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endothelial cell marker CD31 performed on WT HelLa cell tumours from nude mice

treated with vehicle or SP

Figure 6.1: Autocrine and paracrine regulation of SP on cervical epithelial cells
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PROJECT SYNOPSIS

Cervical cancer is a worldwide public health problem with in excess of 370,000
new cases being reported each year. It is the leading cause of death from cancer among
women in the developing world where 80% of cases occur. Human papilloma virus
(HPV) has been identified as the main causative factor linked with the development
and progression of cancer of the cervix, although other factors are known to exist and
include genital warts, consenting to sex at an early age, smoking, long term use of
contraceptive pills and multiple sexual partners. Despite the exact mechanisms
underlying the disease not being well understood, there is a strong growing body of
evidence to suggest that exposure of neoplastic cervical epithelium to seminal plasma

(SP) may be of significant importance.

The initial aim of this research was to determine if SP treatment of normal cervical
tissue could induce increased expression of prostaglandin endoperoxide synthase
(PTGS) enzymes, prostaglandin receptors, pro-inflammatory mediators and pro-
angiogenic factors known to be upregulated in cervical carcinomas. Quantitative real-
time polymerase chain reaction (QRT-PCR) revealed that expression of PTGS
enzymes -1 and -2, prostanoid receptors PTGER1, PTGER3 and PTGER4, pro-
inflammatory cytokines IL6, IL-8 and IL-11, pro-angiogenic factor VEGF, growth
related oncogene (Gro-a) and the intratumoral vascularisation marker CD31 were all
significantly increased in response to seminal plasma treatment in normal cervical
tissue in comparison to vehicle treated control group. This data highlights the potential
of SP as a trigger for augmenting the local microenvironment that may in turn create
favourable conditions for cervical tumour growth. It is established that HPV is the
cause for developing cancer of the cervix, however it takes 10-15 years to develop, so
SP poses as an additional insult that can cause premalignant lesion to grow and

contributes to cervical cancer development.

In order to assess the signalling pathways which are involved in SP-activated
transcription of these target genes, WT HelLa adenocarcinoma cells were employed as
a model system and treated with SP in the presence/absence of an array of inhibitors or

vehicle as control. The expression was determined by QRT-PCR analysis and
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demonstrated that SP treatment induced the over-expression of PTGS-1, PTGS-2, IL-
6, IL-8, IL-11, Gro-o and VEGEF. Specific inhibitors of MAPK kinase/ERK, EGFR and
PTGS-2 were shown to inhibit the fold-induction that was induced of these target
genes by SP and therefore suggest that these signalling pathways are central in the
activation of pro-tumourigenic genes, although a role for NF-xB and to a lesser extent
TGF-B is also evident. In order to determine whether the SP-mediated transactivation
of target genes and signalling pathways culminated in an increased proliferation index
in our model cell line system, QRT-PCR analysis and immunohistochemistry were
employed and showed the expression of the proliferative marker Ki-67 to be
significantly upregulated in WT HeLa cells following treatment with SP in comparison
to the untreated control. Consistent with that, SP increased the cellular proliferation of
WT HeLa adenocarcinoma cells as determined by using the CellTitre96 Aqueous One
Solution proliferation assay. In addition, immunohistochemical staining of the
proliferative marker Ki-67 was also found to be significantly elevated in squamous
carcinoma when compared to normal cervical tissue which is indicative of increased
cell proliferation and is consistent with the effects this thesis has shown SP exhibits on
WT HelLa cells. These data display that SP can promote cellular proliferation of
cervical epithelia by the activation of target genes involved in tumourigenesis,
inflammation and angiogenesis through the activation of MAPK kinase/ERK, EGFR,
PTGS enzymes, NF-kB and TGF-p.

To further investigate SP as a key promoter or even regulator of cervical
tumourigenesis, a xenograft mouse model was established using MF-1 nude mice
inoculated with HeLa adenocarcinoma cells and animals were then subjected to a
treatment regime of 3 times weekly injections of SP (1:500) or PBS (control group) for
a duration of ten weeks. SP treatment led to an increase in tumour size. At 10 weeks
mice were sacrificed and all tumours were excised. Their analysis showed that tumours
grown in mice administered with seminal plasma displayed a significant increase in
weight, size and proliferation index, as determined by Ki-67, in comparison to tumours
in control mice. Coincident with enhanced tumour growth, QRT-PCR analysis showed
elevated expression of the inflammatory PTGS-1, PTGS-2 and the E-series prostanoid
receptors PTGER1, PTGER2 and PTGER4 together with the potent pro-inflammatory

XX



cytokines interleukin (IL)-6 and IL-11 and the pro-angiogenic vascular endothelial
growth factor (VEGF) in SP xenograft tumours compared with control. In addition,
immunohistochemical staining for CD31 revealed significantly larger blood vessels in
xenograft tumours in mice treated with seminal plasma. These data show for the first
time that seminal plasma can promote cervical tumourigenesis in vivo via the induction
of potent pro-inflammatory mediators and angiogenic factors to enhance the
proliferative and angiogenic capacity of cervical cancer cells. SP induced the
upregulation of the same genes in normal cervical tissue and WT HelLa adencarcinoma

cells and thereby provides further evidence to support this data.

It is likely that SP does have a functional role in the development and progression of
cervical cancer but further research is required to help elucidate the underlying
mechanisms involved and therefore assist in implementing improved therapy for

women with cervical carcinomas.
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1.1 Introduction

The interplay between inflammation and cancer has been recognized for some
time. In the context of gynaecologica malignancies, inflammation can contribute to
the initiation and progression of disease via the release of local mediators,
prostaglandins, interleukins, growth factors and cytokines (Coussens and Werb, 2002).
This in turn facilitates immune cell recruitment, cell proliferation and angiogenesis to
sustain tumour growth. It is well recognised that seminal plasma contains an
abundance of growth factors, cytokines, protein kinases, signal transduction molecules,
angiogenic factors and prostaglandins (Ness and Grainger, 2008; Robertson, 2005;
Fung et al., 2003). Therefore, the vast range of complexities contained within the
gjaculate pool may help promote conditions which are favourable for the onset and
progression of cervical cancer. This coincides with the increasing body of evidence
which suggests that multiple sexua partners (Use, 1981; Ali et al., 2010) may be
pivotal in triggering the development of the disease. Human papilloma virus (HPV) is
the precursor in nearly al cases of cervical cancer, however, it takes approximately 12-
15 years before a persistent HPV infection manifests in cervical carcinoma (Muller et
al., 2006; Wallin et al., 1999) and as a result this thesis will focus on testing the effect

of SP on disease development and progression.

1.2 Epidemiology of Cervical Cancer

At present, there are more than 273,000 deaths worldwide from cervical cancer
each year accounting for 9% of total cancer deaths in females (Ruiz-Godoy et al.,
2007). Cancer of the cervix remains the most prolific female cancer in developing
countries with a notable decline in mortality rates in Western countries being ascribed
to successful screening programmes and vaccine development (Ponten et al., 1995;
Harlan et al., 1995; Kim and Goldie, 2008). The prevalence of cervical cancer in South
Africais reported as being one of the worst in the world, occurring on average in 29
out of every 100,000 women (Steckley et al., 2003). This is regarded as being very
high when compared to Italy, a country considered as having a low incidence rate
where cervical cancer occursin only 2.8 out of every 100,000 women (Aareleid et al.,
1998). However, the likelihood of a South African woman developing cancer of the
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cervix is somewhat altered when analysing sub-populations within the country. For
example, cervical cancer isthe most commonly occurring cancer in black and coloured
South African females (31.2% and 22.9% respectively) whereas it is the fourth most
common cancer amongst white South African females (2.7%) (Sitas et al., 1997).
Whilst trends in mortality rates in South Africa show a low incidence in the white
population, it is thus clear that black and coloured females living in this country are at
especially high risk of dying from cervica cancer due to inadequate screening

programmes and lack of awareness about the disease (Bailie et al., 1996).

1.3 Histology of the Uterine Cervix

The word ‘cervix’ means neck in Latin and is aptly named as it forms the neck
of the uterus in the lower, narrow portion that protrudes into the vagina. The cervix is
conical in shape, fibromuscular in origin and its opening is often referred to as the os.
It is responsible for performing several functions that includes allowing the passage of
spermatozoa into the genital tract, permitting menstrual blood flow during
menstruation and acts as a defensive barrier, protecting the uterus against bacterial
infection. An additional important feature of the cervix is highlighted during labour as
it holds the fetus in place until birth and then has the ability to dilate allowing the fetus
to pass from the uterus to the vagina. The cervix is covered by athin layer of epithelia
cells consisting of two distinct cell types called columnar epithelium and stratified
squamous epithelium (Fichorova and Anderson, 1999). Columnar epithelium consists
of a single layer of cells that line the endocervical canal and usually form a sterile
passage into the upper genital tract. On the other hand, squamous stratified epithelium
that line the vaginal wall and the exocervix is multilayered and is able to withstand
mechanical or chemical insult such that the outer layers can be shed as to not expose
the basement membrane, making these cells perfectly suited for maintaining the
structural integrity of the cervix (Fichorova and Anderson, 1999). The junction
between the squamous epithelium of the cervix and the columnar epithelium
originating from the endocervica glandsis referred to as the squamocolumnar junction
(Figure 1.1).
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Squamous Epithelium

Squamocolumnar Junction

Figure 1.1: Histology of the uterine cervix taken from patient attending Groote Schuur
Hospital, Cape Town, South Africa Haemotoxylin and eosin (H&E) stained section
(magnification x20).

During adolescence and pregnancy, the columnar epithelium is replaced by squamous
epithelium to form a new squamocolumnar junction. The area between the new and old
squamocolumnar junction is referred to as the transformation zone with several studies
proposing that carcinogens act in this region to initiate cervical neoplasia (Martin-
Hirsch et al., 1997; Kristensen et al., 1989).

1.4 Symptoms and Screening of Cervical Cancer

In the majority of cases, cervical cancer has no symptoms and when the signs
are present, they often go undetected by the patient. The indicatory warnings that can
arise during the early stages of cervical cancer include a continuous watery vagina
discharge which may be foul-smelling and/or abnormal vagina bleeding between
periods or after intercourse. Symptoms that manifest in later stages of the disease vary

from loss of appetite and fatigue to pelvic pain, back pain and bone fractures.
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1.4.1 Pap Smear

The gold standard of cervical cancer detection is a test called the Pap smear.
This technique was newly devised by Papanicolauo and Traut in 1943 and enables to
detect precursor intraepithelial lesions of the cervix efficiently. This method
revolutionarized the public health sector for being one of the most ever successful

forms of cancer prevention.

The test itself is performed using either a spatula or a brush and requires the physician
to collect approximately 500,000 cervical epithelia cells. These cells are then placed
on a glass slide and checked under a microscope for abnormalities using selective dyes
that are retained by the cells. However, the test should not be performed during
menstruation as this can have fluctuating results. The determined age that a woman
should first undergo a Pap smear varies from approximately 20-25 years old and
continues every 2-3 years until approximately 60 years of age, but if abnormal lesions
have been found to be present, check-up appointments should be made on a more
frequent basis (Strander, 2009). In some populations there are reports documenting a
99% reduction in the incidence of cervical cancer, thus demonstrating the true value of
the Pap smear (DeMay, 2007). Sadly, in today’s society, the mgjority of women who
do develop cervical cancer, are women who did not undergo regular Pap smear check-
ups or women screened positively for the presence of dysplasic cells that did not return

for afollow-up appointment (Misraet al., 2004).

Unfortunately, one existing limitation of using the Pap smear to diagnose cervical
cancer is its availability, or lack of it in non-westernised countries. Screening
programmes in the USA have been highly successful with a reported 2-3 million
abnormal Pap smears being recorded each year
(http://www.emedicinehealth.com/pap_smear/article_em.htm). Although these figures are
extremely encouraging, many countries in the developing world such as South Africa
and other Sub-Saharan African countries do not have ample resources and cannot
afford to implement an efficient screening programme and as a result, the incidence
levels of the disease in these countries remain rather high in comparison. Therefore,
further research is required to produce economically viable testing that is accurate and
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can be easily put into practice to reduce the overal incidence of cervical cancer

worldwide.

While accurate diagnosis of cervical cancer is often made on account of performing a
Pap smear or by visua detection of alesion, this format of cytologica screening fails
to detect al precursor lesions and many results can turn out to be falsely negative in
the presence of invasive cancer (Misra et al., 2004). As a result, cone biopsy samples
can be taken from suspicious lesions to evaluate the possibility of microinvasion and if
already invaded, determine the scale. Thisis confirmed histopathologically and despite
the great success with which the Pap smear has reduced the incidence of cervical
cancer, cone biopsies are able to provide a more accurate assessment on the extent of

damage any precursor lesion may have caused.

1.4.2 Histopathological Classification of Cervical Cancer

Cervica cancer is classified by histological diagnosis as either squamous cell
carcinomas which arises from the ectocervix and accounts for approximately 60-80%
of all cases, or adenocarcinoma which arises from the endocervical canal and accounts
for 10-20% of cervical cancers (Blake, 1995; Leung et al., 2004). A representative
image displaying the position of the ectocervix and endocervix areillustrated in Figure
1.2 (Hladik and McElrath, 2008). Other types of cervical cancer exist such as
adenosguamous carcinoma, a combination of both of the aforementioned, and adenoid
basal cell carcinoma, but the incidence rate of these cervical cancers is very low
(Scully et al., 1994).
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Figure 1.2: Schematic representation of the ectocervix, endocervix and the
transformation zone where cervical neoplasia is initiated (diagram taken from
Hladik and McElrath, 2008).

A large degree of controversy still surrounds the histopathological classification of
cervical cancer precursors as the World Health Organisation (WHO) classification
system uses the terminology ‘dysplasia and ‘carcinomain situ’ to refer to precursor
lesions. During the 1960’s, the term cervical intragpithelial neoplasia (CIN) was
introduced by Richart and the nomenclature CIN grades | to |1l are still used today to
describe pre-invasive epithelial lesions or various categories of dysplasia and
carcinoma in situ (Richart, 1990; Wright, 2003). CIN grade | is equivaent to mild
dysplasiain which undifferentiated cells occupy approximately the external/outer third
portion of the epithelium layer. CIN grade Il is equivalent to moderate dysplasia where
undifferentiated cells replaces two thirds of the thickness of the normal epithelium,
whereas, CIN grade |11 denotes severe dysplasia or carcinomain situ. Severe dysplasia
describes a condition in which undifferentiated cells replace al but one or two of the
most superficial cell layers of the cervical epithelium (Wright, 2003), athough, al
varieties of dysplasia are pre-invasive, meaning that the basement membrane (stromal
epithelia junction) does not become breeched. The diagnosis of carcinoma in situ is

made when undifferentiated cells replace the entire surface of the epithelium.

Another classification system which was implemented to help alot cytological
diagnosis is caled the Bethesda System (Luff, 1992). This classification structure
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categorises squamous intra-epithelial lesions (SIL) as either low grade (LoSIL) or high
grade (HiSIL). Mild dysplasia or CIN | fal into the low grade category whereas
moderate to severe dysplasia, or CIN Il and CIN Il are designated to the high grade
group. Despite both classification systems being widely accepted, there is currently no
genera consensus as to which terminology should be used because it often takes years
for pathologists and clinicians to make a full transition to a new classification system

without referencing terminology from a previous classification system.

Cancer of the cervix is graded on biopsy by histopathological examination, confirming
the presence of invasive carcinoma and depth of invasion. Carcinoma is defined
according to the International Federation of Obstetricians and Gynaecologists (FIGO)
(Table 1.1). The further advanced the staging of the disease, the worse the prognosisis
for the patient.

Stage Description

Stage O Carcinomain situ, intragpithelial carcinoma

Stage | Carcinoma, confined to the cervix

Stage 1A Pre-clinical carcinomas of the cervix (identified microscopically)

Stage 1A1  Evident stromal invasion < 3mm in depth and < 7mm in width

StagelA2  Evident stromal invasion > 3mm but < 5mm in depth and < 7mm in width

Stage I1B Preclinical lesions > stage |A

StageIB1  Clinical lesions < 4cm.

StageIB2  Clinica lesions> 4cm.

Stage I Carcinoma extend beyond cervix

Stage I1A Carcinoma extends beyond cervix into upper 2/3 of the vagina

Stage 11B Carcinoma extends to paracervical tissue

Stage 11 Carcinoma extends to lower portion of the vagina or pelvic sidewell

Stage A Carcinoma extends into |lower 1/3 of the vagina

StagelllIB  Carcinoma extends to pelvic sidewall and/or

Stage IV Carcinoma extends beyond the pelvic region

StageIVA  Carcinoma extends into adjacent organs such as the bladder

Stage VB Carcinoma metastasi ses and spreads to distant organds

Table 1.1: FIGO staging for cervical cancers
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1.5 Causes of Cervical Cancer
1.5.1 Human Papillomavirus Virus (HPV) as a Cauasative Agent for the
Development of Cervical Cancer

Current evidence has highlighted human papilloma virus (HPV) as the main
causative agent in developing cervical cancer with virtually all cases of the disease
being attributed to HPV infections (Lowy et al., 2008). HPV's comprise a group of
more than 150 highly diverse non-enveloped DNA viruses that possess the ability to
infect cutaneous and mucosal epithelia which results in the formation of benign
epithelia proliferations at the site of infection (Lowy et al., 1994; de Villiers et al.,
2004). The majority of HPV infections often go clinically unnoticed as no symptoms
are present, making it very difficult or near impossible for the individual to realise they
have contracted HPV (Stanley et al., 2007).

