receptor antagonist SB 209670. Circ. Res. 75. 190-197.

Drengler RL, Kuhn JG, Schaaf LJ, Rodriguez GI, Villalona-Calero MA, Hammond
LA, Stephenson JA Jr, Hodges S, Kraynak MA, Staton BA, Elfring GL, Locker PK,

139



Miller LL, Von Hoff DD, Rothenberg ML. 1999. Phase I and pharmacokinetic trial of
oral irinotecan administered daily for 5 days every 3 weeks in patients with solid

tumors. J. Clin. Oncol. 17. 685-96.

Dukes CE. 1930. Br.J. Surg. 17. 643-648.

Durrant LG, Watson SA, Hall A, Morris DL. 1991. Co-stimulation of gastrointestinal
tumour cell growth by gastrin, transforming growth factor alpha and insulin like

growth factor-1. Br. J. Cancer 63. 67-70.

Eberl LP, Valdenaire O, Saintgiorgio V, Jeannin JF, Juillerat-Jeanneret L. 2000.
Endothelin receptor blockade potentiates FasL-induced apoptosis in rat colon

carcinoma cells. Int. J. Cancer 86. 182-7.

Economos K, MacDonald PC, Casey ML. 1992. Endothelin-1 gene expression and

biosynthesis in human endometrial HEC-1A cancer cells. Cancer Res. 52. 554-7.

Egidy G Juillerat-Jeanneret L, Jeannin J-F, Korth P, Bosman FT, Pinet F. 2000.
Modulation of human colon tumor-stromal interactions by the endothelin system. Am

J Path. 157. 1863-1874.

Ellis LM, Liu W, Wilson M. 1996. Down-regulation of vascular endothelial growth
factor in human colon carcinoma cell lines by antisense transfection decreases

endothelial cell proliferation. Surg. 120. 871-8.

Elshourbagy NA, Korman DR, Wu HL, Sylvester DR, Wu HL, Sylvester DR, Lee JA,
Nuthalaganti P, Bergsma DJ, Kumar CS, Nambi P. 1993. Molecular characterisation
and regulation of the human endothelin receptors. J. Biol. Chem. 268. 3873-3879.

Escrig C, Bishop AE, Inagaki H, Moscoso G, Takahashi K, Varndell IM, Ghatei MA,

Bloom SR, Polak JM. 1992. Localisation of endothelin like immunoreactivity in adult

and developing human gut. Gut 33. 212-7.

140



Eskinazi R, Resibois A, Svoboda M, Peny MO, Adler M, Robberecht P, Van Laethem
JL. 1998. Expression of transforming growth factor beta receptors in normal human

colon and sporadic adenocarcinomas. Gastroenterol. 114. 1211-20.

Fabregat I, Rozengurt E. 1990. Vasoactive intestinal contractor, a novel peptide, shares
a common receptor with endothelin-1 and stimulates calcium mobilization and DNA

synthesis in Swiss 3T3 cells. Biochem. Biophys. Res. Commun. 167. 161-167.

Faraci, FM, 1993. Endothelium-derived vasoactive factors and regulation of the

cerebral circulation. Neurosurg. 33. 648-659.

Farouk R, Nelson H, Gunderson LL. 1997. Aggressive multimodality treatment for

locally advanced irresectable rectal cancer. Br. J. Surg. 84. 741-9.

Fearon ER, Vogelstein B. 1990. A genetic model for colorectal tumorigenesis. Cell 61.
759-67.

Feuerstein, G, Gu J, Ohlstein EH, Barone FC, Yue T. 1994. Peptidic endothelin-1
receptor antagonist, BQ-123, and neuroprotection. Peptides 15. 467-469.

Filep JG. 1992. Endothelin peptides: Biological actions and pathophysiological
significance in the lung. Life Sciences 52. 119-133.

Foley PL, Caner HH, Kassell NF, Lee KS. 1994. Reversal of subarachnoid
haemorrhage-induced vasoconstriction with an endothelin receptor antagonist.

Neurosurgery 34. 108-113.

Folkman J. 1995. Seminars in Medicine of the Beth Israel Hospital, Boston. Clinical
applications of research on angiogenesis. N. Engl. J. Med. 28. 1757-63.

Fouassier L, Chinet T, Robert B, Carayon A, Balladur P, Mergey M, Paul A, Poupon
R, Capeau J, Barbu V, Housset C. 1998. Endothelin-1 is synthesized and inhibits cyclic
adenosine monophosphate-dependent anion secretion by an autocrine/paracrine

mechanism in gallbladder epithelial cells. J Clin Invest. 101. 2881-8.

141



Fujitami Y, Ninomiya H, Okada T et al. 1995. Suppression of ET-1 induced mitogenic
responses of human aortic smooth muscle cells by interleukin-1B. J. Clin. Invest. 95.

2474-82.

Gabriel A, Kuddus RH, Rao AS, Gandhi CR. 1999. Down regulation of endothelin
receptors by transforming growth factor Bl in hepatic stellate cells. J. Hepatol. 30.
440-450.

Gandhi CR, Kang Y, De Wolf A, Madriaga J, Aggarwal S, Scott V. 1996. Altered
endothelin homeostais in patients under going liver transplantation. Liver Transplant.

Surg. 2. 362-369.

Gandhi CR, Sproat LA, Subbotin VM. 1996. Increased hepatic endothelin-1 levels and

endothelin receptor density in cirrhotic rats. Life Sciences 18. 978-983.

Gandhi CR, Stephenson K, Olson MS. 1990. Endothelin, a potent peptide agonist in the
liver. J. Biol. Chem. 265. 17432-17435.

Garewal H, Bernstein H, Bernstein C, Sampliner R, Payne C. 1996. Reduced bile acid-
induced apoptosis in "normal" colorectal mucosa: a potential biological marker for

cancer risk. Cancer Res. 56. 1480-3.

Gellai M, Jugus M, Fletcher TA, Nambi P, Brooks DP, Ohlstein EH, Elliott JD,
Gleason J, Ruffolo RRjr. 1994. The endothelin receptor antagonist (+-)-SB 209670,
reverses ischemia-induced acute renal failure (ARF) in the rat. FASEB J. 8. A260.

Gellai M, Jugus M, Fletcher T, DeWolf R, Nambi P. 1994. Reversal of postischemic
acute renal failure with a selective endothilinA receptor antagonist in the rat. J. Clin.

Invest. 93. 900-906.

Geoghegan JG, Scheele J. 1999. Treatment of colorectal liver metastases. Br. J. Surg.
86. 158-69.

142



Giaid A, Hamid QA, Springall DR. 1990. Detection of endothelin immunoreactivity
and mRNA in pulmonary tumours. J. Pathol. 162. 15-22.

Grasten SM, Juntunen KS, Poutanen KS, Gylling HK, Miettinen TA, Mykkanen HM.
2000. Rye bread improves bowel function and decreases the concentrations of some
compounds that are putative colon cancer risk markers in middle-aged women and

men. J. Nutr. 130. 2215-21.

Grover GJ, Dzwondzyk S, Parham CS. 1993. The endothelin-1 receptor antagonist BQ-
123 reduces infarct size in a canine model of coronary occlusion and reperfusion.

Cardiovasc. Res. 27. 1613-1618.

Gulati A, Kumar A, Morrison S, Shahani BT. 1997. Effect of centrally administered
endothelin agonists on systemic and regional blood circulation in the rat: role of

sympathetic nervous system. Neuropeptides 31. 301-9.

Gulluoglu BM, Kurtel H, Gulluoglu MG, Yegen C, Aktan AO, Dizdaroglu F, Yalin R
Yegen BC. 1999. Role of endothelins in trinitrobenzene sulfonic acid-induced colitis in
rats. Digestion 60. 484-92.

Hague A, Hicks DJ, Bracey TS, Paraskeva C. 1997. Cell-cell contact and specific
cytokines inhibit apoptosis of colonic epithelial cells: growth factors protect against c-
myc-independent apoptosis. Br. J. Cancer 75. 960-8.

Harris AL. 1997. Antiangiogenesis for cancer therapy. Lancet 349. SII13-5.

Hassan AB, Howell JA. 2000. Insulin-like growth factor II supply modifies growth of
intestinal adenoma in Apc(Min/+) mice. Cancer Res. 60. 1070-6.

Haynes, WG, Webb DJ. 1993. The endothelin family of peptides: Local hormones
with diverse roles in health and disease? Clin. Sci. 84. 485-500.

143



Heimann TM, Oh SC, Martinelli G, Szporn A, Luppescu N, Lembo CA, Kurtz RJ,
Fasy TM, Greenstein AJ. 1992. Colorectal carcinoma associated with ulcerative colitis:

a study of prognostic indicators. Am. J. Surg. 164. 13-7.

Heinroth-Hoffmann I, Vogelsang M, Schiewe P, Morawietz H, HHoltz J, Ponicke K,
Brodde OE. 1998. Mechanism of ETa-receptor stimulation-induced increases in

intracellular Ca2" in SK-N-MC cells. Br. J. Pharmacol. 125. 1202-11.

Hemsen A, Lundberg JM. 1991. Presence of endothelin-1 and endothelin-3 in
peripheral tissues and central nervous system of the pig. Regulatory Peptides 36. 71-83.

Hirata Y, Takagi Y, Fakuda Y, Marumo F. 1989. ET is a potent mitogen for rat

vascular smooth muscle cells. Atherosclerosis 78. 225-228.

Horgan AF, Finlay IG. 2000. Preoperative staging of rectal cancer allows selection of

patients for preoperative radiotherapy. Br. J. Surg. 87. 575-9.

Hori M, Komatsu Y, Shigermoto R, Mizuno N, Nakanishi S. 1992. Distinct tissue
distribution and cellular localisation of two messenger ribonucleic acids encoding

different subtypes of rat endothelin receptors. Endocrinol. 130. 1885-1895.

Hosoda K, Hammer RE, Richardson JA, Baynash AG, Cheung JC, Giaid A,
Yanagisawa M. 1994. Targeted and natural (piebald-lethal) mutations of endothelin-B

receptor gene produce megacolon associated with spotted coat color in mice. Cell 79.

1267-76.

Hosoda K, Nakao K, Tamura N, Arai H, Ogawa Y, Suga S, Nakanishi S, Imura H.
1992. Organisation, structure, chromosomal assignment, and expression of the gene

encoding the human endothelin-A receptor. J. Biol. Chem. 267. 18797-18804.
Hosoda K, Nakao K, Arai H, Suga S, Ogawa Y, Mukoyama M, Shirakami G, Saito Y,

Nakanishi S, Imura H. 1991. Cloning and expression of human endothelin-1 receptor

cDNA. FEBS Lett. 287. 23-26.

144



Hosokawa M, Tominaga M, Tsukada H, Ueda S, Sakai M, Okuma M. 1994.
Simultaneous measurement of colonic ion transport and muscle contraction. J.

Gastroenterol. 29. 547-9.

Hosokawa M, Tsukada H, Ueda S, Sakai M, Okuma M, Oda K, Takimoto M, Okada T,
Urade Y. 1995. Regulation of ion transport by endothelins in rat colonic mucosa:
effects of an ETA antagonist (FR139317) and an ETjp agonist (IRL1620). J. Pharmacol.
Exp. Therap. 273. 1313-22.

Ilyas M, Tomlinson IP. 1996. Genetic pathways in colorectal cancer. Histopathol. 28.
389-99.

Inagaki H, Bishop AR, Yura L. 1991. Localisation of endothelin-1 and its binding sites

in the nervous system of the human colon. J. Cardiovasc. Pharmacol. 17. S455-7.

Inagaki H, Bishop AE, Eimoto T, Polak JM. 1992. Autoradiographic localization of

endothelin-1 binding sites in human colonic cancer tissue. J. Pathol. 168. 263-7.

Inagaki H, Bishop AE, Escrig C, Wharton J, Allen-Mersh TG, Polak JM. 1991.
Localization of endothelinlike immunoreactivity and endothelin binding sites in human

colon. Gastroenterol. 101. 47-54.

Inoue A, Yanagisawa M, Kimura S, Kasuya Y, Miyauchi T, Goto K, Masaki T. 1989.
The human endothelin family: Three structurally and pharmacologically distinct
isopeptides predicted by three separate genes. Proc. Natl. Acad. Sci. U.S.A. 86. 2863-
2867.

International Multicenter Pooled Analysis of B2 Colon Cancer Trials (IMPaCT B2)
Investigators. 1999. Efficacy of adjuvant fluorouracil and folinic acid in B2 colon

cancer. J. Clin. Oncol. 17.1356-1363.

Ishibashi M, Fujita M, Nagai K, Koto M, Furue H, Haku E, Osamura Y, Yamaji T.
1993. Production and secretion of endothelin by hepaocellular carcinoma. J. Clin.

Endocrinol. Metab. 76. 378-383.

145



Ito H, Hiroe M, Hirata Y, Fujisaki H, Adachi S, Akimoto H, Ohta Y, Marumo F. 1994.
Endothelin ETa receptor antagonist blocks cardiac hypertrophy provoked by
hemodynamic overload. Circulation 89. 2198-2203.

Itoh K, Goseki N, Endo M, Marumo F. 1996. Increased plasma atrial natriuretic
peptide and endothelin concentrations after surgery in patients with esophageal and

gastric cancer. Bulletin of Tokyo Medical & Dental University 43. 45-51. (Abstract).

Iveson TJ, Hickish T, Schmitt C, Van Cutsem E. 1999. Irinotecan in second-line
treatment of metastatic colorectal cancer: improved survival and cost-effect compared

with infusional 5-FU. Eur. J. Cancer. 35. 1796-1804.

Jass JR, Young PJ, Robinson EM. 1992. Predictors of presence, multiplicity, size and
dysplasia of colorectal adenomas. A necropsy study in New Zealand. Gut. 33. 1508-14.

Johannsen LG, Momsen O, Jacobsen NO. 1989. Polyps of the large intestine in Aarhus,
Denmark. An autopsy study. Scand. J. Gastroenterol. 24. 799-806.

Kar S, Yousem SA, Carr BI. 1995. Endothelin-1 expression by human hepatocellular

carcinoma. Biochem. Biophys. Res. Commun. 13. 514-9.

Karne S, Jayawickreme CK, Lerner MR. 1993. Cloning and characterization of an
endothelin-3 specific receptor (ETc receptor) from Xenopus laevis dermal

melanophores. J. Biol. Chem. 268. 19126-19133.

Kawamoto K, Onodera H, Kondo S, Kan S, Ikeuchi D, Maetani S, Imamura M. 1998.
Expression of insulin-like growth factor-2 can predict the prognosis of human
colorectal cancer patients: correlation with tumor progression, proliferative activity and

survival. Oncol. 55. 242-8.

Kim H, Jen J, Vogelstein B, Hamilton SR. 1994. Clinical and pathological
characteristics of sporadic colorectal carcinomas with DNA replication errors in

microsatellite sequences. Am. J. Pathol. 145. 148-56.

146



Kinzler KW, Nilbert MC, Su LK, Vogelstein B, Bryan TM, Levy DB, Smith KJ,
Preisinger AC, Hedge P, McKechnie D. 1991. Identification of FAP locus genes from
chromosome 5q21. Science 9. 661-5.

Kirk GR, Clements WD. 1999. Crohn's disease and colorectal malignancy. Int. J. Clin.
Pract. 53. 314-5.

Kitsukawa Y, Gu ZF, Hildebrand P, Jensen RT. 1994. Gastric smooth muscle cells
possess two classes of endothelin receptors but only one alters contraction. Am. J.

Physiol. 266. G713-21.

Kiyohara T, Okuno M, Nakanishi T. Shinomura Y. Matsuzawa Y. 1993. Effect of

endothelin 1 on 1on transport in isolated rat colon. Gastroenterol. 104. 1328-36,

Klijn JG, Hoff AM, Planting AS, Verweij J, Kok T, Lamberts SW, Portengen H,
Foekens JA. 1990. Treatment of patients with metastatic pancreatic and gastrointestinal
tumours with the somatostatin analogue Sandostatin: a phase II study including

endocrine effects. Br. J. Cancer. 62. 627-30.

Kloog Y, Ambar I, Sokolovsky M, Kochva E, Wolberg Z, Bdolah A. 1988.
Sarafotoxin, a novel vasoconstrictor peptide: Phosphoinositide hydrolysis in rat heart

and brain. Science. 242. 268-270.

Kobayashi S, Tang R, Wang B, Opgenorth T, Stein E, Shapiro E, Lepor H. 1994.

Localization of endothelin receptors in the human prostate. J. Urol. 151. 763-6.
Koda K, Glassy MC, McKnight ME, Yasutomi J, Saito N, Dan M, Nakajima N. 2001.
Immunotherapy for recurrent colorectal cancers with human monoclonal antibody SK-

1. Anticancer Res. 21. 621-7.

Koea JB, Kemeny N. 2000. Hepatic artery infusion chemotherapy for metastatic

colorectal carcinoma. Semin. Surg. Oncol. 19. 125-34.

147



Kojima K, Nihei Z. 1995. Expression of Endothelin-1 immunoreactivity in breast

cancer. Surg. Oncol. 4. 309-315.

Komuro I, Kurihara H, Sugiyama T, Takaku F, Yazaki Y. 1988. ET stimulates c-fos
and c-myc expression and proliferation of vascular smooth muscle cells. FEBS Lett.
238. 249-252.

Kondo Y, Arii S, Mori A, Furutani M, Chiba T, Imamura M. 2000. Enhancement of
angiogenesis, tumor growth, and metastasis by transfection of vascular endothelial

growth factor into LoVo human colon cancer cell line. Clin. Cancer Res. 6. 622-30.

Koretz K, Schlag P, Moller P. 1990. Expression of epidermal growth factor receptor in
normal colorectal mucosa, adenoma, and carcinoma. Virchows Arch. A Pathol. Anat.

Histopathol. 416. 343-9.

Kraft M, Beam WR, Wenzel SE, Zamora MR, O'Brien RF, Martin RJ. 1994. Blood and
brochoalveolar lavage endothelin-1 levels in nocturnal asthma. Am. J. Respir. Crit.
Care Med. 149. 947-952.

Kurihara Y, Kurihara H, Suzuki H, Kodama T, Maemura K, Nagai R, Oda H, Kuwaki
T, Cao W-H, Kamada N, Jishage K, Ouchi, Y, Azuma S, Toyoda Y, Ishikawa T,
Kumada M, Yazaki Y. 1994. Elevated blood pressure and craniofacial abnormalities in

mice deficient in endothelin-1. Nature 368. 703-710.

Kusuhara M, Yamaguchi K, Ohnishi A, Abe K, Kimura S, Oono H, Hori S, Nakamura
Y. 1989. Endothelin potentiates growth factor stimulates DNA synthesis in Swiss 3T3
cells. J. Cancer Res. 80. 302-305.

Kusuhara M, Yamanguchi K, Nagasaki K, Hayashi C, Suzaki A, Hori S, Handa S,
Nakamura Y, Abe K. 1990. Production of endothelin in human cancer cell lines.
Cancer Res. 50. 3257-3261.

Kusunoki M, Yanagi H, Noda M, Yoshikawa R, Yamamura T. 2000. Results of

pharmacokinetic modulating chemotherapy in combination with hepatic arterial 5-

148



fluorouracil infusion and oral UFT after resection of hepatic colorectal metastases.
Cancer 89. 1228-35.

Lahav R, Heffner G, Patterson PH. 1999. An endothelin receptor B antagonist inhibits

growth and induces cell death in human melanoma cells in vitro and in vivo. Proc.

Natl. Acad. Sci. U. S. A. 28. 11496-500.

Lahm H, Suardet L, Laurent PL, Fischer JR, Ceyhan A, Givel JC, Odartchenko N.
1992. Growth regulation and co-stimulation of human colorectal cancer cell lines by

insulin-like growth factor I, II and transforming growth factor alpha. Br. J. Cancer 65.
341-6.

Lam HC, Takahashi K, Ghatei MA, Suda K, Kanse SM, Bloom SR. 1991. Presence of

immunoreactive endothelin in human saliva and rat parotid gland. Peptides 12. 883-5.

Lambert S, Collette J, Gillis J, Franchimont P, Desaive C, Gol-Winkler R. 1991.
Tumor IGF-II content in a patient with a colon adenocarcinoma correlates with

abnormal expression of the gene. Int. J. Cancer 48. 826-30.

Langholz E, Munkholm P, Davidsen M, Binder V. 1992. Colorectal cancer risk and

mortality in patients with ulcerative colitis. Gastroenterol. 103. 1444- 51.

