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ABSTRACT

Neuroendocrine (NE) differentiation takes place in both prostate and bladder
cancer tissue. These NE cells release growth factors including neuropeptides
and biogenic amines which correlate with tumour progression, differentiation,
androgen independence, angiogenesis and poor prognosis.

Serotonin (5-hydroxytryptamine; 5HT), a monoamine neurotransmitter, plays
a role in regulation of growth, gene expression and may function as a proto-
oncogene. 5HT acts as a growth factor in tumours such as small cell
cércinoma of the lung and colonic carcinoma.

The in vitro effect of SHT and S5HT antagonists on prostate and bladder cancer
cell growth was evaluated. Cell culture and proliferation assay studies
established a significant increase in growth proliferation by 5HT. Furthermore,
there was a significant growth inhibition by 5HT14 and 5HTg antagonists on
prostate cancer (PC3) cells and bladder cancer (HT1376) cells. FACS
analysis in PC3 cells demonstrated cell cycle arrest and apoptosis when
treated with 5HT14 and 5HT4g antagonists. Immuno-staining for 5HT4s and
5HT g receptors was seen in PC3 cells, HT1376 cells, as well as in human
prostate and bladder cancer tissue. Western blot analysis demonstrated
5HT1a and 5HT4g receptor proteins in both prostate and bladder cancer cells
and tissue. Ethical approval was obtained and the Helsinki Declaration of
Human Rights was strictly adhered to throughout this study. These results
imply that a 5HT system exists in both prostate and bladder cancer tissue.
5HT1a, and in particular 5HTqg receptor antagonists, warrant further

investigation as potential anti-neoplastic agents.



A growth inhibitory effect of an alpha adrenoceptor antagonist (doxazosin) on
PC3 and HT1376 cells was also demonstrated. This growth inhibition is
independent of the antagonist action on alphaj-adrenoceptors. Incubation of
PC3 cells with 5HT or 5HT45 agonist partially reversed the growth inhibitory
effect of doxazosin. Doxazosin may modulate the action of 5HT, possibly at
the receptor level. Doxazosin (or more effective analogues) commonly used in
the treatment of benign prostatic hyperplasia, may be potential

chemotherapeutic agents.
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CHAPTER 1

INTRODUCTION
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1.1. Prostate cancer

1.1.1 Introduction

Prostate cancer is the second most common cancer affecting men in Europe
and the USA. One in twelve men over the age of 60 develop prostate cancer
and this figure is expected to rise to three in twelve in the next 20 years
(Fournier et al., 2004; Parchment Smith C, 2002). At the age of 50 about 15%
of prostates contain islands of cancer and by 80 this figure rises to nearly
100% (Amling, 2004).

For patients who have apparent organ confined disease, effective treatment
options are available in the form of surgery or radiotherapy. However, about
20% of patients have evidence of metastases on presentation (Parchment
Smith C, 2002). The mainstay of treatment for these patients is androgen
ablation therapy. Unfortunately, these patients eventually relapse and develop
an androgen independent tumour (Ahmad, 2004; Amling, 2004; Ansari et al.,
2002). This aggressive stage carries a high morbidity and mortality. At present
the treatment for hormone refractory prostate cancer is unsatisfactory and a

search for alternative forms of therapy continues.

1.1.2 Aetiology

It is well established that the prevalence of prostate cancer varies in different
races. It is relatively uncommon in Japanese and Asian men, whereas, it is
more common in Africans (including Black Americans)(Fournier et al., 2004,
Spangler et al., 2005).

Migration studies reveal that. when men relocate from a low- to a high-risk

region and abandon their traditional dietary patterns in favour of their hosts
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common diet, their incidence of prostate cancer rises to that of the local
population. This observation, thus suggests a role of western dietary factors in
prostate cancer (Steinberg et al., 1998; Villers et al., 1997).

Numerous studies implicate dietary and nutritional factors in the onset and
progression of prostate cancer. Hence, it is possible that bioactive compounds
(anti-oxidants) like vitamins A, C, D and E, minerals like selenium and
carotenoids like lycopene can be a part of chemopreventive strategies (Ansari
et al., 2002; Harris et al., 2004; Oakley-Girvan et al., 2004). Ongoing studies
on nutrition and prostate cancer may provide the required evidence to support
what is still only a hypothesis.

A family history (first degree relative) is associated with a 2 to 3 fold higher
risk of prostatic cancer. This familial aggregation can be used to define a high-
risk group suitable for screening (Bostwick et al., 2004; Hemminki et al., 2005;
Spangler et al., 2005; Villers et al., 1997).

There has been a misconception with regards to whether vasectomy can
increase the risk of developing prostate cancer. However, an extensive review
by the United States National Institutes of Health (NIH) concluded that there
was insufficient evidence of a real association between vasectomy and
prostate cancer. The recommendation was that vasectomy should continue to

be provided (Pollack, 1993).

1.1.3 Pathology and Clinical Features
Prostate cancer is an adenocarcinoma that arises from the peripheral zone of
the gland. However, in 10-15% of cases, for example when benign prostatic

hyperplasia (BPH) is present, the cancer may develop in the transitional zone
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of the prostate. This type of cancer is usually less aggressive and spreads at
a slower rate (Ansari et al., 2002; Spangler et al., 2005; Sternberg, 2003).

Early prostate cancer often does not cause symptoms. However, patients may
present with lower urinary tract symptoms (LUTS) complaining of increased
urinary frequency, nocturia, urgency, hesitancy, weak or interrupted stream
and post-micturition dribbling. Haematuria, hematospermia, anorexia and
weight loss, are other possible symptoms. Pain or stiffness in the lower back,
hips or upper thighs may indicate bony metastasis. Some of the above
symptoms may be caused by prostate cancer or by BPH. Therefore, patients

with such symptoms should be investigated.

1.1.4 Investigations and Evaluation

It is important to perform a digital rectal examination (DRE). A hard, nodular,
craggy and fixed prostate strongly suggests a diagnosis of prostate cancer.
Additionally serum PSA (Prostate Specific Antigen) is measured. PSA is a
proteolytic enzyme that is secreted by the prostate gland and has a main role
in liquefaction of the ejaculate. As PSA can be used to detect prostate cancer,
it is often referred as a biological or tumour marker. PSA >4.0 ng/ml has a
sensitivity of 40-90%, specificity of 60-90% and a positive predictive value of
33% for prostate cancer (Ansari et al., 2002; Sternberg, 2003). The greater
the PSA level, the greater the likelihood of diagnosing prostate cancer on
biopsy (Cooperberg et al., 2004; Ross et al., 2003). In general, patients with a
PSA >4 ng/ml should have a transrectal ultrasound guided prostate biopsy

(TRUS). However, one should also be aware of variability of PSA value with

26



age. The norm ranging from 2.5 ng/ml in a 40-49 year old, to 6.5 ng/ml in a
70-79 year old (Cooperberg et al., 2004; Parchment Smith C, 2002)
Furthermore, before subjecting patients to PSA testing, one should consider
other conditions which may lead to its elevation. For example, urinary tract
infection (UTI), acute retention of urine, BPH, prostatitis, post-ejaculation and
post-TURP (transurethral resection of the prostate) (Balmer & Greco, 2004;
Parchment Smith C, 2002). DRE, catheterization, cystoscopy or TRUS biopsy
do not lead to an elevation of PSA (Parchment Smith C, 2002; Ross et al.,
2003).

To date, there has been no prostate cancer screening program in the U.K.
Experts disagree on the usefulness of PSA measurement in the screening of
prostate cancer, as it is not yet known ‘whether such testing will reduce
mortality rates. In the future, as more evidence evolves, PSA might be
adopted as a screening tool for prostate cancer.

PSA velocity is one parameter of PSA that can be used to further assess an
elevated PSA. A rise of >0.75 ng/ml per year strongly suggests the presence
of prostate cancer (Balmer & Greco, 2004; Sternberg, 2003)}.

TRUS biopsy is the gold standard for diagnosing prostate cancer (Ansari et
al.,, 2002; Fournier et al., 2004). Biopsies are performed under ultrasound
guidance, allowing visualization of suspicious areas of the gland and directing
biopsy. The procedure can be performed with a periprostatic local anaesthetic
injection (Ansari et al., 2002).

Histological examination of the biopsy cores serves a dual purpose; it
diagnoses and grades the tumour according to the Gleason System

(Calabrese, 2004; Fournier et al., 2004). This system is based on the degree
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of differentiation and tumours can vary from well differentiated to poorly
differentiated tumours. Generally, the Gleason system correlates well with the
clinical behaviour of the tumour and its response to treatment (Calabrese,
2004; Fournier et al., 2004; Ross et al., 2003).

Currently, the majority of patients with prostate cancer are diagnosed on
TRUS biopsy, <5% are diagnosed following TURP and a few from secondary
spread (e.g. pathological bone fracture).

Further staging includes a CT scan or MRI of the pelvis. This determines any
extra capsular involvement of the pelvic organs (e.g. seminal vesicles, rectum
or pelvic wall). These imaging studies also identify pelvic lymph node
involvement (Amling, 2004 ).

A Tc*M radio-isotope bone scan is necessary to identify any bony metastasis.
The tumour usually spreads to the spine, pelvis, long bones, ribs, scapula and
skull in order of decreasing frequency (lwamoto & Maher, 2001; Peneau et al.,
1998). Once staging of the disease is complete, a decision is made for the
most appropriate treatment.