More than 40 known HPV types infect the genital tract and approximately 15 to 18 of
these have been earmarked as being oncogenic with the potential to cause malignant
tumours in the cervix (Munoz et al., 2004; Schiffman et al., 2005; Allan et al., 2008).
HPV-6 and HPV-11 are regarded as low-risk infections and are responsible for causing
the majority of cases of genital warts, athough, many other low-risk types do not
display any pathological signs that would be indicative of infection (Lowy et al.,
2008). The highest risk HPV types, namely 16, 18, 45 and 56 are those which cause
the most invasive cancers as a result of persistent, long term infection and as well as
leading to the development of cervical cancer, these HPV types can aso cause anal,
vulvar and penile cancers (Bosch et al., 1995; Munoz et al., 2006). Other high-risk
genital cancer causing types which are known to exist include 33, 35, 39, 51, 52, 58
and 59 (Parkin 2006). However, despite these HPV types not being considered as the
highest risk, HPV-33 and -35 are commonly found in South African women whom
have tested positive for cervical cancer (Allan et al., 2008; Cooper et al., 1991)
whereas HPV-58 was the most strongly associated type with cancer of the cervix in
Senegalese women (Xi et al., 2003). This evidence shows that the hierarchy of the
types of HPV causing cervical cancer differs greatly and this variation in distribution
highlights the difficulty faced in generating a suitable vaccine that can be widely used

within sub-Saharan Africa.
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1.5.2 HPV-16 and HPV-18 in Cervical Cancer

Although many types of HPVs exist, HPV-16 is the most frequently identified
in connection with cervical cancer and accounts for approximately 50% of all cases,
with HPV-18 second most common displaying an incidence in the region of 20%
(Lowy et al., 2008). Furthermore, high risk HPV types, such as HPV-16 and HPV-18
have been shown to express oncoproteins E6 and E7 which are known to have a strong
involvement in stimulating cellular transformation and cell proliferation (Munger et
al., 1989; Werness et al., 1990). HPV types 33 and 35 which are prevaent in
confirmed cases of cervical cancer in South African women are also known to express
oncoproteins E6 and E7 (Holm et al., 2008), however, as HPVs 16 and 18 are
predominantly responsible for the majority of cases worldwide, research that has been
undertaken to investigate E6 and E7 has tended to focus on E6 and E7 encoded by
HPV types 16 and 18. Two characteristic features of most cervical cancers that contain
either HPV-16 or HPV-18 is the presence of vird DNA which has integrated within
the host genome and more often than not, only the viral E6 and E7 genes are expressed
with the other viral genes being mutated or completely deleted (zur Hausen, 2002;
Howley and Lowy, 2007). In addition, HPV-16 E6 and E7 has been shown to induce
cervical cancer in transgenic mice and stimulated PTGS-2 transcription in CaSki and
SiHa cervica cancer cell lines (Song et al., 2000; Subbaramaiah and Dannenburg,
2007).

It is now routinely accepted that high risk HPV's play a pivotal role in inducing the
development of cervical carcinoma, predominantly through the action of vira
oncoproteins E5, E6 and E7 (Lowy et al., 2007; Lagunas-Martinez et al., 2010).
However, recently published data has revealed that following HPV infection, these
viral oncoproteins employ strategies to modulate apoptosis. The E2 vira protein
induces apoptosis through activation of caspase-8, the E5 protein can impair CD95L,
the ligand of which belongs to the tumour necrosis factor protein family and binding to
its receptor leads to the induction of programmed cell death, thus suggesting that it
may prevent apoptosis at early stages of viral infection whereas E6 inhibits apoptosis
through the proteolytic inactivation of pro-apoptotic proteins such as p53 or

10
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procaspase-8 and by blocking their functional actions on apoptosis, all may become
useful targets for therapeutic strategies in the future (Lagunas-Martinez et al., 2010).

Vaccines have recently been developed as a preventative measure against HPV-16 and
HPV-18 induced cervical cancer but thisis unlikely to be beneficia to the individuals
already infected with oncogenic HPV (Lowy and Schiller, 2006) or individuals in sub-
Saharan Africa who are geographicaly disadvantaged and statistically more likely to
develop a different strain of HPV. Despite the strong evidence stressing the correlation
between certain types of HPV and cervical cancer, not al women who have HPV
infections develop cervical carcinoma which poses the likelihood that other factors are
involved that would distinguish why one person develops the disease and the other

does not.

1.5.3 Seminal Plasma as a Risk Factor Contributing to the Development of
Cervical Cancer

In 1992, areport released by the World Health Organisation (WHO) described
norma human semen as having a volume of 2ml or greater, pH of 7.2 to 8.0, sperm
concentration of 20x10° spermatozoa/ml or more, sperm count of 40x10° spermatozoa
per gaculate or more, and motility of 50% or more with forward progression of 25%
or more with rapid progression within 60 minutes of egaculate (World Health
Organisation 2003). The primary function of human semen or seminal plasma (SP) is
to transport spermatozoa to the uterus after sexual intercourse (Aumuller and Riva,
1992). The journey through the female reproductive tract is unfavourable for sperm
cells as the natural environment of the vagina is very acidic, viscous and defended by
immune cells. SPis secreted by the accessory organs in the male reproductive tract that
include the gonads, prostate gland, gaculatory ducts, semina vesicles and
bulbourethral glands and helps promote the survival of the spermatozoa by providing a
nutritive and protective akaline-based environment, thus preventing the DNA

contained within the sperm from being susceptible to acidic denaturation.

Human seminal plasmais regarded as a complex liquid, comprised of a vast diversity
of antigenically distinct proteins that include cytokines, angiogenic factors,

11



Chapter 1 General Introduction

prostaglandins, proteases, signal transduction molecules, protein kinases, peptides,
glycopeptides, transporter proteins, structural molecules and immune response proteins
(Ness and Grainger, 2008; Fung et al., 2003). The components contained within SP
have been implicated in the suppression of many immune functions, including
lymphocyte activation and proliferation, natural killer (NK) cell activity, complement
action and delayed hypersensitivity reactions as well as exhibiting agonistic effects on
sperm-egg binding and promotion of successful implantation of the human embryo
(Imade et al., 1997; Chalabi et al., 2002).

Research performed by Gutsche and colleagues (2003) ascertained that semina plasma
can influence the expression of genes in endometrial epithelial and stromal cells by
mediating the synthesis of pro-inflammatory mediators such as IL-1B and IL-8
whereas work carried out by Sharkey and colleagues (2007) demonstrated that
inflammatory cytokine genes were the predominantly activated gene family in Ectl
ectocervica cells in response to SP stimulation and included IL-6, IL-8, granulocyte-
macrophage colony-stimulating factor (GM-CSF) and monocyte chemotactic protein-1
(MCP-1) with the ectocervix being implicated as the primary site of responsiveness.
Severa chemokine genes were aso induced by SP, namely Gro-o, Gro-p and Gro-y
which encode chemokines targeting monocytes, neutrophils and lymphocytes via
CXCR1, CXCR2 and CCR6 receptor signalling pathways (Sharkey et al., 2007). Other
studies supporting the upregulation of inflammatory genes in the female reproductive
tract following exposure to SP have shown elevated IL1A, IL1B, IL-6 and IL-8
expression to occur in both mouse and pig uterus after insemination with induced
synthesis of IL-6 and leukemia inhibitory factor (LIF) in epithelial cells from the
uterine endometrium (Robertson et al., 1992, 1996; O’Leary et al., 2004; Gutsche et
al., 2003).

Factors that exist within SP which have been attributed as having influential
immunosuppressive properties include soluble necrosis factor p55, tumour necrosis
factor-o (TNF-a), vascular endothelial growth factor (VEGF), complement inhibitors
and pro-inflammatory cytokine IL-6 (Robertson et al., 2002; Gutsche et al., 2003;

Kelly, 1995). Furthermore, SP is known to contain very high concentrations of the
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polyamines spermine and spermidine (Curry et al., 1980; Allen and Roberts, 1986) and
is also comprised of antigen-specific lymphocytes (T cells). The T cells are principal
immune cells responsible for initiating and directing the development of antibodies
and can aso mediate antigen-specific cytoxicity within the female reproductive tract
(Paul and Seder, 1994; Alexander and Anderson, 1987), although, it is the highly
expressed levels of prostaglandins which have attracted much interest of late.

Prostaglandins perform several actions that are relevant to the control of cytokine
release, cell growth, differentiation and changes in vasculature and are present a a
10,000 fold higher concentration in SP than at the site of inflammation, with PGE;
being one of the predominant types that is detected (Templeton et al., 1978; Sales et
al., 2002b). Previous studies employing human tissue and cell lines have shown that in
human cervical and endometrial cancers, seminal plasma promotes expression of
tumourigenic and angiogenic genes which possess the capability to activate
intracellular signalling and modify cellular function viatheir actions on their respective
receptors such as PTGER2 and PTGER4 (Sales et al., 2002b; Jabbour and Sales, 2004,
Muller et al., 2006; Battersby et al., 2007). Therefore, the experimental evidence
suggests that prostaglandins contained within SP (such as PGE;) operate on the female
reproductive apparatus, thereby adjusting molecular mechanisms to favour conditions
of uncontrolled growth in cervical cancer (Sales et al., 2002b; Muller et al., 2006;
Battersby et al., 2007). Furthermore, SP induction of PTGS-2 activity and PGE;
synthesis in cervical tissue would be expected to further amplify the immune
regul atory effects of seminal plasma PGE; (Sharkey et al., 2007).

SP is known to contain the protein transforming growth factor-p (TGF-B) in great
abundance with concentrations being similar to that of colostrum (approximately 70
ng/ml) which is the most potent known biological source of TGF-f (Robertson et al.,
2002). The mammalian isoforms that exist (namely TGF-1, TGF-f2 and TGF-B3) are
encoded by individual genes with distinct promoters but share a 74% amino acid
sequence homology and structural identity (Robertson et al., 2002). TGF-§
glycoproteins are comprised of over thirty distinct sequence-related growth and

differentiation factors including activins and bone morphogenic proteins (BMPs)
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(Lawrence, 1996; Massague et al.,, 2000). This cytokine is responsible for
orchestrating cellular proliferation and differentiation and is deemed as a principal
trigger for the induction of uterine inflammatory responses following mating in mice
(Jakowlew, 2006; Tremellen et al., 1998). Furthermore, at insemination when seminal
TGF-B is deposited in the female tract, factors such as acidic vaginal pH and enzymes
of male or female tract origin can participate in TGF- activation and further promote

its immune deviating properties (Robertson et al., 2002).

Tumour cells often display elevated expression of TGF-3 and a supplementary
response to exogenous TGF-3 (via exposure to SP), may provide some cervical
epithelia cells with a growth advantage that ultimately leads to malignant expression
(Jakowlew 2006). Studies employing athymic mice have shown that TGF-f1 can
increase tumorigenecity of human breast cells (Arteaga et al., 1993) and promote
proliferation and transformation in mammary adenocarcinoma cells (Erdogan et al.,
2008), thus validating that exogenous TGF- can increase tumor growth in vivo. PGE;
and IL-8 that are also contained within SP can synergise with TGF-p in targeting
female tract cells by inducing IL-1p, IL-6 and leukemia inhibitory factor (LIF) from
endometrial epithelial cells (Gutsche et al., 2003), while thrombospondin-1 and
integrins avp6 and avp8 which reside on the epithelial cell surface in the female tract
can bind with TGF-B to cause conformational cellular changes (Schultz-Cherry and
Murphy-Ulrich 1993; Huang et al., 1996; Bader et al., 1998).

As mentioned previoudly in section 1.5.2., high-risk HPV's are closely associated with
the development of cervical cancer and athough infection is known to be sexually
transmitted, the exact mechanism by which sexual contact promotes virus infection is
not well understood (Perez-Andino et al., 2009). Current evidence suggests that the
transmission of HPV infection occurs through areas of epidermis which are vulnerable
and thin, such as the transformation zone of the cervix or anus, or through micro-
abrasions in the epithelium that are created during sexual activity (Frazer et al., 2006).
Once the virus enters the actively-dividing cells of the basal membrane, it ‘hijacks the
cellular resources in order to replicate its own genetic material and express HPV
proteins (Frazer et al., 2006). However, there is aso evidence to suggest that HPV can

14



Chapter 1 General Introduction

be transferred during oral sex as HPV has been detected in non-genital areas such as
the mouth, oropharnyx and conjunctiva (Cason, 1996). These data are partly supported
in work recently published by D’ Souza and colleagues (2007) who demonstrated that
HPV infected people whom were involved with more than five oral-sex partners had a
250% increased risk of developing HPV-related throat cancers, whereas people
exhibiting HPV-16 and having more than five oral-sex partners were 750% more at
risk of developing HPV-related throat cancers. One possible explanation is that
because sperm cells need to be extremely motile for successful passage in reaching the
uterus, they are somehow exploited by the HPV's to serve as vehicles that propagate
virus dispersal (Perez-Andino et al., 2009) and therefore have the potential to further
exacerbate local pathologies not only in the cervix but also in the mouth, throat and

anus.

In addition to the possible role SP may have as a vehicle for the spread of HPV, there
Is much evidence to suggest adirect role for SPin facilitating cervical tumourigienesis.
Following exposure of the cervix to SP and infection by HPV, neoplastic cervical
epithelia cells may be regulated by inflammatory factors present in SP. In addition, to
prostaglandins and TGF-p, there are many other supplementary components contained
within the gaculate at sufficient concentrations to exhibit immunosuppressive
properties. These include; tumor necrosis factor (TNF-a), VEGF, IL-1B, IL-6,
leukemia inhibitory factor (LIF) and complement inhibitors (Liabakk et al., 1993;
Kelly et al., 1995; Gutsche et al., 2003). Thus it is likely that repeated exposure of the
cervix to SP can promote the transmission of multiple isotopes of HPV as well as

creating an inflammatory environment to promote cervical cancer.

1.5.4 Other Risk Factors Contributing to the Development of Cervical Cancer

As high-risk HPVs are contracted sexually, having multiple sexual partners
whereby the cervical neoplastic cells are exposed to a wide variety of SP would
theoretically elevate the risk of persistent HPV infection or progression to invasive
cancer (Castellsague et al., 2002). However, other etiologic factors are also believed to
be associated with contributing towards the emergence of HPV or cervical carcinoma

and include; consenting to sex at an early age (<16 years), smoking, intact foreskin,
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long term use of contraceptive pills, weakened immune system and human
immunodeficiency virus (Mayeaux, 2007; Rent et al., 1972; Palefsky and Holly, 2003;
Appleby et al., 2006; International Collaboration of Epidemiological Studies of
Cervical Cancer 2007). Furthermore, it must be noted that women who refrain from
sexua intercourse don't develop cervica cancer. A study performed by Ho and
colleagues (1998) found HPV infection to be present in over 40% of young, sexually
active college students and given that the onset of cervical cancer in this faction was
somewhat uncommon in comparison to the incidence of vira infection, it is
hypothesized that alternative biological pathways and additional causative factors other
than HPV infection must be responsible for the transition of precursor lesions into the
onset of cervical cancer (Ho et al., 1998; Chan et al., 2003; Schiffman and Brinton,
1995).

1.5.5 Current and Future Approaches to Combat Cervical Cancer

Cervical cytology screening remains the principle tool for detecting precursor
intragpithelial lesions of the cervix, therefore allowing proficient administration of
medical treatment and deterring from any possible onset of cervical cancer.
Unfortunately, cytology screening programmes do not help woman who already have
rapidly developing carcinoma of the cervix. Screening is also not readily available in
developing countries and these happen to contain the populations which display the
highest incidence rates, thus relying more heavily on the implementation of regular
checks to help keep the prevalence of cervical cancer from escalating further (Sitas et
al., 1997). It is reported that 80% of cervical cancer cases and its related mortality
occur in less resourceful countries (Parkin, 2006). Improvements in slide preparation
and interpretation have also increased screening efficiency (Biscotti et al., 2005), but
regrettably screening is very costly. As a result, many new diagnostic approaches are
being tested that are aimed at halting the onset of cervical carcinoma and improving
the clinical outcome of patients unlucky to contract the disease.

At present, if HPV infection or any other causative anomalies has resulted in the
development of invasive cervical cancer, radical hysterectomy and radiation therapy

pose as the best advised forms of treatment. The success rates vary with a recurrence
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rate of approximately 10-20% reported in stage 1B-11A cervical carcinomas whereas
patients with more advanced tumour can expect a relapse rate of anything as high as
70% and above (Podsypanina et al., 2008). Chemotherapy is used less frequently and
only tends to be employed when cancer growth has rapidly progressed and rendered
surgery or radiation treatment as impractical options.

New intervention strategies being investigated to combat cervical cancer include the
development of preventive HPV vaccines to halt commencement of the disease. The
two commercial versions are caled Cervavix which is manufactured by
GlaxoSmithKline (GSK) and Gardasil which is produced by Merck. Cervavix contains
the antigens for HPV-16 and HPV-18 which are derived from the L1 capsid protein
from each respective HPV (Ruutu et al., 2008), whereas Gardasil, also works against
these HPV's, but in addition, protects against HPV-6 and HPV-11 (Paavonen et al.,
2007; Garland et al., 2007). By vaccinating with these antigens, the recipient will then
start producing neutralizing antibodies against the viral protein coat in order to oppose
the respective virus. The vaccines contain no live virus or DNA and cannot infect the
patient but both are fairly expensive and administered in three intramuscular injections
over a 6-month period. Although the efficacy of both vaccines in disease prevention is
unparalleled by any other vaccines, neither Cervavix nor Gardasil could provoke the
regression of existing intragpithelial cervical lesions (Kirnbauer et al., 1996). At
present there is no commercial vaccine available that protects against HPV-33, HPV-
35 and HPV-58 and because these virus types are of a high incidence rate in sub-
Saharan Africa (Allan et al., 2008), the introduction of Cervavix or Gardasil in that

region would not be as effective.