Lazaratos S, Nakahara A,Goto K, Fukutomi H. 1995. Bosentan antagonizes the effects

of endothelin-1 on rat gastric blood flow and mucosal integrity. Life Sciences 56. 195-
200.

Leach K, Turner D, Zhang W, Mulholland MW. 1999. Endothelin-1 stimulates c-fos
mRNA expression in C6 glioma cells via MAP kinase pathway. Peptides 20. 907-14.

Le Brun G, Aubin P, Soliman H, Ropiquet F, Villette JM, Berthon P, Creminon C,
Cussenot O, Fiet J. 1999. Upregulation of endothelin 1 and its precursor by IL-1beta,
TNF-alpha, and TGF-beta in the PC3 human prostate cancer cell line. Cytokine 11.
157-62.

149



Lechleitner P, Genser N, Mair J, Maier J, Artner-Dworzak E, Dienstl F, Puschendorf B.
1993. Plasma immunoreactive endothelin in the acute and subacute phases of

myocardial infarction in patients undergoing fibrinolysis. Clin. Chem. 39. 955-959.

Lee JY, Wamer RB, Adler AL, Opgenorth TJ. 1994. Endothelin ETA receptor
antagonist reduces myocardial infarction induced by coronary artery occlusion and

reperfusion in the rat. Pharmacol. 49. 319-324.

Leibl MA, Ota T, Woodward MN, Kenny SE, Lloyd DA, Vaillant CR, Edgar DH.
1999. Expression of endothelin 3 by mesenchymal cells of embryonic mouse caecum.

Gut 44. 246-52.

Lennard-Jones JE, Melville DM, Ritchie JK, Williams CB. 1990. Pre-cancer and
cancer in extensive ulcerative colitis: findings among 401 patients over 22 years. Gut

31. 800-6.

Letizia C, De Toma G, Cerci S, Scuro L, De Ciocchis A, D'Ambrosio C, Massa R,
Cavallaro A, Scavo D. 1996. Plasma endothelin-1 levels in patients with aldosterone-

producing adenoma and pheochromocytoma. Clin. Exp. Hypertens. 18. 921-31.

Levin B, Lennard-Jones J, Riddell RH, Sachar D, Winawer SJ. 1991. Surveillance of
patients with chronic ulcerative colitis. WHO Collaborating Centre for the Prevention

of Colorectal Cancer. Bulletin of the World Health Organization 69. 121-6.

Liefers G-J, Cleton-Jansen A-M, van de Velde CJH. 1998. Micrometastases and
survival in stage II colorectal cancer. N. Engl. J. Med. 339. 223-8.

Lim CS, Mehigan BJ, Hartley JE, Monson JR. 1999. Neoadjuvant therapy in the

treatment of high risk rectal carcinoma. Surg. Oncol. 8. 1-11.

Lippton H, Goff J, Hyman A. 1988. Effects of endothelin in the systemic and renal

vascular beds in vivo. Eur. J. Pharmacol. 155. 197-199.

150



Liu D, Gagliardi G, Nasim MM, Alison MR, Oates T, Lalani EN, Stamp GW,
Pignatelli M. 1994. TGF-alpha can act as morphogen and/or mitogen in a colon-cancer

cell line. Int. J. Cancer 56. 603-8.

Liu Y, Yamada H, Ochi J. 1998. Immunocytochemical studies on endothelin in mast

cells and macrophages in the rat gastrointestinal tract. Histochem Cell Biol. 109. 301-7.

Lobb RR, Key ME, Alderman EM, Fett JW. 1985. Partial purification and
characterization of a vascular permeability factor secreted by a human colon

adenocarcinoma cell line. Int. J. Cancer 36. 473-8.

Luttrell LM, Daaka Y, Lefkowitz J. 1999. Regulation of tyrosine kinase cascades by G-
protein-coupled receptors. Curr. Opin. Cell Biol. 11. 177-3.

Lynch HT, Lynch JF. 2000. Hereditary nonpolyposis colorectal cancer. Semin. Surg.
Oncol. 18. 305-13.

Ma J, Pollak MN, Giovannucci E, Chan JM, Tao Y, Hennekens CH, Stampfer MJ.
1999. Prospective study of colorectal cancer risk in men and plasma levels of insulin-

like growth factor (IGF)-I and IGF-binding protein-3. J. Natl. Cancer Inst. 7. 620-5.

MacCumber M W, Ross C A, Snyder S H. 1990. Endothelin in brain: Receptors,
mitogenesis and biosynthesis in glial cells. Proc. Natl. Acad. Sci. USA. 87. 2359-2363.

Mallat A, Lotersztajn. 1996. Multiple hepatic functions of endothelin-1:
physiopathological relevance. J. Hepatol. 25. 405-413.

Mallat A, Fouassier L, Preaux AM, Gal CS, Raufaste D, Rosenbaum J, Dhumeaux D,
Jouneaux C, Mavier P, Lotersztajn S. 1995. Growth inhibitory properties of endothelin-
1 in human hepatic myofibroblastic Ito cells. An endothelin B receptor-mediated
pathway. J. Clin. Invest. 96. 42-9.

Mallat A, Fouassier L, Preaux AM, Mavier P, Lotersztajn S. 1995. Antiproliferative
effects of ET-1 in human liver Ito cells: an ETB- and a cyclic AMP-mediated pathway.
J. Cardiovasc. Pharmacol. 26. S132-4.

151



Mallat A, Preaux AM, Serradeil-Le Gal C, Raufaste D, Gallois C, Brenner DA,
Bradham C, Maclouf J, Iourgenko V, Fouassier L, Dhumeaux D, Mavier P, Lotersztajn
S. 1996. Growth inhibitory properties of endothelin-1 in activated human hepatic
stellate cells: a cyclic adenosine monophosphate-mediated pathway. Inhibition of both
extracellular signal-regulated kinase and c-Jun kinase and upregulation of endothelin B

receptors. J. Clin. Invest. 98. 2771-8.

Mamounas E, Wieand 5, Wolmark N, Bear H, Atkins J, Song K, Jones J, Rockette H.
1999. Comparative efficacy of adjuvant chemother-apy in patients with Dukes’ B
versus Dukes C colon cancer: results from four National Surgical Adjuvant Breast and
Bowel Project Adjuvant Studies (C-01, C-02, C-03 and C-04). J. Clin. Oncol. 17. 1349-
1355.

Mancina R, Bamni T, Calogero AE, Filippi S, Amerini S, Peri A, Susini T, Vannelli
GB, Burrello N, Forti G, Maggi M. 1997. Identification, characterization, and

biological activity of endothelin receptors in human ovary. J. Clin. Endocrinol. Metab.
82.4122-9.

Manning AM, Williams AC, Game SM, Paraskeva C. 1991. Differential sensitivity of
human colonic adenoma and carcinoma cells to transforming growth factor beta (TGF
beta): conversion of an adenoma cell line to a tumorigenic phenotype is accompanied

by a reduced response to the inhibitory effects of TGF-beta. Oncogene 6. 1471-6.

Markowitz S. 2000. TGF-beta receptors and DNA repair genes, coupled targets in a
pathway of human colon carcinogenesis Biochim. Biophys. Acta. 14. M13-20.

Markowitz S. 2000. TGF-beta receptors and DNA repair genes, coupled targets in a

pathway of human colon carcinogenesis Biochim. Biophys. Acta. 14. 13-20.

Markowitz SD, Roberts AB. 1996. Tumor suppressor activity of the TGF-beta pathway
in human cancers. Cytokine Growth Factor Rev. 7. 93-102.

152



Marsoni S. 2001. Efficacy of adjuvant fluorouracil and leucovorin in stage B2 and C
colon cancer. International Multicenter Pooled Analysis of Colon Cancer Trials

Investigators Semin. Oncol. 28. 14-19.

Masaki T. 1993. Endothelins: Homeostatic and compensatory actions in the circulatory

and endocrine systems. Endoc. Rev. 14. 256-68.

Mathieu MN, Chevillard C. 1995. Endothelin-1 and ETA receptor subtype are
expressed in the gastric HGT-1 cell line. J. Cardiovasc. Pharmacol. 26. 508-9.

Matsushita M, Matsuzaki K, Date M, Watanabe T, Shibano K, Nakagawa T,
Yanagitani S, Amoh Y, Takemoto H, Ogata N, Yamamoto C, Kubota Y, Seki T,
Inokuchi H, Nishizawa M, Takada H, Sawamura T, Okamura A, Inoue K. 1999. Down-
regulation of TGF-beta receptors in human colorectal cancer: implications for cancer

development. Br. J. Cancer. 80. 194-205.

Mauschitz R, Cervar M, Hahn T, Purstner P, Desoye G. 2000. Self-regulation of the
endothelin receptor system in choriocarcinoma cells. Biochim. Biophys. Acta. 18. 224-
34.

McLellan E, Bird RP. 1991. Effect of disulfiram on 1,2-dimethylhydrazine and

azoxymethane-induced aberrant crypt foci. Carcinogenesis 12. 969-72.

McLellan EA, Bird RP. 1988. Aberrant crypts: potential preneoplastic lesions in the

murine colon. Cancer Res. 48. 6187-92.

Messa C, Russo F, Notarnicola M, Di Leo A. 1994. Demonstration of epidermal
growth factor receptor in colorectal adenocarcinoma by enzyme immunoassay.

Digestion SS. 103-7.

Meta-analysis of randomized trials testing the biochemical modulation of fluorouracil
by methotrexate in metastatic colorectal cancer. 1994. Advanced Colorectal Cancer
Meta-Analysis Project J. Clin. Oncol. 12. 960-9.

153



Milligan G. 1993. Mechanisms of multifunctional signalling by G protein linked
receptors. Trends Pharmacol. Sci. 14. 239-244.

Minami K, Matsuzaki S, Hayashi N, Mokarim A, Ito M, Sekine 1. 1998.
Immunohistochemical study of p53 overexpression in radiation-induced colon cancers.

J. Radiat. Res. (Tokyo). 39. 1-10.

Mino N, Kobayashi M, Nakajima A, Amano H, Shimamoto K, Ishikawa K, Watanabe
K, Nishikibe M, Yano M, Ikemoto F. 1992. Protective effect of a selective endothelin
receptor antagonist, BQ-123, in ischemic acute renal failure in rats. Eur. J. Pharmacol.

221. 77-83.

Moertel C, Fleming I, Macdonald I, Hailer D, Laurie I, Tangen C, lingerleider I,
Emerson W, Tormey D, Glick I. 1995. Fluorouracil plus levamisole as effective
adjuvant therapy after resection of stage Ill colon carcinoma: a final report. Ann. Intern.
Med. 122. 321-326.

Moertel CG. 1994. Chemotherapy for colorectal cancer. N. Engl. J. Med. 21.1136-42.

Moorghen M, Ince P, Finney KJ, Watson AJ, Harris AL. 1990. Epidermal growth

factor receptors in colorectal carcinoma. Anticancer Res. 10. 605-11.

Moraitis S, Langdon SP, Miller WR. 1997. Endothelin expression and responsiveness

in human ovarian carcinoma cell lines. Eur. J. Cancer 33. 661-8.

Morita H, Koyama N, Tamura Y. 1998. Development of flat adenoma and superficial

rectal cancer after pelvic radiation. J. Clin. Gastroenterol. 26. 171-4.
Moreland S, McMullen D, Abboa-Offei B, Seymour A. 1994. Evidence for a

differential location of vasoconstrictor endothelin receptors in the vasculature. Br. J.

Pharmacol. 112. 704-708.

154



Moreland S, McMullen D, Delaney C R, Lee VG, Hunt JT. 1992. Venous smooth
muscle contains vasoconstrictor ETp like receptors. Biochem. Biophys. Res. Commun.

184. 100-06.

Moskal TL, Huang S, Ellis LM, Fritsche HA Jr, Chakrabarty S. 1995. Serum levels of
transforming growth factor alpha in gastrointestinal cancer patients. Cancer Epidemiol.

Biomarkers Prev. 4. 127-31.

Moummi C, Xie Y, Kachur JF, Gaginella TS. 1992. Endothelin-1 stimulates
contraction and ion transport in the rat colon: different mechanisms of action. J.

Pharmacol. Exp. Therap. 262. 409-14.

Mumtaz FH, Dashwood MR, Thompson CS, Sullivan ME, Mikhailidis DP, Morgan
RJ. 1999. Increased expression of endothelin B receptors in the diabetic rabbit urinary
bladder: functional relevance. B. J. U. Int. 83. 113-22.

Murch SH, Braegger CP, Sessa WC, Macdonald TT, 1992. High endothelin-1

immunoreactivity in Crohn’s disease and ulcerative colitis. Lancet 339. 381-385.

Muto T, Bussey HJ, Morson BC. 1975. The evolution of cancer of the colon and
rectum. Cancer 36. 2251-70.

Nagengast FM, Grubben MJ, van Munster IP. 1995. Role of bile acids in colorectal

carcinogenesis. Eur. J. Cancer 31. 1067-70.

Nakagoe T, Ishikawa H, Sawai T, Tuji T, Ayabe H, Eida K, Nogawa T, Nakamura Y,
Kunisaki T, Tobinaga K, Furukawa M, Ino M. 2000. Multicenter randomized
prospective study of adjuvant chemotherapy with UFT and mitomycin C in advanced

colorectal cancer. Anticancer Res. 20. 1069-75.
Nakamuta M, Ohashi M, Tabata S, Tanabe Y, Goto K, Naruse M, Naruse K, Hiroshige

K, Nawata H. 1993. High plasma concentrations of endothelin-like immunoreactivities

in patients with hepatocellular carcinoma. Am J. Gastroenterol. 88. 248-52.

155



Nakata S, Ito K, Fujimori M, Shingu K, Kajikawa S, Adachi W, Matsuyama I,
Tsuchiya S, Kuwano M, Amano J. 1998. Involvement of vascular endothelial growth
factor and urokinase-type plasminogen activator receptor in microvessel invasion in

human colorectal cancers. Int. J. Cancer 17. 179-86.

Nelson BJ, Chan-Tack K, Hedican SP, Opgenorth TJ, Bova GS, Simons JW. 1996.
Endothelin-1 production and decreased endothelin B receptor expression in advanced

prostate cancer. Cancer Res. 56. 663-668.

Nelson JB, Hedican SP, George DJ, Reddi AH, Piantadosi S, Eisenberger MA, Simons
JW. 1995. Identification of endothelin-1 in the pathophysiology of metastatic
adenocarcinoma of the prostate. Nature Med. 1. 944-9.

Nelson JB, Lee WH, Nguyen SH, Jarrard DF, Brooks JD, Magnuson SR, Opgenorth
TJ, Nelson WG, Bova GS. 1997. Methylation of the 5' CpG island of the endothelin B

receptor gene is common in human prostate cancer. Cancer Res. 57. 35-7.

Nelson RA, Burke SE, Opgenorth T. 1994. Endothelin receptor antagonist FR-139317

reduces infarct size in a rabbit coronary occlusion model. FASEB J. 8. A854.

Nirei H, Hamada K, Shoubo M, Sogabe K, Notsu Y, Ono T. 1993. An endothelin ETa
receptor antagonist, FR-139317, ameliorates cerebral vasospasm in dogs. Life Sciences

52. 1869-1874.

Ohlstein EH, Arleth A, Bryan H, Eliot JD, Sung CP. 1992. The selective endothelin
ETa receptor antagonist BQ123 antagonises ET-1 mediated mitogenesis. Eur. J.
Pharmacol. 5. 347-350.

Ohlstein EH, Douglas SA. 1993. Endothelin-1 modulates vascular smooth muscle
structure and vasomotion: Implications in cardiovascular pathology. Drug Dev. Res.
29. 108-128.

156



Ohnaka K, Takayanagi R, Yamauchi T, Okazaki H, Ohashi M, Umeda F, Nawata H.
1990. Identification and characterisation of endothelin converting activity in cultured

bovine endothelial cells. Biochem. Biophys. Res. Commun. 168. 1128-1136.

Oikawa T, Kusuhara M, Ishikawa S, Hitomi J, Kono A, Iwanaga T, Yamaguchi K.
1994. Production of endothelin-1 and thrombomodulin by human pancreatic cancer
cells. J. Cancer 69. 1059-1064.

Okabe H, Chijiiwa Y, Nakamura K, Yoshinaga M, Akiho, Harada N, Nawata H. 1995.
Two endothelin receptors (ET and ETg) expressed on circular smooth muscle cells of

guinea pig cecum. Gastroenterol. 108. 51-7.

Okazawa M, Shiraki T, Ninomiya H, Kobayashi S, Masaki T. 1998. Endothelin-
induced apoptosis of A375 human melanoma cells. J. Biol. Chem. 273. 12584-92.

Oliver MH, Harrison NK, Bishop JE, Cole PJ, Laurent GJ. 1989. A rapid and
convenient assay for counting cells cultured in microwell plates: Application for

assessment of growth factors. J. Cell Sci. 92. 513-518.

Omland T, Lie RL, Aakvaag A, Aarsland T, Kickstein K. 1994. Plasma endothelin
determination as a prognostic indicator of 1-year mortality after acute myocardial

infarction. Circulation 89. 1573-1579.

Opgenorth TJ, Wu-Wong JR, Shiosaki K. 1992. Endothelin converting enzymes.
FASEB J. 6. 2653-2659.

Pekonen F, Saijonmaa O, Nyman T, Fyhrquist F. 1992. Human endometrial

adenocarcinoma cells express endothelin-1. Mol. Cell. Endocrinol. 84. 203-7.
Perer ES, Madan AK, Shurin A, Zakris E, Romeguera K, Pang Y, Beech DJ. 2000.

Insulin-like growth factor I receptor antagonism augments response to chemoradiation

therapy in colon cancer cells. J. Surg. Res. 94. 1-5.

157



Perico N, Remuzzi G. 1993. Role of endothelin in glomerular injury. Kidney Int. 43.
576-580.

Poon MA, O'Connell MJ, Wieand HS, Krook JE, Gerstner JB, Tschetter LK, Levitt R,
Kardinal CG, Mailliard JA. 1991. Biochemical modulation of fluorouracil with
leucovorin: confirmatory evidence of improved therapeutic efficacy in advanced

colorectal cancer. J. Clin. Oncol. 9. 1967-72.

Powell SM, Zilz N, Beazer-Barclay Y, Bryan TM, Hamilton SR, Thibodeau SN,
Vogelstein B, Kinzler KW. 1992. APC mutations occur early during colorectal
tumorigenesis. Nature 17. 235-7.

Pretlow TP, O'Riordan MA, Somich GA, Amini SB, Pretlow TG. 1992. Aberrant
crypts correlate with tumor incidence in F344 rats treated with azoxymethane and

phytate. Carcinogenesis 13. 1509-12.

Rahman MI, Gibson-Shreve LD, Yuan Z, Morris HA. 1996. Selections from current
literature: cholelithiasis, cholecystectomy and the risk of colorectal cancer. Fam. Pract.
13. 483-7.

Reddix RA, Mullet D, Fertel R, Cooke HJ. 1998. Endogenous nitric oxide inhibits

endothelin-1-induced chloride secretion in guinea pig colon. Nitric Oxide 2. 28-36.

Renehan AG, Jones J, Potten CS, Shalet SM, O'Dwyer ST. 2000. Elevated serum
insulin-like growth factor (IGF)-II and IGF binding protein-2 in patients with
colorectal cancer. Br. J. Cancer 83. 1344-50.

Renehan AG, Painter JE, Atkin WS, Potten CS, Shalet SM, O'Dwyer ST. 2001. High-

risk colorectal adenomas and serum insulin-like growth factors Br. J. Surg. 88. 107-13.
Ries LA, Wingo PA, Miller DS, Howe HL, Weir HK, Rosenberg HM, Vermnon SW,

Cronin K, Edwards BK. 2000. The annual report to the nation on the status of cancer,
1973-1997, with a special section on colorectal cancer. Cancer 15. 2398-424.

158



Ries LAG, Kosary CL, Hankey BF, Miller BA, Edwards BK, eds. 1998. SEER Cancer
Statistics, 1973-1995. National Cancer Institute, Bethesda, MD.

Roden M, Plass H, Vierhapper H, Turnheim K. 1992. Endothelin-1 stimulates chloride
and potassium secretion in rabbit descending colon. Pflugers Archiv — Eur. J. Physiol.
421. 163-7.

Roncucci L, Stamp D, Medline A, Cullen JB, Bruce WR. 1991. Identification and
quantification of aberrant crypt foci and microadenomas in the human colon. Human

Pathol. 22. 287-94.