The TNM staging system is commonly used in which ‘T’ stands for Tumour,
‘N’ for nodal involvement and ‘M’ for metastasis (Peneau et al., 1998;
Sternberg, 2003). ‘T’ is further subdivided into Tis, TO, T1, T2, T3 and T4
representing carcinoma in-situ, no tumour, clinically unapparent tumour
diagnosed histologically on needle biopsy or incidentally on TURP, tumour
confined to but deforming gland, extra capsular tumour involving seminal
vesicles and fixed tumour invading neighbouring structures, respectively

(Peneau et al., 1998).
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1.1.5 Management

Various options are available for the management of patients with prostate
cancer depending on the age, general health, grade and stage of the disease.
When considering localised disease, watchful waiting is probably the best
treatment option for older men with well and perhaps moderately
differentiated, low volume prostate cancer who have a life expectancy of less
than 10 years (Steinberg et al., 1998). This is because many elderly men
have a small cancer in their prostate, but less than 0.5% die of it: 99.5% do
not (Ross et al., 2003; Steinberg et al., 1998).

However, this conclusion derived from watchful waiting studies of older men
cannot and should not be applied to younger, healthier men or to those with
more advanced or aggressive disease (Steinberg et al., 1998; Villers et al.,
1997). If treated ineffectively, many of these men will die of prostate cancer.
Most men with prostate cancer who have a life expectancy greater than 10 to
15 years should be treated with curative intent (Steinberg et al., 1998).

Good results are obtained in patients with moderately and poorly
differentiated prostate cancer ranging from stage TO-T2, after radical
prostatectomy or radiotherapy (Amling, 2004). Apart from being used to cure
early stage prostate cancer, radiotherapy is also used to control locally
advanced disease and effectively palliate symptoms of metastases (Peneau
et al., 1998).

Surgery or radiotherapy alone cannot cure clinical stage T3 prostatic cancer
(Amling, 2004; Ilwamoto et al., 2001; Peneau et al., 1998). The choice of
treatment for stage T3, NO, MO depends on the patient's quality of life and life

expectancy. If the option of a curative treatment in a young subject can be
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reasonably considered, combination therapy in the form of hormonal
treatment followed by radiotherapy should be utilised. This approach has
been proved to be superior to radiotherapy alone in several randomized trials
(lwamoto et al., 2001; Peneau et al., 1998).

For non-localized or metastatic disease the mainstay of treatment is hormone
ablation therapy aimed at decreasing the level of circulating testosterone. This
is achieved by medical or surgical castration (Ahmad, 2004). Medical
castration includes the use of luteinising hormone releasing hormone (LHRH)
agonists (Ahmad, 2004). Initially these agents can cause tumour flare that is
covered with short term simultaneous administration of anti-androgens
(Ahmad, 2004; Calabrese, 2004). The advantage surgical castration has over
medical castration is that in surgically castrated patients, drug compliance is
not an issue.

In the long term, LHRH agonists act by reducing circulating testosterone
levels thus controlling disease progression. Steroidal and non-steroidal anti-
androgens may be another medical treatment option. Surgical castration is
carried out by bilateral orchidectomy (Parchment Smith C, 2002).

Most (80%) of these patients will initially show an adequate response to such
therapy, the mean period of response being approximately 18 months
(Calabrese, 2004). However, eventually these patients transit into a “hormone
refractory” or “androgen independent” phase. Once at this stage the patient
has a poor prognosis with a median survival time of 9-12 months (Calabrese,
2004). At this stage oestrogens and progesterone may be used as a second

line with some benefit.
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1.1.6 Comments

The incidence of prostate cancer has risen by 60-75% in the western world in
the last 15 years. This number is increasing due to the demographic shift to
longevity, increased awareness and PSA testing with consequently more
biopsies.

Potentially effective treatment in the form of surgery and radiotherapy is
available for individuals with localised disease, and the effectiveness of
different combination therapy is being assessed to improve the outcome
further.

For hormone refractory disease, management is as yet unsatisfactory. The
search for new agents for the treatment of hormone refractory prostate cancer

continues.

1.2 Bladder cancer

1.2.1 Introduction

Bladder cancer is a significant proportion of the general workload in Urology
due to its high prevalence and recurrent nature. It is the fifth most common
malignancy in Europe and the fourth most common malignancy in the United
States (Jensen et al., 1990). It affects 1 in 4000 people and accounts for 5%
of all diagnosed cancers (Jensen et al., 1990). The peak incidence is in the
fifth and seventh decade. About 75 % of patients with bladder cancers are
men. 90% of all bladder cancers are transitional cell carcinomas (Clavel et al.,

1989).
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1.2.2 Aetiology

Around 50% of all transitional cell carcinomas of the bladder are associated
with cigarette smoking. Smokers have a fourfold higher incidence of bladder
cancer than the general population (Clavel et al., 1989). This risk correlates
with the number of cigarettes smoked and the duration of smoking (Augustine
et al., 1988). Discontinuing smoking is beneficial, even after many years, as
ex-smokers have a reduced incidence of bladder cancer compared with
current smokers (Chen & Ahsan, 2004; Karagas et al., 2004).

The association between the exposure to benzidene, aromatic amines and 8-
naphtylamine, typically in the dye and rubber industries (Veys, 2004), is
associated with a statistically significant increased risk of developing bladder
cancer when compared with the general population. Data collected from 11
case-control studies (3346 cases and 6840 controls, aged 30-79 years)
conducted between 1976-1996 in six European countries revealed that metal
workers, machinists, transport equipment operators and miners are among
the major occupations contributing to occupational bladder cancer in men in
Western Europe. In this population one in 10 to one in 20 cancers of the
bladder can be attributed to occupation (Colt et al., 2004; Kogevinas et al.,
2003). Exposure to carbon black experienced by dockyard workers was
associated with a two-fold increased risk of bladder cancer (Puntoni et al.,
2004).

Bilharzia is associated with the development of squamous cell carcinoma of
the bladder and occurs commonly in areas where schistosomiasis is endemic

(Shokeir, 2004).
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1.2.3 Pathology and Clinical features

Histologically, bladder cancer may be transitional cell carcinoma, squamous
cell carcinoma or adenocarcinoma (Dundr et al., 2003). Transitional cell
carcinoma is the most commonly seen (Dundr et al., 2003). Bladder cancers
may have elements of NE differentiation; these tumours are usually
aggressive and have a poor prognosis (Lertprasertsuke et al., 1991; Mills et
al., 1987).

Haematuria is the cardinal symptom of bladder cancer (Augustine et al., 1988;
Mikhailidis et al., 1998). Therefore, frank or microscopic haematuria requires
investigation, especially in those aged over forty (Augustine et al., 1988;
Mikhailidis et al., 1998).

Around 15 % of patients will present with lower urinary tract symptoms (LUTS)
of frequency, dysuria and urgency. This may be associated with or without

haematuria.

1.2.4 Investigations and Evaluation

Ultrasonography of the bladder may identify a tumour. However, cystoscopy is
the gold standard investigation for the diagnosis of bladder cancer. The other
investigations for haematuria include a urine culture, urine cytology and
intravenous urography which can demonstrate transitional cell carcinoma in
the kidney and ureter. Several urinary markers and tests such as BTA Stat,
BTA TRAK, NMP22, telomerase, HA and HAse tests, Immunocyt, Quanticyt,
FDP, BLCA-4, FISH, CYFRA-21-1 have enough potential for future clinical
use (Dey, 2004). BTA stat, NMP22 (bladder check) and AccuDX (FDP) tests

are presently point of care tests. The other tests are laboratory-based and
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may need trained technicians. To date, there is no urinary marker or test that
can replace the need of cystoscopy. However, some markers have the
potential for future clinical use (Dey, 2004).

The TNM system is the universally accepted method for staging bladder
tumours (Sobin L.H & Wittekind C, 1997). This is based on the depth of
invasion through the bladder wall and the presence or absence of pelvic
lymph node involvement and distant metastasis. A tumour that is limited to the
mucosa and lies flat is Tis (carcinoma in situ), a tumour that is papillary and
limited to the mucosa is Ta and a tumour that penetrates the lamina propria
but not the muscularis is T1. Stage T2 tumours invade the muscularis layer
and are highly malignant with a strong potential to metastasize preferentially
to regional lymph nodes, lungs, liver and bone. A tumour extending into the
perivesical fat is T3 and tumours invading the surrounding organs, pelvic or
abdominal wall are T4. Muscle-invasive tumours are staged clinically with a
combination of bimanual examination under anaesthetic ;nd imaging with

computed tomography or MRI, chest radiograph and isotope bone scans

(Sobin L.H & Wittekind C, 1997).

1.2.5 Management

(i) Treatment of superficial tumours

Superficial bladder cancers can be treated completely via endoscopic
transurethral resection. However, 50-70% of patients have a recurrence within
two years. Patients are therefore given adjuvant intra-vesical instillation of
mitomycin C and bacillus Calmette-Guerin (BCG) (Pawinsky A et al., 1996).

Evidence suggests that BCG is the most effective intravesical therapy for the
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treatment of superficial bladder cancer and that maintenance therapy is
superior to an induction course alone (Borden et al., 2004). Endoscopic
surveillance is performed by flexible cystoscopy at three-month intervals for
the first year, six-monthly intervals for the second year and then annually

(Donat, 2003).