Another form of cervical cancer prevention that has come to the fore in recent yearsis
the identification of biological markers. The ability to highlight chemical indicators
which are atered when cellular conditions are being primed for the development of
cervical cancer would be hugely valuably, as essentialy, the cancer could be halted
before gaining the opportunity to initiate itself in the first place. Markers currently
under the spotlight consist of p53, Ki-67 and CD31 as the expression of all three has

been shown to be significantly upregulated in squamous cell carcinomas when
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compared to normal cervical samples (Silva-Filho et al., 2004). Although the increased
levels of these markers only serve as having a small prognostic benefit with the higher
values being used to gauge how far the disease has progressed, it is hoped in the future
that a simple and cheap test could be devised whereby the increase of a single gene or
protein would alow quick, appropriate intervention. Another prognostic marker that
has recently been investigated was shown in research performed by Leung and
colleagues (2004) who tried forecasting the prognosis in cervical adenocarcinoma
patients through evaluation of the mitotic index (M1) and the apoptotic index (Al), and
comparing the ratio of the two indices (MI/Al) by means of examining cell
morphology in adenocarinoma and normal cervical samples. The study reveaed that
the two indices closely correlated with tumour stage and may potentially provide an
economically viable approach to predicting clinical outcome of patients with cervical

adenocarcinoma (Leung et al., 2004).

Despite the introduction of screening programmes, the development of preventative
vaccines and increased use of biological markers as indicators of cervical cancer, there

is still no intervention programme suitable to women in sub-Saharan Africa

1.6 Arachidonic Acid Metabolism

Arachidonic acid (AA) is an essential fatty acid that is derived from either the
diet or by desaturation and elongation of dietary linoleic acid. The arachidonic acid
cascade generates a family of bioactive lipids, collectively referred to as eicosanoids,
and includes prostaglandins, thromboxanes and leukotrines which are responsible for
modulating diverse physiological and pathophysiological responses in the femae
reproductive tract (Marnett, 1992).

The kinetics of the prostaglandin biosynthetic pathway is driven by the availability of
free arachidonic acid. Following the activation of phospholipase A2 (PLA2), AA is
released from plasma membrane phospholipids or dietary fatty acids, and is cyclized,
oxygenated and reduced to the intermediary prostaglandin PGH (Jabbour and Sales,
2004). This process is mediated by the rate limiting enzyme COX, also referred to as
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prostaglandin-endoperoxide synthase (PTGS), with the addition of the 15-hydroperoxy
group subsequently allowing the newly formed PGH, to serve as a substrate for
terminal prostanoid synthase enzymes (Martnett, 1992) (Figure 1.3). These enzymes
are named according to the prostaglandin they produce such that D, (PGD,) is
synthesized by prostaglandin-D-synthase (PGDS), prostaglandin E, (PGE;) by
prostaglandin-E-synthase (PGES), prostaglandin F,, (PGF,,) by prostaglandin-F-
synthase (PGFS), prostacyclin by prostaglandin-1-synthase (PGIS) and thromboxane
by thromboxane synthase (TXS) (Narumiya et al., 1999). Following biosynthesis,
prostanoids are transported out of the cell via a prostaglandin transporter (PGT) where
they exert their biologica function through G-protein coupled receptors (GPCRS),
consequently establishing an autocrine/paracrine effect on target cells (Chan et al.,
1998).

PHOSPHOLIPID
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Figure 1.3: The arachidonic acid (AA) is hydrolyzed and released from the membrane
triglycerides by phospholipase A, and is subsequently oxidized and reduced to PGH, by COX.
PGH, then serves as a substrate for terminal prostanoid synthase enzymes to produce specific
prostanoids (prostaglandins, prostacyclins and thromboxanes) (diagram taken from Narumiya
et al., 1999).
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1.6.1 PTGS Enzymes

At present, there are three isoforms of PTGS which have been identified;
PTGS-1, PTGS-2 and PTGS-3, termed according to their order of discovery (Morita
2002). PTGS-1 is ubiquitously expressed and believed to have a regulatory role by
performing normal physiological functions, although more recently it has been shown
to be upregulated in various carcinomas and have a centra involvement in
tumourigenesis (Sales et al., 2002a; Narko et al., 1997). PTGS-2 is regarded as an
immediate early gene which can be rapidly induced by growth factors, oncogenes,
carcinogens and tumour-promoting phorbol esters (Morita, 2002). A functional role for
PTGS-3 in human physiology and pathophysiology remains to be established (Jabbour
and Sales 2004).

1.6.1.1 PTGS-1

The human PTGS-1 or COX-1 gene was first cloned in 1998 and is
approximately 22 kb in size (Tanabe and Tohnai, 2002). This isoform of the PTGS
enzyme has a molecular mass of 70 kDa and is encoded by 2.8 kb mRNA transcribed
from a gene located on chromosome 9. PTGS-1 is constitutively expressed in most
cells but can be induced in vitro by VEGF, AA, cAMP and PGE; (Sales et al., 2002a).
The highest levels of PTGS-1 have been noted in vascular endothelial cells, platelets
and collecting tubules of smooth muscle whereby the chief function of this enzyme is
to manufacture PGs for homeostatic regulation (DuBois et al., 1998). Severa roles
which demonstrate the indispensable involvement of PTGS-1 in maintaining
homeostasis are; the mediation of prostaglandin dependent gastric protection as PTGS-
1 is seen to be highly expressed in normal human gastric mucosa, regulation of kidney
function through production of prostaglandins that help maintain the blood flow and
also partaking in the regulation of blood pressure (Jackson et al.. 2000; Athirakul et
al., 2001).

Moreover, PTGS-1-derived prostaglandins are important for uterine cellular
differentiation and proliferation, and for uterine edema and lumina closure
(Langenbach et al., 1995). Supplementary evidence of PTGS-1 having apart to play in
the reproductive tract was displayed in data generated by Toth and colleagues (1996)
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whereby treatment of human amnion cells by human chorionic gonadtrophin (hCG)
induced PTGS-1 mRNA and protein expression. This suggests that tightly regulated
PTGS-1 could play apart in sustaining a healthy pregnancy.

1.6.1.2 PTGS-2

The human PTGS-2 gene is substantially smaler than PTGS-1, it is
approximately 8 kb in size and located on chromosome 1 (Fletcher et al., 1992). The
PTGS-2 gene is transcribed as 2.8, 4.0 and 4.6 kb splice variants whilst the protein
product exhibits a molecular mass of 70kDa, similar to the size of PTGS-1 (Tannabe
and Tohnai, 2002). A unique difference between PTGS-1 and PTGS-2 is 18 amino
acids inserted 6 residues upstream from the C terminus of PTGS-2 but an exact
function for this additional structure is not yet established (Smith et al., 2000). Unlike
PTGS-1, PTGS-2 is undetectable in most normal tissue but can be rapidly induced by
oncogenes, growth factors, cytokines, tumour promoters and during inflammatory
states, including situations such as increased cell replication (DuBois et al., 1994;
Inoue et al., 1995; Subbaramaiah et al., 1996; Smith et al., 2000). Moreover, PTGS-1
and PTGS-2 expressed in certain cell types, utilize AA that is generated by different
phospholipases, demonstrating further that the two isoforms are involved in different
signalling pathways (Langenbach et al., 1999; Smith et al., 1993).

Despite the tendency of PTGS-2 expression to only be induced under imposing
circumstances such as infection and the inflammatory response, this gene does
participate in performing regulatory biological processes. These include immunity,
renal physiology, neurotransmission, bone reabsorption and pancreatic Ssecretion
(Rocca et al., 1999; Cheng et al., 1999; Breder et al., 1995; Pilbeam et al., 1997,
Robertson, 1998). PTGS-2 has also been shown to be central in reproductive function
as studies using mice that are deficient in PTGS-2 display multiple reproduction
failures in ovulation, fertilization, implantation and decidualization, confirming that
PGs produced by PTGS-2 are vital in these processes (Lim et al., 1997). In the rat
during pregnancy, both PTGS-1 and PTGS-2 are upregulated with a dramatic increase
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of 250-280% during parturition, further stressing the importance of PTGS enzyme
activity (Dong et al., 1996).

1.6.1.3 PTGS-3

PTGS-3 is a splice variant of PTGS-1, approximately 5.2 Kb in size and was
discovered by Northern analysis of canine cerebral cortex RNA using a COX-1 cDNA
probe. PTGS-3 retains intron 1 of the PTGS-1 transcript and it is possible that this
decreases its enzymatic potential to generate PGE, (Chandrasekharan et al., 2002). The
MRNA expression of PTGS-3 is present in the celebral cortex and heart of humans and
its activity is also well documented in canine brain homogenates through its inhibition
by acetaminophen. PTGS-3 encodes proteins with relatively similar amino acid
sequences to PTGS-1 as PTGS-1 only differs by having an extra 11 amino acids
encoded by intron 1 (Kis et al., 2005). Although the significant relevance of PTGS-3
remains to be determined, PTGS-3 is dramatically inhibited by acetaminophen
(paracetamoal), arguably the most widely used analgesic drug in the world and therefore
clinical ramifications still remain a possibility for the involvement of PTGS-3 in
prostaglandin-mediated fever and pain (Botting et al., 2003).

1.6.2 The Role of PTGS Enzymes in Carcinogenesis

The over-expression of PTGS-1 is fast becoming regarded as a significant
event in numerous pathol ogies despite normally being looked upon as a * housekeeping
gene (Gupta et al., 2003). Enhanced expression of PTGS-1 has been demonstrated in
human breast tissue, human prostate carcinoma and mouse lung tumours of late,
therefore suggesting that PTGS-1 enzymes and its products may function in promoting
and maintaining the neoplastic state (Sales et al., 2002a). Previous studies undertaken
in our laboratory have shown that biosynthesis of PTGS-1 and PTGS-2 are upregulated
in cancers of the cervix and endometrium and inhibitors of PTGS enzymes may form
an option to treat carcinomas that produce overly high levels of PTGS enzymes
(Jabbour and Sales, 2004; Subbaramaiah et al., 1997).
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Another cancer which is demonstrating a close association with PTGS-1 is ovarian
cancer. Data published from a study carried out by Lee and colleagues (1995)
illustrated that serum levels of PTGS-1 rapidly declined in greater than 50% of patients
following surgery to remove ovarian cancer, raising the possibility of PTGS-1
becoming a suitable marker for the monitoring and diagnosis of ovarian cancer patients
in the future (Lee and Ng, 1995). Complementary findings released by Daikoku and
colleagues (2005) showed the presence of PTGS-1 to be prominent in mouse ovarian
surface epithelial (OSE) cells and when an inhibitor that is specific for PTGS-1 is
applied (SC-560), a decrease in cellular proliferation and increase in apoptosis was
observed.

Reports published from numerous in vivo studies have revealed more than a few
interesting findings; overexpression of PTGS-1 in immortalized ECV endothelial cells
can promote tumourigenesis in athymic nude mice and prostanoids derived from high
levels of PTGS have been show to modulate the hepatic vascular tone of cirrhotic rat
livers (Narko et al., 1997; Graupera et al., 2004). Furthermore, deficiency of PTGS-1
has been shown to reduce skin tumourigenesis in multistage skin model mice by 75%
and also substantially reduce intestinal tumourigenesis in knockout mice with ablation
of the PTGS-1 gene (Tiano et al., 2002; Chuluda et al., 2000). Y et another discovery
to surface from these studies was that PTGS-2 is believed to compensate for the loss of
PTGS-1 when it is genotypically removed and this may help explain why fertility and
litter size are normal in PTGS-1 deficient mice (Reese et al., 1999).

PTGS-2 has long been reputed for its induction in the inflammatory response but there
is a rapidly increasing body of evidence which supports PTGS-2 as playing a major
role in cancer development (Murakami and Kudo, 2004). Several cancers that have
been presented with high expression levels of PTGS-2 include the colon, lung, breast,
pancreatic and gastric (DuBois et al., 1998; Wang et al., 2007). Statistically, the
elevated expression of PTGS-2 in human colon cancers is particularly incriminating
with greater than 80% of sufferers displaying significantly increased levels of PTGS-2
when compared to normal adjacent tissue (Williams et al., 1997).
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PTGS-2 regulates numerous effector molecules such as cytokines, oncogenes and
growth factors, al of which are involved in cancer. PTGS-2 upregulation and
subsequent increase of PGE; biosynthesis induces malignant change in epithelial cells
through immunosuppression (DeWitt, 1991), inhibition of apoptosis (Tsujii and
DuBois, 1995), increase in metastatic potential of epithelial cells (Tsujii et al., 1997)
and promotion of angiogenesis (Jones et al. 1999). In summary, the contribution of
PTGS-2 in cancer development is thought to mainly occur through three processes; (i)
development of malignancy, (ii) anti-apoptosis, and (iii) increased angiogenesis by
induction of vascular endothelial growth factor as tumour growth requires the
maintenance of a vascular network (Murakami and Kudo, 2004; Williams et al. 1999).

Sheng and colleagues (1997) reported a 90% inhibition of growth in HCA-7 tumour
cells that positively expressed PTGS-2 following treatment with a PTGS-2 specific
inhibitor while Tsuji and colleagues (1997) displayed that PTGS-2 can modulate
production of angiogenic factorsin colon cancer cells. Other authors have revealed that
PTGS-2 is present in approximately 40% of human invasive breast cancers, (Singh et
al., 2007; Danid et al., 1999) and using the nonsteroidal anti-inflammatory drug
(NSAID) celecoxib to treat breast cancer cell xenografts in vivo showed the rate of
angiogenesis and growth of secondary bone tumours to be significantly suppressed
(Klenke et al., 2006). This raises further evidence of PTGS-2 playing a role in the
growth of certain cancer cells due to its ability to act as a tumour promoter via

stimulation of angiogenesis (Tsuji et al., 1998).

Data published by our laboratory have demonstrated that semina plasma can activate
PTGS-2 in cervical and endometrial carcinoma cells (Sales et al., 2002b; Battersby et
al., 2007). The consequence of PTGS-2 upregulation is elevated prostanoid receptor
signalling which induces the activation of multiple effector signaling pathways that
includes MAPK, EGFR and cAMP accumulation. This signalling is strongly involved
in many cellular functions such as growth, differentiation and transformation as well as
participating in promoting the release of the proangiogenic gene VEGF (Sales et al.,
2002b; Muller et al., 2006; Battersby et al., 2007). It is therefore possible to suggest
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that SP can promote cervical and endometrial tumourigenesis by inducing upregulation
of PTGS-2 and the products it helps to synthesize.

In 1990, Folkmann hypothesized that tumour growth was dependent on angiogenesis
(Folkman, 1990) and because any resulting increase in tumour mass must be preceded
by an increase in vascular supply, the ability of tumour cells to induce angiogenesisis
crucia (Tsujii et al., 1998). Studies highlighting the role of PTGS-2 in various model
systems and the ever increasing use of NSAIDs to inhibit PTGS enzymatic activity
have provided ample evidence to confirm PTGS-2 as a strong component in promoting
angiogenesis and other pro-tumourigenic outcomes (Tsujii et al., 1998; Seed et al.,
1997).

The exact contributions of PTGS-1 and/or PTGS-2-derived products (including PGEy)
in mediating events associated with cervical neoplasia reman to be completely
elucidated but upregulation of PTGS-2, induced by semina plasma, certainly appears
to be of central involvement (Sales et al., 2002b; Muller et al., 2006). Overall, PTGS-1
and PTGS-2 are seen to be pivotal in many events associated with the development of
many cancers and characterizing the pathological consequence of each gene could be
of vital importance in developing future therapeutic strategies. PTGS-1 and PTGS-2
even act in concert in some diseases, like in the instance of cholangiocarcinogenesis
where malignant tumours form on the epitheilail cells lining the biliary ductsand
aberrant PTGS-2 expression occurs in the early stages of the disease whilst PTGS-1
over expression is associated with the later stages and again illustrates how important
it is to fully characterize the roles of each gene in determining the true effect in

cervical carcinogenesis and other cancers (Chariyalertsak et al., 2001).

1.6.3 Inhibition of PTGS Enzymes

Probably the strongest indicator to highlight the important role of PTGS-1 and PTGS-2
in pathophysiological and disease states is the use of NSAIDs in a wide variety of
clinical contexts (Herschman et al., 1996). The observation that PTGS enzymes was
the pharmaceutical target of NSAIDs was first reported by Vane in 1971 and the
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majority of the current knowledge we now possess with regard to the functional
physiological roles of PTGS-1, PTGS-2 and the PGs they produce stems from
inhibitory studies performed with NSAIDs (Vane et al., 1971).