Rossi GP, Albertin G, Bova S, Belloni AS, Fallo F, Pagotto U, Trevisi L, Palu G,
Pessina AC, Nussdorfer GG. 1997. Autocrine-paracrine role of endothelin-1 in the
regulation of aldosterone synthase expression and intracellular Ca2+ in human
adrenocortical carcinoma NCI-H295 cells. Endocrinol. 138. 4421-6.

Safa MM, Foon KA. 2001. Adjuvant immunotherapy for melanoma and colorectal

cancers. Semin. Oncol. 28. 68-92.

Saida K, Mitsui Y, Ishida N. 1989. A novel peptide, vasoactive intestinal contractor, of
a new endothelin peptide family. J. Biol. Chem. 264. 14613-14616.

Saita Y, Yazawa H, Koizumi T, Morita T, Tamura T, Takenaka T, Honda K. 1998.
Mitogenic activity of endothelin on human cultured prostatic smooth muscle cells. Eur.

J. Pharmacol. 349. 123-8.

Sakamoto A, Yanigasawa M, Sakurai M, Takuwa Y, Masaki T. 1991. Cloning and
functional expression of human ¢ DNA for the ETg endothelin receptor. Biochem.

Biophys. Res. Commun. 178. 656-63.

Sakamoto A, Yanigasawa M, Sawamura T, Enoki T, Ohtani T, Sakurai T, Nakao K,
Toyooka T, Masaki T. 1993. Distinct subdomains of human endothelin receptors
determine their selectivity to endothelin A-selective antagonist and endothelin B-
selective agonists. J. Biol. Chem. 268. 8547-8553.

159



Sandok EK, Lerman A, Stingo A, Perrella MA, Gloviczki P, Bumett JC. 1992.
Endothelin in a model of acute ischemic renal dysfunction: Modulating action of atrial

natriuretic factor. J. Am. Soc. Nephrol. 3. 196-202.

Saville MK, Graham A, Malarkey K et al. 1994. Regulation of ET-1 and
lysophosphatidic acid stimulated tyrosine phosphorylation of focal adhesion kinase in

Rat-1 fibroblasts. Biochem. J. 301. 407-14.

Savoca PE, Ballantyne GH, Cahow CE. 1990. Gastrointestinal malignancies in Crohn's
disease. A 20 year experience. Dis. Colon Rectum 33. 7-11.

Scheithauer W, Kornek GV, Marczell A, Karner J, Salem G, Greiner R, Burger D,
Stoger F, Ritschel J, Kovats E, Vischer HM, Schneeweiss B, Depisch D. 1998.
Combined intravenous and intraperitoneal chemotherapy with fluorouracil + leucovorin

vs fluorouracil + levamisole for adjuvant therapy of resected colon carcinoma. Br. J.
Cancer 77. 1349-54.

Scheithauer W, Temsch EM, Moyer MP, Grabner G. 1987. Search for improved
culture conditions for clonogenic growth of human colorectal cancer cells in vitro. Int.
J. Cell Cloning 5. 55-70.

Schrey MP, Patel KV, Tezapsidis N. 1992. Bombesin and glucocorticoids stimulate
human breast cancer cells to produce endothelin, a paracrine mitogen for breast stromal

cells. Cancer Res. 1. 1786-90.

Schvartz I, Itoop O, Davidai G, Hazum E. 1992. ET rapidly stimulates tyrosine
phosphorylation in osteoblast like cells. Peptides 13. 159-163.

Schwartz MA, Baron V. 1999. Interactions between mitogenic stimuli, or, a thousand

and one connections. Curr. Opin. Cell Biol. 11. 184-9.

160



Serradei-Le Gal C, Herbert JM, Garcia C, Boutin M, Mafrand JP. 1991. Importance of

the phenotypic state of VSMC on the binding and mitogenic activity of ET. Peptides
12. 575-579.

Serradeil-Le Gal C, Jouneaux C, Sanches-Bueno A, Raufaste D, Roche B, Preaux A M.
1991. Endothelin action in rat liver. J. Clin. Invest. 87. 133-138.

Shankar A, Loizidou M, Aliev G, Fredericks S, Holt D, Boulos PB, Burnstock G,
Taylor 1. 1998. Elevated endothelin-1 levels in patients with colorectal liver metastasis.
Br. J. Surg 85. 502-6.

Sheng H, Shao J, O'Mahony CA, Lamps L, Albo D, Isakson PC, Berger DH, DuBois
RN, Beauchamp RD. 1999. Transformation of intestinal epithelial cells by chronic
TGF-betal treatment results in downregulation of the type II TGF-beta receptor and
induction of cyclooxygenase-2. Oncogene 28. 855-67.

Shichiri M, Hirata Y, Nakajima T, Ando K, Imai T, Yanagisawa M. 1991. Masaki T,
Marumo F. Endothelin-1 is an autocrine / paracrine growth factor for human cancer

cell lines. J. Clin. Invest. 87. 1867-1871.

Shichiri M, Hirata Y, Marumo F. 1991. Endothelin-1 as an autocrine/paracrine factor

for human tumor cell lines. J. Cardiovasc. Pharmacol. 17. S76-8.

Shim KS, Kim KH, Park BW, Yi SY, Choi JH, Han WS, Park EB. 1998. Increased
serum levels of transforming growth factor-alpha in patients with colorectal cancer.
Dis. Colon Rectum 41. 219-24.

Shirai H, Ueno E, Osaki M, Tatebe S, Ito H, Kaibara N. 1995. Expression of growth
factors and their receptors in human early colorectal carcinomas: immunohistochemical

study. Anticancer Res. 15. 2889-94.

Sigel JE, Petras RE, Lashner BA, Fazio VW, Goldblum JR. 1999. Intestinal
adenocarciroma in Crohn's disease: a report of 30 cases with a focus on coexisting

dysplasia. Am. J. Surg. Pathol. 23. 651-5.

161



Simonson MS, Jones JM, Dunn MJ. 1992. Differential regulation of fos and jun gene

expression and AP-1 cis element activity by endothelin isopeptides. J. Biol. Chem. 267.
8643-8649.

Simonson M, Wann S, Mene P, Dubyak G, Kester M, Nakazato Y, Sedor JR, Dunn,
MJ. 1989. Endothelin stimulates phospholipase C, Na+/H+ exchange, c-fos expression,

and mitogenesis in rat mesangial cells. J. Clin. Invest. 83. 708-712.

Simonson MS. 1990. Endothelins: Multifuntional renal peptides. Physiol. Rev. 73.
375-411.

Simonson MS, Rooney A. 1994. Characterisation of endothelin receptors in mesangial
cells: evidence for two functionally distinct endothelin binding sites. Mol. Pharmacol.
46. 41-50.

Simpson RA, Dickinson T, Porter KE, London NJ, Hemingway DM. 2000. Raised
levels of plasma big endothelin 1 in patients with colorectal cancer. Br. J. Surg. 87.
1409-13.

Slomiany BL, Piotrowski J, Slomiany A. 1999. Endothelin-1, interleukin-4 and nitric
oxide synthase modulators of gastric mucosal injury by indomethacin: effect of

antiulcer agents. J. Physiol. Pharmacol. 50. 197-210.

Smith P J W. Teichert-Kuliszewska K. Monge J C. Stewart D J. 1998. Regualation of
endothelin B receptor m RNA expression in human endothelial cells by cytokines and

growth factors. J. Cardiovasc. Pharmacol. 31. S158-S160.

Sokolovsky M., Shraga-Levine Z., Galron R.. 1994. Ligand specific stimulation /
inhibition of ¢ AMP formation by a novel endothelin receptor subtype. Biochem. 33.
11417-11419.

Sokolovsky, M. 1992. Endothelins and sarafotoxins: Physiological regulation;
receptor subtypes and transmembrane signalling. Pharmacol. Ther. 54. 129-149.

162



Solic N, Collins JE, Richter A, Holt SJ, Campbell I, Alexander P, Davies DE. 1995.
Two newly established cell lines derived from the same colonic adenocarcinoma

exhibit differences in EGF-receptor ligand and adhesion molecule expression. Int. J.
Cancer 4. 48-57.

S, Krasna MJ, Greenwald BD, Cottrell J, Abraham JM, Simms L, Leggett B, Young J,
Harpaz N, Reiss M, Meltzer SJ. 1996. Alterations of transforming growth factor-beta 1
receptor type II occur in ulcerative colitis-associated carcinomas, sporadic colorectal

neoplasms, and esophageal carcinomas, but not in gastric neoplasms. Human Cell 9.
229-36.

Souza RF, Wang S, Thakar M, Smolinski KN, Yin J, Zou TT, Kong D, Abraham JM,
Toretsky JA, Meltzer SJ. 1999. Expression of the wild-type insulin-like growth factor

IT receptor gene suppresses growth and causes death in colorectal carcinoma cells.

Oncogene 15. 4063-8.

Stahl TJ, Schoetz DJ Jr, Roberts PL, Coller JA, Murray JJ, Silverman ML,
Veidenheimer MC. 1992. Crohn's disease and carcinoma: increasing justification for

surveillance? Dis. Colon Rectum 35. 850-6.

Steele RJ, Kelly P, Ellul B, Eremin O. 1990. Epidermal growth factor receptor

expression in colorectal cancer. Br. J. Surg. 77. 1352-4.

Stoneham M, Goldacre M, Seagroatt V, Gill L. 2000. Olive oil, diet and colorectal
cancer: an ecological study and a hypothesis. J. Epidemiol. Community Health 54. 756-
760.

Summner MI, Cannon TR, Mundin JW, White DG, Watts IS. 1992. ET and ETp

receptors mediate vascular smooth muscle contraction. Br. J. Pharmacol. 107. 858-860.
Suzuki T, Hoshi N, Watanabe K, Kasukawa R, Suzuki T. 1998. Immunohistochemical

localization of endothelin-1/big endothelin-1 in normal liver, liver cirrhosis and

hepatocellular carcinoma. Fukushima J. Med. Sci. 44. 93-105.

163



Takahashi K, Jones PM, Kanse SM, Lam HC, Spokes RA, Ghatei MA, Bloom SR.
1990. Endothelin in the gastrointestinal tract. Presence of endothelinlike
immunoreactivity, endothelin-1 messenger RNA, endothelin receptors, and

pharmacological effect. Gastroenterol. 99. 1660-7.

Takahashi Y, Bucana CD, Cleary KR, Ellis LM. 1998. p53, vessel count, and vascular

endothelial growth factor expression in human colon cancer. Int. J. Cancer 20. 34-8.

Takahashi Y, Kitadai Y, Bucana CD, Cleary KR, Ellis LM. 1995. Expression of
vascular endothelial growth factor and its receptor, KDR, correlates with vascularity,

metastasis, and proliferation of human colon cancer. Cancer Res. 15. 3964-8.

Takahashi Y, Tucker SL, Kitadai Y, Koura AN, Bucana CD, Cleary KR, Ellis LM.
1997. Vessel counts and expression of vascular endothelial growth factor as prognostic

factors in node-negative colon cancer. Arch. Surg. 132. 541-6.

Takeda M, Komeyama T, Tsutsui T, Mizusawa T, Go H, Hatano A, Tanikawa T. 1994.
Changes in urinary excretion of endothelin-1-like immunoreactivity in patients with

testicular cancer receiving high-dose cisplatin therapy. Am. J. Kidney Dis. 24. 12-6.

Takeda M, Komeyama T, Tsutsui T, Mizusawa T, Go H, Hatano A, Tanikawa T. 1994.
Urinary endothelin-1-like immunoreactivity in young male patients with testicular
cancer treated by cis-platinum: comparison with other urinary parameters. Clin. Sci.
86. 703-7.

Takuwa N, Takuwa Y, Yanagisawa M, Yamashita K, Masaki T. 1989. A novel
vasoactive peptide stimulates mitogenesis through inositol lipid turnover in Swiss 3T3
fibroblasts. J. Biol. Chem. 264. 7856-7861.

Takuwa Y, Masaki T, Yamashita K. 1990. The effect of the endothelin family peptides

on cultured osteoblastic cells from rat calvariae. Biochem. Biophys. Res. Commun.
170. 998-1005.

164



Takuwa Y, Ohue Y, Takuwa N, Yamashita K. 1989. ET-1 activates PLC and mobilises
calcium from extra and intracellular pools in osteoblastic cells. Am. J. Physiol. 257.

E797-E803.

Tamai O, Nozato E, Miyazato H, Isa T, Hiroyasu S, Shiraishi M, Kusano T, Muto Y,
Higashi M. 1999. Radiation-associated rectal cancer: report of four cases. Dig. Surg.
16. 238 43.

Tanaka A, Katagiri K, Hoshino M, Hayakawa T, Tsukada K, Takeuchi T. 1994.
Endothelin-1 stimulates bile acid secretion and vesicular transport in the isolated

perfused rat liver. Am. J. Physiol. 266. G324-9.

Tanaka S, Imanishi K, Haruma K, Tsuda T, Yoshihara M, Sumii K, Kajiyama G. 1992.
Immunoreactive transforming growth factor-alpha and epidermal growth factor in

colorectal adenomas and carcinomas. Oncology 49. 381-5.

Tanaka S, Imanishi K, Yoshihara M, Haruma K, Sumii K, Kajiyama G, Akamatsu S.
1991. Immunoreactive transforming growth factor alpha is commonly present in

colorectal neoplasia. Am. J. Pathol. 139. 123-9.

Taylor 1. 1996. Liver metastases from colorectal cancer: lessons from past and present

clinical studies. Br. J. Surg. 83. 456-60.

Tekin E, Taneri F, Ersoy E, Bozkurt S, Yavuzer R, Ercan S, Oguz M. 1999. Ileal and
colonic contractions by endothelin-1 in experimentally induced paralytic ileus in rats.

Gen. Pharmacol. 32. 631-5.

Thomas MG, Brown GR, Alison MR, Williamson RC. 1994. Divergent effects of
epidermal growth factor and calcipotriol on human rectal cell proliferation. Gut 35.
1742-6.

Thomas MG. 1995. Luminal and humoral influences on human rectal epithelial

cytokinetics. Ann. R. Coll. Surg. Engl. 77. 85-9.

165



Tiemey RP, Ballantyne GH, Modlin IM. 1990. The adenoma to carcinoma sequence.
Surg. Gynecol. Obstet. 171. 81-94.

Tocchi A, Basso L, Costa G, Lepre L, Liotta G, Mazzoni G, Sita A, Tagliacozzo S.
1996. Is there a causal connection between bile acids and colorectal cancer? Surg.

Today 26. 101-4.

Tokunaga T, Oshika Y, Abe Y, Ozeki Y, Sadahiro S, Kijima H, Tsuchida T, Yamazaki
H, Ueyama Y, Tamaoki N, Nakamura M. 1998. Vascular endothelial growth factor
(VEGF) mRNA isoform expression pattern is correlated with liver metastasis and poor

prognosis in colon cancer. Br. J. Cancer 77. 998-1002.

Tomoda, H. 1993. Plasma endothelin-1 in acute myocardial infarction with heart
failure. Am. Heart J. 125. 667-672.

Tran-Thi T A, Kawada N, Decker K. 1993. Regulation of endothelin-1 action on the
perfused rat liver. FEBS Lett. 318. 353-357.

Tsushima H, Kawata S, Tamura S, Ito N, Shirai Y, Kiso S, Imai Y, Shimomukai H,
Nomura Y, Matsuda Y, Matsuzawa Y. 1996. High levels of transforming growth factor

beta 1 in patients with colorectal cancer: association with disease progression.
Gastroenterol. 110. 375-82.

Uemura H, Naruse M, Naruse K, Hirohama T, Demura H, Kasuya Y. 1991.
Immunoreactive endothelin in plasma of non mammalian vertebrates. J. Cardiovasc.

Pharmacol. 17. S414-S416.

Usune S, Katsuragi T, Furukawa T. 1991. Involvement of K(+)-channel opening in
endothelin-1 induced suppression of spontaneous contractions in the guinea pig taenia

coli. Can. J. Physiol. Pharmacol. 69. 1908-13.

Vigne P, Marsault R, Breittmayer JP, Frelin C. 1990. ET stimulates
phosphatidylinositol hydrolysis and DNA synthesis in brain capillary endothelial cells.
Biochem. J. 266. 415-420.

166



Vigne P, Lopez Farre A, Frelin C. 1994. Na'-K"-Cl- co-transporter of of brain capillary
endothelial cells. Properties and regulation by by endothelins, hyperosmolar solutions,
calyculin A and Interlukin-1. J. Biol. Chem. 269. 19925-19930.

Walden PD, Ittmann M, Monaco ME, Lepor H. 1998. Endothelin-1 production and
agonist activities in cultured prostate-derived cells: implications for regulation of

endothelin bioactivity and bioavailability in prostatic hyperplasia. Prostate 34. 241-50.

Wang J, Sun L, Myeroff L, Wang X, Gentry LE, Yang J, Liang J, Zborowska E,
Markowitz S, Willson JK, et al. 1995. Demonstration that mutation of the type II
transforming growth factor beta receptor inactivates its tumor suppressor activity in

replication error-positive colon carcinoma cells. J. Biol. Chem. 15. 22044-9.

Warner TD, Allcock GH, Corder R, Vane JR. 1993. Use of the endothelin antagonists
BQ-123 and PD 142893 to reveal three endothelin receptors mediating smooth muscle
contraction and the release of EDRF. Br. J. Pharmacol. 110. 777-782.

Watanabe K, Hiraki H, Hasegawa H, Tanigawa T, Emura I, Honma K, Shibuya H,
Fukuda T, Suzuki T. 1997. Immunohistochemical localization of endothelin-1,
endothelin-3 and endothelin receptors in human pheochromocytoma and

paraganglioma. Pathol. Int. 47. 540-6.

Waterhouse JAH, Muire CS. 1976. Cancer incidence in 5 continents. Int. Agency for

res. in cancer, Lyons,

Weissberg PL, Witchell C, Davenport AP, Hesketh TC, Metcalfe JC. 1990. The
endothelin peptides ET-1, ET-2, ET-3, and sarafotoxin s6b are co-mitogenic with
PDGEF for VSMC. Atherosclerosis 85. 257-262.

Wiklund NP, Wiklund CU, Cederqvist B, Ohlen A, Hedqvist P, Gustafsson LE. 1991.

Endothelin modulation of neuroeffector transmission in smooth muscle. J. Cardiovasc.

Pharmacol. 17. S335-9.

167



Wilkins FC, Jr, Alberola A, Mizelle HL, Opgenorth TJ, Granger JP. 1993. Chronic
pathophysiological circulating endothelin levels produce hypertension in conscious

dogs. J. Cardiovasc. Pharmacol. 22. S325-S327.

Winawer SJ, Zauber AG, Ho MN, O'Brien MJ, Gottlieb LS, Sternberg SS, Waye JD,
Schapiro M, Bond JH, Panish JF. 1993. Prevention of colorectal cancer by
colonoscopic polypectomy. New Engl. J. Med. 329. 1977-81.

Winawer SJ, Zauber AG, O'Brien MJ, Ho MN Gottlieb L, Sternberg SS, Waye JD,
Bond J, Schapiro M, Stewart ET. 1993. Randomized comparison of surveillance

intervals after colonoscopic removal of newly diagnosed adenomatous polyps. New
Engl. J. Med. 328. 901-6.

Wong MP, Cheung N, Yuen ST, Leung SY, Chung LP. 1999. Vascular endothelial
growth factor is up-regulated in the early pre-malignant stage of colorectal tumour

progression. Int. J. Cancer 11. 845-50.

Wren AD, Hiley CR, Fan T-PD. 1993. Endothelin-3 mediated proliferation in wounded
human umbilical vein in endothelial cells. Biochem. Biophys. Res. Commun. 196. 369-
375.

Wright CE, Fozard JR. 1988. Regional vasodilation is a prominent feature of the

haemodynamic responses to endothelin anaesthetised, spontaneously hypertensive rats.
Eur. J. Pharmacol. 155. 201-203.

Wu JJ, Chen JX, Rothman TP, Gershon MD. 1999. Inhibition of in vitro enteric
neuronal development by endothelin-3: mediation by endothelin B receptors.

Development 126. 1161-73.

Yada Y, Higuchi K, Imokawa G. 1991. Effects of endothelins on signal transduction

and proliferation in human melanocytes. J. Biol. Chem. 25. 18352-7.