(i) Treatment of muscle invasive tumours

At the time of diagnosis, 20% of bladder cancers have muscle invasion, which
cannot be eradicated by transurethral resection or intravesical therapy. These
have a 3-year survival of less than 5% in untreated cases. Definitive treatment
is either by radical cystectomy or by radical radiotherapy. The nodal status
and extent of lymphadenectomy have been shown to correlate with survival
after radical cystectomy (Borden et al., 2004). Despite these treatments being
available for the past 50 years, the survival of patients has not improved
(Gospodarowicz et al., 1995; Whitmore, Jr., 1983).

Radiotherapy has the advantage of bladder preservation, but may be
associated with frequency and urgency along with bladder contracture. About
50% of patients will have a complete response to radiotherapy. Following
irradiation, regular cystoscopic surveillance is resumed.

Radical cystectomy with the formation of an ileal conduit has become the
treatment of choice stage T2 and above tumours. Pre-operative assessment
of general fitness and cardiorespiratory status is an important consideration
before surgery. Improvements in surgical techniques and post-operative care
have taken place and it is possible to create an orthoptic neo bladder utilising

intestine (Hautmann et al., 1993).
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The role of chemotherapy in the treatment of bladder cancer continues to
evolve (Borden et al.,, 2004; van der Meijden, 1998). Neoadjuvant
chemotherapy has recently demonstrated a survival benefit, and trials are
ongoing to define the optimal regimen of chemotherapy for urothelial
carcinoma (Borden et al., 2004).

The prognosis in muscle-invasive bladder cancer is dependent on disease
stage. The 5-year survival rates are 85% for T2 cancers, 55% for T3 and less
than 25% for T4 cancers. The mean survival of patients with metastatic
bladder cancer is 6-12 months. Treatment is targeted at palliation of
symptoms, which may involve local tumour resection or palliative

radiotherapy.

1.2.6 Comments

Bladder cancer remains a major health problem. Due to the tendency of
bladder cancer to recur repeated cystoscopies and resections are often
required. Because of this, one of the main thrusts of research is to find a way
of preventing the progression from superficial disease to muscle invasive and
metastatic bladder cancer. Furthermore, new treatments need to be
developed to improve the relatively poor prognosis of invasive disease.
Among preventive measures, smoking cessation is paramount (Mikhailidis et

al., 1998).

1.3 Serotonin (5-hydroxytryptamine; SHT)

Serotonin  (5-hydroxytryptamine; 5HT) a monoamine neurotransmitter

mediates a wide range of physiological activities by binding to receptor

36



subtypes (Abdul et al., 1994; Abdul et al., 1995; Dizeyi et al., 2004). It is
produced and stored in a number of tissues throughout the body in particular
the central nervous system (CNS) (Shields & Eccleston, 1973), and platelets
(Cortellazzo et al., 1985; Marmaras & Mimikos, 1971; Yazaki et al., 1987). It
has also been found in gastrointestinal enterochromaffin cells (Dizeyi et al.,
2004) and prostatic NE cells (Abdul et al.,, 1994; Abdul et al.,, 1995;
Abrahamsson et al., 1986; Dizeyi et al., 2004).

5HT has been implicated in the regulation of circadian rhythmicity, sleep-
wakefulness, sexual behaviour, mood changes, appetite and nociception.
5HT-analogs are currently used in the treatment of disorders including
depression, anorexia, anxiety, migraine and chemotherapy-induced emesis.
Deficient serotonin neurotransmission has been implicated in panic attacks
(Maron et al., 2005; Saudou et al., 1994). 5HT plays a fundamental role in
tumour growth, differentiation and gene expression. The activation of a brain
specific 5HT ¢ receptor, in the unnatural environment of a fibroblast (NIH 3T3)
resulted in the generation of transformed foci (Julius et al., 1989). Cells
derived from these transformed foci when injected into nude mice resulted in
the generation of tumours (Julius et al., 1989). Therefore, S5HT4c receptors
may function as a proto-oncogene when expressed in fibroblasts (Julius et al.,

1989).

1.3.1 Synthesis of SHT

With the exception of platelets, SHT is synthesized in most tissues in which it
is stored. The biosynthesis of 5HT, starts with the hydroxylation of the

essential amino acid L-tryptophan; this first, rate limiting, step is catalyzed by
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the enzyme trytophan hydroxylase and results in the formation of 5-
hydroxytrytophan which is transformed to S5HT in a reaction catalyzed by the
non-specific enzyme aromatic L-amino acid decarboxylase. In man, about 2%
of the ingested tryptophan is utilised for the daily synthesis of approximately

10 mg of 5HT (Saxena et al., 1990).

Tryptophan
N2
5-hydroxytryptophan
N2

5-hydroxytryptamine

1.3.2 Metabolism of 5HT

The principal metabolic pathway of 5HT is the oxidative deamination by
monoamine oxidase which results in the production of 5-hydroxyindoleacetic
acid (5-HIAA). Besides 5HT, monoamine oxidase catalyzes the deamination
of several other biogenic amines such as dopamine, noradrenaline, tyramine
and tryptamine. In the first step, the deamination of SHT leads to the formation
of 5-hydroxyindoleacetaldehyde which, in most cases, is oxidised to 5-HIAA
by the enzyme aldehyde dehydrogenase. 5-hydroxyindoleacetaldehyde can
also be reduced to 5-hydroxtrytophol; this metabolite has been detected in

several peripheral tissues such as the liver (Saxena et al., 1990).
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1.4 5HT receptors

There are a number of 5HT receptors (5HTR). Seven have been identified to
date (5HT4-5HT;) on the basis of their structural, functional and
pharmacological characteristics (Alhaider & Wilcox, 1993; Anzini et al., 1989;
Boess et al., 1992; Dickenson & Hill, 1998; Goadsby, 1998; Peroutka, 1988).
Each receptor is further subdivided into different sub-types. SHTR4 alone
comprises of five sub-types (5HT4a, S5HT4g, 5HT1p, BHT4e and 5SHT4f)
(Goadsby, 1998). Apart from 5HT3; receptor which has a ligand gated ion
channel, all the other S5HT receptors are G-protein coupled (Peroutka, 1988).
Among all the 5HT sub-type receptors, the S5HT4a receptor is the most widely
studied, mainly due to early availability of potent and selective agonist, 8-OH-
DPAT (Dizeyi et al., 2004).

5HT receptors have been implicated in psychiatric and neurological disorders
(Stahl, 1992). For example, depressed subjects treated with antidepressants
downregulate markers of both 5HT, and 5HTs receptors in a time course
consistent with their recovery from depression (Stahl, 1992). Evidence from
animal studies and human genetics suggested that 5HT1g receptors may be
involved in the mechanism of action of antidepressants and may become
important targets of drug therapy (Massot et al., 1996). Experiments
conducted in male mice indicated that 5HT4z receptor agonists have anti-
aggressive effects in mice that show moderate as well as high levels of
aggression (de Almeida & Miczek, 2002; Saudou et al., 1994). Further studies
on mice revealed that post synaptic 5HT+g receptors are required for the
antidepressant activity of selective 5HT receptor inhibitors (SSRIs) (Trillat et

al., 1998). Neuroendocrine techniques described to study this include
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fenfluramine-induced changes in ACTH, cortisol and prolactin secretion (for
5HT, receptors) and ipsapirone-induced changes in ACTH and cortisol (for
5HT4a receptors) (Stahl, 1992). The SHT receptor implicated in migraine is
5HT4. Currently, effective and relatively specific anti-migraine compounds, as
a group, are potent 5HT4g1p agonists (Goadsby, 1998). Their possible
mechanisms of action include carotid territory vasoconstrictor effects and
inhibitory effects on both the peripheral and central terminals of the trigeminal
innervation of the pain-producing intracranial structures (Goadsby, 1998).
5HT1a and SHT1g receptors have been identified in post-mortem in the
hippocampus, ventral and prefrontal cortex of human brain tissue (Marazziti et
al., 1994; Varnas et al.,, 2005). 5HT1a and 5HT4g receptors have also been
localised in human cholangiocytes (Marzioni et al., 2005). 5HT, receptors
have been identified in platelets (Jagroop & Mikhailidis, 2001). 5HT4 receptors
stimulate aldesterone secretion in aldesterone-producing adrenocortical
adenomas (Lefebvre et al., 2002). Immunohistochemistry showed expression
of 5HT4s receptors in the medial layer, but did not reveal any obvious
difference in 5HT1g receptor expression between normal and atherosclerotic
coronary arteries in humans (Edvinsson et al., 2005). The results of the study
support the notion that triptans are selective vasoconstrictors of cerebral over
coronary arteries (Edvinsson et al., 2005). Contractions of the fundus of the
stomach are mediated via 5HT receptors (Cohen & Fludzinski, 1987; Cohen &
Wittenauer, 1986). 5HT receptors are present in rat spinal cord (Marazziti et
al., 1994; Matsumoto et al., 1992) and brain tissue where they mediate
neurotransmission (Wirtshafter & Cook, 1998). The stimulation of the

postsynaptic 5HTg receptors inhibits electroshock-induced seizures in rats
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(Stean et al., 2005). The hypophagic effect induced by 5HT requires activation
of 5HT1a and 5HT.s receptors, the 5HT.s receptors showing higher
behavioural sensitivity (Mancilla-Diaz et al., 2005; Vickers & Dourish, 2004).
These results suggest that 5HT14 and 5HT4g receptors may have a significant
role in the treatment of diet control and obesity in humans in the future. The
coronary arteries (Feletou et al., 1994) and saphenous vein in rabitts also
contains 5HT receptors (Wurch et al.,, 1997). Valvular subendocardial cells
contain 5HT1g and 5HT,g receptors (Elangbam et al., 2005; Rajamannan et
al., 2001).