The most familiarly known NSAIDs are aspirin, indomethacin, ibuprofen, piroxicam
and sulindac. Aspirin is a competitive inhibitor and also covalently modifies the PGH
synthase protein whereas indomethacin, ibuprofen, piroxicam and sulindac are
competitive inhibitors that do not bind covaently to the protein (DeWitt et al., 1990;
Lands and Hanel 1983; Roth and Mgerus 1975; Roth et al., 1975; Rome et al., 1976;
Van Der Ouderaa et al., 1980; Rome et al., 1975). Aspirin has been shown to be
extremely successful in combating cardiovascular disease by means of blocking the
substrate binding site to which arachidonic acid attaches, thereby inhibiting
cyclooxygenase activity (Marnett, 1992). The use of Aspirin can also significantly
decrease the risk of colon cancer (Rosenberg et al., 1991), although a study performed
by Paganini-Hill and colleagues (1991) revealed that excess consumption of aspirin
actually enhanced the incidence of colon cancer by up to 50% and is an example where

the axiom “if alittle works, alot works better” does not apply (Marnett, 1992).

Another of the better known NSAIDs is called sulindac and administration of this anti-
inflammatory is known to reduce the size and number of rectal polyps in individuals
with familial polyposis (FAP) or who have undergone subtotal colectomy and
ileoproctostomy (Waddell and Loughry, 1983). The same authors also reported
sulindac-induced regression of tumours in affected individuals who had no previous
surgical treatment (Waddell and Loughry, 1983).

The foundation on which NSAID therapy is based is attributed to inhibiting PTGS-1
which is predominantly expressed in the gastrointestinal tract, thus making it an easy
to reach target for oral administration (Smith et al., 2000). NSAIDs which selectively
inhibit PTGS-2, such as NS-398, do not bare any significant inhibitory properties
towards PTGS-1 but do considerably halt the production of inflammatory
prostaglandins generated by PTGS-2 biosynthesis (Smith et al., 2000).
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At the cellular level, PTGS inhibitors have been shown to inhibit proliferation, induce
apoptosis, inhibit angiogenesis, reduce carcinogen activation, and stimulate the
immune system (Dannenburg et al., 2001; Gupta and DuBois, 2001). Although
reductions in prostanoid concentrations may underlie these observed activities, non-
PTGS targets and mechanisms may be involved as well. For example, non-selective
PTGS inhibitorshave been shown to modulate levels of cGMP (guanosine 3°, 5-cyclic
monophosphate), NF-kB (nuclear factor-xB) activation, Bcl expression, and the
binding of peroxisome proliferator-activated receptors (PPARS). Additional support for
non-PTGS involvement is fuelled by the observation that the anti-neoplastic
effectiveness in vitro has most often been described for concentrations of PTGS
inhibitors which typically exceed those that may be clinicaly attainable (Hawk et al.,
2002).

Despite some conflicting data regarding the ‘true’ functioning of NSAIDs, they are
still widely used today and understanding the mechanisms by which they are involved
is made complicated by the multistage nature of the carcinogenic process (Marnett,
1992). Using aspirin and other NSAIDs to treat cardiovascular disease and colon
cancer is now seen as a well-accepted therapeutic protocol (Reddy et al., 1992;
Marnett, 1992). Studies which have examined cellular responses towards exogenously
added prostanoids and employed the use of NSAIDs demonstrated that prostanoids are
likely to be of key significance in processes such as normal hemostasis, modulator of
kidney function by controlling sodium excretion and water clearance, platelet
aggregation, pain, respiratory function and fever generation (Smith and Marnett, 1991,
DeWitt, 1991).

1.6.4 Regulation of PTGS Enzymes

The PTGS-1 enzymes are expressed constitutively in the mgority of cells and
tissues with the highest levels of expression being noted in endothelium, monocytes,
platelets, renal collecting tubules and seminal vesicles (Smith et al., 2000). PTGS-1 is
also believed to be developmentally regulated due to the fact that its expression
increases in cells undergoing differentiation (Smith and DeWitt et al., 1996).
Transcriptional regulation of PTGS-1 has been chalenging to study because
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expression levels of this enzyme does not vary greatly in adult animals, however,
relative success has been reported in utilizing endothelial cells which ubiquitously
express PTGS-1 in high concentrations (DeWitt et al., 1983). These studies revealed
that PTGS-1 has a TATA-less promoter which contains multiple sites for transcription
(Kraemer et al., 1992; Xu et al., 1997). Furthermore, PTGS-1 expression is deemed to
be regulated by the Spl transcription factor at two binding sites with deletion of either
site resulting in approximately 50% reduction in basal levels of PTGS-1 (Smith et al.,
2000).

Unlike PTGS-1, transcriptional activation of PTGS-2 is rapid and transient in response
to a wide range of stimuli, including pathogens, cytokines, nitric oxide, irradiation,
growth factors and various extracellular ligands (Tsatsanis et al., 2006; Kang et al.,
2007). Cross-talk between protein kinase cascades and transcriptional activation of
PTGS-2 is aso well documented (Harper and Tyson-Capper, 2008), and taken as a
whole suggests that the expression of PTGS-2 in many cell types appears to be
sensitive to stimuli that regulate the unique physiological activities of each tissue
(Smith et al., 2000).

Although PTGS-2 is central to many biological processes, the activation of this
enzyme is more commonly associated with its marked response toward growth factors
and mediators of inflammation such as IL-1 and tumour necrosis factor-o (TNF-a)
(Smith et al., 2000). Signalling pathways concerned with the upregulation of PGTS-2
include NF-xB and C/EBP which are common to the inflammatory response (Poli,
1998; Ghosh et al., 1998) and mitogen-activated protein kinase (MAPK) signalling
cascades which are frequently operated by growth factors and oncogenes and include
ERK1/2, INK/SAPK, and p38/RK/MpK2 (Su and Karin, 1996). MAPK signalling
cascades can also be activated when oncogenes v-ras and v-src (Su and Karin, 1996),
inflammatory stimuli including IL-1B, TNF-a, LPS and phorbol ester TPA stimulate
the expression of PTGS-2 (Subbaramaiah et al., 1998; Wallach et al., 1999) whereas
the NF-xB signalling pathways commence their operation when PTGS-2 is stimulated
by the likes of TNF-a, hypoxia, endothelin, IL-1B in osteoblastic cells and
lipopolysaccharides (LPS) (Ghosh et al., 1998; Y amamoto et al., 1995).
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The transcriptional events of PTGS-2 are regulated at the 5-UTR (untranslated region)
of the gene where binding sites are contained for numerous regulatory transcription
factors that includes; two nuclear factakB (NF -xB) motifs, two activator protein 1
(AP1) sites and two cAMP-response elements (CRES) among others (Appleby et al.,
1994). Transcription factors bind to these sites in a variety of combinations depending
on cell type and aso which regulatory pathway has been activated (Harper and Tyson-
Capper, 2008). The regulation of PTGS-2 has also been reported to occur at a post-
transcriptional level through changes in mRNA stability at the 3-UTR (untranslated
region). This region of the PTGS-2 gene is complex and contains multiple copies of
AU-rich elements that influence trandlationa efficiency and mRNA degradation and
stabilization of PTGS-2 (Dixon et al., 2000).

Trangdlation activation factors for PTGS-2 enzymes, mechanisms that regulate PTGS-2
expression and signalling pathways that are activated as a result of PTGS-2
upregulation are numerous and sometimes converge. Current data demonstrates the
functiona importance that translational events and mRNA alteration has in controlling
PTGS-2 gene expression and its dysregul ation can result in over-expression of PTGS-2
and the production of angiogenic factors detected in neoplasia (Dixon, 2004).

1.6.5 PTGS Knockout Cells and Mouse Models

The use of transgenic mice deficient in PTGS genes has enabled researchers to
fully investigate the individua physiological roles of PTGS-1 and PTGS-2 and the
consequences on mice development when these genes are deficient. PTGS-2 was
previously the more studied of the three prostaglandin synthase enzymes but PTGS-1
has been under the spot-light recently with much focus on its upregulation in various
carcinomas and capacity to promote tumourigenesis (Sales et al., 2002a; Hwang et al.,
1998; Narko et al., 1997).

PTGS-1(-/-) null mice produced normal sized litters and lived normal length lifespans
despite a reduction in PG levels of up to 99% (Langenbach et al., 1999). By stark

contrast, matings of PTGS-2(-/-) null mice resulted in various pathologies including a
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60% pup survival rate, cardiac fibrosis was observed in 50% of animals, progressive
renal disease was present and femaes were found to be infertile due to reduced
ovulation, implantation and decidualization (Langenbach et al., 1999; Dinchuk et al.,
1995). Attempts to generate a double knockout mouse, null for PTGS-1 and PTGS-2,
have been recorded but were unsuccessful as all of the double null pups generated died
shortly after birth despite appearing to have developed properly (Langenbach et al.,
1999). The phenotypical information gained from the PTGS-1 and PTGS-2 mouse
studies has greatly aided our understanding in not only learning what regulatory tasks
these genes perform in processes such as reproduction and the inflammatory response
but also what mechanistic signalling roles they under-take in several carcinomas such
as colon (Tsuji et al., 1998), breast (Kundu and Fulton, 2002), endometria (Jabbour
and Sales, 2004) and cervical (Muller et al., 2006).

In inflammation, PTGS-1 and PTGS-2 can both augment PG production, although the
extent to which each isoform contributes will depend on inflammatory stimuli, the
time after insult and relative levels of respective gene product in target tissue
(Langenbach et al., 1999). Under the umbrella of carcinogenesis, PTGS-2 has been
linked with intestinal neoplasia (Oshima et al., 1996) while absence of PTGS-1 and -2
can reduce skin tumourigenesis (Boutwell, 1974). High levels of PTGS-1 and PTGS-2
have been shown to exist in mouse lung tumours and due to their continued expression
during neoplastic progression their function may also be able to help maintain the
neoplastic state (Bauer et al., 2000).

Over the years, numerous in vivo studies have been carried out to investigate the
effects of PTGS-1 and PTGS-2 and it would be impossible to cover al the findings
here within. In spite of this, the gathered evidence clearly outlines the many key
functions with which PTGS-1 and PTGS-2 hold in a physiological and pathological

manner.
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1.7 Prostagladins and Prostaglandin Receptors
1.7.1 Prostanoids and Prostanoid Receptors

Prostanoids are collectively referred to as eicosanoids and their prostaglandin
associated activity was first observed in human seminal fluid in 1930 by Kurzrok and
Leib (Coleman et al., 1994). Prostanoids are generally categorised into two groups,
termed either prostaglandins (PG) containing a cyclopentane ring or thromboxanes
(TX) which contain a cyclohexane ring (Versteeg et al., 1999). The prostaglandins are
further subdivided and include the D, E, F, and | series whilst the thromboxanes are
classified as TXA and TXB (Nariyumaet al., 1999; Smith et al., 2000).

The specific prostanoid cognate receptors belong to the superfamily of the G-protein
coupled receptors (GPCRs), each exhibiting a distinctive seven hydrophobic
transmembrane domain structure and constitute part of the family of the rhodopsin-
type GPCRs (Hirata et al., 1991; Narumiya et al., 1999). There are eight receptors
that are known to exist within this family and they are designated PTGERL,
PTGER2, PTGER3 and PTGER4 receptors for PGE, and DP, FP, IP and TP
receptors for PGD,, PGF,,, PGIl, and TXA respectively (Coleman et al., 1994;
Nariyuma et al., 1999; Breyer et al., 2001). A schematic illustration of prostanoid
synthesis, interaction with their specific prostanoid receptors and their

corresponding second messengersis depicted in Figure 1.4.
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Figure 1.4: Schematic representation of prostanoids and their interactions with prostaniod
receptors. Arachidonic acid (AA) is released from plasma membrane by phospholipase A,
(PLA;) and acts as a substrate for COX enzymes for production of prostanoids. Once
prostanoids are formed they are transported out of the cytoplasm by prostaglandin transporter
(PGT) and subsequently act on their cognate receptors to activate numerous secondary
messengers (diagram taken from Jabbour and Sales, 2004).

Although these are the main operative pathways that the prostanoids are involved with,
another class of receptors, peroxisome proliferators-activated receptors (PPAR) have
also been shown to interact with prostaglandins. Prostanoids such as PGI, and PGJ,
have been reported as ligands for PPARa and PPARS and are believed to alter
transcription of target genes concerned with lipid metabolism and homeostasis
(Forman et al., 1997; Sales and Jabbour, 2004).

Each of the individual prostanoid receptors display selective ligand binding specificity.
These receptors share a 20-30% amino acid homology and have 65 conserved amino
acids, 34 of which are identical across the prostanoid family (Bonvalet et al., 1987).

The similarities in structure that the prostanoids share and the wide range of biological
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activities they perform in distinct tissues explans why the entirety of ther
physiological roles has not yet been fully characterised (DeWitt, 1991). However, the
importance of prostanoid function is most appreciable when examining the worldwide
use of non steroidal anti-inflammatory drugs in the pharmaceutical market place which
has an estimated annual expenditure of 5-10 billion US dollars (Herschman, 1996).

In genera, the prostaglandins are mainly involved in inflammatory and anaphylactic
responses, the prostacyclins are active in the resolution of inflammation and the
thromboxanes are mediators of vasoconstriction. The prostanoids are also known to be
of fundamental in reproduction, having important roles in ovulation, implantation,
foetal development, parturition and sperm migration (Smith and Marnett, 1991;
DeWitt, 1991), further emphasizing their worth in physiological roles.

Another well documented characteristic of the prostanoid receptors is the existence of
various splice variants. PTGER1, PTGER3, TP and FP are the members amongst the
prostanoid family which boast splice variants with the alternative splicing having been
shown to mostly occur in the intracellular loop of these receptors (Breyer et al., 2001).
The splicing is not thought to effect ligand-binding properties of the respective
receptors but is believed to render changes in their signalling, their sensitivity to
agonist-induced desensitization and their tendency towards constitutive activity
(Breyer et al., 2001; Jabbour and Sales, 2004).

Functional roles for the prostanoid receptors have been determined by studies in
knockout mouse model systems, deficient for each of the receptors. One of the most
interesting observations derived from these studies transpired from the PTGER2
receptor knockout mouse model which demonstrated that PTGER2 receptors are
essential in female reproduction (Hizaki et al., 1999; Kennedy et al., 1999). Loss of
PTGER2 receptor in mouse models because of gene ablation results in impaired
ovulation and dramatic reduction in litter size (Hizaki et al., 1999; Kennedy et al.,
1999). In a separate study, the FP receptor was also linked to female reproduction as
mice not exhibiting this gene resultsin failure of parturition (Narumiyaet al., 1999).
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Other studies in receptor deficient mice show that a lack of PTGERL receptor can
result in fever generation and play arole in gastric ulcerogenic responses (Sugimoto et
al., 2001; Jackson et al., 2001). Mice exhibiting disruption of the PTGER3 receptor
exhibit alterations in urinary concentrating ability, highlighting PTGERS antagonists
could serve as antipyretic agents (Ushikubi et al., 1998; Fleming et al., 1998). TP-
deficient mice showed an increased bleeding tendency (Thomas et al., 1998) which
was also observed in thrombotic patients with TP receptor abnormality (Hirata et al.,
1994).

A number of prostanoid receptors have also been reported to be involved in
carcinogenesis. PTGERL1 is believed to play a role in colon cancer (Watanabe et al.,
1999), PTGER2 receptors can induce the expression of VEGF in pancreatic cancer
cells and endometrial adenocarcinoma cells via PGE; coupling (Sales et al., 2004b;
Eibl et al., 2003), PTGERS3 receptor deficient mice have reduced tumour-associated
angiogenesis (Amano et al., 2003) whereas PTGER4 and FP receptors have been
reported in perivascular cells in endometrial carcinomas (Sales et al., 2004a; Jabbour
et al., 2001) and in cervical adenocarcinoma cells in response to SP stimulation (Sales
et al., 2002b; Muller et al., 2006).

1.7.2 Prostaglandin E; (PGE;) and PTGER Receptors

Prostaglandin E, or PGE; as it is more commonly entitled is a major product of
cyclooxygenase-initiated arachidonic metabolism and exerts its multiple biologica
actions by means of binding to PTGER receptors 1-4, each of which will be
individually described later. The PGE; prostanoid is biosynthesised in cells from PGH,
by the catalytic properties of prostaglandin E synthase (PGES) (Breyer et al., 2001).
Four different isoforms of PGES have been described; two membrane bound isoforms,
MPGES-1 and mPGES-2, a cystolic isoform, cPGES and a glutathione S-transferase
isoform, GST-j, congregating together as the rate limiting enzymes in PGE;
production (Murakami and Kudo, 2004; DeWitt, 1991). The preferred method of
generating PGE, is by cPGES converting PTGS-1 derived PGH, resulting in
immediate prostaglandin production (Narumiya et al., 1999; Jabbour and Sales, 2004).
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The inducible membrane associated form, mPGES-1, is preferentially associated with
PTGS-2 under conditions of limited AA supply (but can couple to PTGS-1 under
conditions where AA is available) and is associated with delayed production of PGE;
(Murakami et al., 2000). mPGES-2 is capable of coupling with both PTGS-1 and
PTGS-2 wheresas the preferred binding of the GST-u isoform is yet to be determined
(Murakami and Kudo, 2004).

Following biosynthesis, PGE; is transported out of the cell by PGT where it dicits its
effects on target cells via interaction with its cognate GPCRs as described in section
1.6. Once PGE; is bound to its respective receptors, intracellular signalling cascades
become activated and the involvement of secondary messengers is dependent on the
receptor sub-type to which PGE; is coupled (Jabbour and Sales, 2004). For example,
interaction with the PTGER1 receptor promotes the production of intracellular calcium
and inositol trisphosphate (1Ps) via G,q. Activation of receptors PTGER2 and PTGER4
induces increases in cyclic AMP via G,s whereas PTGER3 receptor binding can result
in triggering either a positive or negative CAMP response and elevated levels of 1P;
and Ca®* depending on which splice variant and cell type is implicated (Sugimoto et
al., 1993; Narumiya et al., 1999). This PGE, mediated trigger of chemical activatorsis
an essential part of various biological events such as neurona function, femae
reproduction, vascular hypertension, tumourigenesis, kidney function and

inflammation (Kobayashi and Narumiya, 2002).