168



Yamashita J, Ogawa M, Inada K, Yamashita S, Matsuo S, Takano S. 1991. A large
amount of endothelin-1 is present in human breast cancer tissues. Res. Comm. Chem.

Pathol. Pharmacol. 74. 363-9.

Yamashita J, Ogawa M, Nomura K, Matsuo S, Inada K, Yamashita S, Nakashima Y,
Saishoji T, Takano S, Fujita S. 1993. Interleukin 6 stimulates the production of

immunoreactive endothelin 1 in human breast cancer cells. Cancer Res. 53. 464-7.

Yamashita J, Ogawa M, Sakai K. 1995. Prognostic significance of three novel biologic
factors in a clinical trial of adjuvant therapy for node-negative breast cancer. Surg. 117.
601-8.

Yamashita J, Ogawa M, Egami H, Matsuo S, Kiyohara H, Yamashita S, Fyjita S. 1992.
Abundant expression of immunorective endothelin-1 in the growth of stromal cells in

phyllodes tumour. Cancer Res. 52. 406 4049.

Yamazaki Y, Ribeiro MB, Sachar DB, Aufses AH Jr, Greenstein AJ. 1991. Malignant
colorectal strictures in Crohn's disease. Am. J. Gastroenterol. 86. 882-5.

Yanagisawa M, Kurihara H, Kimura S, Tomobe Y, Koboyashi M, Mitsui Y, Yazaki Y,
Goto K, Masaki T. 1988. A novel potent vasoconstrictor peptide produced by vascular
endothelial cells. Nature 332. 411-415.

Yasuda M, Kohno M, Tahara A, Itagane H, Toda I, Akioka K, Teragaki M, Oku H,
Takeuchi K, Takeda T. 1990. Circulating immunoreactive endothelin in ischemic heart
disease. Am. Heart J. 119. 801-806.

Yeh YC, Burns ER, Yeh J, Yeh HW. 1991. Synergetic effects of ET-1 and TGF alpha
or EGF on DNA replication and G1 to GS transition. Biosci. Rep. 11. 171-180.

Yohn JJ, Smith C, Stevens T, Hoffman TA, Morelli JG, Hurt DL, Yanagisawa M,

Kane MA, Zamora MR. 1994. Human melanoma cells express functional endothelin-1

receptors. Biochem. Biophys. Res. Commun. 201. 449-57.

169



Younes M, Fernandez L, Lechago J. 1996. Transforming growth factor alpha (TGF-
alpha) expression in biopsies of colorectal carcinoma is a significant prognostic

indicator. Anticancer Res. 16. 1999-2003.

Young WS 3rd, Kuhar MJ. 1979. A new method for receptor autoradiography:
[3H]opioid receptors in rat brain. Brain Res. 28. 255-70.

Zebrowski BK, Liu W, Ramirez K, Akagi Y, Mills GB, Ellis LM.1999. Markedly
elevated levels of vascular endothelial growth factor in malignant ascites. Ann. Surg.
Oncol. 6. 373-8.

Zhao YD, Springall DR, Hamid Q, Levene M, Polak JM. 1995. Localization and
characterization of endothelin-1 receptor binding in the blood vessels of human

pulmonary tumors. J. Cardiovasc. Pharmacol. 26. S341-5.

Zhou QL, Strichartz G, Davar G. 2001. Endothelin-1 activates ETa receptors to

increase intracellular calcium in model sensory neurons. Neuroreport 12 3853-7.

170



1 Lynch HT, Lynch JF.
Hereditary nonpolyposis colorectal cancer. Semin Surg Oncol. 2000 Jun;18(4):305-13.

2 llyas M, Tomlinson IP.
Genetic pathways in colorectal cancer. Histopathology. 1996 May;28(5):389-99.

3 Fearon ER, Vogelstein B.

A genetic model for colorectal tumorigenesis. Cell. 1990 Jun 1;61(5):759-67. Review. No abstract available.

4 Powell SM, Zilz N, Beazer-Barclay Y, Bryan TM, Hamilton SR, Thibodeau SN, Vogelstein B, Kinzler KW.
APC mutations occur early during colorectal tumorigenesis. Nature. 1992 Sep 17;359(6392):235-7.

5 Kinzler KW, Nilbert MC, Su LK, Vogelstein B, Bryan TM, Levy DB, Smith KJ, Preisinger AC, Hedge P, McKechnie D, et al.
Identification of FAP locus genes from chromosome 5g21. Science. 1991 Aug 9;253(5020):661-5.

6 Chung DC.
The genetic basis of colorectal cancer: insights into critical pathways of tumorigenesis.

Gastroenterology. 2000 Sep;119(3):854-65.

7 Kim H, Jen J, Vogelstein B, Hamilton SR.
Clinical and pathological characteristics of sporadic colorectal carcinomas with DNA replication errors in microsatellite sequences.
Am J Pathol. 1994 Jul;145(1):148-56.

8 Markowitz S, Wang J, Myeroff L, Parsons R, Sun L, Lutterbaugh J, Fan RS, Zborowska E, Kinzler KW, Vogelstein B, et al.
Inactivation of the type Il TGF-beta receptor in colon cancer cells with microsatellite instability. Science. 1995 Jun
2;268(5215):1336-8.

9 Markowitz S.
TGF-beta receptors and DNA repair genes, coupled targets in a pathway of human colon carcinogenesis Biochim Biophys Acta.

2000 Feb 14;1470(1):M13-20.

10 Stoneham M, Goldacre M, Seagroatt V, Gill L. Olive oil, diet and colorectal cancer: an ecological study and a hypothesis. J
Epidemiol Community Health 2000 Oct;54(10):756-760

11 Grasten SM, Juntunen KS, Poutanen KS, Gylling HK, Miettinen TA, Mykkanen HM. Rye bread improves bowel function and
decreases the concentrations of some compounds that are putative colon cancer risk markers in middle-aged women and men. J

Nutr 2000 Sep;130(9):2215-21

12 Waterhouse J A H, Muire C S. Cancer incidence in 5 continents. International Agency for research in cancer, Lyons, 1976.

171



13 Bingham S. Meat, starch and non-starch polysaccharides, are epidemiological and experimental findings consistent with

acquired genetic alterations in sporadic colorectal cancer?. Cancer Lett 1997 Mar 19;114(1-2):25-34

14 Nagengast FM, Grubben MJ, van Munster IP. Role of bile acids in colorectal carcinogenesis. Eur J Cancer. 1995 Jul-
Aug;31A(7-8):1067-70. Review.

15 Tocchi A, Basso L, Costa G, Lepre L, Liotta G, Mazzoni G, Sita A, Tagliacozzo S. Is there a causal connection between bile
acids and colorectal cancer? Surg Today. 1996;26(2):1014.

16 Alberts DS, Ritenbaugh C, Story JA, Aickin M, Rees-McGee S, Buller MK, Atwood J, Phelps J, Ramanujam PS, Bellapravalu
S, Patel J, Bextinger L, Clark L. Randomized, double-blinded, placebo-controlled study of effect of wheat bran fiber and calcium

on fecal bile acids in patients with resected adenomatous colon polyps. J Natl Cancer Inst. 1996 Jan 17;88(2):81-92.

17 Garewal H, Bernstein H, Bernstein C, Sampliner R, Payne C. Reduced bile acid-induced apoptosis in "normal” colorectal

mucosa: a potential biological marker for cancer risk. Cancer Res. 1996 Apr 1;56(7):1480-3.

18 Rahman M, Gibson-Shreve LD, Yuan Z, Morris HA. Selections from current literature: cholelithiasis, cholecystectomy and the
risk of colorectal cancer. Fam Pract. 1996 Oct;13(5):483-7. Review.

19 Langholz E. Munkholm P. Davidsen M. Binder V. Colorectal cancer risk and mortality in patients with ulcerative colitis.
Gastroenterology. 103(5):1444- 51, 1992 Nov.

20 Heimann TM. Oh SC. Martinelli G. Szporn A. Luppescu N. Lembo CA. Kurtz RJ. Fasy TM. Greenstein AJ. Colorectal

carcinoma associated with ulcerative colitis: a study of prognostic indicators. American Journal of Surgery. 164(1):13-7, 1992 Jul.

21 Levin B. Lennard-Jones J. Riddell RH. Sachar D. Winawer SJ. Surveillance of patients with chronic ulcerative colitis. WHO
Collaborating Centre for the Prevention of Colorectal Cancer. Bulletin of the World Health Organization. 69(1):121-6, 1991.

22 Lennard-Jones JE. Melville DM. Morson BC. Ritchie JK. Williams CB. Precancer and cancer in extensive ulcerative colitis:
findings among 401 patients over 22 years. Gut. 31(7):800-6, 1990 Jul.

23 Tamai O, Nozato E, Miyazato H, Isa T, Hiroyasu S, Shiraishi M, Kusano T, Muto Y, Higashi M.
Radiation-associated rectal cancer: report of four cases. Dig Surg. 1999;16(3):238 43.

24 Minami K, Matsuzaki S, Hayashi N, Mokarim A, Ito M, Sekine 1. Immunohistochemical study of p53 overexpression in
radiation-induced colon cancers. J Radiat Res (Tokyo). 1998 Mar;39(1):1-10.

25 Morita H, Koyama N, Tamura Y. Development of flat adenoma and superficial rectal cancer after pelvic radiation. J Clin
Gastroenterol. 1998 Apr;26(3):171-4.

26 Chen MC. Chang PY. Chuang CY. Chen YJ. Wang FP. Tang YC. Chou SC. Colorectal cancer and schistosomiasis. Lancet.
1(8227):.971-3, 1981.

27 Yamazaki Y. Ribeiro MB. Sachar DB. Aufses AH Jr. Greenstein AJ. Malignant colorectal strictures in Crohn's disease.
American Journal of Gastroenterology. 86(7):882-5, 1991 Jul.

28 Sigel JE, Petras RE, Lashner BA, Fazio VW, Goldblum JR. Intestinal adenocarcinoma in Crohn's disease: a report of 30 cases
with a focus on coexisting dysplasia. Am J Surg Pathol. 1999 Jun;23(6):651-5.

172



29 Savoca PE, Ballantyne GH, Cahow CE. Gastrointestinal malignancies in Crohn's disease. A 20 year experience. Dis Colon
Rectum. 1990 Jan;33(1):7-11.

30 Stahl TJ, Schoetz DJ Jr, Roberts PL, Coller JA, Murray JJ, Silverman ML, Veidenheimer MC. Crohn's disease and carcinoma:
increasing justification for surveillance? Dis Colon Rectum. 1992 Sep;35(9):850-6.

31 Kirk GR, Clements WD. Crohn's disease and colorectal malignancy. Int J Clin Pract. 1999 Jun;53(4):314-5. Review.

32 McLellan E. Bird RP. Effect of disulfiram on 1,2-dimethylhydrazine- and azoxymethane-induced aberrant crypt foci.
Carcinogenesis. 12(6):969-72, 1991.

33 McLellan EA. Bird RP. Aberrant crypts: potential preneoplastic lesions in the murine colon. Cancer Research. 48(21):6187-92,
1988

34 Pretlow TP. O'Riordan MA. Somich GA. Amini SB. Pretlow TG. Aberrant crypts correlate with tumor incidence in F344 rats
treated with azoxymethane and phytate. Carcinogenesis. 13(9):1509-12, 1992.

35 Pretlow TP. Barrow BJ. Ashton WS. O'Riordan MA. Pretlow TG. Jurcisek JA. Stellato TA. Aberrant crypts: putative

preneoplastic foci in human colonic mucosa. Cancer Research. 51(5):1564-7, 1991.

36 Roncucci L. Stamp D. Medline A. Cullen JB. Bruce WR. Identification and quantification of aberrant crypt foci and
microadenomas in the human colon. Human Pathology. 22(3):287-94, 1991.

37 Tiemey RP. Ballantyne GH. Modlin IM. The adenoma to carcinoma
sequence. [Review] [116 refs] Surgery, Gynecology & Obstetrics. 171(1):81-94, 1990 Jul

38 Johannsen LG, Momsen O, Jacobsen NO.
Polyps of the large intestine in Aarhus, Denmark. An autopsy study.
Scand J Gastroenterol. 1989 Sep;24(7):799-806.

39 Jass JR, Young PJ, Robinson EM.
Predictors of presence, multiplicity, size and dysplasia of colorectal adenomas. A necropsy study in New Zealand. Gut. 1992
Nov;33(11):1508-14

40 Coode PE, Chan KW, Chan YT.

Polyps and diverticula of the large intestine: a necropsy survey in Hong Kong.

Gut. 1985 Oct;26(10):1045-8.

41 Muto T. Bussey HJ. Morson BC. The evolution of cancer of the colon and rectum. Cancer. 36(6):2251-70, 1975 Dec.

42 Winawer SJ. Zauber AG. O'Brien MJ. Ho MN. Gottlieb L. Sternberg SS. Waye JD. Bond J. Schapiro M. Stewart ET. et al.
Randomized comparison of surveillance intervals after colonoscopic removal of newly diagnosed adenomatous polyps.

New England Journal of Medicine. 328(13):901-6, 1993.

43 Winawer SJ. Zauber AG. Ho MN. O'Brien MJ. Gottlieb LS. Sternberg SS. Waye JD. Schapiro M. Bond JH. Panish JF. et al.
Prevention of colorectal cancer by colonoscopic polypectomy. New England Journal of Medicine. 329(27):1977-81, 1993.

173



46 Compton CC, Fielding LP, Burgart LJ, Conley B, Cooper HS, Hamilton SR, Hammond ME, Henson DE, Hutter RV, Nagle RB,
Nielsen ML, Sargent DJ, Taylor CR, Welton M, Willett C.Prognostic factors in colorectal cancer. College of American
Pathologists Consensus Statement 1999. Arch Pathol Lab Med. 2000 Jul;124(7):979-94. Review.

47 Ries LA, Wingo PA, Miller DS, Howe HL, Weir HK, Rosenberg HM, Vernon SW, Cronin K, Edwards BK.
The annual report to the nation on the status of cancer, 1973-1997, with a special section on colorectal cancer. Cancer. 2000 May
15;88(10):2398-424.

48 Ries LAG, Kosary CL, Hankey BF, Miller BA, Edwards BK, eds. SEER Cancer Statistics, 1973—1995.
National Cancer Institute, Bethesda, MD: 1998.

49 Taylor 1.
Liver metastases from colorectal cancer: lessons from past and present clinical studies.
Br J Surg. 1996 Apr;83(4):456-60.

50 Geoghegan JG, Scheele J.
Treatment of colorectal liver metastases. Br J Surg. 1999 Feb;86(2):158-69.

51 International Multicenter Pooled Analysis of B2 Colon Cancer Trials (IMPaCT B2) Investigators. Efficacy of adjuvant
fluorouracil and folinic acid in B2 colon cancer. I Clin Oncol 1999;17:1356— 1363.

53 Liefers G-J, Cleton-Jansen A-M, van de Velde CJH, et al. Micrometastases and survival in stage II colorectal cancer. N Engl J
Med 1998;339:223-8.

54 Marsoni S. Efficacy of adjuvant fluorouracil and leucovorin in stage B2 and C colon cancer. International Multicenter Pooled

Analysis of Colon Cancer Trials Investigators.Semin Oncol. 2001 Feb;28(1 Suppl 1):14-9.

55 Scheithauer W, Kornek GV, Marczell A, Karner J, Salem G, Greiner R, Burger D, Stoger F, Ritschel J, Kovats E, Vischer HM,
Schneeweiss B, Depisch D. Combined intravenous and intraperitoneal chemotherapy with fluorouracil + leucovorin vs fluorouracil

+ levamisole for adjuvant therapy of resected colon carcinoma. Br J Cancer. 1998 Apr;77(8):1349-54.

56 Moertel C, Fleming I, Macdonald 1, Hailer D, Laurie 1, Tangen C, lingerleider I, Emerson W, Tormey D, Glick I.
Fluorouracil plus levamisole as effective adjuvant therapy after resection of stage Ill colon carcinoma: a final report. Ann Intern
Med 1995;122:321-326.

57 Moertel CG.
Chemotherapy for colorectal cancer.

N Engl J Med. 1994 Apr 21;330(16):1136-42.
58 Poon MA, O'Connell MJ, Wieand HS, Krook JE, Gerstner JB, Tschetter LK, Levitt R, Kardinal CG, Mailliard JA. Biochemical

modulation of fluorouracil with leucovorin: confirmatory evidence of improved therapeutic efficacy in advanced colorectal cancer.
J Clin Oncol. 1991 Nov;9(11):1967-72.

174



59 Buroker TR, O'Connell MJ, Wieand HS, Krook JE, Gerstner JB, Mailliard JA, Schaefer PL, Levitt R, Kardinal CG, Gesme DH
Jr. Randomized comparison of two schedules of fluorouracil and leucovorin in the treatment of advanced colorectal cancer. J Clin
Oncol. 1994 Jan;12(1):14-20.

60 Meta-analysis of randomized trials testing the biochemical modulation of fluorouracil by methotrexate in metastatic colorectal
cancer. Advanced Colorectal Cancer Meta-Analysis Project.
J Clin Oncol. 1994 May;12(5):960-9.

61 Iveson TJ, Hickish T, Schmitt C, Van Cutsem E. Irinotecan in second-line treatment of metastatic colorectal cancer: improved

survival and cost-effect compared with infusional 5-FU. Eur J Cancer. 1999 Dec;35(13):1796-804.

62 Drengler RL, Kuhn JG, Schaaf LJ, Rodriguez G, Villalona-Calero MA, Hammond LA, Stephenson JA Jr, Hodges S, Kraynak
MA, Staton BA, Elfring GL, Locker PK, Miller LL, Von Hoff DD, Rothenberg ML. Phase I and pharmacokinetic trial of oral
irinotecan administered daily for 5 days every 3 weeks in patients with solid tumors. J Clin Oncol. 1999 Feb;17(2):685-96.

63 Koea JB, Kemeny N. Hepatic artery infusion chemotherapy for metastatic colorectal carcinoma. Semin Surg Oncol. 2000 Sep-
Oct;19(2):125-34.

64 Nakagoe T, Ishikawa H, Sawai T, Tuji T, Ayabe H, Eida K, Nogawa T, Nakamura Y, Kunisaki T, Tobinaga K, Furukawa M,
Ino M. Multicenter randomized prospective study of adjuvant chemotherapy with UFT and mitomycin C in advanced colorectal
cancer. Anticancer Res. 2000 Mar-Apr;20(2B):1069-75.

65 Kusunoki M, Yanagi H, Noda M, Yoshikawa R, Yamamura T. Results of pharmacokinetic modulating chemotherapy in
combination with hepatic arterial 5-fluorouracil infusion and oral UFT after resection of hepatic colorectal metastases. Cancer.
2000 Sep 15;89(6):1228-35.

66 Koda K, Glassy MC, McKnight ME, Yasutomi J, Saito N, Dan M, Nakajima N.
Immunotherapy for recurrent colorectal cancers with human monoclonal

antibody SK-1. Anticancer Res. 2001 Jan-Feb;21(1B):621-7.

67 Safa MM, Foon KA. Adjuvant immunotherapy for melanoma and colorectal cancers.
Semin Oncol. 2001 Feb;28(1):68-92.

68 Aleman BM, Bartelink H, Gunderson LL. The current role of radiotherapy in colorectal cancer. Eur J Cancer. 1995 Jul-
Aug;31A(7-8):1333-9.

69 Horgan AF, Finlay IG. Preoperative staging of rectal cancer allows selection of patients for preoperative radiotherapy. Br J
Surg. 2000 May;87(5):575-9.

70 Farouk R, Nelson H, Gunderson LL. Aggressive multimodality treatment for locally advanced irresectable rectal cancer. BrJ
Surg. 1997 Jun;84(6):741-9.

71 Lim CS, Mehigan BJ, Hartley JE, Monson JR. Neoadjuvant therapy in the treatment of high risk rectal carcinoma. Surg Oncol.
1999 Jul;8(1):1-11.

72 Manning AM, Williams AC, Game SM, Paraskeva C. Differential sensitivity of human colonic adenoma and carcinoma cells to
transforming growth factor beta (TGF beta): conversion of an adenoma cell line to a tumorigenic phenotype is accompanied by a

reduced response to the inhibitory effects of TGF-beta. Oncogene. 1991 Aug;6(8):1471-6.

175



74 Tsushima H, Kawata S, Tamura S, Ito N, Shirai Y, Kiso S, Imai Y, Shimomukai H, Nomura Y, Matsuda Y, Matsuzawa Y. High
levels of transforming growth factor beta 1 in patients with colorectal cancer: association with disease progression.