S5HT4 receptors are present in the human bladder (Khan et al., 2000). The
rabbit detrusor contains 5HT; receptors where they are involved in the 5HT-
mediated contraction of the bladder (Khan et al., 2000). It has been suggested
that penile erections in rats are mediated via 5HT+g receptors (Berendsen &
Broekkamp, 1987). The penile erections were induced by the 5HT uptake
inhibitors (zimelidine, fluoxetine, citalopram, Org 6997), by the 5HT-releasing
agent fenfluramine and by the putative 5HT g receptor agonist (1-3'-
chlorophenyl-piperazine). The 5HT 14 agonist (8-OH-DPAT) did not induce
penile erections (Berendsen & Broekkamp, 1987). In rats, the central effect of
S5HT on ejaculation is relatively established; SHT also results in concentration
dependent inhibition of hypogastric nerve stimulation induced seminal vesicle
pressure change (Kim & Paick, 2004). RT-PCR demonstrated mRNA of
5HT1a, SHT4g and 5HT,¢ receptors (Kim et al., 2004).

Immunocytochemical analysis performed on prostate cancer cell lines (PC3,
HT1376 and LNCaP), demonstrated stronger staining for 5HT receptors in

PC3 cells (androgen-independent prostate cancer) as compared to DU145
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(androgen-independent prostate cancer) and LNCaP cells (androgen-
sensitive prostate cancer) (Abdul et al., 1994).

5HT receptor sub-type 1A and 1B (5HTR4a and 5HTR4g) immunoreactivity
was demonstrated in benign and malignant epithelial cells (Dizeyi et al.,
2004). In prostate tumour areas, staining intensity was related to Gleason
grade, with a strongest signal detected in the more advanced grade 4 and 5
tumours (Dizeyi et al., 2004). The staining intensity of SHT receptor sub-type
1A and 1B in tumours with Gleason grade 3 and lower was relatively weak
(Dizeyi et al., 2004). These results indicate that aggressive prostate cancers
with higher Gleason grades have greater SHT receptor expression. 5HT44 and
5HT g receptors were also identified in BPH tissue (Dizeyi et al., 2004). 5HTp
receptors were localised in vascular endothelial cells of both benign and
malignant tissue (Dizeyi et al., 2004). Western blot analysis demonstrated
5HT receptor 1A, 1B and 1D proteins in benign and malignant prostate tissue
(Dizeyi et al., 2004). Among the cell lines, S5HTRa protein was the only
protein that could be demonstrated, and only in the PC3 cell line. RT-PCR
demonstrated 5SHTR;a MRNA expression in all three cell lines and in hPCPs
cells (Dizeyi et al., 2004).

Sub-type 1 5HT receptors exhibit a substantial similarity to adrenergic
receptors (alpha 1,2 and beta 1,2) and this is why a number of adrenergic
agents, including propranolol and pindolol bind to the 5HT1a receptor (Abdul
et al., 1994).

Furthermore, a 5HT4a antagonist, Pindobind, was shown to be a potent
antagonist of both beta-, adrenergic receptor and 5HTia receptor activity

(Fenrick et al., 1996).
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1.5 5HT; as a growth factor in non-tumoural and tumoural cells

SHT acts as a growth factor (Seuwen & Pouyssegur, 1990) on several types
of non-tumoural and tumoural cells. 5HT is a mitogen for fibroblasts, vascular
smooth muscle cells, renal mesangial cells, hepatocytes, jejunal crypt cells
(Ishizuka et al., 1992; Nemecek et al., 1986; Takuwa et al., 1989; Vicaut et al.,
2000) and normal as well as transformed intestinal epithelial cells (Abdul et
al., 1994). Its effect may be either direct or through synergy with other growth
factors (Seuwen et al.,, 1990) and involves inhibition of adenyl cyclase or
activation of pathways involving phospholipase C or a pertussis toxin sensitive
G protein (Vicaut et al., 2000). 5HT stimulated smooth muscle cell
mitogenesis to the same extent as human platelet-derived growth factor
(PDGF) (Nemecek et al., 1986). When smooth muscle cells were incubated
with sub-maximal concentrations of 5HT and PDGF, synergistic rather than
additive mitogenic responses were observed. Thus, S5HT has a significant
mitogenic effect on smooth muscle cells in vitro, which appears to be
mediated by specific plasma membrane receptors (Nemecek et al., 1986).

Several contradictory effects of SHT on tumour growth have been reported
(Seuwen et al., 1990). On one hand, 5HT is regarded as a growth factor for
several types of non-tumoural and tumoural cells. In this context, it has been
proposed to take part in the autocrine loops of growth factors contributing to
cell proliferation in aggressive tumours such as small cell lung carcinoma and
colonic carcinoma (Cattaneo et al., 1993; Cattaneo et al., 1995). It has been
reported that either 5HT; or 5HT, receptor antagonists inhibit tumour growth
(Vicaut et al., 2000). In contrast, others report that 5SHT and 5HT, agonist also

inhibit tumour growth (Rudzit et al., 1970; Vicaut et al., 2000). Most often this
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effect of 5HT, 5HT, and to lesser extent 5HT, agonists has been considered
to be related to the specific vasoconstrictor action on the vessels irrigating the
tumour, as shown by intravital microscopy (Rudzit et al., 1970; Vicaut et al.,
2000). In addition, SHT has been shown to be involved in the effects of
anticancer treatments associated with the reduction of tumour flow (Vicaut et
al., 2000). Several other anticancer agents with experimental or clinical
activity are associated with the reduction in tumour blood flow such as
flavone-8-acetic acid (FAA), vincristine, vinblastine and colchicine (Vicaut et
al., 2000).

SHT has growth stimulatory activity in carcinoid valve disease (Rajamannan et
al., 2001), pancreatic carcinoid cells (Ishizuka et al., 1992), small cell lung
carcinoma cells (Cattaneo et al., 1993; Cattaneo et al., 1995; Codignola et al.,
1993), and colonic carcinoma (Dolezel et al., 1969; Tutton & Barkla, 1978;
Tutton & Barkla, 1982; Tutton & Steel, 1979). Elevated serum 5HT is
associated with carcinoid heart disease, the hallmark of which is valvular
thickening. 5HT is a powerful mitogen for valvular subendocardial cells. The
mitogenic effect is at least partly mediated via 5HT4s receptors.
Subendothelial cell proliferation is significantly elevated in human carcinoid
valves in vivo. This data suggest a mechanism whereby SHT may contribute
to valvular proliferation in carcinoid heart disease. It is postulated that SHT
has a direct mitogenic effect on cardiac valvular subendocardial cells, and that
this effect is mediated by 5HT receptors (Rajamannan et al., 2001).

5HT stimulated growth of human pancreatic carcinoid cells (BON cells). It
stimulated phosphatidylinositol (Pl) hydrolysis and inhibited cyclic AMP

production in a dose-dependent fashion. The 5HTa4s receptor antagonist,
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SDZ 21-009, prevented the reduction of cyclic AMP production evoked by
SHT and inhibited the mitogenic action of 5HT. The 5HTic, receptor
antagonist, mesulergine, competitively inhibited PI hydrolysis, but did not
affect the mitogenic action of S5HT. These results suggest that 5HT is an
autocrine growth factor for BON cells and that the mitogenic mechanism of
SHT involves receptor-mediated inhibition of the production of cyclic AMP
(cAMP) (Ishizuka et al., 1992).

The mitogenic effect of 5SHT on human small cell lung carcinoma (SCLC) is at
least partly due to stimulation of a 5HT4p receptor type. The 5HTa receptor
agonist (8-OH-DPAT) is also capable of stimulating [3H]thymidine
incorporation into the SCLC cell line GLC-8, although with lower efficacy than
SHT. The simultaneous administration of maximal doses of 5HT;s and the
SHT1p receptor agonist sumatriptan reproduced the maximal [3H]thymidine
incorporation observed with 5HT alone. The 5HT:s receptor antagonists
piperone and SDZ 216-525 completely abolished the effect of 8-OH-DPAT.
Accordingly, the two drugs partially inhibited the mitogenic effect of 5HT.
Therefore, the mitogenic effect of 5SHT in SCLC cells involves both 5HT4 and
S5HT1p receptor types (Cattaneo et al., 1995). Hyper-serotoninaemia has also
been observed very early in some patients suffering from small cell lung
carcinoma (Vicaut et al., 2000).

Interesting observations were made by Pratesi et al who reported that a high
dose of SHT (200 pgm/ daily) increased the growth of SCLC cells grafted in
athymic nude mice, whereas a low dose (20 pgm/ daily) inhibited tumour
growth (Vicaut et al., 2000). This observation led to the hypothesis that high

doses of 5HT exert a direct mitogenic effect on tumour cells whereas low
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doses of S5HT reduce tumour growth by decreasing the oxygen tension and
blood supply to the tumours.

Two specific inhibitors of 5HT uptake, citalopram and fluoxetine, were
examined for their effects on cell proliferation and tumour growth. Each of the
agents was found to suppress cell division in dimethylhydrazine-induced
colonic tumours in rats, and to retard the growth of 2 out of 3 lines of human
colonic tumours propagated as xenografts in immune-deprived mice (Tutton
et al., 1982). In another study the anti-serotoninergic drug BW 501C caused
short-term suppression of tumour growth in xenografts in immune-deprived
mice (Tutton et al., 1979).