PGE; is the mgor type of prostaglandin present in seminal plasma (SP) and along with
19-hydroxyprostaglandin E (19-hydroxy PGE), which is also present in SP but at
lower concentrations (Templeton et al., 1978), these prostaglandins are considered to
be the key effector molecules that provides SP with its immunosuppressive properties.
Work carried out by our laboratory highlighted the biological effects of SP and PGE;
by demonstrating that PTGS-2 and cAMP induced expression of the PTGER2 and
PTGER4 receptors was central in elevated intracellular signalling in cervical
adenocarcinoma cells as aresult of SP and PGE, stimulation (Sales et al., 2002b; Sales
et al., 2001). A study undertaken by another member of the group, Muller et al. (2006)

revealed that SP and PGE, can modulate the expression of tumourigenic and
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angiogenic factors in cervical adenocarcinoma cells via the PTGER4 receptor, namely
PTGS-2 and VEGF, whereas additional data published by Battersby and colleagues
(2007) reveded that SP and PGE, can activate fibroblast growth factor 2 (FGF2)
expression and PTGER2 receptor signalling in endometrial carcinoma cells. From
examining all the converging data, it is therefore hypothesized that the PGE, contained
within SP possesses the ability to promote endometrial and cervical tumourigenesis in
sexualy active women by means of an autocrine/paracrine manner through PGE,-

PTGER receptor specific interactions.

1.7.2.1 PTGER1 Receptor

The EPL receptor, or PTGERL as it is aso named, was first cloned and
characterized in 1993 by Funk, exhibiting a molecular mass of approximately 42 kDa
(Funk et al., 1993). This receptor was derived from human erythroleukemia (HEL)
cells and encodes a 402 amino acid polypeptide. The distribution of PTGER1 mRNA
expression is restricted to several organs, it is most highly expressed in the kidney,
followed by gastric muscularis mucosae and then adrenal tissue (Watabe et al., 1993;
Okuda-Ashitaka et al., 1996; Abramovitz et al., 1995; Guan et al., 1998) and along
with PTGER?2 is the least abundant of the PTGER receptors.

The discovery of PTGERL1 is afairly recent one and initially it was only believed to be
involved with regulation of smooth muscle constriction in locations such as the
gastrointestinal tract, the respiratory tract and the sphincter muscle (Lawrence et al.,
1992; Coleman and Kennedy, 1985; Dong et al., 1986). Published data have reveaded
that activation of the PTGER1 receptor leads to signdling via inositol-1, 4, 5-
trisphsophate (IPs) generation and increased cellular Ca?* (Breyer et al., 2001), which
may in part be responsible for the effects of PGE, on various tissue varieties (Okuda-
Ashitaka et al., 1996.). Other studies have shown PTGERL to act as an inflammatory
mediator by assisting in the mediation of pain perception and regulation of blood

pressure as aresult of its close association with PGE, (Funk et al., 1993).

The binding of PGE;, to PTGER receptors (including PTGER1) can be unfavourable
because irregular control of this relationship is considered to play a magjor function in
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tumour progression (Wang et al., 2007). A study using PTGER1 knockout mice and
ONO-8713, a specific antagonist for the PTGERL1 receptor, demonstrated a significant
reduction in azoxymethane (AOM)-induced aberrant crypt foci (ACFs) (Watanabe et al
1999). The resulting inhibition of ACFs in male nude mice was approximately the
same in the PTGER1 knockout group as the group being treated with ONO-8713, thus
confirming PTGERL receptor involvement in colon carcinogenesis.

Additional specific antagonists are known to exist for the PTGER1 receptor such as
SC51089 and SC53122 and coupled with the successful generation of the EPL (-/-)
knockout mouse model, the distinct functional consequences of activating the
PTGERL1 receptor are being better understood (Funk et al., 1993; Dong et al., 1986). A
study employing the use of a bile duct cancer cell line (CCLPL) displayed that
treatment with a PTGER1 agonist caled ONO-DI-004 resulted in an increase in
tumour cell growth and invasion (Han and Wu, 2005). However, work carried out by
Throat and colleagues (2007) investigated the role of PTGERL in breast cancer cells
and whilst nuclear PTGER1 expression correlated with the absence of nodal
metastases and differentiation, there was no correlation with these parameters and
cytoplasmic PTGERL1 where it is known to play arole in differentiation in squamous
cell carcinomas of the skin (Lee et al., 2005), therefore suggesting that the distinct
function of PTGER1 may be dependent on its localisation.

1.7.2.2 PTGER2 Receptor

The correct nomenclature of the PTGER2 receptor was somewhat puzzling in
the early days of its discovery. Bastien and colleagues first cloned the PTGER2
receptor in 1994 but this was later termed the PTGER4 receptor by Nishigaki et al. in
1995. The genuine PTGER?2 receptor was derived from a human placenta library by
Regan et al. (1994) and encodes a 358 amino acid polypeptide that surprisingly only
shares a 30% identity with the other EP receptor subtypes (Regan, 1994). Despite the
characterization of PTGER2 tissue distribution being only partially completed, the
PTGER2 receptor is known to reside in abundant concentrations in the lung, spleen
and uterus and to a lesser extent in the kidney (Breyer et al., 2001). These locations
mirror the findings in the mouse whereby PTGER2 mRNA levels were also found to
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be expressed in these locations, in addition to the ileum and thymus (Honda et al.,
1993).

When originally characterised, PTGER2 was seen to be involved with the regulation of
smooth muscle relaxation in cat trachea (Gardiner, 1986), however, this receptor is
now closely associated with performing a multitude of tasks that include maintaining
homeostasis, stimulation of secretion in the stomach and small intestine and regulation
of bone reabsorption (Bastien et al., 1994).

The functiona role of PTGER2 has been divulged by the employment of severa
agonists that have a strong affinity for this receptor and the use of PTGER2 knockout
mice. PTGER2 receptor agonist (CP-533536) has been shown to induce bone
formation in canines (Paralkar et al., 2003), whereas another PTGER2 receptor
agonist, ONO-8815Ly was found to significantly inhibit uterine contractions in women
(Steinwall et al., 2004). In attempts to further unravel efficacy of PTGER2, a study
undertaken by Sung and colleagues (2005) revealed that skin tumours taken from
PTGER2 (-/-) mice contained more apoptotic cells when compared to the respective
WT group. Other research carried out by Ansari and colleagues (2008) showed
PTGER?2 to be responsible for PTGS2 induction via PGE, production in mouse skin,
thus proposing that the PTGER2 receptor plays a significant role in the pro-
tumourigenic action of PGE2 in skin tumour development (Ansari et al., 2008; Sung et
al., 2005).

Data published by Castellone and colleagues (2005) revealed that the activation of
PTGER2 by PGE; in colorectal cancer cells was followed by downstream signalling
that primarily occurred through Protein Kinase A (PKA) activation via the Wnt
signaling pathway and suggests that CAMP mediates this process. Thisin turn leads to
the activation of B-catenin transcription via the phosphorylation of glycogen synthase
kinase-3 (GSK-3) by Akt. The involvement of cCAMP was supported by findings
generated by Ansari and colleagues (2008) who showed that PTGER2 signalling
through PKA and cAMP response element binding (CREB) is responsible for PGE2

effects on cell proliferation and PTGS-2 induction in mouse skin carcinogenesis.
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Furthermore, PTGER?2 receptor expression and the biosynthesis of PGE, have been
shown to be significantly enhanced in endometrial cancers whereby upregulated levels
of prostaglandin synthase enzymes, PGE, and PTGER2 result in increased
autocrine/paracrine signalling and this subsequently promotes the release of the potent
pro-angiogenic factor, VEGF (Battersby et al., 2007; Jabbour et al., 2001). Of late,
Battersby and colleagues (2007) ascertained that seminal plasma can activate the
PTGER?2 receptor signalling pathways in endometrial cancer cells, the result of which
was the induction of CAMP accumulation and phosphorylation of EGFR kinase and
ERK. PTGER2 signalling activation has aso been displayed in cervica
adenocarcinoma cells through exposure to seminal plasma (Saes et al., 2002b) and
these data together highlight the potential of the PTGER2 receptor to modulate
neoplastic cell function and cervical and endometrial tumourigenesis in response to

seminal plasma exposure and activation.

1.7.2.3 PTGERS3 Receptor

The human PTGERS receptor was first discovered by Yang and colleagues in
1994 and is the most ubiquitously expressed out of the four different EP receptor
subtypes (Yang et al., 1994). PTGER3 was cloned from a human kidney library and
encodes a 367 amino acid polypeptide. This receptor was originaly identified as a
constrictor of smooth muscle (Coleman et al., 1994) but mRNA expression has since
been established in many tissues including kidney, uterus, adrenal gland, stomach,
lung and brain (Breyer et al., 2001; Coleman et al., 1994; Sugimoto et al., 2000).

A distinctive feature of PTGER3 amongst the prostanoid family is the multiplicity of
splice variants that encode for this receptor and may explain why it has so many
diverse biological functions (Breyer et al., 2001). The differences in PTGER3
sequencing arises from aterations in the C-terminal tail of the receptor subtype and
this resultantly leads to variations in receptor phosphorylation and desensitization and
intracellular trafficking. Although the maority of PTGER3 splice variants inhibit
CAMP via G,; protein coupling, some variants of the receptor have been shown to

participate in aternate signalling mechanisms that involve the binding of Gs proteinsto
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induce the release of Ca?* and elevation of CAMP levels (Nambaet al., 1993; Anet al.,
1994).

The numerous tasks with which the PTGERS3 receptor is involved include; controlling
the contraction in autonomic nerves by mediating the inhibition of neurotransmitter
release, regulation of lipolysis in adipocytes (Strong et al., 1992), regulation of water
reabsorption in renal medulla (Sonnenburg and Smith, 1988), regulate a propaggretory
effect in platelet cells (Jones and Wilson, 1990) and control the levels of acid secretion
in gastric mucosal cells (Reeves et al., 1988). The high abundance of PTGERS present
in gastric mucosa has been the target of NSAIDs which have been very successful in
the treatment of gastric ulcers (Coleman et al., 1994).

Specidly bred knockout mice and receptor-specific agonists have also been useful in
unravelling the roles of the PTGERS3 receptor. A study carried out by Audoly and
colleagues (2001) compared mice lacking the PTGER3 receptor with their WT
counterparts and reveaed that the PTGERS3 receptor is involved in the mediation of
vasocongtriction in the kidney and capable of buffering PGE,-mediated renal
vasodilation, therefore, PTGERS receptor activation maybe central in regulating renal
hemodynamics. Other studies that have used PTGER3 knockout mice showed that
PTGER3 receptor signalling regulates tumour-associated |ymphangoigenesis by
upregulating expression of VEGF-C and its receptor VEGFR-3 in tumour stromal
tissues (Kubo et al., 2010) while Shoji and colleagues (2005) demonstrated that benign
keratoacanthomas only developed in PTGERS3 knockout mice in comparison to the
wild-type (6/19 versus 0/24), thus showing a protective role against tumour
development and therefore PTGER3 receptor signalling may have contrasting roles
depending on tumour type. In addition, with sulprostone and SC-46275 being two
agonists specific for the PTGERS receptor that are capable of inducing its activation in
several animal model cell lines, our knowledge of this particular PTGER subtype is
being further enhanced all the time (Savage et al., 1993, Breyer et al., 2001). Results
from a study carried out by Wang and Lau (2006) employed the use of sulprostone and
SC-46275 and illustrated that PTGER3 was strongly involved in the release of

histamine from mast cells which have a known role in the inflammatory response due
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to their potent capability to produce multiple pro-inflammatory mediators after
activation (Brightling et al., 2003).

Interestingly, seminal plasma, (known to contain PGE; in high concentrations) and
PGE; itself were used to treat cervical adenocarcinoma cells in vitro and the results
revedled that both forms of stimulus (SP and PGE,) significantly induced the up-
regulation of receptors PTGER1, PTGER2 and PTGER4 but not PTGER3 when
compared to the respective non-treated control (Sales et al., 2002b). All PTGER
receptor subtypes are known to be closely engaged with PGE, signalling but it appears
that PTGERS3 does not play a noteworthy part in response to SP stimulation of cervical
adenocarcinoma cells and that the signalling involved in cervical cancer is via
PTGER2 asreveaed by Sales and colleagues (2002b).

1.7.2.4 PTGER4 Receptor

After being initially credited with discovering the PTGER2 receptor, Bastien et
al. (1994) was later found to have actually cloned the PTGER4 receptor as subsequent
molecular studies were to prove that what he originally unearthed did not posses any of
the characteristics associated with the PTGER2 receptor and was therefore named
PTGER4 accordingly (Bastien et al., 1994; Nishigaki, 1995).

The PTGER4 receptor, like PTGERS, is expressed in most cell types with mRNA
levels found in almost all mouse tissue examined (Narumiya et al., 1999). The human
PTGER4 receptor encodes a 488 amino acid polypeptide with an approximate mass of
53kDa and was first located in the piglet saphenous vein (Bastien et al., 1994; Louttit
et al., 1992). In humans, the PTGER4 receptor is abundantly expressed in thymus,
ileum, lung, spleen, adrenal and kidney tissues with it also having been shown to
exhibit important vasodilator effects when activated in venous and arterial beds
(Bastien et al., 1994; Breyer et al., 2001; Coleman et al., 1994; Coleman et al., 1994b).

Moreover, the PTGER4 receptor has gathered much interest recently, owing to the
effect of its mediated activation by PGE; in carcinomas of the colon, breast, head and

neck and cervix (Doherty et al., 2009; Maet al., 2006; De Lorenzo et al., 2005; Muller
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et al., 2006). Severa signaling pathways can be activated by the PTGER4 receptor
and one such avenue in which PTGERA4 activated signals are relayed is through protein
kinase A-mediated CAMP. This particular pathway was exerted in head and neck
squamous cell carcinoma (HNSCC) xenografts and treatment with ONO-AE3-208, a
specific PTGER4 receptor antagonist caused a reduction in CAMP levels and PKA
activity (De Lorenzo et al., 2005). Additionally, ONO-AE3-208 caused a dose-
dependent inhibition of HNSCC xenografts in vivo as determined by the 50%
reduction in cellular proliferation measured by the proliferative marker Ki-67. The
resulting decrease in tumour cell proliferation in HNSCC xenografts may be a
consequence of the anti-angiogenic effects of the PTGER4 receptor antagonist and
therefore, therapies that target PGE, synthesis or EP receptor antagonists may be useful
in the treatment of certain malignancies, including HNSCC (De Lorenzo et al., 2005).

The predominant pathways that PTGER4 utilizes in order to enhance expression of
downstream target genes results in either activation of the Akt pathway or
phosphorylation of ERK (Fujino et al., 2003) and it was the later respective pathway
that was deemed as being liable for promoting tumourigenic and angiogenic factors in
cervical adenocarcinoma cells in response to seminal plasma stimulation (Muller et al.,
2006), thus showing that EP4 receptor upregulation could be a fundamental event in
cervical cancer development and progression. ERK is a key signaling mechanism
involved in the regulation of many processes such as cellular transformation and
growth (Battersby et al., 2007) and a previous study by Sales and colleagues (2004b)
demonstrated that ERK could be phosphorlysed by increases in cAMP in a similar
manner to PGE, via the PTGER2 receptor in EP2 sense cells (Hela cells transfected
with the EP2 receptor). An earlier study undertaken by Sales and colleagues (2002b)
showed that SP can increase CAMP viathe PTGER2 and PTGERA4 receptors and taken
together proposes that SP can promote the growth of cervical adenocarcinoma cells via
PTGER receptors 2 and 4 by increasing CAMP to activate ERK.

Overdl, the upregulation of prostanoid receptors PTGER1, PTGER2, PTGER3 and

PTGER4 and the subsequent expression of various cell signaling pathways they
activate have been highlighted in a wide variety of biological processes. The PGE2
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receptor mice models, the use of agonists and antagonists and the manipulation of
NSAIDs, has to a great extent, outlined the important clinical relevance of PTGER
receptors in a host of pathophysiological roles. The expression of PTGER1, PTGER2
and PTGER4 receptors appears to be upregulated in response to seminal plasma in
cervical carcinogenesis but the investigation to fully characterize these receptor
subtypes is ongoing with a view that it could help generate new therapeutic options for

the future.

1.7.3 Other Prostanoids and their Cognate Receptors

Severa other receptors exist amongst the prostanoid family and include the
PGF receptor, FP receptor, IP receptor, DP receptor and the TP receptor. These types
of prostanoid receptors are aso involved in a varied range of biological processes and
since semina plasma contains several prostaglandins, other prostaglandin receptors
may be implicated in mediating the effects of SP.