Gastroenterology. 1996 Feb;110(2):375-82.

75 Markowitz S, Wang J, Myeroff L, Parsons R, Sun L, Lutterbaugh J, Fan RS, Zborowska E, Kinzler KW, Vogelstein B, et
al.Inactivation of the type Il TGF beta receptor in colon cancer cells with microsatellite instability. Science. 1995 Jun
2;268(5215):1336-8.

76 Wang J, Sun L, Myeroff L, Wang X, Gentry LE, Yang J, Liang J, Zborowska E, Markowitz S, Willson JK, et al. Demonstration
that mutation of the type II transforming growth factor beta receptor inactivates its tumor suppressor activity in replication error-
positive colon carcinoma cells. J Biol Chem. 1995 Sep 15;270(37):22044-9.

77 Markowitz SD, Roberts AB.
Tumor suppressor activity of the TGF-beta pathway in human cancers. Cytokine Growth Factor Rev. 1996 Jun;7(1):93-102.

78 Souza RF, Garrigue-Antar L, Lei J, Yin J, Appel R, Vellucci VF, Zou TT, Zhou X, Wang S, Rhyu MG, Cymes K, Chan O, Park
WS, Krasna MJ, Greenwald BD, Cottrell J, Abraham JM, Simms L, Leggett B, Young J, Harpaz N, Reiss M, Meltzer SJ.
Alterations of transforming growth factor-beta 1 receptor type Il occur in ulcerative colitis-associated carcinomas, sporadic

colorectal neoplasms, and esophageal carcinomas, but not in gastric neoplasms. Hum Cell. 1996 Sep; 9(3) :229-36.

79 Sheng H, Shao J, O'Mahony CA, Lamps L, Albo D, Isakson PC, Berger DH, DuBois RN, Beauchamp RD. Transformation of
intestinal epithelial cells by chronic TGF-betal treatment results in downregulation of the type 11 TGF-beta receptor and induction
of cyclooxygenase-2. Oncogene. 1999 Jan 28;18(4):855-67.

80 Matsushita M, Matsuzaki K, Date M, Watanabe T, Shibano K, Nakagawa T, Yanagitani S, Amoh Y, Takemoto H, Ogata N,
Yamamoto C, Kubota Y, Seki T, Inokuchi H, Nishizawa M, Takada H, Sawamura T, Okamura A, Inoue K. Down-regulation of

TGF-beta receptors in human colorectal cancer: implications for cancer development. Br J Cancer. 1999 Apr;80(1-2):194-205.

81 Eskinazi R, Resibois A, Svoboda M, Peny MO, Adler M, Robberecht P, Van Laethem JL. Expression of transforming growth

factor beta receptors in normal human colon and sporadic adenocarcinomas. Gastroenterology. 1998 Jun;114(6):1211-20.

82 Durrant LG, Watson SA, Hall A, Morris DL.
Co-stimulation of gastrointestinal tumour cell growth by gastrin, transforming growth factor alpha and insulin like growth factor-I.
Br J Cancer. 1991 Jan;63(1):67-70.

83 Lahm H, Suardet L, Laurent PL, Fischer JR, Ceyhan A, Givel JC, Odartchenko N.

Growth regulation and co-stimulation of human colorectal cancer cell lines by insulin-like growth factor I, Il and transforming
growth factor alpha.

Br J Cancer. 1992 Mar;65(3):341-6.

84 Lambert S, Collette J, Gillis J, Franchimont P, Desaive C, Gol-Winkler R.
Tumor IGF-II content in a patient with a colon adenocarcinoma correlates with abnormal expression of the gene. Int J Cancer.
1991 Jul 30;48(6):826-30.

85 Kawamoto K, Onodera H, Kondo S, Kan S, Ikeuchi D, Maetani S, Imamura M.

Expression of insulin-like growth factor-2 can predict the prognosis of human colorectal cancer patients: correlation with tumor

progression, proliferative activity and survival. Oncology. 1998 May-Jun;55(3):242-8.

176



86 Renehan AG, Jones J, Potten CS, Shalet SM, O'Dwyer ST. Elevated serum insulin-like growth factor (IGF)-II and IGF binding
protein-2 in patients with colorectal cancer. Br J Cancer. 2000 Nov;83(10):1344-50.

87 Ma J, Pollak MN, Giovannucci E, Chan JM, Tao Y, Hennekens CH, Stampfer MJ.

Prospective study of colorectal cancer risk in men and plasma levels of insulin-like growth factor (1GF)-I and IGF-binding protein-
3.

J Natl Cancer Inst. 1999 Apr 7;91(7):620-5.

88 Adenis A, Peyrat JP, Hecquet B, Delobelle A, Depadt G, Quandalle P, Bonneterre J, Demaille A.

Type 1 insulin-like growth factor receptors in human colorectal cancer. Eur J Cancer. 1995;31A(1):50-5.

89 Bhatavdekar JM, Patel DD, Shah NG, Karelia NH, Vora HH, Ghosh N, Suthar TP, Balar DB.
Prognostic value of insulin-like growth factor-1 receptors in patients with colon/rectal cancer: correlation with plasma prolactin.
Eur J Surg Oncol. 1995 Feb;21(1):23-6.

90 Perer ES, Madan AK, Shurin A, Zakris E, Romeguera K, Pang Y, Beech DJ.
Insulin-like growth factor I receptor antagonism augments response to chemoradiation therapy in colon cancer cells. J Surg Res.
2000 Nov;94(1):1-5.

91 Souza RF, Wang S, Thakar M, Smolinski KN, Yin J, Zou TT, Kong D, Abraham JM, Toretsky JA, Meltzer SJ. Expression of
the wild-type insulin-like growth factor 11 receptor gene suppresses growth and causes death in colorectal carcinoma cells.
Oncogene. 1999 Jul 15;18(28):4063-8.

92 Hassan AB, Howell JA.
Insulin-like growth factor II supply modifies growth of intestinal adenoma in Apc(Min/+) mice. Cancer Res. 2000 Feb
15;60(4):1070-6.

93 Renehan AG, Painter JE, Atkin WS, Potten CS, Shalet SM, O'Dwyer ST. High-risk colorectal adenomas and serumm insulin-
like growth factors Br J Surg. 2001 Jan;88(1):107-13.

94 Scheithauer W, Temsch EM, Moyer MP, Grabner G.

Search for improved culture conditions for clonogenic growth of human colorectal cancer cells in vitro. Int J Cell Cloning. 1987
Jan;5(1):55-70.

95 Thomas MG, Brown GR, Alison MR, Williamson RC

Divergent effects of epidermal growth factor and calcipotriol on human rectal cell proliferation. Gut. 1994 Dec;35(12):1742-6.

96 Thomas MG.
Luminal and humoral influences on human rectal epithelial cytokinetics. Ann R Coll Surg Engl. 1995 Mar;77(2):85-9.

98 Durrant LG, Watson SA, Hall A, Morris DL. Co-stimulation of gastrointestinal tumour cell growth by gastrin, transforming
growth factor alpha and insulin like growth factor-1.

BrJ Cancer. 1991 Jan;63(1):67-70.

99 Liu D, Gagliardi G, Nasim MM, Alison MR, Oates T, Lalani EN, Stamp GW, Pignatelli M.
TGF-alpha can act as morphogen and/or mitogen in a colon-cancer cell line. Int J Cancer. 1994 Feb 15;56(4):603-8.

177



100 Solic N, Collins JE, Richter A, Holt SJ, Campbell I, Alexander P, Davies DE.
Two newly established cell lines derived from the same colonic adenocarcinoma exhibit differences in EGF-receptor ligand and

adhesion molecule expression. Int J Cancer. 1995 Jul 4;62(1):48-57.

101 Tanaka S, Imanishi K, Yoshihara M, Haruma K, Sumii K, Kajiyama G, Akamatsu S. Immunoreactive transforming growth
factor alpha is commonly present in colorectal neoplasia. Am J Pathol. 1991 Jul;139(1):123-9.

102 Younes M, Fernandez L, Lechago J.
Transforming growth factor alpha (TGF-alpha) expression in biopsies of colorectal carcinoma is a significant prognostic indicator.
Anticancer Res. 1996 Jul-Aug;16(4A):1999-2003.

104 Tanaka S, Imanishi K, Haruma K, Tsuda T, Yoshihara M, Sumii K, Kajiyama G.
Immunoreactive transforming growth factor-alpha and epidermal growth factor in colorectal adenomas and carcinomas. Oncology
1992; 49(5):381-5.

105 Hague A, Hicks DJ, Bracey TS, Paraskeva C.
Cell-cell contact and specific cytokines inhibit apoptosis of colonic epithelial cells: growth factors protect against c-myc-

independent apoptosis. Br J Cancer. 1997;75(7):960-8.

106 Klijn JG, Hoff AM, Planting AS, Verweij J, Kok T, Lamberts SW, Portengen H, Foekens JA.

Treatment of patients with metastatic pancreatic and gastrointestinal tumours with the somatostatin analogue Sandostatin: a phase
11 study including endocrine effects. Br J Cancer. 1990 Oct;62(4):627-30.

107 Moskal TL, Huang S, Ellis LM, Fritsche HA Jr, Chakrabarty S.

Serum levels of transforming growth factor alpha in gastrointestinal cancer patients. Cancer Epidemiol Biomarkers Prev. 1995
Mar;4(2):127-31.

108 Shim KS, Kim KH, Park BW, Yi SY, Choi JH, Han WS, Park EB.
Increased serum levels of transforming growth factor-alpha in patients with colorectal cancer. Dis Colon Rectum. 1998
Feb;41(2):219-24.

109 Moorghen M, Ince P, Finney KJ, Watson AJ, Harris AL.

Epidermal growth factor receptors in colorectal carcinoma. Anticancer Res. 1990 May-Jun;10(3):605-11.
110 Koretz K, Schlag P, Moller P.
Expression of epidermal growth factor receptor in normal colorectal mucosa, adenoma, and carcinoma. Virchows Arch A Pathol

Anat Histopathol. 1990;416(4):343-9.

111 Messa C, Russo F, Notarnicola M, Di Leo A.
Demonstration of epidermal growth factor receptor in colorectal adenocarcinoma by enzyme immunoassay. Digestion.

1994;55(2):103-7.

112 Steele RJ, Kelly P, Ellul B, Eremin O.
Epidermal growth factor receptor expression in colorectal cancer. Br J Surg. 1990 Dec;77(12):13524.

113 Shirai H, Ueno E, Osaki M, Tatebe S, Ito H, Kaibara N.

178



Expression of growth factors and their receptors in human early colorectal carcinomas: immunohistochemical study. Anticancer
Res. 1995 Nov-Dec;15(6B):2889-94.

114 Harris AL.
Antiangiogenesis for cancer therapy. Lancet. 1997 May;349 Suppl 2:SI113-5. Review.

115 Folkman J.

Seminars in Medicine of the Beth Israel Hospital, Boston. Clinical applications of research on angiogenesis. N Engl ] Med. 1995
Dec 28;333(26):1757-63. Review.

116 Tokunaga T, Oshika Y, Abe Y, Ozeki Y, Sadahiro S, Kijima H, Tsuchida T, Yamazaki H, Ueyama Y, Tamaoki N, Nakamura
M.

Vascular endothelial growth factor (VEGF) mRNA isoform expression pattern is correlated with liver metastasis and poor
prognosis in colon cancer.

Br J Cancer. 1998 Mar;77(6):998-1002.

117 Lobb RR, Key ME, Alderman EM, Fett JW.
Partial purification and characterization of a vascular permeability factor secreted by a human colon adenocarcinoma cell line. Int J
Cancer. 1985 Oct 15;36(4):473-8.

118 Ellis LM, Liu W, Wilson M.
Down-regulation of vascular endothelial growth factor in human colon carcinoma cell lines by antisense transfection decreases

endothelial cell proliferation. Surgery. 1996 Nov;120(5):871-8.

119 Brown LF, Berse B, Jackman RW, Tognazzi K, Manseau EJ, Senger DR, Dvorak HF.

Expression of vascular permeability factor (vascular endothelial growth factor) and its receptors in adenocarcinomas of the
gastrointestinal tract. Cancer Res. 1993 Oct 1;53(19):4727-35.

120 Takahashi Y, Kitadai Y, Bucana CD, Cleary KR, Ellis LM.

Expression of vascular endothelial growth factor and its receptor, KDR, correlates with vascularity, metastasis, and proliferation of
human colon cancer. Cancer Res. 1995 Sep 15;55(18):3964-8.

121 Takahashi Y, Tucker SL, Kitadai Y, Koura AN, Bucana CD, Cleary KR, Ellis LM.
Vessel counts and expression of vascular endothelial growth factor as prognostic factors in node-negative colon cancer. Arch Surg.
1997 May;132(5):541-6.

122 Takahashi Y, Bucana CD, Cleary KR, Ellis LM.

p53, vessel count, and vascular endothelial growth factor expression in human colon cancer. Int J Cancer. 1998 Feb 20;79(1):34-8.

123 Cheung N, Wong MP, Yuen ST, Leung SY, Chung LP.
Tissue-specific expression pattern of vascular endothelial growth factor isoforms in the malignant transformation of lung and

colon. Hum Pathol. 1998 Sep;29(9):910-4.
124 Nakata S, Ito K, Fujimori M, Shingu K, Kajikawa S, Adachi W, Matsuyama I, Tsuchiya S, Kuwano M, Amano J.
Involvement of vascular endothelial growth factor and urokinase-type plasminogen activator receptor in microvessel invasion in

human colorectal cancers. Int J Cancer. 1998 Apr 17;79(2):179-86.

125 Zebrowski BK, Liu W, Ramirez K, Akagi Y, Mills GB, Ellis LM.
Markedly elevated levels of vascular endothelial growth factor in malignant ascites. Ann Surg Oncol. 1999 Jun;6(4):373-8.

179



126 Wong MP, Cheung N, Yuen ST, Leung SY, Chung LP.
Vascular endothelial growth factor is up-regulated in the early pre-malignant stage of colorectal tumour progression. Int J Cancer.
1999 Jun 11;81(6):845-50.

127 Kondo Y, Arii S, Mori A, Furutani M, Chiba T, Imamura M.
Enhancement of angiogenesis, tumor growth, and metastasis by transfection of vascular endothelial growth factor into LoVo
human colon cancer cell line. Clin Cancer Res. 2000 Feb;6(2):622-30.

128Yanagisawa M., Kurihara H., Kimura S., Tomobe Y., Koboyashi M., Mitsui Y., Yazaki Y., Goto K., and Masaki T. A novel
potent vasoconstrictor peptide produced by vascular endothelial cells. Nature 332:411-415, 1988.

129 Kloog Y., Ambar 1., Sokolovsky M., Kochva E., Wolberg Z., Bdolah A. Sarafotoxin, a novel vasoconstrictor peptide:
Phosphoinositide hydrolysis in rat heart and brain. Science 242, 268-270. 1988.

130 Inoue A., Yanagisawa M., Kimura S., Kasuya Y., Miyauchi T., Goto K. and Masaki T. The human endothelin family: Three
structurally and pharmacologically distinct isopeptides predicted by three separate genes. Proc. Natl.Acad. Sci. USA 86, 2863-
2867. 1989.

131 Inoue A., Yanagisawa M., Kimura S., Kasuya Y., Miyauchi T., Goto K. and Masaki T. The human endothelin family: Three
structurally and pharmacologically distinct isopeptides predicted by three separate genes. Proc. Natl. Acad. Sci. USA 86, 2863-

2867.1989.

132 Saida K., Mitsui Y. and Ishida N. A novel peptide, vasoactive intestinal contractor, of a new endothelin peptide family. J. Biol.
Chem. 264, 14613-14616.

133 Saida K., Mitsui Y. and Ishida N. A novel peptide, vasoactive intestinal contractor, of a new endothelin peptide family. J. Biol.
Chem. 264, 14613-14616.

134 Uemura H., Naruse M., Naruse K., Hirohama T., Demura H. and Kasuya Y. Immunoreactive endothelin in plasma of non
mammalian vertebrates. J. Cardiovasc. Pharmacol. 17 (Suppl. 7), S414-S416. 1991.

6 Hosoda K., Nakao K., Arai H., Suga S., Ogawa Y., Mukoyama M., Shirakami G., Saito Y., Nakanishi S. and Imura H. Cloning
and expression of human endothelin-1 receptor cDNA. FEBS Lett 287, 23-26, 1991.

135 Uemura H., Naruse M., Naruse K., Hirohama T., Demura H. and Kasuya Y. Immunoreactive endothelin in plasma of non

mammalian vertebrates. J. Cardiovasc. Pharmacol. 17 (Suppl. 7), S414-S416. 1991.

6 Hosoda K., Nakao K., Arai H., Suga S., Ogawa Y., Mukoyama M., Shirakami G., Saito Y., Nakanishi S. and Imura H. Cloning
and expression of human endothelin-1 receptor cDNA. FEBS Lett 287, 23-26, 1991.

136 Bloch, K.D., Friedrich, S.P., Lee, M.-E., Eddy, R.L., Shows, T.B. and Quertermous, T. Structural organization and
chromosomal assignment of the gene encoding endothelin. J. Biol. Chem. 264, 10851-10857. (1989).

137 Bloch, K.D., Eddy, R.L., Shows, T.B., and Quertermous, T., cDNA cloning and chromosomal assignment of the gene
encoding endothelin-3. J. Biol. Chem. 264, 18156-18161. (1989).

180



138 Bloch, K.D., Hong, C.C., Eddy, R.L., Shows, T.B., and Quertermous, T., cDNA cloning and chromosomal assignment of the

endothelin-2 gene. Vasoactive intestinal contractor peptide is rat endothelin-2. Genomics 10, 236-242. (1991).
139 Arinami, T., Ishikawa, M., Inoue, A., Yanigisawa, M. Masaki, T., Yoshida, M.C., and Hamaguchi, H. Chromosomal
assignments of the human endothelin family genes: The endothelin-1 gene (EDN1) to 6p23-p24, the endothelin-2 gene (EDN2) to

Ip34, and the endothelin-3 gene (EDN3) to 20q13.2-q13.3. Am. J. Hum. Genet. 48, 990-996. (1991).

140 Ohnaka K., Takayanagi R., Yamauchi T., Okazaki H., Ohashi M., Umeda F. and Nawata H. Identification and characterisation
of endothelin converting activity in cultured bovine endothelial cells. Biochem. Biophys. Res. Commun. 168, 1128-1136. 1990.

141 Ohnaka K., Takayanagi R., Yamauchi T., Okazaki H., Ohashi M., Umeda F. and Nawata H. Identification and characterisation

of endothelin converting activity in cultured bovine endothelial cells. Biochem. Biophys. Res. Commun. 168, 1128-1136. 1990.

142 Opgenorth T. J., Wu-Wong J. R. and Shiosaki K. Endothelin converting enzymes. FASEB J. 6, 2653-2659. 1992.

143 Opgenorth T. J., Wu-Wong J. R. and Shiosaki K. Endothelin converting enzymes. FASEB J. 6, 2653-2659. 1992.

144 Opgenorth T. J., Wu-Wong J. R. and Shiosaki K. Endothelin converting enzymes. FASEB J. 6, 2653-2659. 1992.

145 Hosoda, K., Nakao, K., Arai, H., Suga, S., Ogawa, Y., Mukoyama, M., Shirakami, G., Saito, Y., Nakanishi, S., and Imura, H.
Cloning and expression of human endothelin-1 reeptor cDNA. FEBS Lett 287, 23-26. (1991).

146 Hosoda, K., Nakao, K., Arai, H., Suga, S., Ogawa, Y., Mukoyama, M., Shirakami, G., Saito, Y., Nakanishi, S., and Imura, H.
Cloning and expression of human endothelin-1 receptor cDNA. FEBS Lett 287, 23-26. (1991).

147 Sakamoto, A., Yanigasawa, M., Sakurai M, Takuwa Y and Masaki, T. Cloning and functional expression of human ¢ DNA for
the ETB endothelin receptor. Biochem Biophys Res Commun 178, 656-63. (1991).

148 Sakamoto, A., Yanigasawa, M., Sawamura, T., Enoki, T., Ohtani, T., Sakurai, T., Nakao, K., Toyooka, T., and Masaki, T.
Distinct subdomains of human endothelin receptors determine their selectivity to endothelin A-selective antagonist and endothelin

B-selective agonists. J. Biol. Chem. 268, 8547-8553. (1993).