5HT stimulates aldosterone secretion in aldosterone-producing adrenocortical
adenomas through activation of 5HT,4 receptors (Lefebvre et al., 2002). Eight
patients with an aldosteronoma received a single oral dose of placebo or
5HT, receptor agonist (cisapride 10 mg). Cisapride administration significantly
increased plasma aldosterone within 120 min without any significant change
in renin, cortisol or potassium levels. The effects of SHT and selective 5HT,
ligands on aldosterone production from aldosteronoma tissues were studied in
vitro. SHT alone and the 5HT, receptor agonist cisapride both stimulated
aldosterone secretion from aldosteronoma slices. SHT and cisapride-evoked
aldosterone responses were inhibited by concomitant administration of the
specific 5HT4 receptor antagonist GR 113808. PCR amplification revealed the
expression of S5HT, receptor mRNA in 13 of 14 aldosteronomas studied.
Taken together, this data shows that most aldosteronomas express functional

5HT,4 receptors. Results also suggest that 5HT, which can be locally released
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by intra-tumoural mast cells, plays a role in the pathophysiology of these
tumours (Lefebvre et al., 2002).

5HT causes parathyroid hormone (PTH) hyper-secretion in parathyroid
adenomas (Zimmerman et al., 1980). Incubation with 5HT elicited a marked
increase of 90-150% in cAMP content in slices of parathyroid adenoma tissue.
Stimulation by 5HT was dose-dependent, with the highest stimulation being
achieved at 10* M. The 5HT antagonists, methylsergide and cinanserin,
blocked the stimulatory effect of SHT on cAMP increase. These observations
demonstrate that parathyroid adenoma tissue has a high content of 5HT,
which stimulates cAMP accumulation in this tissue. Since cAMP acts as a
mediator of PTH release, 5HT could be one of the factors regulating PTH
hyper-secretion in parathyroid adenomas.

Platelets appear to be involved in tumour cell lodgement, since
thrombocytopenia significantly reduces the number of lodged tumour cells.
Platelets activated by tumour cells are known to release 5HT which in turn
plays a role in tumour cell lodgement and metastasis (Skolnik et al., 1985).

In vitro proliferative effects of 5HT and anti-proliferative effect of 5HT1a
antagonists on the growth of PC3 and DU145 cells (androgen-independent
prostate cancer) as well as LNCaP cells (androgen-sensitive prostate cancer)
have been described (Abdul et al., 1994; Dizeyi et al., 2004). 5HTan8
receptor antagonist (SDZ 21-009) and a 5HT.a receptor antagonist
(Pindobind) inhibited PC3 cell growth by 40% and 90%, respectively at a
concentration of 10°M at 5 days (Abdul et al., 1994). In vivo growth inhibition
of PC3 cells has also been shown in subcutaneous xenografts in athymic

nude mice (Abdul et al., 1994). Radioligand binding studies indicated the
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presence of SHT binding sites on all three cell lines (PC3, DU145 and LNCaP)
(Abdul et al., 1994; Dizeyi et al., 2004). The effect of three 5HT uptake
inhibitors (6-nitroquipazine, zimelidine and fluoxetine) on cell growth was also
studied (Abdul et al., 1995). All three drugs caused inhibition of PC3, DU145
and LNCaP in a dose-dependent manner. The growth of subcutaneous PC3
xenografts in athymic nude mice was also significantly inhibited by fluoxetine
(Abdul et al., 1995). In a recent study performed by Dizeyi et al, NAN-190
hydrobromide, a 5HT1a antagonist significantly inhibited the proliferation of
PC3 and DU145 cells, but inhibited LNCaP and hPCPs less significantly, thus
indicating that 5HT1a antagonists have a more pronounced growth inhibitory
effect on androgen- independent prostate cancer cells. A maximum effect was
seen at a concentration of 10°M. 5HT significantly stimulated growth of PC3,
DU145, LNCaP and hPCPs cells in a dose-dependent manner with a

maximum effect at 10°M (Dizeyi et al., 2004).

1.6 Neuroendocrine differentiation

Until recently the available publications on neuroendocrine differentiation in
the prostate were few compared with the voluminous literature related to
neuroendocrine cells in other organs (e.g. the gastrointestinal tract and lung).
This situation has begun to change, with a marked increase in the number of
publications related to NE differentiation in prostate carcinoma.

Endocrine-paracrine cells of the prostate, also known as APUD (amine
precursor uptake and decarboxlation) or neuroendocrine cells (NE), constitute
in addition to the basal and exocrine secretory cells, a third population of

highly specialized epithelial cells in the prostate gland (di Sant’/Agnese, 1992a;
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di Sant'‘Agnese, 1992b; di Sant'Agnese, 1998a; di Sant'Agnese, 1998b; di
Sant'Agnese & Cockett, 1994; di Sant'/Agnese & Cockett, 1996; di
Sant'/Agnese & Mesy Jensen, 1987). These endocrine-paracrine cells are
located in all regions of the human prostate at birth, but rapidly decrease in
the peripheral prostate after birth and then reappear at puberty (di
Sant'Agnese et al.,, 1987). After puberty, the number of NE cells seems to
increase until an apparently optimum level is reached, which persists from 25
to 54 years old (Battaglia et al., 1994).

There are markedly fewer NE cells and NE secretory products in mature
nodules of BPH. However, it was also noted that small, proliferating
hyperplastic nodules, and what appear to be growth foci in somewhat larger
nodules, contained abundant NE cells (Cockett et al., 1993). NE differentiation
occurs in virtually all common prostatic adenocarcinomas (Abrahamsson,
1996; Bonkhoff & Fixemer, 2004).

NE cells are further characterised by the presence of cytoplasmic dense core
granules, and ultra-structural studies have shown these constitutive NE cell
organelles to be markedly heterogeneous in size and form, suggesting the
existence of several cell variants (Abrahamsson, 1996; Abrahamsson et al.,
1986).

NE cells contain and most likely secrete, SHT and calcitonin, as well as
variety of other peptides (di Sant'/Agnese et al., 1994). Little is known of the
functional role of these cells, but they probably have a paracrine or local
regulatory role. These endocrine-paracrine cells most likely regulate growth
and differentiation, as well as the secretory functions of the mature prostate

gland (di Sant'Agnese et al., 1994). NE cells release growth factors including
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neuropeptides (somatostatin and bombesin) and biogenic amines (5HT),
which act on the adjacent (exocrine) tumour cells and thus are related to
tumour growth, differentiation, androgen independence, angiogenesis and
poor prognosis (Abrahamsson, 1996; Bonkhoff et al., 2004, di Sant'Agnese,
1992b; di Sant'Agnese, 1998b; Hansson & Abrahamsson, 2001). Another
important product of prostatic NE cells is chromogranin A. Increased serum
levels of chromogranin A were found in patients with androgen-insensitive
prostate tumours (Cussenot et al., 1996).

NE differentiation in prostate carcinoma is a frequent occurrence and
manifests itself in several forms, including (1) small cell carcinoma, (2)
carcinoid and carcinoid-like tumours, and, (3) conventional adenocarcinoma
with focal NE differentiation. This latter pattern is the most common, and there
is evidence that all or nearly all prostatic adenocarcinomas show at least
some focal NE differentiation (di Sant'Agnese, 1992b; di Sant'Agnese,
1998b). NE differentiation leads to tumour progression and poor prognosis
(Dizeyi et al., 2004). Data indicates an increase in NE cells in malignant
prostate tissue (Dizeyi et al., 2004). Results also indicate that a substantial
proportion of prostate cancer metastases contain a subpopulation of cells
expressing a NE phenotype similar to primary tumours (Aprikian et al., 1993,
Aprikian et al., 1994).

NE differentiation has also been reported in bladder cancer (Acs et al., 2000;
Amichetti et al., 1992; Blomjous et al., 1988; Blomjous et al., 1989; Chin et al.,
1992; Dundr et al., 2003; Grignon et al., 1992; Helpap & Kloppel, 2002;
Lertprasertsuke & Tsutsumi, 1991; Martignoni & Eble, 2003; Mazzucchelli et

al., 1992; Mills et al., 1987; Swanson et al., 1988; van Hoeven & Artymyshyn,
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1996; Vincendeau et al., 2003), with positive immunohistochemistry for 5HT
(Lertprasertsuke et al., 1991; Mills et al., 1987). The carcinomas of the urinary
bladder in which NE differentiation has been found include small cell
undifferentiated carcinoma (SCUC), giant cell carcinoma (GCC),
lymphoepithelioma-like carcinoma (LELC), and large cell NE carcinoma
(LCNEC) (Dundr et al., 2003). These tumours are either pure or can be
associated with other components, such as transitional cell carcinoma,
squamous cell carcinoma and adenocarcinoma (Dundr et al., 2003). Bladder
cancers with NE differentiation are usually aggressive tumours with poor
prognosis. It is essential that we obtain a better understanding of NE
differentiation in both prostate and bladder cancer in order to treat them

effectively.