1.7.3.1 Prostaglandin F,, (PGF;,) and the FP Receptor

The human FP receptor was originally cloned from uterus cDNA library by
Abramovitz et al. in 1994 and encodes a 359 amino acid polypeptide (Abramovitz et
al., 1994). Prostaglandin F,, (PGF,a) exerts its biological actions via the FP receptor
and participates in various homeostatic functions that include smooth muscle
contraction and relaxation, blood control pressure and regulation of inflammation and
cellular proliferation (Watanabe et al., 1994). Abramovitz and colleagues (1994)
utilized oocytes to expressed the human FP receptor and revealed that receptor
signalling induced an elevation in Ca?* levels whereas other studies have demonstrated
FP receptor signalling to initiate increases in IP3 via the PLC pathway and
involvement in a Rho-mediated pathway (Watanabe et al., 1994; Pierce et al., 1994).

The FP receptor is a potent inducer of luteolysis and most abundantly expressed in the
corpus luteum (Breyer et al., 2001). The normal regulation of FP receptor output is
requisite for anormal birth as disruptive control of this receptor results in unsuccessful

parturition as an outcome of failing to decrease preterm progesterone levels (Sugimoto
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et al., 1997). Further roles for FP receptor signalling in reproduction were put forward
in data published by Sales and colleagues (2004a) who investigated the role of PGF,,
and ensuing FP receptor activity in human endometrial adenocarcinoma cells and
demonstrated that increased proliferation was a direct result of PGF,, stimulation
(Sdes et al., 2004a). Additional work carried out by Sales and colleagues (2005 and
2008a) ascertained that PGF,, could modulate vascular function in endometria
adenocarcinomas by promoting the production of pro-angiogenic factor vascular
endothelial growth factor (VEGF) whilst the FP receptor possesses the ability to alter
adhesion, morphology and migration of endometrial adenocarcinoma cells
respectively, therefore confirming an autocrine/paracrine regulation of neoplastic cell
function by the PGF,,-FP interaction (Sales et al., 2005; Sales et al., 2008a).

1.7.3.2 Prostacyclin (PGI,) and the IP Receptor

Prostacyclin (or PGI,) synthesis is facilitated by prostacyclin synthase (PGIS)
and exerts its physiological functions by binding to IP receptors (Wang et al., 2007).
PGI, production is central to several body functions that include antithrombosis,
regulation of rennin release and is believed to play an important vasodilator role in the
kidney (Breyer et al., 2001; Bolger et al., 1978; Bugge €t al., 1990).

The human IP receptor encodes a protein of 386 amino acid residues and is highly
expressed in the heart, kidney, liver and lung tissues (Boie et al., 1994; Nakagawa et
al., 1994). IP receptor mRNA expression is aso present in the dorsal root ganglia and
therefore thought to act as a messenger in pain perception (Breyer et al., 2001). Upon
activation, IP receptors couple to Gs proteins which trigger increases in cCAMP and
protein kinase A (Herbert et al., 1998) and because IP receptor signalling is elevated
during menstruation, it is therefore suggested that its increase is associated with
painful menstrual cramps (Battersby et al., 2004). Additional data recently published
by Huang and colleagues (2007) have proposed a role for the IP receptor in embryo

devel opment and implantation in mice.
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1.7.3.3 Prostaglandin D, (PGD;) and the DP Receptor

The most recently cloned member of the prostanoid receptors is the DP
receptor and is probably the least well characterised (Breyer et al., 2001).
Prostaglandin D, (PGD-) exerts its action through the DP receptor and this prostanoid
is regarded as being involved with regulating body temperature, mediation of
vasodilation and vasoconstriction, inhibition of platelet aggregation and aso a
proposed role in the slegp-wake cycle (Urade and Hayaishi 1999; Sri Kantha et al.,
1994; Giles et al., 1989).

The human DP receptor encodes a 359 amino acid polypeptide and has also been
cloned in the mouse and rat (Wright et al., 1999, Hirata et al., 1994). DP receptor
MRNA is known to be expressed at low levelsin most tissues although it is present in
high quantities in leptomeninges, retina, and mucus-secreting cells of the
gastrointestinal tract (Wright et al., 1999; Oida et al., 1997; Hirata et al., 1994; Boie et
al., 1995). Activation of the DP receptor by PGD, results in accumulation of
intracellular CAMP and mobilisation of Ca®" and has been shown to be concerned in
inflammatory diseases such as asthma (Breyer et al., 2001; Murata et al., 2008),
although more recently, the upregulation of the DP receptor has been demonstrated to
facilitate tumour growth in the lungs of nude mice by inciting angiogenesis (Murata et
al., 2008; Brown et al., 1989).

1.7.3.4 Thromboxane A, (TXA;) and the TP Receptor

The synthesis of Thromboxane A, (TXA.) is catayzed by thromboxane
synthase TXS) and exerts its biological function through interactions with the TP
receptor (Jabbour and Sales 2004). TXA isrequired for platelet aggregation as well as
smooth muscle contraction and proliferation (Breyer et al., 2001). Increased synthesis
of TXA2 has been shown to be closely linked with cardiovascular diseases including
acute myocardial ischemia, heart failure and renal diseases making TP receptor
antagonists a potential therapeutic approach for these diseases (Oates et al., 1988;
Castellani et al., 1997; Spurney et al., 1992).
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The TP receptor was the first of the elcosanoid receptors to be cloned (Hirata et al.
1991). Two splice variants of this receptor exist, TPa, the original placental derived
clone encoding a 343 amino acid polypeptide and TP, the subsequent spliced variant
cloned from endothelium, encoding a 407 amino acid polypeptide, differing only in
their C-terminus amino acid sequence (Breyer et al., 2001). These TP receptors are
highly expressed in tissue rich in vasculature such as the lung, kidney, heart and
immune-related organs such as the thymus and spleen (Narumiya et al., 1999; Namba
et al., 1992). Thromboxane receptors are typically characterised by signalling via Gq
activation of Ca?*/DAG signalling pathways, although, TP receptors have also been
demonstrated to bind via Gi1, Gi2, Gi3 and GTP binding protein with transglutaminase
Gh (Breyer et al., 2001; Kinsellaet al., 1997; Becker et al., 1999).

1.8 Pro-inflammatory Cytokines and Pro-angiogenic Factors Closely
Associated in the Development and Progression of Cancer

1.8.1 Interleukins

The interleukin family are a group of cytokines that were initially seen to be
expressed in leukocytes. Dr. Paetkau first coined the term ‘interleukin’ which was
derived from ‘inter-’, meaning communication and ‘-leukin’ to denote that many of
these proteins are produced by, and act on leukocytes (Paetkau, 1981). However, this
assembly of signalling molecules are now known to be produced by a wide variety of
body cells such as macrophages, monocytes, eosinophils, mast cells, endothelial cells,
epithelia cells, natural killer cells and T cells and their function is mainly concerned
with regulation of the immune system. At present, interleukins, IL-1 to IL-36 have
been identified but for the purpose of this thesis, IL-6, IL-8 and IL-11 are going to be
discussed in more detail because of their roles in tumour development and progression

and their association with SP.

1.8.1.1 Interleukin-6 (IL-6)

IL-6 isamultifactorial cytokine and thisis evident from all the different names
it used to be called, each reflecting a different biological activity it controlled, until
researchers realised that they had all cloned the same protein (Simpson et al., 1997).
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Previous terms in which IL-6 was previously referred include interferon-p,, B-cell
stimulatory factor-2, hepatocyte stimulatory factor and cytotoxic T-cell differentiation
factor (Weissenbach et al., 1980; Hirano et al., 1985; Gauldie et al., 1987; Takai et al.,
1988).

IL-6 consists of 184 amino acids, is synthesized as a larger polypeptide precursor with
asignal peptide of 28 amino acids and its gene is located at chromosome 7p21 and 5 in
the human and mouse genomes respectively (Rose-John et al., 1992; Sehgal et al.,
1986; Mock et al., 1989). The biological activities of IL-6 are mediated by the IL-6
receptor-system and this comprises of two membrane proteins termed the signal
transducing B subunit gp130, which also forms part of the receptor complex with I1L-11
and leukemia inhibitory factor (LIF), and the ligand binding a-subunit receptor (IL-6R)
(Smpson et al., 1997; Taga et al., 1989; Gearing et al., 1992). The high-affinity
binding of IL-6 is deemed to have resulted from its ability to interact simultaneously
with both IL-6R and gp130 sites and the subsequent signal transduction allows the

activation of tyrosine kinases (Murakami et al., 1993).

While this cytokine is dlightly redundant with normal day-to-day ‘housekeeping’
functions, it plays a central role in host defence due to its contribution in immune and
hematopoietic activities (Simpson et al., 1997). IL-6 isan important mediator of fever,
is secreted by T cells and macrophages in response to trauma, can act as both a pro-
inflammatory and anti-inflammatory cytokine and is elevated in response to muscle

contraction.

The over-expression of IL-6 has been implicated in the pathology of a number of
diseases such as rheumatoid arthiritis, psoriasis and postmenopausal osteoporosis
(Simpson et al., 1997). In addition, aberrant production of IL-6 has been reported in
many cancers such as ovarian cell carcinoma, squamous cell carcinoma of the uterine
cervix and renal cell carcinoma (Watson et al., 1990; Eustace et al., 1993; Takano et
al., 1996). IL-6 also acts in an autocrine growth fashion in myeloma, lung and breast
cancers, it is closely associated with the transciptional activation of oncogenic STAT3

and is implicated as an important activator of Jagged-1/Notch signaling in breast
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tumours (Jenkins et al., 2005; Aikra et al., 1993; Grivennikov and Karin, 2008).
Patients with advanced metastatic cancer are shown to have higher levels of IL-6 in
their blood and along with its upregulated expression in cancer and other diseases,
interest in devel oping anti-1L 6 receptor therapeutic agents has significantly grown with
tocilizumab having already been approved to treat rheumatoid arthiritis sufferers
(Barton, 2005).

1.8.1.2 Interleukin-8 (I1L-8)

IL-8 is one of severa pro-inflammatory cytokines released by macrophages
and epithelial cells during the inflammatory response to viral and bacteria infections
(Roux et al., 2000). This chemokine was first identified as a 72 amino acid neutrophil
chemotactic polypeptide and along with other members of the CXC chemokine gene
family, form a chemokine gene cluster located on chromosome 4q (Matsushima et al.,
1988; Modi et al., 1990). There are two known receptors for I1L-8 expressed on
neutrophils and are called CXCR1 and CXCR2 (Murphy and Tiffany, 1991). Both of
these chemokine receptors are members of the G-protein-coupled receptor family with
the CXCR1 receptor being activated in response to binding of 1L-8 and granulocyte
chemotactic protein-2 whereas the CXCR2 receptor is activated by multiple CXC-
chemokines, including the growth related oncogenes (Brat et al., 2005).

Studies aimed at establishing the functional role of 1L-8 have shown this chemokine to
stimulate chemotaxis in basophils and T lymphocytes, induce neutrophils to release
lysosomal enzymes and promote adherence of neutrophils to endothelial cells by
increasing the expression of VCAM-1 and selectins (Gorman et al., 1982; Walz et al.,
1987; Huber et al., 1991). IL-8 can be induced in a wide range of cells and tissues by
various reagents such as mitogens, IL-1 and TNF (Okamoto et al., 1992). The
upregulation of IL-8 signalling being shown to activate Akt which is strongly
associated with modulating cell survival, angiogenesis, cell migration as well as being

implicated in the growth of prostate cancer cell lines (Cheng et al., 2008).

Additional research has demonstrated that IL-8 and Gro-a signalling increase the

transcriptional activity of NF-kB in melanoma and prostate cancer cell lines, a



Chapter 1 General Introduction

response which appears to be mediated through activation of p38 and MAPK (Wang
and Richmond 2001; Wilson et al., 2006), whereas other published data has shown IL-
8 expression and the subsequent transcriptional activation of MAPK and EGFR
signalling to promote cell proliferation in ovarian and lung cancer cell lines
(Venkatakrishnan et al., 2000; Luppi et al., 2007). Kim and colleagues (2010) recently
revealed that PGE, forms a positive feedback 1oop with the PTGERS receptor and this
promotes enhanced IL-8 production via EGFR activation in lung cancer cells. SP
contains PGE; in high concentrations and coupled with the finding by Sharkey and
colleagues (2007) who demonstrated that 1L-8 and IL-6 were upregulated in cervical
epithelial cells in response to semina plasma, this therefore implies that SP may
potentially induce the inflammatory response in the cervix by enhancing the expression

of 1L-8 directly and indirectly through binding with the PGE; receptors.

1.8.1.3 Interleukin-11 (IL-11)

IL-11 is another member of the interleukin family which poses as a
multifunctional cytokine. It was first identified in 1990 in a medium conditioned by the
primate bone marrow-derived stromal cell line PU-34 in response to IL-1 and is also
referred to as adipogenesis inhibitory factor (AGIF) and oprelvekin (Paul et al., 1990;
Kawashima et al., 1991). The human IL-11 gene is located on chromosome 19,
consists of 5 exons and 4 introns and encodes a 23 kDa protein (Mckinley et al., 1992).
As previously mentioned, I1L-11 is a member of the IL-6 type cytokine family and its
signal transduction is initiated upon binding of IL-11 to IL-11Ro and gpl30 co-
receptors and by phosphorylating intracellular tyrosine residues on gpl130, it permits
the JAK kinases to become activated (Heinrich et al., 2003). A study carried out by
Campbell and colleagues (2001) ascertained that IL-11 was upregulated in over 93%
of malignant epithelia cells in primary ovarian carcinoma samples and this was found
to correlate with the presence of both receptors (IL-11Ra and gp130). Although the
exact function of the IL-11 receptor system in ovarian epithelial cell biology remains

to be fully defined, the existence of both receptors appears to be significant.

Biological activities that are controlled by this novel cytokine include stem cell

proliferation, hepatic acute phase responses, growth of certain lymphocytes and it is
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also a key regulator of multiple events in hematopoiesis, most notably the stimulation
of megakaryocyte maturion (Kawashima et al., 1992; Paul et al., 1990). IL-11 is
produced to strengthen long bones, performs various functions in a number of tissue
types such as brain, gut and testis and is found to respond to agents such as IL-1,
phorbol-esters and transforming growth factor-p (TGF-p) (Schendel and Turner, 1998).

In addition, IL-11 has been implicated in the induction of PTGS-2 in breast cancer
cells, is associated with adenocarcinoma development as a potent inducer of
proliferation in the setting of human gastric cancer via activation of STAT3 and
ERK1/2 and its over-expression in prostate cancer cells suggests it may be useful as
potential marker for prostate cancer progression (Singh et al., 2006; Furuya et al.,
2005).

1.8.2 Growth Related Oncogene (Gro)

Chemokines are known to play a central role in regulating physiological
responses such as inflammation and wound healing as well as being implicated in
tumour angiogenesis and metastases (Bobrovnikova-Marjon et al., 2004). Gro is a
member of the CXC chemokine family which is responsible for the recruitment of
neutrophils to inflammatory sites with three distinct forms (a, p and y) having been
originally isolated from transformed fibroblasts, characterized and are often referred to
as CXCL1, CXCL2 and CXCL3 respectively (Cuencaet al., 1992; Wang et al., 2006).
All three of these ligands bind to the chemokine receptor CXCR2 with Gro-a (also
identified as CXCL1 but termed as Gro-a throughout this thesis) having the highest
affinity (Hammond et al., 1996). The Gro-a, Gro-p and Gro-y genes encode mRNAS
approximately 1.1 kb in size and are all closely linked on human chromosome 4 (Lida
and Grotendorst 1990; Gupta et al., 2007).

1.8.2.1 Growth Related Oncogene-a (Gro-a)

Gro-a is expressed by macrophages, neutrophils and epithelial cells and has
neutrophil chemoattractant activity (Lida and Grotendorst 1990; Becker et al., 1994,
Richmond et al., 1988; Moser et al., 1990). Normal regulatory functions of Gro-a
include wound healing, arole in spina cord development by inhibiting the migration
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of oligodendrocyte precursors and acts as a chemotactic signal to cause the recruitment
and activation of specific leukocytes within the ovulating follicle (Devaargja et al.,
2000; Tsai et al., 2002; Karstrom-Encrantz et al., 1998). Although the notoriety of
Gro-a stems from its involvement in processes such as inflammation, angiogenesis and
tumourigenesis (Haghnegahdar et al., 2000; Owen et al., 1997), recent evidence by
Omari and colleagues (2009) proposes it may offer a neuro-protective function after it

was shown to successfully decrease the severity of multiple sclerosisin mice.

Upregulated Gro-a is expressed in a variety of tumours including breast, cervical and
non-small cell lung cancer (Luboshits et al., 1999; Niwa et al., 2001; Arenberg, 1997).
Gro-o. has aso been shown to promote cell transformation in immortalized
melanocytes and along with Gro-p and Gro-y, these chemokines can exert autocrine
control over neoplastic proliferation in human melanomas (Richmond et al., 1986).
Gro-a is expressed in 70% of these tumours with the levels of Gro- and Gro-y being
expressed to a much lesser extent (Luan et al., 1997; Baentien et al., 1991). Work
undertaken by Wang and colleagues (2006) demonstrated that upregulated Gro-o
expression was closely associated with elevated PGE, levels in human colorectal
tumours and mouse intestinal adenomas and involves the activation of the
EGFR/MAPK pathway. Additional findings from this study showed that conditioned
media from PGE,-treated colorectal cancer cells enhanced endothelial cell migration
and tube formation and that treatment with an anti-Gro-a-neutralizing antibody
reduced tumour growth with decreased microvessel formation (Wang et al., 2006),
thus suggesting that PGE, induced Gro-o expression is implicated in colorectal tumour

growth and angiogenesis.