149 Bigaud M, Pelton J T. Descrimination between ETA and ETB receptor mediated effects of endothelin-1 and
(Alal,3,11,15)endothelin-1 by BQ123 in the anaetheyised rat. Br. ] Pharmacol. 107, 912-918. 1192.

150 Clozel M, Gray G A, Breu V. The endothelin ETB receptor mediates both vasodilation and vasoconstriction in vivo. Biochem
Biophys Res Comm. 186, 867-873. 1992.

151 Cristol J-P, Warner T D, Thiemermann C. Mediation via different receptors of the vasoconstriction effects of endothelins and

the sarafotoxins in the systemic circulation and renal vasculature of the anaesthetised rat. Br. J. Pharmacol. 108, 776-779. 1993.

152 Moreland, S., McMullen, D., Delaney C. R., Lee V. G., Hunt J. T. Venous smooth muscle contains vasoconstrictor ETB like
receptors. Biochem Biophys Res Commun 184, 100-06. (1992).

153 Moreland, S., McMullen, D., Abboa-Offei, B., and Seymour, A. Evidence for a differential location of vasoconstrictor
endothelin receptors in the vasculature. Br. J. Pharmacol. 112, 704-708. (1994).

181



154 Summner M. I, Cannon T. R., Mundin J. W., White D. G., Watts I. S., ETA and ETB receptors mediate vascular smooth
muscle contraction. Br. J. Pharmacol. 107, 858-860. (1992).

155 Wamer, T.D., Allcock, G.H., Corder, R., and Vane, J.R. Use of the endothelin antagonists BQ-123 and PD 142893 to reveal

three endothelin receptors mediating smooth muscle contraction and the release of EDRF. Br. J. Pharmacol. 110, 777-782. (1993).

156 Wren A. D, Hiley C. R. and Fan T-P. D. Endothelin-3 mediated proliferation in wounded human umbilical vein in endothelial
cells. Biochem. Biophys. Res. Commun. 196, 369-375. (1993).

157 Karne, S., Jayawickreme, C.K., and Lerner, M.R. Cloning and characterization of an endothelin-3 specific receptor (ETC

receptor) from Xenopus laevis dermal melanophores.J. Biol. Chem. 268, 19126-19133. (1993).

158 Okazawa M. Shiraki T., Ninomiya H., Kobayashi S., Maski T.. Endothelin induced apoptosis of A375 human melanoma cells.
J. Biochem Chem. 20, 12584-12592. 1998.

159 Milligan G. Mechanisms of multifunctional signalling by G protein linked receptors. Trends Pharmacol Sci. 14, 239-244.
1993.

160 Mallat A, Preaux A-M, Serradeil-Le Gal C, Gallois C, Brenner D A, Bradham C, Maclouf J, Lourgenko V, Fouassier L,
Dhumeaux D, Mavier P, Lotersztajn. Growth inhibitory properties of endothelin-1 in activated human hepatic stellate cells: a cycic

adenosine monophosphate mediated pathway. J. Clin. Invest. 12, 2771-2788, 1996.
161 Mallat A, Preaux A-M, Serradeil-Le Gal C, Gallois C, Brenner D A, Bradham C, Maclouf J, Lourgenko V, Fouassier L,
Dhumeaux D, Mavier P, Lotersztajn. Growth inhibitory properties of endothelin-1 in activated human hepatic stellate cells: a cycic

adenosine monophosphate mediated pathway. J. Clin. Invest. 12, 2771-2788, 1996.

162 Ambar I., Sokolovski M. Endothelin receptors stimulate both phospholipase C and phospholipase D activities in different cell
lines. Eur. J. Pharmacol.245, 31-34. 1993,

163 Sokolovsky, M. Endothelins and sarafotoxins: Physiological regulation; receptor subtypes and transmembrane signalling.
Pharmacol. Ther. 54, 129-149. (1992).

164 Sokolovsky M., Shraga-Levine Z., Galron R., Ligand specific stimulation/inhibition of ¢ AMP formation by a novel endothelin
receptor subtype. Biochemistry. 33, 11417-11419. 1994.

165 Sokolovsky, M. Endothelins and sarafotoxins: Physiological regulation; receptor subtypes and transmembrane signalling.
Pharmacol. Ther. 54, 129-149. (1992).

166 Sokolovsky M., Shraga-Levine Z., Galron R., Ligand specific stimulation/inhibition of ¢ AMP formation by a novel endothelin
receptor subtype. Biochemistry. 33, 11417-11419. 1994.

167 Aramori, 1., and Nakanishi, S. Subtype selectivity of a novel endothelin antagonist. Coupling of two endothelin receptor
subtypes to differing signal Transduction in transfected Chinese hamster ovary cells. J. Biol. Chem. 267, 12468-12474. (1992).

168 Aramori, 1., and Nakanishi, S. Subtype selectivity of a novel endothelin antagonist. Coupling of two endothelin receptor
subtypes to differing signal Transduction in transfected Chinese hamster ovary cells. J. Biol. Chem. 267, 12468-12474. (1992).

182



169 Simonson, M., Wann, S., Mene, P., Dubyak, G., Kester, M., Nakazato, Y., Sedor, J.R. and Dunn, M.J. Ednothelin stimulates

phospholipase C, Na+/H+ exchange, c-fos expression, and mitogenesis in rat mesangial cells. J. Clin. Invest. 83, 708-712. (1989).

170 Vigne P., Lopez Farre A, Frelin C.. Na+-K+-Cl- co-transporter of of brain capillary endothelial cells. Properties and
regulation by by endothelins, hyperosmolar solutions, calyculin A and Interlukin-1. J. Biol. Chem. 269, 19925-19930. 1994.

171 Liu G L, Shaw L, Heagerty A M, Ohanian V, Ohanian J. Endothelin-1 stimulates hydrolysis of phosphotidylecholine by
phospholipase C and D in intact mesenteric arteries. J Vasc. Res. 36, 35-46. 1999.

172 Smith P J W, Teichert-Kuliszewska K, Monge J C, Stewart D J. Regualation of endothelin B receptor m RNA expression in
human endothelial cells by cytokines and growth factors. J. Cardiovasc. Pharmacol. 31(suppl. 1):s158-s160. 1998.

173 Bagnato A, Tecce R, Di Castro V et al. Activation of mitogenic signaling by endothelin-1 in ovarian carcinoma cells. Cancer
Res. 57,1306-11. 1997

174 Saville MK, Graham A, Malarkey K et al. Regulation of ET-1 and lysophosphatidic acid stimulated tyrosine phosphorylation
of focal adhesion kinase in Rat-1 fibroblasts. Biochem J. 301, 407-14. 1994

175 Fujitami Y, Ninomiya H, Okada T et al. Suppression of ET-1 induced mitogenic responses of human aortic smooth muscle
cells by interleukin-13. J Clin Invest. 95, 2474-82. 1995.

176 Luttrell LM, Daaka Y, Lefkowitz J. Regulation of tyrosine kinase cascades by G-protein-coupled receptors. Curr Opin Cell
Biol. 11, 177-3. 1999.

177 Schwartz MA, Baron V. Interactions between mitogenic stimuli, or, a thousand and one connections. Curr Opin Cell Biol.
11,184-9. 1999

178 Lippton, H., Goff, J., and Hyman, A. Effects of endothelin in the systemic and renal vascular beds in vivo. Eur. J. Pharmacol.
155, 197-199. (1988).

179 Wright, C.E., and Fozard, J.R. Regional vasodilation is a prominent feature of the haemodynamic responses to endothelin

anaesthetised, spontaneously hypertensive rats. Eur. J. Pharmacol. 155, 201-203. (1988).

180 Haynes, W.G., and Webb, D.J. The endothelin family of peptides: Local hormones with diverse roles in health and disease?
Clin. Sci. 84, 485-500. (1993).

181 Masaki, T. Endothelins: Homeostatic and compensatory actions in the circulatory and endocrine systems. Endoc. Rev. 14(3),
256-268. (1993).

182 Wilkins, F.C., Jr,, Alberola, A., Mizelle, H.L., Opgenorth, T.J., and Granger, J.P. Chronic pathophysiological circulating
endothelin levels produce hypertension in conscious dogs. J. Cardiovasc. Pharmacol. 22 (Suppl. 8), $325-S327. (1993).

183 Bell K M, Chaplin D J. The effect of oxygen and carbon dioxide on tumour cell endothelin-1 production. Cardiovasc.
Pharmacol. S537-S540. 1998.

184 Haynes, W.G., and Webb, D.J. The endothelin family of peptides: Local hormones with diverse roles in health and disease?
Clin. Sci. 84, 485-500. (1993).

183



185 Simonson, M.S. Endothelins: Multifuntional renal peptides. Physiol. Rev. 73,375-411. (1990).

186 Simonson, M.S., and Rooney A. Characterisation of endothelin receptors in mesangial cells: evidence for two functionally

distinct endothelin binding sites. Mol. Parmacol. 46, 41-50, (1994).

187 Mallat A, Lotersztajn. Multiple hepatic functions of endothelin-1: physiopathological relevance. 1. of Hepatology. 25, 405-
413.1996.

188 Gandhi C R, Stephenson K, Olson M S. Endothelin , a potent peptide agonist in the liver. J. Biol. Chem. 265, 17432-17435.
1990.

189 Tran-Thi T A, Kawada N, Decker K. Regulation of endothelin-1 action on the perfused rat liver. FEBS Lett. 318,353-357.
1993,

190 Serradeil-Le Gal C, Jouneaux C, Sanches-Bueno A, Raufaste D, Roche B, Preaux A M. Endothelin action in rat liver. J. Clin
Invest. 87, 133-138. 1991.

191 Tanaka A, Katagiri K, Hoshino M, Hayakawa T, Tsukada K, Takeuchi T.Endothelin-] stimulates bile acid secretion and
vesicular transport in the isolated perfused rat liver Am J Physiol. 1994 Feb;266(2 Pt 1):G324-9.

192 Fouassier L, Chinet T, Robert B, Carayon A, Balladur P, Mergey M, Paul A, Poupon R, Capeau J, Barbu V, Housset
C.Endothelin-1 is synthesized and inhibits cyclic adenosine monophosphate- dependent anion secretion by an autocrine/paracrine
mechanism in gallbladder epithelial cells. J Clin Invest. 1998 Jun 15;101(12):2881-8.

193 Kurihara, Y., Kurihara, H. Suzuki, H., Kodama, T., Maemura, K., Nagai, R., Oda, H., Kuwaki, T., Cao, W.-H., Kamada, N.,
Jishage, K., Ouchi, Y., Azuma, S., Toyoda, Y., Ishikawa, T., Kumada, M., and Yazaki, Y. Elevated blood pressure and

craniofacial abnormalities in mice deficient in endothelin-1. Nature 368, 703-710. (1994).

194 Hosoda, K., Hammer, R.E., Richardson, J.A., Baynash, A.G., Cheung, J.C., Giaid, A.,Yanagisawa, M. Targeted and natural
(Pieblad-Lethal) mutations of Endothelin-B receptor gene produce megacolon associated with spotted coat colour in mice. Cell 79,
1267-1276, (1994).

195 Baynash, A., G., Hosoda, K., Giaid, A., Richardson, J.A., Emoto, N., Hammer, R.E., Yanagisawa, M. Interaction of
endothelin-3 with endothelin-B receptor is essential for development of epidermal melanocytes and enteric neurons. Cell 79, 1267-
1276. (1994).

196 Murch S H, Braegger C P, Sessa W C, Macdonald T T, High endothelin-1 immunoreactivity in Crohn’s disease and ulcerative
colitis. Lancet. 339, 381-385. 1992.

197 Hosoda K., Nakao K., Tamura N., Arai H., Ogawa Y., Suga S., Nakanishi S. and Imura H. Organisation, structure,
chromosomal assignment, and expression of the gene encoding the human endothelin-A receptor. J. Biol. Chem. 267, 18797-

18804, 1992.

198 Hori M., Komatsu Y., Shigermoto R., Mizuno N. and Nakanishi S. Distinct tissue distribution and cellular localisation of two

messenger ribonucleic acids encoding different subtypes of rat endothelin receptors. Endocrinology 130, 1885-1895. 1992.

184



199 Elshourbagy N. A., Korman D. R., Wu H. L., Sylvester D. R., Wu H. L., Sylvester D. R,, Lee J. A., Nuthalaganti P., Bergsma
D. J., Kumar C. S. and Nambi P. Molecular characterisation and regulation of the human endothelin receptors. J. Biol. Chem. 268,
3873-3879. 1993.

200 Lechleitner, P., Genser, N., Mair, J., Maier, J., Artner-Dworzak, E., Dienstl, F., and Puschendorf, B. Plasma immunoreactive
endothelin in the acute and subacute phases of myocardial infarction in patients undergoing fibrinolysis. Clin. Chem. 39(6), 955-
959. (1993).

201 Tomoda, H. Plasma endothelin-1 in acute myocardial infarction with heart failure.nAm. Heart J. 125, 667-672. (1993).

202 Yasuda, M., Kohno, M., Tahara, A., Itagane, H., Toda, 1., Akioka, K., Teragaki, M., Oku, H., Takeuchi, K., and Takeda, T.

Circulating immunoreactive endothelin in ischemic heart disease. Am. Heart J. 119, 801-806. (1990).

203 Omland, T., Lie, R.L., Aakvaag, A., Aarsland, T., and Kickstein, K. Plasma endothelin determination as a prognostic indicator

of 1-year mortality after acute myocardial infarction. Circulation 89, 1573-1579. (1994).

204 Grover, G.J., Dzwondzyk, S., and Parham, C.S. The endothelin-1 receptor antagonist BQ-123 reduces infarct size in a canine
model of coronary occlusion and reperfusion. Cardiovasc. Res. 27, 1613-1618. (1993).

205 Grover, G.J., Sleph, P.G., Fox, M. and Trippodo, N.C. Role of endothelin-1 and big endothelin-1 in modulating coronary

vasacular tone, contractile function and severity of ischemia in rat hearts. J. Pharamol. Exp. Ther. 263, 1074-1082. (1992).

206 Lee, J.Y., Wamner, R.B., Adler, A.L., and Opgenorth, T.J.. Ednothelin-ETA receptor antagonist reduces myocardial infarction
induced by coronary artery occlusion and reperfusion in the rat. Pharmacology 49, 319-324. (1994).

207 Nelson, R.A., Burke, S.E., and Opgenorth, T. Endothelin receptor antagonist FR-139317 reduces infarct size in a rabbit
coronary occlusion model. FASEB J 8(4), A854. (Abstract 4951). (1994).

208 Ohlstein, E.H., and Douglas, S.A. Endothelin-1 modulates vascular smooth muscle structure and vasomotion: Implications in

cardiovascular pathology. Drug Dev. Res. 29, 108-128. (1993).
209 Douglas, S.A., Louden, C., Vickery-Clark, L.M., Storer, B.L., Hart, T., Fuerstein, G.Z., Elliott, J.D., and Ohlstein, O.H. A role
for endogenous endothelin-1 in neointimal formation afier rat carotid artery balloon angioplasty. Protective effects of the novel

nonpeptide endothelin receptor antagonist SB 209670. Circ. Res. 75, 190-197. (1994).

210 Ito, H., Hiroe, M., Hirata, Y., Fujisaki, H., Adachi, S., Akimoto, H., Ohta, Y., and Marumo, F. Endothelin ETA receptor
antagonist blocks cardiac hypertrophy provoked by hemodynamic overload. Circulation 89, 2198-2203. (1994).

211 Kraft, M., Beam, W.R., Wenzel, S.E., Zamora, M.R., O'Brien, R.F., and Martin, R.J. Blood and brochoalveolar lavage
endothelin-1 levels in nocturnal asthma. Am. J. Respir. Crit. Care Med. 149, 947-952. (1994).

212 Filep, J.G. Endothelin peptides: Biological actions and pathophysiological significance in the lung. Life Sci. 52, 119-133.
(1992).

213 Bonvallet, S.T., Oka, M., Yano, M., Zamora, M.R., McMurtry, LF., and Stelzner, T.J. BQ123, and ETA receptor antagonist,

attenuates endothelin-1-induced vasoconstriction in rat pulmonary circulation. J. Cardiovasc. Pharmacol. 22,39-43. (1993).

185



214 Bonvallet, S.T., Zamora, M.R., Hasunuma, K., Sato, K., Hanasato, N., Anderson, D., Sato, K., and Stelzner, T.J. BQ123, and
ETA-receptor antagonist, attenuates hypoxic pulmonary hypertension in rats. Am. J. Physiol. 266, H1327-H1331). (1994).

215 Faraci, F.M., Endothelium-derived vasoactive factors and regulation of the cerebral circulation. Neurosurgery 33, 648-659.
(1993).

216 Foley, P.L., Caner, H.H., Kassell, N.F., and Lee, K.S. Reversal of subarachnoid haemorrhage-induced vasoconstriction with

an endothelin receptor antagonist. Neurosurgery 34, 108-113. (1994).

217 Feuerstein, G., Gu, J., Ohlstein, E.H., Barone, F.C., and Yue, T. Peptidic endothelin-1 receptor antagonist, BQ-123, and
neuroprotection. Peptides 15, 467-469. (1994).

218 Nirei, H., Hamada, K., Shoubo, M., Sogabe, K., Notsu, Y., and Ono, T. An endothelin ETA receptor antagonist, FR-139317,
ameliorates cerebral vasospasm in dogs. Life Sci. 52, 1869-1874. (1993).

219 Sandok, E.K., Lerman, A., Stingo, A., Perrella, M.A., Gloviczki, P., and Bumnett, J.C. Endothelin in a model of acute ischemic
renal dysfunction: Modulating action of atrial natriuretic factor. J. Am. Soc. Nephrol. 3, 196-202. (1992).

220 Mino, N., Kobayashi, M., Nakajima, A., Amano, H., Shimamoto, K., Ishikawa, K., Watanabe, K., Nishikibe, M., Yano, M.,
and Tkemoto, F. Protective effect of a selective endothelin receptor antagonist, BQ-123, in ischemic acute renal failure in rats. Eur.

1. Pharmacol. 221, 77-83. (1992).

221 Chan, L., Chittandana, A., Shapiro, J.1,, Shanley, P.F., and Schrier, R.W. Effect of an endothelin-receptor antagonist on
ischemic acute renal failure. Am. J. Physiol. 226, F135-F138. (1994).

222 Gellai, M., Jugus, M., Fletcher, T., DeWolf, R. and Nambi, P. Reversal of postischemic acute renal failure with a selective
endothilinA receptor antagonist in the rat. J. Clin. Invest. 93, 900-906. (1994).

223 Gellai, M. Jugus, M. Fletcher, T.A., Nambi, P., Brooks, D.P., Ohlstein, E.H., Elliott, J.D., Gleason, J. and Ruffolo, R.R.jr. The
endothelin receptor antagonist (+-)-SB 209670, reverses ischemia-induced acute renal failure (ARF) in the rat. FASEB J. 8, A260.
(1994).

224 Perico, N., and Remuzzi, G. Role of endothelin in glomerular injury. Kidney Int. 43, 576-580. (1993).

225 Benigni, A, Perico, N., Gaspari, F., Zoja, C., Bellizzi, L., Gabanelli, M., and Remuzzi, G. Increased renal endothelin
production in rats with reduced renal mass. Am. J. Physiol. 260, F331-F339. (1991).

226 Benigni, A., Zoja, C., Comna, D, Orisio, S., Longaretti, L., Bertani, T., and Remuzzi, G. A specific endothelin subtype A
reeptor protects against injury in renal disease progression. Kidney Int. 44, 4440-444. (1993).

227 Gandhi C R, Kang Y, De Wolf A, Madriaga J, Aggarwal S, Scott V. Altered endothelin homeostais in patients under going
liver transplantation. Liver Transplant Surg. 2, 362-369. 1996.

228 Gabriel A, Kuddus R H, Rao A S, Gandhi C R. Down regulation of endothelin receptors by transforming growth factor B1 in
hepatic stellate cells. J. Hepatol. 30, 440-450. 1999.

229 Gandhi C R, Sproat L A, Subbotin V M. Increased hepatic endothelin-1 levels and endothelin receptor density in cirrhotic rats.
Life Sci. 18, 978-983. 1996.

186



230 Hirata Y, Takagi Y, Fakuda Y, Marumo F. ET is a potent mitogen for rat vascular smooth muscle cells. Atherosclerosis. 78,
225-228.1989.