1.7 Alpha-adrenoreceptor antagonists

Alphaj-adrenoceptor antagonists possess an affinity for and thus bind to the
alpha4 receptors. They also bind to alphay, betas or beta, receptors, but with a
lower affinity. These antagonists maybe quinazoline based (doxazosin and
terazosin) or sulphonamide-based (tamsulosin). Alphas-adrenoceptor
antagonists, have been documented to inhibit growth and induce apoptosis in
malignant prostate cells (Anglin et al., 2002; Benning & Kyprianou, 2002;
Cuellar et al., 2002; Glassman et al., 2001; Keledjian et al., 2001; Keledjian &
Kyprianou, 2003; Kyprianou, 2000; Kyprianou, 2003; Kyprianou & Benning,
2000a; Kyprianou et al., 2000b; Kyprianou & Jacobs, 2000c; Liu et al., 2004;
Partin et al., 2003; Tahmatzopoulos & Kyprianou, 2004a; Tahmatzopoulos et

al., 2004b; Xu, Wang et al., 2003a; Xu et al., 2003b). Recent evidence
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suggests that the quinazoline-based alphas-adrenoceptor antagonists,
doxazosin and terazosin, exhibit a potent apoptotic effect against prostate
tumour epithelial cells, whereas tamsulosin, a sulphonamide-based alphaj-
adrenoceptor antagonist, was ineffective in inducing a similar apoptotic effect
against prostate cells (Anglin et al., 2002; Benning et al., 2002; Kyprianou,
2000; Kyprianou, 2003; Kyprianou et al., 2000a; Kyprianou et al., 2000b;
Kyprianou et al., 2000c; Partin et al., 2003). Furthermore, an in vivo efficacy
trial demonstrated that doxazosin administration (at tolerated
pharmacologically relevant doses) in SCID mice bearing PC3 prostate cancer
xenografts resulted in a significant inhibition of tumour growth (Kyprianou et
al.,, 2000a). Doxazosin and terazosin affect prostate growth via an alphas-
adrenoceptor-independent action. The apoptotic activity alphas-adrenoceptor
antagonists (doxazosin and terazosin) against prostate cancer cells is
independent of: (a) their capacity to antagonise alphas-adrenoceptors; and (b)
the hormone sensitivity status of the cells (Anglin et al., 2002; Benning et al.,
2002; Kyprianou, 2000; Kyprianou, 2003; Kyprianou et al., 2000a; Kyprianou
et al.,, 2000c; Partin et al.,, 2003). It has been suggested that the growth
inhibitory effect is possibly mediated via the upregulation of TGF-41 (Anglin et
al., 2002; Glassman et al.,, 2001; Kyprianou, 2003; Partin et al., 2003).
Transforming growth factor-p (TGF-B) is a major regulator of the dynamics of
prostate growth by inhibiting cell proliferation, inducing apoptosis and
regulating cell migration. (Tahmatzopoulos et al., 2004a). TGF-B4 exerts anti-
apoptotic effects by binding to its high affinity TBRII. TBRI! then interacts with

TBRI to initiate a signalling cascade, via which it exerts its mechanism of
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action. TGF-B4 inhibits target cells from entering the S phase of the cell cycle
via induction of key cell cycle regulators (Glassman et al., 2001).

It was proposed that the sensitivity of prostate cancer cells (PC3 \and DU145)
to terazosin was not affected by the presence of either functional p53 or Rb,
suggesting that the terazosin-induced cell death was independent of p53 and
Rb (Xu et al.,, 2003b). However, the terazosin-induced cell death was
associated with G1 phase cell cycle arrest and up-regulation of p27KIP1. In
addition, up-regulation of Bax and down-regulation of Bcl-2 was also observed
indicating that these two apoptotic regulators may play important roles in
terazosin-mediated cell death pathway (Xu et al., 2003b).

Another study reported that Bcl-2 overexpression in prostate cancer cells
exerts an antagonistic effect against the quinazoline - mediated apoptotic
effect by suppressing cell attachment to gelatine matrix without effecting cell
invasion (Keledjian et al., 2003). Growth factors such as transforming growth
factor (TGF), basic fibroblast growth factor (BFGF) and VEGF, contribute to
the angiogenic resonse of tumours via the modulation of integrin expression
(Keledjian et al., 2003).

Alphaj-adrenoceptor antagonists enhance the apoptotic effect of ionizing
radiation against human prostate cancer cells (Cuellar et al., 2002). It has also
been proven that they decrease the vascularity of prostate tumours (Keledjian
et al., 2001; Keledjian et al., 2003).

Studies continue to investigate the exact mechanism by which alpha-
adrenoceptor antagonists inhibit prostate cancer cell growth.

5HT receptors of subtype 1 exhibit a substantial similarity to adrenergic

receptors (alphas, alpha,, beta; and beta,) and this is why a number of
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adrenergic agents, including propranolol and pindolol bind to the SHTR1a
receptor with a high affinity (Abdul et al., 1994). Furthermore, a S5HT4a
antagonist, Pindobind, was shown to be an antagonist of both beta;

adrenergic receptor and 5HT 44 receptor activity (Fenrick et al., 1996).

1.8 Other agents inhibiting prostate and bladder cancer cell growth

Researchers have been looking into the effect of various agents on prostate
and bladder cancer cell growth in an attempt to find an agent which can be
used as an effective anti-neoplastic drug. The apoptotic effect of alpha-
adrenoceptor antagonists (Anglin et al., 2002; Benning et al., 2002; Cuellar et
al., 2002; Glassman et al., 2001; Keledjian et al., 2001; Keledjian et al., 2003;
Kyprianou, 2000; Kyprianou, 2003; Kyprianou et al., 2000a; Kyprianou et al.,
2000b; Kyprianou et al., 2000c; Liu et al.,, 2004; Partin et al., 2003) has
already been discussed. A number of other agents have been studied.
Fluroquinolone antibiotics such as ciprofloxacin and ofloxacin cause a dose-
and time-dependent inhibition of transitional cell carcinoma of the bladder and
inhibit DNA synthesis at concentrations that are easily attainable in the urine
of patients(Aranha et al., 2000; Seay et al., 1996; Zehavi-Willner & Shalit,
1992). The mechanism of this effect is not clear but research continues.
Nitrofurantoin is another antibiotic found to inhibit bladder cancer cell
growth(Bulbul et al., 1985). A selective 5HT reuptake inhibitor (Fluoxetine)
inhibits the growth of bladder cancer cells(Bendele et al., 1992; Tang et al.,
2001).

Non steroidal anti-inflammatory agents have been shown to inhibit the growth

of both prostate and bladder cancer cell growth. Ibuprofen inhibits bladder
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cancer cell growth in vitro (Khwaja et al., 2004), however more selective
cyclooxygenase (Cox-1 and Cox-2) inhibitors have shown to inhibit the
proliferation of both prostate and bladder cancer cells (Farivar-Mohseni et al.,
2004; Grubbs et al., 2000; Mohseni et al., 2004; Pommery et al., 2004) in vitro
and in experimental animals (Grubbs et al.,, 2000). Lipoxygenase (LOX)
inhibitors have shown to have a similar response in bladder cancer cells
(lkemoto et al., 2004, Matsuyama et al., 2004). Several molecular
mechanisms have been postulated to explain the anticancer effects of
NSAIDs. These drugs do not only involve the inhibition of cyclooxygenase-2,
and a more proximate initiator molecule may be regulated by NSAIDs to
inhibit growth (Grubbs et al., 2000). Retinoic acid antagonists inhibit the
growth of prostate (Keedwell et al., 2004) and bladder cancer cells (Wang et
al., 2000; Zou et al., 2005).

Other agents that inhibit the proliferation of prostate cancer cells are imatinib
(Kubler et al., 2004), resveratrol (Kim et al., 2003), liver X receptor agonist
(Fukuchi et al., 2004), endothelin receptor antagonist (Lassiter & Carducci,
2003), avocado extract(Lu et al., 2005), epiguard (Lu et al., 2004), hypericum
perforatum methanolic (Martarelli et al., 2004) and pygeum africanum extracts
(Santa Maria et al.,, 2003), anandamide (Mimeault et al., 2003),
oligonucleotides (Rubenstein et al., 2003), organoselenium compounds (Shi
et al., 2003), inositol hexaphosphate (Singh et al., 2004), acacetin (Singh et
al., 2005) and branched chain fatty acids (Yang et al., 2003).

Other agents documented to inhibit the proliferation of bladder cancer cells
are epigallocatechin gallate (found in green tea) (Chen et al, 2004;

Kemberling et al., 2003; Yu et al., 2004), flavopiridol (Chien et al., 1999),
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phenylretinamide (Clifford et al., 2001), p21 adenovirus (Hall et al., 2000),
ganoderma lucidum extract (Lu et al., 2004), platinum analogs (Niell et al.,
1985), N-trifluroacetyladriamycin-14 valerate (Niell et al., 1987), linoleic acid
(Oh, Lee, Cho, Lee, Jung & Park, 2003), essiac (Ottenweller et al., 2004),
carboxyamido-triazole (Perabo et al., 2004), OK-432 (an immunomodulating
agent like BCG) (Sakano et al., 1997), suramin (Sandgren & Belting, 2003;
Walther et al., 1994), N-butyl-N-(4-hydroxybutyl) nitrosamine (found in green
tea) (Sato, 1999), tyrosine kinase inhibitors (Sion-Vardy et al., 1995), arsenic

trioxide (Tong et al., 2001) and honey (Swellam et al., 2003).