Other studies outlining the angiogenic potential of Gro-o includes the work of Caunt
and colleagues (2006) who demonstrated that Gro-a is pivotal in thrombin-induced
angiogenesis by markedly increasing vascular regulatory proteins such as MMP-1,
MMP-2, VEGF, angiopoietin (Ang-2) and CD31 in human umbilical vein endothelial
cells (HUVECSs) whereas a study undertaken by Lane and colleagues (2002) illustrated
that Gro-a and IL-8 mediate angiogenesis in Kaposi’'s sarcoma via the HIV-1

transactivator protein Tat and TNF-a. Furthermore, work carried out by Zhou and
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colleagues (2005) demonstrated that Gro-a increases tumourigenecity in glioma cells
through the upregulation of MMP-2 and SPARC (secreted protein acid and rich in
protein) and although the exact mechanisms are not known, the U251 glioma cell line
being employed did not contain detectable levels of the CXCR2 receptor, leading to
the possibility that Gro-a exerts its pro-tumourigenic effects via receptors other than
CXCR2.

1.8.2.2 Growth Related Oncogene-p (Gro-)

In addition to being called CXCL2, Gro-B is sometimes referred to as
macrophage inflammatory protein 2-a (MIP2-a) and bares an amino acid sequence that
IS 90% identical to Gro-a. This chemokine is expressed by monocytes and
macrophages and is chemotactic for polymorphonuclear leukocytes and hematopoietic
stem cells (Wolpe et al., 1989; Lida and Grotendorst, 1990; Pelus et al., 2006). Work
undertaken by Wang and colleagues (2006) demonstrated that upregulation of Gro-a
and Gro-p increases cellular proliferation in esophageal cancer cells and this was
shown to be mediated via ERK1/2 signalling. Results from this study also revealed that
elevated Gro-p expression promotes the transcription of early growth response factor-1
(EGR-1) which is known to regulate the expression of many genes involved in
tumourigenesis including insulin-like growth factor-11 and VEGF (Wang et al., 2006;
Bae et al., 1999; Yan et al., 2000).

Compared with Gro-a, less is known about the role of Gro-f in tumourigenesis. Cao
and colleagues (1995) demonstrated that Gro-p suppressed the growth of lung tumours
in immune-deficient mice by suppressing tumour vascularisation while results released
by Owen and colleagues (1997) revealed that the expression of Gro-f in immortalized
murine melanocytes enhanced colony formation in soft agar and tumourigenecity in
nude mice with an associated induction of angiogenesis. Furthermore, a study carried
out by Pulai and colleagues (2005) showed that Gro-p can augment inflammatory
responses following its induction by fibronectin fragments generated from damaged
extracellular matrix and taken together, experimental evidence therefore suggests that
Gro-p mediates varied functions and that the biological responses to this cytokine are

dependent on its cellular context.
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1.8.2.3 Growth Related Oncogene-y (Gro-y)

Like its other family member counterparts, Gro-y mediates its effects via the
CXCR2 chemokine receptor and is also termed macrophage inflammatory protein 2b
(MIP2b) as well as CXCL3. This cytokine is primarily involved in controlling the
migration and adhesion of monocytes (Smith et al., 2005; Ahuja et al., 1996) and
shares an 86% similarity in amino acid homology with Gro-o (Haskill et al., 1990).
Gro-y exhibits strong mitogenic and angiogenic properties as shown by it playing a
significant role in mediating tumourigenesis (Luan et al., 1997). For example, Gro-y is
highly expressed in human melanoma with tumours displaying a high degree of
vascularity, however, when the tumours were depleted of Gro-y, there was a marked
reduction of tumour-derived angiogenesis and this correlated directly to inhibition of
tumour growth (Luan et al., 1997; Owen et al., 1997). In addition, recently published
work by Krogan-Sakin and colleagues (2009) showed that Gro-y was secreted by
stromal cells in response to treatment with conditioned media from immortalized non-
transformed prostate epithelial cells and that this was predominantly mediated by IL-1.
Gro-o, Gro-p and IL-8 were also found to be secreted and suggest that such
interactions may contribute to prostatic inflammation and progression at early stages of
prostate cancer formation (Krogan-Sakin et al., 2009).

1.8.3 Vascular Endothelial Growth Factor (VEGF)

Vascular endothelia growth factor (VEGF) is an important signalling protein
that is involved in the formation of the circulatory system and the growth of blood
vessels from pre-existing vasculature, processes caled vasculogenesis and
angiogenesis respectively (Risau, 1997). In addition, VEGF is known to mediate a vast
array of biological processes in endothelial cells such as cell proliferation, migration,
survival and differentiation (Cebe-Suarez et al., 2006; Shibuya and Claesson-Welsh,
2005). VEGF was origindly identified as vascular permeability factor (VPF) by
Senger and colleagues (1983) and as vascular endothelia cell-specific growth factor by
Leung and colleagues (1989). However, subsequent molecular cloning and expression
studies revealed that these two proteins were essentially the same protein encoded by a
single gene (VEGF gene) (Shibuya, 2001).
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In humans, the VEGF family consists of five members, VEGF-A, -B, -C, -D and
placenta growth factor (PIGF). In structural terms, VEGF belongs to the platelet
derived growth factor (PDGF) super-gene family with 8 cysteine residues being
conserved at the same positions and 2 of these being used to generate intermolecular
cross-linking S-S bonds (Wiesmann et al., 1997). All members of the VEGF family
stimulate cellular responses by binding to tyrosine kinase receptors (the VEGFRs) and
are termed VEGFR-1, -2 and -3, athough VEGFR-2 appears to mediate almost all of
the known cellular responses to VEGF (Holmes et al., 2007; Stuttfeld and Ballmer-
Hofer, 2009). The genera biochemical steps involved in the signa transduction of
VEGF receptors entalls ligand binding to the receptor, receptor dimerization,
activation of tyrosine kinase, autophosphorylation of the receptor followed by binding

and activation of adaptors at the autophosphorylation sites (Schlessinger, 2000).

VEGF is an important angiogenic factor in many human tumours and its over-
expression has been observed in carcinoma of the ovary, cervix and breast amongst
others (Cheng et al., 1999). Severa factors have been shown to participate in the
regulation of the VEGF gene and include a variety of stimuli such as hypoxiainducible
factors (HIF1a and HIF2a), growth factors, p53-mutation, estrogen, tumour promoters
and transformation (Shibuya, 2001). The expression of PTGS-2, PGE, and TGF-§ are
often shown to be induced in human malignancies such as colorectal carcinoma and
breast cancer and their upregulation in the same areas of the tumour as VEGF suggests

their expression may be coordinated in cancer-induced angiogenesis (Fosslien, 2001).

Folkman (1971) reported that growth of solid tumours and their metastasis are
dependent on angiogenesis and since VEGF is the major regulator of blood vessel
formation, its expression in tumour growth is of the utmost importance. A study from
our laboratory demonstrated that SP induced the upregulation of VEGF in HelLa
adenocarcinoma cells expressing the PTGER4 receptor (Muller et al., 2006). As a
result, SP has the potential to promote changes in vasculature in dysplastic cells by
directly inducing the over-expression of VEGF and indirectly via the upregulation of
other pro-tumourigenic factors such as PGE; and PTGS-2 that can also enhance VEGF

production.
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1.8.4 Proliferative Marker Ki-67

Ki-67 is strictly associated with human cell proliferation and the expression of
this protein can be utilized to assess the growth fraction of a given cell population
(Duchrow et al., 1996). This protein was originally defined by the prototype
monoclonal antibody Ki-67 which was generated by Gerdes and colleagues (1983) by
immunizing mice with nuclei of the Hodgkin lymphoma cell line L428. The name Ki-
67 is derived from the city of origin (Kiel) and the number of the original clone in the
96-well plate (Scholzen and Gerdes, 2000). Two protein isoforms of Ki-67 are known
to exist and exhibit molecular masses of 320 and 359 kD. The gene encoding the Ki-67
isoforms is localized on chromosome 10 and organized in 15 exons with the centre
being formed by an extraordinary 6845 bp exon containing 16 successively repeated
homol ogous segments of 366 bp known as *Ki-67 repeats (Duchrow et al., 1996).

Ki-67 is regarded as an excellent proliferative marker because it is present during all
active phases of the cell cycle (G, S, G, and mitosis), absent in resting cells (Go)
(Scholzen and Gerdes, 2000) and there is currently no convincing data to suggest that
Ki-67 may not be expressed by any proliferating human cell type. Although the
functional significance of Ki-67 remains unclear, the expression of this protein is an
absolute requirement for progression through the cell-division cycle, thus making it a
useful prognostic tool in tumour diagnostics (Scholzen and Gerdes, 2000). In cases of
multiple myeloma, expression of Ki-67 was shown to correlate with disease
progression (Drach et al., 1992) and it can also be employed as a predictor of overall
survival of patients with distant metastasis (Heslin et al., 1998). Research performed
by Wang and colleagues (2008) demonstrated that transfection with antisense Ki-67
cDNA in breast cancer cells MDA-MB-435s which highly express the Ki-67 protein
resulted in a 70-80% reduction in proliferation and may offer itself as a potential

option in anticancer therapy.

In addition to Ki-67 positively stained tumour cells bearing a close correlation in
disease progression in carcinomas such as the breast and prostate (Scholzen and
Gerdes, 2000), work carried out by Conesa-Zamora (2009) revealed that positive

expression of Ki-67 was associated with severity of dysplasia in precursor lesions of
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cervical carcinoma and along with negative expression of p53, appeared to be linked
with HPV-16 infection. As cancer of the cervix is multistage, several studies have used
Ki-67 as a proliferative marker to investigate cervical tumour progression. These
findings show the expression of this protein to correlate with bcl-2 levels and higher
grades CIN2 and CIN3 in sgquamous cell carcinomas as well as acting as a gauge for
apoptosis in adenocarcinoma in the uterine cervix and is of great value in determining
how well a tumour responds to treatment (Looi et al., 2008; Leung et al., 2004,
Scholzen and Gerdes, 2000).

As the presence of Ki-67 is essential for cellular proliferation, the generation of a
suitable mouse phenotype is probably lethal and although a conditional approach using
the cre/loxP system may be an option (Rajewsky et al., 1996), the exact biological
function of this protein remains to be fully understood. Nevertheless, the prognostic
significance of Ki-67 is evident from the publication of much data correlating the
expression of this protein with the clinical course of several cancers and patients

likelihood of survival.

1.8.5 Endothelial Marker CD31

CD31 isaso termed as platelet endothelial cell adhesion molecule (PECAM-1)
and its primary roles are the remova of aged neutrophils from the body and tissue
repair. CD31 is widely distributed with it being located on endothelia cells,
leukocytes, T and B cells, monocytes, granulocytes, platelets and 40% of bone marrow
cells (McMichadl et al., 1987; Tang et al., 1993). This adhesion molecule is a single-
chain glycoprotein with a mass of approximately 130-140 kD (McMichael et al., 1987)
and the gene encoding CD31 is approximately 65 kb in length and localized to human
chromosome 17. Alternative splicing of the tail appears to generate multiple isoforms
of CD31 and this may regulate phosphorylation and affinity modulation (Kirschbaum
et al., 1994).

CD31 molecules have previously been identified to reside on human, rat and murine
solid tumour cell lines, including colon adenocarcinoma, athough the level of

expression was shown to vary considerably amongst the different types investigated
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(Tang et al., 1993). Other research performed by Ding and colleagues (2005)
demonstrated that there was a strong correlation between the expressions of VEGFR-3,
CD31 and tumour metastases in Chinese males with prostate cancer and that this also

correlated with increases in microvessel density (MVD).

Further studies have employed CD31 to serve as an endotheliad marker for
angiogenesis with Mazibrada and colleagues (2008) demonstrating that expression of
CD31 correlated with MVD and disease progression in clinical samples of cervical
dysplasia and cervical carcinogenesis when compared to normal cervix, while Darai
and colleagues (1998) showed that immunohistochemical expression of CD31, as
determined by MV D, was significantly higher in malignant tumours than in borderline
tumours and benign tumours of the ovary and did not correlate with levels of VEGF. In
human tumours, angiogenesis is evauated by MVD in carcinomas of the breast, lung,
prostate, head and neck and rectum as well as in malignant melanoma and taken
together suggests that using CD31 as a marker of angiogenesis can distinguish the
extent of disease progression and patients survival chances and this applies to cancer of
the cervix. (Horak et al., 1992; Yamazaki et al., 1994; Wakui et al., 1992; Petruzzelli
et al., 1993; Saclarides et al., 1994, Barnhill et al., 1992).

1.9 Physiological Processes Closely Associated with the Development
and Progression of Cancer

1.9.1 Inflammation

A functional relationship between inflammation and cancer has been long established
with Rudolf Virchow hypothesizing as early as 1863 that the beginnings of cancer
originated from chronic sites of inflammation (Coussens and Werb, 2002). It is now
estimated that approximately 15% of global cancer is attributable to chronic
inflammation (Balkwill and Mantovani, 2001). Further proof of inflammation playing
an important role in cancer development is the use of NSAIDs which have been shown
to prevent spontaneous tumour development in people with familial adenomatous
polyposis (FAP) and more recently, the use of NSAID inhibitors which target PTGS-2

(a2 magor mediator of inflammation) have been entrusted to reduce the risk of
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developing colorectal carcinogenesis and prostate cancer (Oshima et al. 1995;
Moustakas et al., 2002; Cheng et al., 2007).

The tumour microenvironment, which is partly orchestrated by inflammatory cells, is
an indispensable participant in the neoplastic process, although, whether inflammation
alone is sufficient to cause tumour-initiating changes remains to be proven (Dvorak,
1986). For cancer to develop and progress unabated, it requires the acquisition of six
fundamental properties that includes; self-sufficient proliferation, insensitivity to anti-
proliferative signals, evasion of apoptosis, unlimited replicative potential, self-
maintenance of vascularization and finaly, in order to create conditions for
malignancy, tissue invasion and metastasis need to occur (Balkwill and Mantovani,
2001). Nevertheless, to fully appreciate the role of inflammation in the evolution of
cancer, afirm understanding of how inflammation helps co-ordinate physiologica and
pathological responses such as tissue repair and regeneration is required (Dvorak,
1986).

When tissue injury occurs, the normal reaction from the human body is to mend itself
and the first step taken towards achieving this goal is accomplished by releasing a
magnitude of chemical signals at the damaged site such as members of the interleukin
family including IL-1 and IL-8, histamine, prostaglandins, IFN-y,VEGF, nitric oxide
(NO), platelet derived growth factor (PDGF) and monocyte chemotactic protein
(MCP), thus enlisitng a vast range of effector cells to partake in healing the effected
tissue (Balkwill and Mantovani, 2001; Coussens and Werb, 2002) . This mode of
action signifies the beginning of the host’s acute inflammatory response and once
activated by chemotactic recruitment, effector cells which include; leukocytes,
macrophages, neutrophils, monocytes, eosinophils and Ilymphocytes migrate to the
damaged area, where each performs their individua restorative function (Grivennikov
and Karin, 2009; Bakwill and Mantovani, 2001). The effector cells mediate their
uniform regulation of wound healing via the release of a multifactorial array of
cytokines, cytoxic mediators, matrix metalloproteinases (MMPs) and mediators of cell
killing such as TNF-a and interferons (Kuper et al., 2000; Wahl and Kleinman, 1998).

Neutrophils are earliest to arrive at the scene which occurs via chemotaxis and their
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main function is to engulf and remove the foreign materia by phagocytosis.
Macrophages that are derived from monocytes follow shortly after and provide an
abundance of growth factors and cytokines to aid with repair. Mast cells are aso
crucia in the inflammatory process due to the release of pro-inflammatory mediators
that help govern the overall response, and in doing so, are of great importance to the
host.

However, irregular production of inflammatory mediators, such as IL-1, IL-6 and IL-
23 can activate oncogenic transcription factors NF-xB or STAT3 which areintrinsic to
inducing expression of anti-apoptopic genes and have been found to exist in over 50%
of al cancers (Grivennikov and Karin, 2009; Grivennikov and Karin, 2010; Yu et al.,
2007; Karin 2006; Levy and Darnell, 2002). Furthermore, another inflammatory
mediator that requires tight regulation is that of tumour necrosis factor-a (TNF-a). It is
accountable for controlling inflammatory cell populations but sometimes this cytokine
is not governed properly, usually resulting in the development of chronic diseases that
include acute chronic pancredtitis, chronic renal failure and obstructive chronic
pulmonary disease (COPD), as well as several cancers such as chronic lymphocytic
leukaemia (Moustakas et al., 2002; Kiyici et al., 2009; Descamps-Latscha et al., 1995;
Keatings et al., 1996; Balkwill and Mantovani, 2001). Other cytokines that are heavily
involved in the inflammatory response includes IL-6 which is secreted by T-cells and
macrophages to stimulate the immune response in reply to trauma injuries such as
burns, 1L-8 which is responsible for inducing neutrophils to leave bloodstream and
enter into surrounding tissue and CXCL12, the production of which helps co-ordinate
cell trafficking that is important for maintaining homeostasis (Barbieri et al., 2010).
Although the primary function of these cytokine messengers is to aid with the
inflammatory response, their aberrant expression can have effects on recruitment of
immunosuppressive cells, cellular proliferation and ability to encourage cell migration,

all of which are cancer-favouring traits, thereby stimulating tumour devel opment.
The main concept to be noted from examining inflammation and cancer in

combination is that during the ‘normal’ inflammatory response, as in tissue repair, the

process is self-limiting, in other words, it has an end, no means of continuing once the
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stimulus is removed. Whereas, if any of the converging factors which regulate
inflammation become dysfunctional, abnormalities can occur and this appears to be
what happens during neoplastic progression (Coussens and Werb, 2002). Further
highlighting the strong associations between inflammation and cancer devel opment
arises from the fact that many molecules and pathways are linked, playing dual rolesin
homeostasis, wound healing and tumourigenesis (Balkwill and Mantovani, 2001). For
example, the Wnt/B-catenin pathway is involved in maintaining the steady-state
proliferative compartment and tumourigenesis of tissues, whilst PTGS-1 and PTGS-2,
whom play a critical role in synthesizing prostaglandins to mediate tissue repair in the
alimentary tract, are also heavily involved in tumour development (Dicarlo et al.,
2001; Coussens et al., 1999; Coussens et al., 2000).