231 Serradei-Le Gal C, Herbert ] M, Garcia C, Boutin M, Mafrand J P. Importance of the phenotypic state of VSMC on the
binding and mitogenic activity of ET. Peptides. 12, 575-579. 1991.

232 Komuro I, Kurihara H, Sugiyama T, Takaku F, Yazaki Y. ET stimulates c-fos and c-myc expression and proliferation of
vascular smooth muscle cells. FEBS Lett. 238, 249-252. 1988.

233 Ohlstein E H, Arleth A, Bryan H, Eliot J D, Sung C P. The selective endothelin ETA receptor antagonist BQ123 antagonises
ET-1 mediated mitogenesis. Eur. J. Pharmacol. 5, 347-350. 1992.

234 Yeh Y C,Bumns ER, Yeh J, Yeh H W. Synergetic effects of ET-1 and TGF alpha or EGF on DNA replication and G1 to GS
transition. Biosci. Rep. 11, 171-180. 1991.

235 Schrey M P, Patel K V, Tezapsidis N. Bombesin and glucocorticoids stimulate human breast cancer cells to produce

endothelin, a paracrine mitogen for breast stromal cells. Cancer Res. 52, 1786-1790. 1992.

236 Brown K D, Littlewood C J. Endothelin stimulates DNA synthesis in Swiss 3T3 cells, synergy with polypeptide growth
factors. Biochem. J. 263, 977-980. 1989.

237 Takuwa N, Takuwa Y, Yanagisawa M, Yamashita K, Masaki T. A novel vasoactive peptide stimulates mitogenesis through
inositol lipid turnover in Swiss 3T3 fibroblasts. J. Biol. Chem. 264, 7856-7861. 1989.

238 Fabregat I, Rozengurt E. Vasoactive intestinal contractor, a novel peptide, shares a common receptor with endothelin-1 and

stimulates calcium mobilization and DNA synthesis in Swiss 3T3 cells. Biochem. Biophys. Res. Commun. 167, 161-167. 1990.

239 Kusuhara M, Yamaguchi K, Ohnishi A, Abe K, Kimura S, Oono H, Hori S, Nakamura Y. Endothelin potentiates growth factor
stimulates DNA synthesis in Swiss 3T3 cells. J. Cancer Res. 80,302-305. 1989.

240 Vigne P, Marsault R, Breittmayer J P, Frelin C. ET stimulates phosphatidylinositol hydrolysis and DNA synthesis in brain
capillary endothelial cells. Biochem. J. 266, 415-420. 1990.

241 MacCumber M W, Ross C A, Snyder S H, Endothelin in brain: Receptors, mitogenesis and biosynthesis in glial cells. Proc.
Natl. Acad. Sci. USA 87, 2359-2363. 1990.

242 Schvartz |, Itoop O, Davidai G, Hazum E. ET rapidly stimulates tyrosine phosphorylation in osteoblast like cells. Peptides 13,
159-163. 1992.

243 Takuwa Y, Ohue Y, Takuwa N, Yamashita K. ET-1 activates PLC and mobilises calcium from extra and intracellular pools in
osteoblastic cells. Am. J. Physiol. 257, E797-E803. 1989.

244 Badr K F, Murray J J, Breyer M D, Takahashi K, Inagami T, Harris R C. Mesangial cell, glomerular and renal vascular
responses to endothelin in rat kidney. J. Clin. Invest. 83, 336-342. 1989.

245 Simonson M S, Wann S, Mene P, Dubyak J R, Kester M, Nakazato Y, Sedor J R, Dunn M J. ET stimulates phospholipase C,

Na+/H+ exchange, c-fos expression, and mitogenesis in rat mesangial cells. J. Clin. Invest. 83, 708-712. 1989.

187



246 Simonson M S, Jones J M, Dunn M J. Differential regulation of fos and jun gene expression and AP-1 cis element activity by
endothelin isopeptides. J. Biol. Chem. 267, 8643-8649. 1992.

247 Walden PD. Ittmann M. Monaco ME. Lepor H. Endothelin-1 production and agonist activities in cultured prostate-derived
cells: implications for regulation of endothelin bioactivity and bioavailability in prostatic hyperplasia. Prostate. 34(4):241-50, 1998.

248 Saita Y. Yazawa H. Koizumi T. Morita T. Tamura T. Takenaka T. Honda K. Mitogenic activity of endothelin on human
cultured prostatic smooth muscle cells. European Journal of Pharmacology. 349(1):123-8, 1998.

249 Takuwa Y, Masaki T, Yamashita K. The effect of the endothelin family peptides on cultured osteoblastic cells from rat
calvariae. Biochem. Biophys. Res. Commun. 170, 998-1005. 1990.

250 Yada Y, Higuchi K, Imokawa G, Effects of endothelin on signal transduction and proliferation in human melanocytes. J. Biol.
Chem. 266, 18352-18357. 1991.

251 Weissberg P L, Witchell C, Davenport A P, Hesketh T R, Metcalfe J C. The endothelin peptides ET-1, ET-2, ET-3, and
sarafotoxin s6b are co-mitogenic with PDGF for VSMC. Atherosclerosis. 85,257-262. 1990.

252 Brown KD, Littlewood CJ.
Endothelin stimulates DNA synthesis in Swiss 3T3 cells. Synergy with polypeptide growth factors. Biochem J. 1989 Nov
1;263(3):977-80.

253 Schrey MP, Patel KV, Tezapsidis N.
Bombesin and glucocorticoids stimulate human breast cancer cells to produce endothelin, a paracrine mitogen for breast stromal
cells. Cancer Res. 1992 Apr 1;52(7):1786-90.

254 Yada Y, Higuchi K, Imokawa G.
Effects of endothelins on signal transduction and proliferation in human melanocytes. J Biol Chem. 1991 Sep 25;266(27):18352-7.

255 Okazawa M. Shiraki T. Ninomiya H. Kobayashi S. Masaki T. Endothelin-induced apoptosis of A375 human melanoma cells.
Journal of Biological Chemistry. 273(20):12584-92, 1998.

256 Mallat A. Fouassier L. Preaux AM. Mavier P. Lotersztajn S. Antiproliferative effects of ET-1 in human liver Ito cells: an ETB-
and a cyclic AMP-mediated pathway. Journal of Cardiovascular Pharmacology. 26 Suppl 3:5132-4, 1995.

257 Mallat A. Fouassier L. Preaux AM. Gal CS. Raufaste D. Rosenbaum J. Dhumeaux D. Jouneaux C. Mavier P. Lotersztajn S.
Growth inhibitory properties of endothelin-1 in human hepatic myofibroblastic Ito cells. An endothelin B receptor-mediated
pathway. Journal of Clinical Investigation. 96(1):42-9, 1995.

258 Mallat A. Preaux AM. Serradeil-Le Gal C. Raufaste D. Gallois C. Brenner DA. Bradham C. Maclouf J. Jourgenko V.
Fouassier L. Dhumeaux D. Mavier P. Lotersztajn S. Growth inhibitory properties of endothelin-1 in activated human hepatic
stellate cells: a cyclic adenosine monophosphate-mediated pathway. Inhibition of both extracellular signal-regulated kinase and c-

Jun kinase and upregulation of endothelin B receptors. Journal of Clinical Investigation. 98(12):2771-8, 1996.

259 Kusuhara M. Yamaguchi K. Nagasaki K. Hayashi C. Suzaki A. Hori S. Handa S. Nakamura Y. Abe K. Production of

endothelin in human cancer cell lines. Cancer Research. 50(11):3257-61, 1990 Jun 1.

188



260 Kusuhara M. Yamaguchi K. Nagasaki K. Hayashi C. Suzaki A. Hori S. Handa S. Nakamura Y. Abe K. Production of

endothelin in human cancer cell lines. Cancer Research. 50(11):3257-61, 1990 Jun 1.

261 Schrey MP. Patel KV. Tezapsidis N. Bombesin and glucocorticoids stimulate human breast cancer cells to produce endothelin,

a paracrine mitogen for breast stromal cells. Cancer Research. 52(7):1786-90, 1992.

262 Patel KV. Schrey MP. Human breast cancer cells contain a phosphoramidon-sensitive metalloproteinase which can process
exogenous big endothelin-1 to endothelin-1: a proposed mitogen for human breast fibroblasts. British Journal of Cancer.
71(3):442-7, 1995.

263 Schrey MP. Patel KV. Tezapsidis N. Bombesin and glucocorticoids stimulate human breast cancer cells to produce endothelin,

a paracrine mitogen for breast stromal cells. Cancer Research. 52(7):1786-90, 1992.

264 Patel KV. Schrey MP. Human breast cancer cells contain a phosphoramidon-sensitive metalloproteinase which can process
exogenous big endothelin-1 to endothelin-1: a proposed mitogen for human breast fibroblasts. British Journal of Cancer.
71(3):442-7, 1995.

265 Yamashita J. Ogawa M. Nomura K. Matsuo S. Inada K. Yamashita S. Nakashima Y. Saishoji T. Takano S. Fujita S.
Interleukin 6 stimulates the production of immunoreactive endothelin 1 in human breast cancer cells. Cancer Research. 53(3):464-
7,1993.

266 Otkawa T. Kushuhara M. Ishikawa S. Hitomi J. Kono A. Iwanaga T. Yamaguchi K. Production of endothelin-1 and
thrombomodulin by human pancreatic cancer cells. British Journal of Cancer. 69(6):1059-64, 1994.

267 Mathieu MN. Chevillard C. Endothelin-1 and ETA receptor subtype are expressed in the gastric HGT-1 cell line. Journal of
Cardiovascular Pharmacology. 26 Suppl 3:5508-9, 1995

268 Le Brun G. Aubin P. Soliman H. Ropiquet F. Villette JM. Berthon P. Creminon C. Cussenot O. Fiet J. Upregulation of
endothelin 1 and its precursor by IL-1beta, TNF-alpha, and TGF-beta in the PC3 human prostate cancer cell line. Cytokine.

11(2):157-62, 1999.

269 Moraitis S. Langdon SP. Miller WR. Endothelin expression and responsiveness in human ovarian carcinoma cell lines.

European Joumal of Cancer. 33(4):661-8, 1997.

270 Shichiri M. Hirata Y. Nakajima T. Ando K. Imai T. Yanagisawa M. Masaki T. Marumo F. Endothelin-1 is an

autocrine/paracrine growth factor for human cancer cell lines. Journal of Clinical Investigation. 87(5):1867-71, 1991.

271 Pekonen F. Saijonmaa O. Nyman T. Fyhrquist F. Human endometrial adenocarcinoma cells express endothelin-1. Molecular &
Cellular Endocrinology. 84(3):203-7, 1992.

272 Economos K. MacDonald PC. Casey ML. Endothelin-1 gene expression and biosynthesis in human endometrial HEC-1A
cancer cells. Cancer Research. 52(3):554-7, 1992.

273 Shichiri M. Hirata Y. Marumo F. Endothelin-1 as an autocrine/paracrine factor for human tumor cell lines. Journal of

Cardiovascular Pharmacology. 17 Suppl 7:576-8, 1991a.

274 Shichiri M. Hirata Y. Marumo F. Endothelin-1 as an autocrine/paracrine factor for human tumor cell lines. Journal of

Cardiovascular Pharmacology. 17 Suppl 7:576-8, 1991a.

189



275 Shichiri M. Hirata Y. Nakajima T. Ando K. Imai T. Yanagisawa M. Masaki T. Marumo F. Endothelin-1 is an

autocrine/paracrine growth factor for human cancer cell lines. Journal of Clinical Investigation. 87(5):1867-71, 1991b.

276 Bagnato A. Tecce R. Moretti C. Di Castro V. Spergel D. Catt KJ. Autocrine actions of endothelin-1 as a growth factor in

human ovarian carcinoma cells. Clinical Cancer Research. 1(9):1059-66, 1995,

277 Bagnato A, Tecce R, Di Castro V, Catt KJ.

Activation of mitogenic signaling by endothelin 1 in ovarian carcinoma cells. Cancer Res. 1997 Apr 1;57(7):1306-11.

278 Moraitis S. Langdon SP. Miller WR. Endothelin expression and responsiveness in human ovarian carcinoma cell lines.

European Joumnal of Cancer. 33(4):661-8, 1997.

279 Bagnato A. Tecce R. Moretti C. Di Castro V. Spergel D. Catt KJ. Autocrine actions of endothelin-1 as a growth factor in

human ovarian carcinoma cells. Clinical Cancer Research. 1(9):1059-66, 1995.

280 Bagnato A, Salani D, Di Castro V, Wu-Wong JR, Tecce R, Nicotra MR, Venuti A, Natali PG.
Expression of endothelin 1 and endothelin A receptor in ovarian carcinoma: evidence for an autocrine role in tumor growth. Cancer
Res. 1999 Feb 1;59(3):720-7.

281 Le Brun G. Aubin P. Soliman H. Ropiquet F. Villette JM. Berthon P. Creminon C. Cussenot O. Fiet J. Upregulation of
endothelin 1 and its precursor by IL-1beta, TNF-alpha, and TGF-beta in the PC3 human prostate cancer cell line. Cytokine.
11(2):157-62, 1999.

282 Le Brun G. Aubin P. Soliman H. Ropiquet F. Villette JM. Berthon P. Creminon C. Cussenot O. Fiet J. Upregulation of
endothelin 1 and its precursor by IL-1beta, TNF-alpha, and TGF-beta in the PC3 human prostate cancer cell line. Cytokine.
11(2):157-62, 1999.

283 Yohn JJ. Smith C. Stevens T. Hoffman TA. Morelli JG. Hurt DL. Yanagisawa M. Kane MA. Zamora MR. Human melanoma

cells express functional endothelin-1 receptors. Biochemical & Biophysical Research Communications. 201(1):449-57, 1994.

284 Rossi GP. Albertin G. Bova S. Belloni AS. Fallo F. Pagotto U. Trevisi L. Palu G. Pessina AC. Nussdorfer GG. Autocrine-
paracrine role of endothelin-1 in the regulation of aldosterone synthase expression and intracellular Ca2+ in human adrenocortical

carcinoma NCI-H295 cells. Endocrinology. 138(10):4421-6, 1997.

285 Patel KV. Schrey MP. Human breast cancer cells contain a phosphoramidon-sensitive metalloproteinase which can process
exogenous big endothelin-1 to endothelin-1: a proposed mitogen for human breast fibroblasts. British Journal of Cancer.
71(3):442-7, 1995.

286 Patel KV. Schrey MP. Human breast cancer cells contain a phosphoramidon-sensitive metalloproteinase which can process
exogenous big endothelin-1 to endothelin-1: a proposed mitogen for human breast fibroblasts. British Journal of Cancer.

71(3):442-7, 1995.

287 Yamashita J. Ogawa M. Inada K. Yamashita S. Matsuo S. Takano S. A large amount of endothelin-1 is present in human

breast cancer tissues. Research Communications in Chemical Pathology & Pharmacology. 74(3):363-9, 1991.

190



288 Patel KV. Schrey MP. Human breast cancer cells contain a phosphoramidon-sensitive metalloproteinase which can process
exogenous big endothelin-1 to endothelin-1: a proposed mitogen for human breast fibroblasts. British Journal of Cancer.
71(3):442-7, 1995.

289 Giaid A. Hamid QA. Springall DR. Yanagisawa M. Shinmi O. Sawamura T. Masaki T. Kimura S. Corrin B. Polak JM.

Detection of endothelin immunoreactivity and mRNA in pulmonary tumours. Journal of Pathology. 162(1):15-22, 1990.

290 Zhao YD. Springall DR. Hamid Q. Levene M. Polak JM. Localization and characterization of endothelin-1 receptor binding in
the blood vessels of human pulmonary tumors. Journal of Cardiovascular Pharmacology. 26 Suppl 3:5341-5, 1995.

291 Nelson JB. Hedican SP. George DJ. Reddi AH. Piantadosi S. Eisenberger MA. Simons JW. Identification of endothelin-1 in
the pathophysiology of metastatic adenocarcinoma of the prostate. Nature Medicine. 1(9):944-9, 1995.

292 Nelson JB. Chan-Tack K. Hedican SP. Magnuson SR. Opgenorth TJ. Bova GS. Simons JW. Endothelin-1 production and

decreased endothelin B receptor expression in advanced prostate cancer. Cancer Research. 56(4):663-8, 1996.

293 Takeda M. Komeyama T. Tsutsui T. Mizusawa T. Go H. Hatano A. Tanikawa T. Changes in urinary excretion of endothelin-
1-like immunoreactivity in patients with testicular cancer receiving high-dose cisplatin therapy. American Journal of Kidney
Diseases. 24(1):12-6, 1994.

294 Takeda M. Komeyama T. Tsutsui T. Mizusawa T. Go H. Hatano A. Tanikawa T. Urinary endothelin-1-like immunoreactivity
in young male patients with testicular cancer treated by cis-platinum: comparison with other urinary parameters. Clinical Science.
86(6):703-7, 1994.

295 Ishibashi M. Fujita M. Nagai K. Kako M. Furue H. Haku E. Osamura Y. Yamaji T. Production and secretion of endothelin by
hepatocellular carcinoma. Journal of Clinical Endocrinology & Metabolism. 76(2):378-83, 1993.

296 Suzuki T. Hoshi N. Watanabe K. Kasukawa R. Suzuki T. Immunohistochemical localization of endothelin-1/big endothelin-1
in normal liver, liver cirrhosis and hepatocellular carcinoma. Fukushima Journal of Medical Science. 44(2):93-105, 1998. (Abstract

only).

297 Ben-Baruch G. Schiff E. Galron R. Menczer J. Sokolovsky M. Impaired binding properties of endothelin-1 receptors in human
endometrial carcinoma tissue. Cancer. 72(6):1955-8, 1993 Sep 15.

298 Nakamuta M. Ohashi M. Tabata S. Tanabe Y. Goto K. Naruse M. Naruse K. Hiroshige K. Nawata H. High plasma

concentrations of endothelin-like immunoreactivities in patients with hepatocellular carcinoma. American Journal of

Gastroenterology. 88(2):248-52, 1993.

299 Yamashita J. Ogawa M. Sakai K. Prognostic significance of three novel biologic factors in a clinical trial of adjuvant therapy

for node-negative breast cancer. Surgery. 117(6):601-8, 1995.

300 Itoh K. Goseki N. Endo M. Marumo F. Increased plasma atrial natriuretic peptide and endothelin concentrations after surgery

in patients with esophageal and gastric cancer. Bulletin of Tokyo Medical & Dental University. 43(2):45-51, 1996.

301 Nelson JB. Chan-Tack K. Hedican SP. Magnuson SR. Opgenorth TJ. Bova GS. Simons JW. Endothelin-1 production and

decreased endothelin B receptor expression in advanced prostate cancer. Cancer Research. 56(4):663-8, 1996 Feb 15.

302 Nelson JB. Lee WH. Nguyen SH. Jarrard DF. Brooks JD. Magnuson SR. Opgenorth TJ. Nelson WG. Bova GS. Methylation of

the 5' CpG island of the endothelin B receptor gene is common in human prostate cancer. Cancer Research. 57(1):35-7, 1997 Jan 1.

191



303 Lam HC. Takahashi K. Ghatei MA. Suda K. Kanse SM. Bloom SR. Presence of immunoreactive endothelin in human saliva
and rat parotid gland. Peptides. 12(4):883-5, 1991 Jul-Aug.

304 Takahashi K. Jones PM. Kanse SM. Lam HC. Spokes RA. Ghatei MA. Bloom SR. Endothelin in the gastrointestinal tract.
Presence of endothelinlike immunoreactivity, endothelin-1 messenger RNA, endothelin receptors, and pharmacological effect.

Gastroenterology. 99(6):1660-7, 1990 Dec.

305 Escrig C. Bishop AE. Inagaki H. Moscoso G. Takahashi K. Varndell IM. Ghatei MA. Bloom SR. Polak JM. Localisation of
endothelin like immunoreactivity in adult and developing human gut. Gut. 33(2):212-7, 1992 Feb.

306 Inagaki H. Bishop AE. Yura J. Polak JM. Localization of endothelin-1 and its binding sites to the nervous system of the human
colon. Journal of Cardiovascular Pharmacology. 17 Suppl 7:5455-7, 1991a.

307 Inagaki H. Bishop AE. Escrig C. Wharton J. Allen-Mersh TG. Polak JM. Localization of endothelinlike immunoreactivity and
endothelin binding sites in human colon. Gastroenterology. 101(1):47-54, 1991b Jul.