1.9 Hypothesis

Neuroendocrine differentiation takes place in prostate cancer tissue,
especially after long-term anti-androgen therapy and thus the treatment
options for androgen independent prostate cancer are limited (di Sant'Agnese,
1992a; di Sant'‘Agnese, 1992b; di Sant'/Agnese, 1998a; di Sant'Agnese,
1998b; di Sant'/Agnese & Cockett, 1994; di Sant'/Agnese & Cockett, 1996; di
Sant'Agnese & Mesy Jensen, 1987). NE differentiation has also been reported
in bladder cancer (Acs et al., 2000; Amichetti et al., 1992; Blomjous et al.,
1988; Blomjous et al., 1989; Chin et al., 1992; Dundr et al., 2003; Grignon et
al., 1992; Helpap et al., 2002; Lertprasertsuke et al., 1991; Martignoni et al.,
2003; Mazzucchelli et al., 1992; Mills et al., 1987; Swanson et al., 1988; van
Hoeven et al., 1996; Vincendeau et al., 2003). NE cells release growth factors
including neuropeptides (somatostatin and bombesin) and biogenic amines
(5HT) which act on the adjacent (exocrine) tumour cells and thus correlate to

tumour growth, differentiation, androgen independence, angiogenesis and
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poor prognosis (Abrahamsson, 1996; Bonkhoff et al., 2004; di Sant'Agnese,
1992b; di Sant'Agnese, 1998b; Hansson et al., 2001). Positive immuno-
staining for SHT has been demonstrated in both prostate and bladder cancer
tissue (Dizeyi et al., 2004; Lertprasertsuke et al., 1991; Mills et al., 1987).
Based on the fact that 5HT acts as a growth factor for several types of non-
tumoural and tumoural cells, we investigate the effect of SHT on the growth of
PC3 cells (androgen independent prostate cancer) and HT1376 cells (grade
Il transitional cell carcinoma of the bladder) using crystal violet proliferation
studies. Using the same technique, we also determine the effect of various
5HT receptor sub type antagonists on PC3 and HT1376 cell growth. We seek
to prove the hypothesis that SHT shall cause proliferation of prostate and
bladder cancer cell growth and SHT antagonists shall inhibit the growth.

Using techniques of immunohistochemistry and western blotting, we examine
the SHT receptor profile in both human prostate and bladder cancer cells and
tissue. Apoptosis and cell cycle arrest in prostate cancer cells treated with
5HT antagonists are examined using FACS analysis.

Doxazosin, an alphaj-adrenoceptor antagonist, commonly used for the
treatment of benign prostatic hyperplasia (BPH) and hypertension, has
recently been shown to inhibit prostate cancer cell growth (Anglin et al., 2002;
Benning et al., 2002; Cuellar et al., 2002; Glassman et al., 2001; Keledjian et
al., 2001; Keledjian et al., 2003; Kyprianou, 2000; Kyprianou, 2003; Kyprianou
et al., 2000a; Kyprianou et al., 2000b; Kyprianou et al., 2000c; Liu et al., 2004,
Partin et al., 2003). This inhibitory effect is independent of the direct action of
alpha-receptor blockade by the drug (Anglin et al., 2002; Benning et al., 2002;

Kyprianou, 2000; Kyprianou, 2003; Kyprianou et al., 2000a; Kyprianou et al.,
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2000c; Partin et al., 2003). Using the crystal violet proliferation assay
technique, we aim to confirm the inhibitory effect of doxazosin on prostate
cancer cell growth and extend this study to examine the effect of this drug on
bladder cancer cell growth.

Doxazosin inhibits 5HT-induced shape change in platelets, via the 5HT,
receptor (Jagroop et al.,, 2001). It significantly inhibits 5S5HT-mediated
contractions in the rabbit detrusor (Khan et al., 2000; Khan et al., 2001)
through S5HT3 receptor inhibition. Autoradiographic evidence suggests that
doxazosin reduces S5HT binding in the rabbit detrusor (Khan et al., 2000). The
beneficial effects of doxazosin in bladder outflow obstruction may be due, at
least in part, to SHT antagonism (Khan et al., 2000).

Based on these observations, it is possible that the growth inhibitory effect of
doxazosin on prostate and bladder cancer cells is mediated via S5HT
receptors. Using crystal violet proliferation studies, we aim to prove this

hypothesis.
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CHAPTER 2

IN VITRO PROLIFERATION STUDIES OF PROSTATE CANCER (PC3)
AND BLADDER CANCER (HT1376) CELL LINES WITH 5HT AND S5HT

Q

ANTAGONISTS
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2.1 Introduction

Cell proliferation assays are essential to develop an understanding of the
molecular mechanisms that modulate cell growth and differentiation.

From the very beginning, scientists tried to develop tests to assess the
efficacy of anticancer treatment. One of the greatest achievements in cancer
research was the brilliant work of R. Schrek in the 1960s. In his published
work, there are obvious clues to a practicable testing method, to improve
clinical research and drug selection in cancer treatment. But timing is
everything, the drugs available in the 1960s were not very effective, and no
one appreciated the importance of apoptosis (programmed cell death)
(www.weisenthal.org).

In the early 80s, cancer was considered to be a disease in which the primary
problem was disordered cell division and proliferation (www.weisenthal.org).
There are numerous techniques available today to determine cell proliferation
and death; for example the MTT assay, thymidine assay, alamar Blue assay
and crystal violet assay. We used the crystal violet assay for our experiments
which is based on the principle that crystal violet is only incorporated into
living cells. The optical density of the crystal violet eluted by the cells after
treatment with acetic acid is read using a spectrophotometric plate reader,
providing an assessment of cell viability when compared with control.

In this chapter, we investigate the effect of 5HT on the growth of PC3 cells
(androgen independent prostate cancer) and HT1376 cells (grade |lII
transitional cell carcinoma of the bladder) using crystal violet studies. Using
the same technique, we also look into the effect of various SHT receptor sub-

type antagonists on PC3 and HT1376 cell growth. We intend to determine
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whether S5HT causes proliferation of prostate and bladder cancer cells and if

5HT antagonists inhibit their growth.

2.2 Materials and Methods

Two malignant cell lines were used: PC3 (passage 7), an androgen
independent prostate cancer cell line and HT1376 (passage 9) a grade lll
transitional cell carcinoma of the bladder cell line. Both were obtained from
the (ATCC) American Type Culture Collection (Teddington, Middlesex, UK).
The PC3 cells were maintained in Nutrient Mixture F-12 Ham Medium
supplemented with 8% Fetal Bovine Serum (FBS) and 1% Antibiotic
Antimycotic Solution.

The HT1376 cells were maintained in Minimum Essential Medium Eagle
supplemented with 8% Fetal Bovine Serum (FBS), 1% Antibiotic Antimycotic
Solution and 1% MEM Non Essential Amino Acid Solution .

Both PC3 and HT1376 cells were incubated at 37°C in a humidified

atmosphere of 95% air and 5% CO..

2.3 Reagents

5HT (serotonin creatinine sulphate complex) was purchased from Sigma-
Aldrich Company Ltd (Dorset, UK). 5HT antagonists; (NAN-190
hydrobromide; 5HT1a), (SB224289 hydrochloride; 5HT1g), (Ketansarin; SHT1p
& 5HT,), (Y25130 hydrochloride; 5HT3) and (RS 23597-190 hydrochloride;
5HT,) were purchased from Tocris Laboratories (Bristol, UK).

The Nutrient Mixture F-12 Ham Medium (for PC3 cells), Minimum Essential

Medium Eagle (for HT1376 cells), Fetal Bovine Serum (FBS), Dimethyl
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Sulfoxide (DMSO), MEM Non Essential Amino Acid Solution and Antibiotic
Antimycotic Solution were all purchased from Sigma-Aldrich Company Ltd
(Dorset, UK). Dulbecco’s Phosphate buffered saline (PBS) was used for
washing the cells and distilled water was used as a control for the

experiments.

2.4 In Vitro Proliferation Assay

Prostate cancer cells were seeded in a 96 well plate, at 5000 cells per well in
100 pl serum containing medium and incubated at 37°C. After 24 h, 10 ul of
the serum containing medium was removed and replaced with 10 ul of 5HT or
SHT antagonist (5HT1a, 5HT1s, 5HTz1p, 5HT3, 5HT4) solutions at varying
concentrations prepared in distilled water. A cell proliferation study was
carried out and changes in cell number quantified using a crystal violet
colorimetric assay, 72 h after adding the drugs.

Proliferation studies were carried out at 24, 48 and 72 h, after addition of 5HT.
In brief, a solution containing 0.5 g of crystal violet, 0.85 g of NaCl, 5 ml of
10% formal saline (0.5 ml of formaldehyde and 4.5 ml of normal saline), 50 ml
of absolute ethanol, 45 ml of distilled water was prepared. 100 pl of medium
was gently aspirated from each well and replaced by an equal volume of the
colorimetric assay mixture and incubated at room temperature for 10 min.
This mixture allowed simultaneous fixation of cells and penetration of crystal
violet dye into the living cells. After washing three times in PBS, 33% acetic
acid was used to elute colour from cells and changes in optical density read at

570 nm using a spectrophotometric plate reader. Cell viability was expressed
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as a percentage of the control OD value, where control OD values were

considered 100 %.

2.5 Statistical analysis

Each proliferation assay experiment was repeated an average of three times,
each with quadruple samples. Data analysis was performed using Microsoft
Excel XP and SPSS Graphpad software. Repeated measure analysis of
variance test was carried out to assess the effect of drug concentrations
within the groups. When an overall difference among the drug concentrations
was identified, Dunnett’'s Post Hoc comparison tests were applied in order to
assess the difference between various concentrations of a drug and the

control. Statistical significance was accepted at P<0.05

2.6 Results

5HT caused proliferation of PC3 cells at 24, 48 and 72 h. A maximum
proliferation of 15% (n = 12, P < 0.0001) was seen at a concentration of 108
M at 72 h, as compared to control (Figure 1, Tables 1,2 & 3).