308 Hemsen A. Lundberg JM. Presence of endothelin-1 and endothelin-3 in peripheral tissues and central nervous system of the
pig. Regulatory Peptides. 36(1):71-83, 1991 .

309 Brown MA. Smith PL. Endothelin: a potent stimulator of intestinal ion secretion in vitro. Regulatory Peptides. 36(1):1-19,
1991 Oct 1.

310 Roden M. Plass H. Vierhapper H. Turnheim K. Endothelin-1 stimulates chloride and potassium secretion in rabbit descending
colon. Pflugers Archiv - European Journal of Physiology. 421(2-3):163-7, 1992.

311 Reddix RA. Mullet D. Fertel R. Cooke HI. Endogenous nitric oxide inhibits endothelin-1-induced chloride secretion in guinea
pig colon. Nitric Oxide. 2(1):28-36, 1998.

312 Moummi C. Xie Y. Kachur JF. Gaginella TS. Endothelin-1 stimulates contraction and ion transport in the rat colon: different
mechanisms of action. Journal of Pharmacology & Experimental Therapeutics. 262(1):409-14, 1992 .

313 Moummi C. Xie Y. Kachur JF. Gaginella TS. Endothelin-1 stimulates contraction and ion transport in the rat colon: different

mechanisms of action. Journal of Pharmacology & Experimental Therapeutics. 262(1):409-14, 1992 .

314 Kiyohara T. Okuno M. Nakanishi T. Shinomura Y. Matsuzawa Y. Effect of endothelin 1 on ion transport in isolated rat colon.
Gastroenterology. 104(5):1328-36, 1993 May.

315 Hosokawa M. Tominaga M. Tsukada H. Ueda S. Sakai M. Okuma M. Simultaneous measurement of colonic ion transport and

muscle contraction. Journal of Gastroenterology. 29(4):547-9, 1994 Aug
316 Hosokawa M. Tsukada H. Ueda S. Sakai M. Okuma M. Oda K. Takimoto M. Okada T. Urade Y. Regulation of ion transport
by endothelins in rat colonic mucosa: effects of an ETA antagonist (FR139317) and an ETB agonist (IRL1620). Journal of

Pharmacology & Experimental Therapeutics. 273(3):1313-22, 1995 Jun.

317 Usune S. Katsuragi T. Furukawa T. Involvement of K(+)-channel opening in endothelin-1 induced suppression of spontaneous

contractions in the guinea pig taenia coli. Canadian Journal of Physiology & Pharmacology. 69(12):1908-13, 1991 Dec.

192



318 Bitar KN. Stein S. Omann GM. Specific G proteins mediate endothelin induced contraction. Life Sciences. 50(26):2119-24,
1992.

319 Kitsukawa Y. Gu ZF. Hildebrand P. Jensen RT. Gastric smooth muscle cells possess two classes of endothelin receptors but

only one alters contraction. American Journal of Physiology. 266(4 Pt 1):G713-21, 1994 Apr

320 Okabe H. Chijiiwa Y. Nakamura K. Yoshinaga M. Akiho H. Harada N. Nawata H. Two endothelin receptors (ETA and ETB)

expressed on circular smooth muscle cells of guinea pig cecum. Gastroenterology. 108(1):51-7, 1995 Jan.

321 Wiklund NP. Wiklund CU. Cedergvist B. Ohlen A. Hedqvist P. Gustafsson LE. Endothelin modulation of neuroeffector

transmission in smooth muscle. Journal of Cardiovascular Pharmacology. 17 Supp! 7:S335-9, 1991.

322 Blank MA. Fuortes M. Nyren O. Jaffe BM. Effect of endothelin-1 and vasoactive intestinal contractor on blood flow and
output of vasoactive intestinal polypeptide in the feline colon. Life Sciences. 48(20):1937-44, 1991.

323 Lazaratos S. Nakahara A. Goto K. Fukutomi H. Bosentan antagonizes the effects of endothelin-1 on rat gastric blood flow and
mucosal integrity. Life Sciences. 56(9):PL195-200, 1995.

324 Gulati A. Kumar A. Morrison S. Shahani BT. Effect of centrally administered endothelin agonists on systemic and regional

blood circulation in the rat: role of sympathetic nervous system. Neuropeptides. 31(4):301-9, 1997 Aug.

325 Liu Y. Yamada H. Ochi J. Immunocytochemical studies on endothelin in mast cells and macrophages in the rat gastrointestinal
tract. Histochemistry & Cell Biology. 109(4):301-7, 1998 Apr

326 Boros M. Massberg S. Baranyi L. Okada H. Messmer K. Endothelin 1 induces leukocyte adhesion in submucosal venules of

the rat small intestine. Gastroenterology. 114(1):103-14, 1998 Jan.

327 Slomiany BL. Piotrowski J. Slomiany A. Endothelin-1, interleukin4 and nitric oxide synthase modulators of gastric mucosal

injury by indomethacin: effect of antiulcer agents. Journal of Physiology & Pharmacology. 50(2):197-210, 1999 Jun.

328 Gulluoglu BM. Kurtel H. Gulluoglu MG. Yegen C. Aktan AO. Dizdaroglu F. Yalin R. Yegen BC. Role of endothelins in
trinitrobenzene sulfonic acid-induced colitis in rats. Digestion. 60(5):484-92, 1999 Sep-Oct.

329 Hosoda K. Hammer RE. Richardson JA. Baynash AG. Cheung JC. Giaid A. Yanagisawa M. Targeted and natural (piebald-

lethal) mutations of endothelin-B receptor gene produce megacolon associated with spotted coat color in mice. Cell. 79(7):1267-
76, 1994 Dec 30.

330 Baynash AG. Hosoda K. Giaid A. Richardson JA. Emoto N. Hammer RE. Yanagisawa M. Interaction of endothelin-3 with
endothelin-B receptor is essential for development of epidermal melanocytes and enteric neurons. Cell. 79(7):1277-85, 1994 Dec

30.

331 Wu JJ. Chen JX. Rothman TP. Gershon MD. Inhibition of in vitro enteric neuronal development by endothelin-3: mediation by
endothelin B receptors. Development. 126(6):1161-73, 1999 Mar.

332 Leibl MA. Ota T. Woodward MN. Kenny SE. Lloyd DA. Vaillant CR. Edgar DH. Expression of endothelin 3 by mesenchymal
cells of embryonic mouse caecum. Gut. 44(2):246-52, 1999 Feb.

193



333 Chen CY. Lu CL. Chang FY. Lu RH. Ng WW. Lee SD. Endothelin-1 is a candidate mediating intestinal dysmotility in patients
with acute pancreatitis. Digestive Diseases & Sciences. 44(5):922-6, 1999 May.

334 Tekin E. Taneri F. Ersoy E. Bozkurt S. Yavuzer R. Ercan S. Oguz M. Ileal and colonic contractions by endothelin-1 in
experimentally induced paralytic ileus in rats. General Pharmacology. 32(6):631-5, 1999 Jun.

335 Chakder S. Rattan S. Mechanisms and sites of action of endothelins 1 and 2 on the opossum internal anal sphincter smooth

muscle tone in vitro. Journal of Pharmacology & Experimental Therapeutics. 288(1):239-46, 1999 Jan.

336 Kusuhara M. Yamaguchi K. Nagasaki K. Hayashi C. Suzaki A. Hori S. Handa S. Nakamura Y. Abe K. Production of

endothelin in human cancer cell lines. Cancer Research. 50(11):3257-61, 1990 Jun 1.

337 Inagaki H. Bishop AE. Eimoto T. Polak JM. Autoradiographic localization of endothelin-1 binding sites in human colonic
cancer tissue. Journal of Pathology. 168(3):263-7.

338 Inagaki H. Bishop AE. Eimoto T. Polak JM. Autoradiographic localization of endothelin-1 binding sites in human colonic
cancer tissue. Journal of Pathology. 168(3):263-7.

339 Expression of ET-1 in 98 patients with colorectal cancer presented at the British Association of Surgical Oncology, November
1997. E. Asham, M. Loizidou, S. Lakhani, K. Miller, G. Burnstock, P.B.Boulos, I. Taylor, 1997. European Journal of Surgical
Oncology, 23: 589.

Production and secretion of Endothelin-1 in colorectal cancer

at the Surgical Research Society, July 1997

at the British Association of Surgical Oncology, July 1997 E. Asham, A. Shankar, S, Frederick, K. Miller, M. Loizidou, D. Hoit, S.
Lakhani, G. Bumnstock, I. Taylor, 1997. British Journal of Surgery, 84: 1596.

340 Expression of ET-1 in 98 patients with colorectal cancer presented at the British Association of Surgical Oncology, November
1997. E. Asham, M. Loizidou, S. Lakhani, K. Miller, G. Burnstock, P.B.Boulos, 1. Taylor, 1997. European Journal of Surgical
Oncology, 23: 589.

Production and secretion of Endothelin-1 in colorectal cancer

at the Surgical Research Society, July 1997

at the British Association of Surgical Oncology, July 1997 E. Asham, A. Shankar, S, Frederick, K. Miller, M. Loizidou, D. Holt, S.
Lakhani, G. Burnstock, I. Taylor, 1997. British Journal of Surgery, 84: 1596.

341 Raised endothelin-1 levels in patients with colorectal liver metastases.
A. Shankar, M. Loizidou, G. Aliev, S.Frederick, D. Holt, P.B. Boulos, G.Burnstock, I. Taylor 1998. British Journal of Surgery, 85:
502-6.

342 Raised endothelin-1 levels in patients with colorectal liver metastases.
A. Shankar, M. Loizidou, G. Aliev, S.Frederick, D. Holt, P.B. Boulos, G.Bumstock, 1. Taylor 1998. British Journal of Surgery, 85:

502-6.

343 Asham E, Shankar A, Loizidou M, Fredericks S, Miller K, Boulos PB, Burnstock G, Taylor 1. Increased endothelin-1 in
colorectal cancer and reduction of tumour growth by ET(A) receptor antagonism. Br J Cancer. 2001 Nov 30;85(11):1759-63.

344 Eberl LP. Valdenaire O. Saintgiorgio V. Jeannin JF. Juillerat-Jeanneret L. Endothelin receptor blockade potentiates FasL-

induced apoptosis in rat colon carcinoma cells. International Journal of Cancer. 86(2):182-7, 2000 Apr 15.

194



345 Young WS 3rd, Kuhar MJ.
Autoradiographic localisation of benzodiazepine receptors in the brains of humans and animals. Nature. 1979 Aug
2;280(5721):3914.

346 Young WS 3rd, Kuhar MJ.
A new method for receptor autoradiography: [3H]opioid receptors in rat brain.

Brain Res. 1979 Dec 28;179(2):255-70.

347 Oliver M. H., HarrisonN. K., Bishop J. E., Cole P. J. and Laurent G. J.
A rapid and convenient assay for counting cells cultured in microwell plates : Application for assessment of growth factors. J. of
Cell Science 92:513-518, 1989.

348 Giaid A., Hamid Q. A., and Springall D. R.

Detection of endothelin immunoreactivity and Mma in pulmonary tumours. J. Pathol 162:15-22, 1990.

349 Yamashita J., Ogawa M., Egami H., Matsuo S., Kiyohara H., Yamashita S. and Fyjita S.
Abundant expression of immunorective endothelin-1 in the growth of stromal cells in phyllodes tumour. Cancer Res 52:406
4049,1992.

350 Kojima K. and Nihei Z.

Expression of Endothelin-1 immunoreactivity in breast cancer. Surgical Oncology 4:309-315, 1995.

351 Ishibashi M., Fujita M., Nagai K., Koto M., Furue H., Haku E., Osamura Y. and Yamaji T.

Production and secretion of endothelin by hepaocellular carcinoma. J. Clin Endocrinol Metab 76:378-383, 1993.

352 Nelson B. J., Chan-Tack K., Hedican S. P., Opgenorth T. J., Bova G. S. and Simons J. W.
Endothelin-1 production and decreased endothelin B receptor expression in advanced prostate cancer. Cancer Research 56:663-
668, 1996.

353 Watanabe K, Hiraki H, Hasegawa H, Tanigawa T, Emura I, Honma K, Shibuya H, Fukuda T, Suzuki T.
Immunohistochemical localization of endothelin-1, endothelin-3 and endothelin receptors in human pheochromocytoma and

paraganglioma. Pathol Int. 1997 Aug;47(8):540-6.

354 Rossi GP, Albertin G, Bova S, Belloni AS, Fallo F, Pagotto U, Trevisi L, Palu G, Pessina AC, Nussdorfer GG.
Autocrine-paracrine role of endothelin-1 in the regulation of aldosterone synthase expression and intracellular Ca2+ in human

adrenocortical carcinoma NCI-H295 cells. Endocrinology. 1997 Oct;138(10):4421-6.

355 Kusuhara M, Yamanguchi K., Nagasaki K., Hayashi C., Suzaki A., Hori S.,
Handa S., Nakamura Y., and Abe K. Production of endothelin in human cancer cell lines. Cancer Res 50:3257-3261, 1990.

356 Oikawa T., Kusuhara M., Ishikawa S., Hitomi J., Kono A., Iwanaga T.,
Yamaguchi K. Production of endothelin-1 and thrombomodulin by human pancreatic cancer cells. J. Cancer 69: 1059-1064.1994.

357 Baley P. A, Resink T. J., Eppinberger U., Hahn A. W. A.

Endothelin messenger RNA and receptors are differentially expressed in cultured human breast epithelial and stromal cells. J. Clin.

Invest. 85:1320-1323, 1990.

195



358 Mathieu M. N. and Chevillard C.
Endothelin-1 and subtype are expressed in the gastric HGT-1 cell line. J. Cardiovasc. Pharmacol 26(S3):S508-S509, 1995.

359 Shichiri M, Hirata Y., Nakajima T., Ando K., Imai T., Yanagisawa M.,
Masaki T., and Marumo F. Endothelin-1 is an autocrine / paracrine growth factor for human cancer cell lines. J. Clin. Invest.
87:1867-1871, 1991.

360 Asham E., Loizidou M., Lakhani S., Miller K., Bumnstock G., Boulos P.B.

and Taylor 1. Expression of endothelin-1 in 98 patients with colorectal cancer. Eur. J. Surg. Oncol. (abstract) 1998.

361 Asham E., Shankar A., Loizidou M., Burnstock G., and Taylor L.

Production and secretion of endothelin-1 in colorectal cancer Br. J. Surg. 84(1596), 1997. .(Abstract).

362 Shankar A., Loizisou M., Aliev G., Fredericks S., Holt D., Boulos P.B.,

Bumstock G., and Taylor I. Elevated endothelin-1 levels in patients with colorectal liver metastasis. Br. J. Surg 1998.

363 Inagaki H, Bishop AE, Eimoto T, etal.

Localisation of endothe]inlike immtmoreactivity and endothelin binding sites in human colon. GastroenterolOgy 1991;101:47—54.

364 Lnagaki H, Bishop AE, Eimoto T, et al.

Autoradiograpblc localisation of endothe]in-1 binding sites in human colonic cancer tissue. J Pathol 1992;168:263—7.

365 Inagaki H, Bishop AR, Yura 1, et al.
Localisation of endothelin-l and its binding sites in the nervous system of the human colon. J Cardiovasc Pharmacol
1991;17:8455—17.

366 Bagnato A, Salani D, Di Castro V, Wu-Wong JR, Tecce R, Nicotra MR, Venuti A, Natali PG.
Expression of endothelin 1 and endothelin A receptor in ovarian carcinoma: evidence for an autocrine role in tumor growth. Cancer
Res. 1999 Feb 1;59(3):720-7.

367 Demunter A, De Wolf-Peeters C, Degreef H, Stas M, van den Oord JJ.
Expression of the endothelin-B receptor in pigment cell lesions of the skin. Evidence for its role as tumor progression marker in

malignant melanoma. Virchows Arch. 2001 May;438(5):485-91.

368 Egidy G Juillerat-Jeanneret L, Jeannin J-F, Korth P, Bosman FT, Pinet F. Modulation of human colon tumor-stromal
interactions by the endothelin system. Am J Path 2000; 157:1863-1874.).

369 Kobayashi S, Tang R, Wang B, Opgenorth T, Stein E, Shapiro E, Lepor H.
Localization of endothelin receptors in the human prostate J Urol. 1994 Mar;151(3):763-6.

370 Nelson BJ, Chan-Tack K, Hedican SP, et al. ET-1 production and decreased endothelin B-receptor expression in advanced
prostate cancer. Cancer Res 1996;56:663—8.

371 Ahmed SI, Thompson J, Coulson JM, Woll PJ.
Studies on the expression of endothelin, its receptor subtypes, and converting enzymes in lung cancer and in human bronchial

epithelium Am J Respir Cell Mol Biol. 2000 Apr;22(4):422-31.

372 Giaid A., Hamid Q. A,, and Springall D. R.

196



Detection of endothelin immunoreactivity and Mma in pulmonary tumours. J. Pathol 162:15-22, 1990.

373 Yamashita J., Ogawa M., Egami H., Matsuo S., Kiyohara H., Yamashita S. and Fyjita S.
Abundant expression of immunorective endothelin-1 in the growth of stromal cells in phyllodes tumour. Cancer Res 52:406
4049,1992.

374 Kojima K. and Nihei Z.

Expression of Endothelin-1 immunoreactivity in breast cancer. Surgical Oncology 4:309-315, 1995.

375 Ishibashi M., Fujita M., Nagai K., Koto M., Furue H., Haku E., Osamura Y. and Yamaji T.
Production and secretion of endothelin by hepaocellular carcinoma. J. Clin Endocrinol Metab 76:378-383, 1993.

376 Nelson B. J., Chan-Tack K., Hedican S. P., Opgenorth T. J., Bova G. S. and Simons J. W.
Endothelin-1 production and decreased endothelin B receptor expression in advanced prostate cancer. Cancer Research 56:663-
668, 1996.

377 Watanabe K, Hiraki H, Hasegawa H, Tanigawa T, Emura 1, Honma K, Shibuya H, Fukuda T, Suzuki T.
Immunohistochemical localization of endothelin-1, endothelin-3 and endothelin receptors in human pheochromocytoma and

paraganglioma. Pathol Int. 1997 Aug;47(8):540-6.

378 Rossi GP, Albertin G, Bova S, Belloni AS, Fallo F, Pagotto U, Trevisi L, Palu G, Pessina AC, Nussdorfer GG.
Autocrine-paracrine role of endothelin-1 in the regulation of aldosterone synthase expression and intracellular Ca2+ in human

adrenocortical carcinoma NCI-H295 cells. Endocrinology. 1997 Oct;138(10):4421-6.

379 Kusuhara M, Yamanguchi K., Nagasaki K., Hayashi C., Suzaki A., Hori S.,
Handa S., Nakamura Y., and Abe K. Production of endothelin in human cancer cell lines. Cancer Res 50:3257-3261, 1990.

380 Oikawa T., Kusuhara M., Ishikawa S., Hitomi J., Kono A., Iwanaga T.,
Yamaguchi K. Production of endothelin-1 and thrombomodulin by human pancreatic cancer cells. J. Cancer 69: 1059-1064.1994.

381 Baley P. A, Resink T. J., Eppinberger U., Hahn A. W. A.
Endothelin messenger RNA and receptors are differentially expressed in cultured human breast epithelial and stromal cells. J. Clin.
Invest. 85:1320-1323, 1990.

382 Mathieu M. N. and Chevillard C.
Endothelin-1 and subtype are expressed in the gastric HGT-1 cell line. J. Cardiovasc. Pharmacol 26(S3):S508-S509, 1995.

383 Shichiri M, Hirata Y., Nakajima T., Ando K., Imai T., Yanagisawa M.,
Masaki T., and Marumo F. Endothelin-1 is an autocrine / paracrine growth factor for human cancer cell lines. J. Clin. Invest.

87:1867-1871, 1991.

384 Asham E., Loizidou M., Lakhani S., Miller K., Bumstock G., Boulos P.B.

and Taylor I. Expression of endothelin-1 in 98 patients with colorectal cancer. Eur. J. Surg. Oncol. (abstract) 1998.

385 Asham E., Shankar A., Loizidou M., Burnstock G., and Taylor 1.

Production and secretion of endothelin-1 in colorectal cancer Br. J. Surg. 84(1596), 1997. .(Abstract).

197



386 Shankar A., Loizisou M., Aliev G., Fredericks S., Holt D., Boulos P.B.,

Bumstock G., and Taylor I. Elevated endothelin-1 levels in patients with colorectal liver metastasis. Br. J. Surg 1998.

198