5HTia (NAN-190 hydrobromide) and 5HTsg (SB224289 hydrochloride)
antagonists had a dose-dependent inhibitory effect on the growth of PC3 cells
at 72 h. At a concentration of 10*M, 5HT1 and 5HT4g antagonists had a 20%
(n =12, P < 0.0001) and 78% (n = 12, P < 0.0001) inhibitory effect on PC3
cell growth, respectively as compared to control (Figures 2 & 3, Tables 4 & 95).
Thus, SB224289 hydrochloride, a selective 5HT g receptor antagonist, had a

greater inhibitory effect on PC3 cell growth as compared to a SHTia
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antagonist. The ICs value for the 5HT 15 antagonist (SB224289 hydrochloride)
is 3.23 x 10 (Figure 4).

The remaining S5HT receptor subtype antagonists (5HTp,2 (Ketansarin), 5HT;
(Y25130 hydrochloride) and 5HT4 (RS 23597-190 hydrochloride) had no
significant inhibitory effect on cell growth (5HT1p,, P = 0.439, 5HT;P = 0.168
and 5HT4 P = 0.106)(Figures 5,6 & 7, Tables 6,7 & 8).

All the above experiments were performed in quadruples and were repeated
at least three times.

The effect of SHT and various 5HT receptor antagonists on HT1376 (grade I
transitional cell carcinoma bladder) cell growth was investigated. 5SHT caused
proliferation of HT1376 cell growth at 24, 48 and 72 h. A maximum
proliferation of 12% (n =12, P < 0.0001) was seen at a concentration of 102 M
at 72 h, as compared to controls (Figure 8, Tables 9,10 & 11).

5HT1a (NAN-190 hydrobromide) and 5HT:s (SB224289 hydrochloride)
antagonists had a dose-dependent inhibitory effect on the growth of HT1376
cells at 72 h, as compared to controls. At a concentration of 10“*M, 5HT4, and
5HT4s antagonists had a 10% (n = 12, P < 0.0001) and 93% (n = 12, P <
0.0001) inhibitory effect, respectively, on HT1376 cell growth (Figures 9 & 10,
Tables 12 & 13). The ICsy value for the 5HT4g antagonist (SB224289
hydrochloride) is calculated at 1.85 x 10 (Figure 11).The other 5HT-receptor
subtype antagonists (5HTp, (Ketansarin), 5HT3; (Y25130 hydrochloride) and
5HT, (RS 23597-190 hydrochloride) had no significant inhibitory effect on cell
growth (5HT1p P = 0.219, 5HT3; P = 0.805 and 5HT, P = 0.677) (Figures 12,

13 &14, Tables 14, 15 & 16).
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Experiments were performed in quadruples and were repeated at least three

times.
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Figure 1: An increase in growth proliferation of PC3 cells by SHT, at (a) 24 h, (b) 48
h and (c) 72 h, respectively. A maximum effect is seen at a concentration of 10 M at
72 h. The bars represent the standard error of the mean (SEM).
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24h
Control | 10° 10°® 107 10° 10°
1 100% | 101.0% | 105.1% | 109.2% | 110.2% | 106.1%
2 100% | 90.9% | 95.0% | 109.9% | 909% | 90.1%
3 100% | 96.9%| 98.4% | 844%| 80.5%| 859%
4 100% | 112.6% | 114.6% | 101.0% | 125.2% | 108.7%
5 100% | 114.7% | 106.3% | 94.4% | 104.9% | 951%
6 100% | 109.6% | 117.1% | 95.9% | 104.8% | 96.6%
7 100% | 113.7% | 114.4% | 111.5% | 103.6% | 112.9%
8 100% | 107.7% | 110.8% | 114.6% | 107.7% | 109.2%
9 100% | 105.5% | 109.1% | 118.2% | 110.9% | 106.4%
10 100% | 112.1% | 1136% | 112.1% | 95.5% | 115.2%
11 100% | 93.5% | 105.1% | 97.1% | 84.8% | 93.5%
12 100% | 98.6% | 103.6% | 100.7% | 108.6% | 87.9%
Mean 100% | 104.7% | 107.8% | 104.1% | 102.3% | 100.6%
SEM 0 24 2.0 29 3.6 3.0

Table 1: Percentage cell viability of PC3 cells at 24 h, after treatment with SHT.

48h
Contro! | 10° 10° 107 10° 107
1 100% | 124.5% | 110.0% | 105.5% | 100.0% | 107.5%
2 100% | 100.0% | 996% | 99.1% | 93.0% | 92.1%
3 100% | 104.5% | 116.9% | 101.0% | 105.0% | 100.0%
4 100% | 109.2% | 115.6% | 104.6% | 113.8% | 93.1%
5 100% | 106.9% | 115.4% | 104.3% [ 97.3% | 105.3%
6 100% | 106.4% | 117.2% | 995% | 96.1% | 95.1%
7 100% | 110.6% | 114.3% | 105.3% | 107.4% | 110.1%
8 100% | 107.4% | 111.2% | 109.8% | 98.1% | 97.2%
9 100% | 117.6% | 118.8% | 105.3% | 110.0% | 94.7%
10 100% | 120.4% | 119.1% | 107.6% | 108.9% | 98.7%
11 100% | 109.4% | 113.2% | 106.9% | 100.6% | 105.0%
12 100% | 115.3% | 117.2% | 112.7% | 105.7% | 104.5%
Mean 100% | 111.0% | 114.0% | 105.1% | 103.0% | 100.3%
SEM 0 2.0 1.5 1.2 1.8 1.7

Table 2: Percentage cell viability of PC3 cells at 48 h, after treatment with SHT.
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72h

Control | 10° 10° 107 10° 10°
1 100% | 107.8% | 113.5% | 93.4% | 93.4% | 89.2%
2 100% | 111.9% | 967%| 958% | 97.3%| 87.8%
3 100% | 118.4% | 125.1% | 112.4% | 101.0% | 99.7%
4 100% | 102.0% | 123.5% | 108.5% | 110.5% | 105.8%
5 100% | 103.4% | 117.7% | 1134% | 996% | 89.2%
6 100% | 118.8% | 118.8% | 120.0% | 97.1% | 108.3%
7 100% | 115.9% | 116.8% | 90.1% | 103.9% | 97.0%
8 100% | 130.1% | 117.5% | 106.1% | 934% | 99.1%
9 100% | 112.9% | 109.6% | 117.2% | 108.1% | 95.2%
10 100% | 117.8% | 127.2% | 103.9% | 129.4% | 106.1%
1 100% | 122.8% | 119.2% | 113.5% | 109.3% | 92.7%
12 100% | 107.7% | 104.8% | 102.9% | 100.0% | 102.4%
Mean 100% | 114.1% | 1154% | 106.4% | 1036% | 97.7%
SEM 0 24 2.5 2.8 2.9 2.0

Table 3: Percentage cell viability of PC3 cells at 72 h, after treatment with SHT.
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Figure 2: A dose-dependent growth inhibition of PC3 cells by a SHT, s antagonist
(NAN-190 hydrobromide) with a maximum effect seen at a concentration of 10™ M at
72 h. The bars represent the standard error of the mean (SEM).

Control 107 10° 10° 10

1 100% | 96.8% | 841% | 81.8% | 79.1%

2| 100% | 932%| 912%| 83.9% | 76.6%

3| 100%| 867%| 888% | 816% | 796%

4| 100% | 103.4% | 1056% | 93.3% | 79.8%

5| 100% | 89.8% | 829%| 776% | 76.4%

6| 100%| 97.7%| 959% | 936% | 86.8%

7| 100%| 91.9% | 898% | 813%| 854%

8| 100%| 920%| 843%| 847%| 77.9%

9| 100% | 102.7% | 96.9% | 87.3%| 82.7%

10| 100% | 1009% | 87.7% | 886% | 81.1%

1 100% | 98.8% | 102.1% | 90.1% | 82.3%

12| 100% | 96.0% | 942% | 850%| 81.0%
Mean 100% | 95.8% | 92.0% | 85.8% | 80.4%
SEM 0 15 2.1 14 0.9

Table 4: Percentage cell viability of PC3 cells at 72 h, after treatment with a SHT o
antagonist (NAN-190 hydrobromide).
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Figure 3: A dose-dependent growth inhibition of PC3 cells by a SHT, antagonist
(SB224289 hydrochloride) with a maximum effect seen at a concentration of 10™ M at
72 h. The bars represent the standard error of the mean (SEM).

control 107 10° 10° 10

1 100% 85.0% 70.5% 32.7% 21.8%

2 100% 99.5% 89.6% 42.7% 18.8%

3 100% 90.3% 90.8% 31.1% 24.5%

4 100% 95.5% 89.9% 38.8% 23.6%

5 100% 89.9% 64.7% 25.9% 21.1%

6 100% 89.1% 71.7% 27.8% | 20.00%

7 100% 97.4% 88.2% 37.4% 23.6%

8 100% 100.0% 95.4% 40.6% 25.4%

9 100% 93.6% 87.8% 27.5% 24.0%

10 100% 95.2% 85.0% 34.3% 24.2%

11 100% 93.0% 95.4% 22.8% 21.9%

12 100% 95.9% 92.4% 29.1% 29.6%
Mean 100% 93.7% 85.1% 32.6% 22.4%
SEM 0 1.3 3.0 1.8 0.8

Table 5: Percentage cell viability of PC3 cells at 72 h, after treatment with a SHT s
antagonist (SB224289 hydrochloride).
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