PTGS-1 is constitutively expressed in most tissues and was initially perceived as
synthesizing low levels of prostaglandins in the maintenance of physiologica
functions (Smith et al., 1996), whereas PTGS-2 on the other hand is highly inducible
in response to pro-inflammatory stimuli, cytokines, mitogens and reputed for itsrolein
activating inflammatory prostaglandins such as PGE, (Rgakariar et al., 2006). The
observation that many NSAIDs operate on the basis of selectively inhibiting the
actions of PTGS-2 further stresses the significant role of PTGS-2 in inflammation,
although, several studies have now implicated PTGS-1 in tumour associated
inflammation with it being shown to promote cell differentiation in the human
monocytic leukaemia cell line (THP-1) in response to phobel esters and is over-
expressed in cervical adenocarcinoma with its products appearing to act in an
autocrine/paracrine role in regulating the expression of PTGS-2, PGE, and its
receptors (Rajakariar et al., 2006; Sales et al., 2001). PGE; levels that are increased by
the upregulation of PTGS-1/-2 enzymes can further augment the inflammatory
response through influencing the capacity of human T cells to produce cytokines such
as IL-12 and IFN-y via PTGER receptors (Boniface et al., 2009) and have been shown
to promote the upregulation of Gro-a, a chemokine known to play an important role in
regul ating inflammation (Wang et al., 2006).
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Seminal plasma is known to contain potent anti-inflammatory properties in order to
provide a survival advantage to the spermatozoa within the hostile female tract and is
demonstrated by SP and its component prostaglandins being able to stimulate the
release of the anti-inflammatory cytokine IL-10 (Denison et al., 1999a). However,
contrasting data has shown pro-inflammatory leukoctosis to occur post-coitus in
humans and animals with data generated from a study performed on mares revealing
that a significant increase in inflammation was observed in the uterine canals as a
direct result of inseminating with low doses of seminal plasma (Portus et al., 2005). It
is therefore possible that SP initiates anti-inflammatory and pro-inflammatory
responses in the female reproductive tract in order to firstly facilitate its survival and

then to aid with itsremoval (Denison et al., 1999a).

Many of the effects that seminal plasma exhibits are not fully understood, athough
evidence is gathering to support a possible role in cervical tumourigenesis. PTGS-1
and PTGS-2 have been frequently linked with inflammation and cancer progression, as
have similar roles been suggested for IL-6 and TGF-B1 (Grivennikov and Karin, 2009;
Moustakas, 2002). SP has previously been shown to upregualte PTGS-1, PTGS-2, IL-
1B, IL-6, IL-8 and TGF-B1 in several cancers including cervical carcinoma and it is
therefore possible that by mediating inflammation in the cervical canal, SP could
trigger tumour-initiating factors to favour tumourigenesis and cancer progression
(Jabbour and Sales, 2004; Gutsche et al., 2003; Sharkey et al., 2007; Robertson et al.,
2002). Research performed by Khadra and colleagues (2006) investigated levels of
cytokines in SP in patients with chronic prostatitis (CP) and chronic pelvic pain
syndrome (CPPS) and demonstrated that patients with these chronic conditions
constantly exhibited elevated levels of IL-8 in their SP, thus suggesting that 1L-8
maybe a contributing pro-inflammatory component in the pathogenesis of these
conditions as well as other reproductive malignancies.

1.9.2 Angiogenesis
Angiogenesis is a multistep physiologica process that involves the formation
of new blood vessels from pre-existing ones and its regular operation is essential for

normal growth and development (Racia et al., 2009). For angiogenesis to perform
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correctly, angiogenic growth factors firstly act upon cognate receptors on vascular
endothelial cells present in pre-existing blood vessels and following their activation,
the endothelia cells release protease enzymes which degrade the basement membrane,
thus permitting their escape. Once the endothelia cells have departed from their
original vessel walls, they then migrate by means of chemotactic stimuli, proliferate
into the surrounding extracellular matrix, forming solid branches that connect to
neighbouring tissue. Development of these new branches allows new vessels to grow
across gaps in the vasculature and displays why angiogenesis is also important as a
repair mechanism (Burri et al., 2004). However, when angiogenesis occurs excessively
or deficiently, several different pathological conditions can arise that include;

ischaemia, blindness, tumour growth and tumour progression (Racia et al., 2009).

In order for a tumour to grow, it requires a supply of nutrients and oxygen and this
demand increases as the tumour develops, often generating needs that outweigh the
current supply. The logical way around this problem is to increase vascularisation and
the cancer cells undertake this task by inducing many factors that are strongly involved
in the angiogenic process such as vascular growth factor (VEGF), basic fibroblast
factor (bFGF), endothelin-1 and platelet derived growth factor (PDGF) (Tsujii et al.,
1998). Recruitment of these pro-angiogenic factors induces angiogenesis and the more
these factors are expressed, the more aggressive a cancer can become, having
devel oped sufficient vasculature to support a quicker progression of the disease.

PTGS-2 is very important in many cancers as it strongly induces VEGF which is a
common angiogenic factor that directs tumour-induced angiogenesis (Detmar, 2000).
Various case studies have revealed that expression of PTGS-2 was found to be
significantly elevated in 90% of lung cancers (18/20), 70% of colon adenocarcinomas
(14/20) and 55% of breast tumours (11/20) compared to non-tumour tissue from the
respective origin (Soslow et al., 2000). High levels of PTGS-2 are indicative of poor
prognosis as patients who develop cancers with overly expressed levels of PTGS-2,
such as cervical carcinomas, tend to be associated with a shorter survival (Gaffney et
al., 2001). A mouse model of angiogenesis revealed that administration of the PTGS-2

62



Chapter 1 General Introduction

inhibitor, NS-398, blocked angiogenesis, and further stresses the importance of PTGS-
2 involvement in the progressing of cancers (Hernandez et al., 2001).

Upregulation of VEGF is one of the driving forces controlling angiogenesis and
expression of this growth factor has been demonstrated to be significantly increased in
severa cancer types, including; ovarian, breast and renal (Garzetti et al., 1999; Y oshiji
et al., 1996; Paradis et al., 2000). Colorectal carcinoma is another human malignancy
that exhibits upregulation of VEGF aong with prostaglandins and PTGS-2 and
because their expression is localised to the same area of the tumour, it suggests that
their coordinated efforts are involved in cancer-induced angiogenesis (Fosslien, 2000;
Musunaga, 2000).

Besides VEGF, other factors closely associated with the induction of changes in
vasculature are the angioproteins Angl and Ang2. Studies in knock-out mice show that
these protein growth factors are required for the formation of mature blood vessels and
this is achieved by binding to their cognate tyrosine receptors (Tie-1 and Tie-2) in
order to trigger cell signalling cascades (Thurston, 2003). MMPs are another major
contributor to angiogenesis as they help degrade proteins whose function it is to
maintain solid vessel walls. Following degradation, nearby endothelial cells migrate
into the interstitial matrix and results in sprouting angiogenesis. This is supported in
findings generated by Haas and colleagues (2000) who demonstrated that inhibiting
MMPs in rat skeletal muscle prevented the formation of new blood capillaries.
Furthermore, work carried out by Nikolopoulos and colleagues (2004) in mice showed
tumour angiogenesis to be dependent on a6PB4 signalling with endothelia cell
migration and invasion being induced by promoting the nuclear translocation of ERK
and NF-kB. The integral nature of angiogenesis and cancer has led to the development
of angiogenesis based tumour therapy with Avistan, a monoclonal antibody directed
against an isoform of VEGF, being recently approved to treat colorectal cancer in

combination with chemotherapy.
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1.9.3 Homeostasis and Apoptosis

Homeostasis is the ability of the human body to maintain a stable condition by
upholding the internal environment in a state of equilibrium. A wide variety of
practices are carried out by the body to preserve a constant status and these range from
the utilization of insulin and glucagon in regulation of blood glucose levels to sweating

or shivering in order to decrease or increase body temperature (Bhagavan, 2002).

Another mechanism that needs to be tightly safeguarded in preserving a homeostatic
environment is cell number constancy, achieved through cellular proliferation and cell
death. Cells must be replaced when they malfunction or become diseased, but
proliferation must be offset by cell death (Thompson, 1995). The process of self-
programmed cell death or apoptosis occurs when a cell is damaged beyond repair or
infected with avirus and therefore apoptosi s functions to remove the damaged/infected
cell to prevent the abnormalities from spreading. Apoptosis is inhibited or completely
absent during tumourigenesis, therefore alowing the cells to continually divide
unabated and develop into a tumour (Hanahan and Weinberg, 2000). There are
numerous apoptosis-regulating genes which have been identified to date and these
include; p16, p21, p27, p53 and E2F genes, caspase genes and the anti-apoptotic bcl-2
gene family (Opalka et al., 2002). The most prominent apoptotic-regulator is the p53
tumour suppressor gene, with inactivation of its encoded p53 protein being reported in
50% of human cancers (Harris, 1996). Moreover, downregulation of p53 has been
closely correlated with overexpression of PTGS-2 in gastric, head and neck tumours,
but no such relationship was established in an endometrial cancer study (Shun et al.,
2003; Gall et al., 2003). In addition, various model systems which use overexpressing
PTGS-2 epithelial cell lines have displayed that using selective inhibitors for PTGS-2
coincided with arestoration of apoptosis (Erickson et al., 1999).

1.9.4 Mitogenesis and Cellular Proliferation

Mitogenesis is the induction of mitosisin a cell, the manner by which al cells
divide. In other words, it is the process that encompasses cellular proliferation,

normally resulting in two new nuclei, each of which contains a complete copy of the
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parental chromosomes (De Souza and Osami, 2007). Numerous cell types exhibit life
spans that are limited and the course of action that mitosis takes permits the cells to be
renewed on aregular basis. A prime example being the growth of a foetus into a baby,
then progression to childhood and subsequent adulthood, giving emphasis to the fact
that without the constant growth and renewal of cells, life would cease to exist. Under
normal physiological conditions, mitogenic growth factors and adhesion to the
extracellular matrix (ECM) are requisite by the cells in order to proliferate (Bottazzi
and Assoian, 1997). Such molecules that allow the cells to propagate successfully
include; epidermal growth factor (EGF), insulin growth factor |1 (IGF-1), receptor
tyrosine kinases (RTKS), cyclin dependent kinases (CDKSs), p21 and p53 (Bottazzi and
Assoian, 1997; Steller et al., 1995). However, when cancer occurs, many tumour cells
atain the capability to produce their own growth factors to which they respond,
enabling the cancer to self-govern itself by heightening the rate of cellular proliferation
through increasing mitogenesis.

EGF is an important mediator of regulated cellular proliferation, although deficient
control of this growth factor is often mediated by exposure to excessive quantities of
TGF-B which is present in high concentrations in seminal plasma and closely linked
with malignant tumour progression (Kerbel, 1993, Robertson et al., 2002).
Furthermore, the enhanced expression of EGF has been noted in colonic and cervical
cancer cell lines, HCA-7 and HT-3 respectively, subsequently resulting in increased
levels of VEGF which is reflected by amplified rates of cellular proliferation
(Merchant et al., 2005; Steller et al., 1993; Mathur and Mathur, 2004). Another
common enzyme that is inducible to various stimuli, including mitogenic factors, is
PTGS-2, whose upregualtion has been noted in several cancer forms. A study
employing rat intestinal cell lines and mouse colon cancer cell lines demonstrated that
normal cell proliferation and growth of malignant cells was inhibited as a direct result
of PTGS-2 inhibitors causing a dose-dependent response in mitogeneis (Erickson et
al., 1999). It can therefore be concluded that growth factors appear to have arolein the
development and expression of malignant transformation because tumour promoters
and mitogenic hormones share common pathways in eliciting mitogenesis in certain

cell types (Rozengurt, 1986).
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1.9.5 Tissue Invasion and Metastasis

Metastasis is a characteristic trademark of many cancers and the ‘term’ is used to
describe the spread of the disease from one organ to another organ or body part. The
most common places where metastasis originates from are the lungs, liver, and the
brain, with cancer cells moving away from these organs to other locations in the body
via the bloodstream or the lymphatic system (Demetrious and Demetrious, 2008; Paye
et al., 1998; Barnholtz-Sloan et al., 2004). Cervical cancer repeatedly metastasizes to
the retroperitoneal lymph nodes as a result of the rich lymphatic network utilized by
the cervix. In extreme circumstances, cervical carcinoma has also been shown to
metastasize to the breast (Kumar et al., 1999) and the brain (Ikeda et al., 1998), but
these events are very uncommon and rarely do cases present themselves with these
findings.

In order for cancer cells to invade surrounding tissue, they must first become mobile,
which is achieved through changes in cell-surface adhesion molecules (CAMs) (Sales
and Jabbour, 2003). Alterations in E-cadherin function are the most widely observed in
CAMs and model systems that overexpress E-cadherin have demonstrated a reduction
in metastasis (Christofori and Semb, 1999). However, in a large number of solid
tumours, E-cadherin is downregulated and closely correl ates with enhanced invasion of
neoplastically transformed cells (Mayer et al., 1993). Studies using overexpressing
PTGS-2 cells have displayed that aloss of cell surface adhesion molecules and ensuing
decrease in E-cadherin is a direct result from increased expression of PTGS-2 (Tsujii
and DuBois, 1995). This in turn suggests that PTGS-2 upregulation may promote cell
invasion and metastasis by downregulating CAMs (Tsujii and DuBois, 1995).
Furthermore, upregulation of the prostanoid EP receptors has been shown to incite
migration of tumour cells in vitro (Fulton et al., 2006) and because this process is
mediated by PGE; (contained in high concentrations within SP), and SP has the ability
to increase production of PTGS-2 and subsequently PGE, (Sdes et al., 2002b), SP

may potentially aid in metastasizing cancer of the cervix.

Once mobile, tumour cells invade parts of the body where space and nutrients are not
in limited supply and this is accomplished by degradation of the extracellular matrix
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by matrix metalloproteinases (MMPs). Carcinomas of the cervix have previously
displayed upregulated expression of matrix metalloproteinases MMP-2 and MMP-9
compared with normal cervix (Moser et al., 1999) and although the overall biological
effect of SP on the neoplastic cervical epithelium of sexually active women is still not
known, SP has been shown to encourage the release of matrix metalloproteinases
which can result in enhancement of metastasis (Jermemias and Witkin, 1999). In
addition, TGF-B is contained within SP in high concentrations and can also regulate
extracellular matrix composition and degradation that are important in tissue invasion
and metastasis (Jakowlew, 2006). Therefore, neoplastic epithelial cells undergoing
repeated exposure to SP in sexually active women may augment expression of MMPs
and extracellular matrix, thus amplifying the progression of cervical cancer. Besides
being strongly associated in cervical cancer, metastatic disease is very frequently the
cause of death in colon cancer sufferers and inhibition of this process may therefore be
of significant benefit to the patient (Marnett, 1992).
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1.10 General Aims and Objectives of the Thesis

Cervical cancer is the second leading cause of cancer death in women
worldwide with approximately 500,000 women developing the disease every year
(Minaguchi, 2010). Although HPV is a prerequisite for developing cancer of the
cervix, it takes on average 10-15 years for carcinoma to develop (Munoz et al., 1992;
Bosch et al., 1995) and as a result there is accumulating evidence to suggest a role of
other causative factors that contribute to the onset and progression of cervica cancer,
including exposure of neoplastic epithelia cells to seminal plasma (SP) (Wallin et al.,
1999; Muller et al., 2006; Beral et al., 1994). More studies are required to elucidate the
exact mechanisms involved in the development and progression of cervical cancer and
to assess if SP is fundamental in the chain of events. The genera objective of this
research was to determine a possible functiona role for SP in cervical cell neoplasias.

This was done by addressing the following specific ams:

(i) Determine whether seminal plasma can induce upregulation of pro-
inflammatory and pro-angiogenic mediatorsin normal cervical tissue.

(i) Determine the effect of seminal plasma on target gene regulation and cell
signalling by employing WT HelLa cells as a model system.

(iii)  Determine the effect of seminal plasma on growth of WT Hel.a xenografts

in MF-1 nude mice.
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Chapter 2
GENERAL MATERIALS AND METHODS
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2 General Methods and Materials

2.1 Materials and Reagents

All chemicals used were molecular biology grade, and were obtained from
Sigma Chemica Company (Cape Town, South Africa)(SA) or (Dorset, United
Kingdom)(UK) or 1Bl (Cambridge, UK) unless otherwise stated.

Dulbecco’s modified Eagle’s medium (DMEM) nutrient mixture F-12 was purchased
from Whitehead Scientific (Whitehead Scientific, Cape Town, SA) and Gibco (Gibco,
Life Technologies, Paisdly, UK). Foeta Bovine Serum (FBS) and penicillin-
streptomycin were purchased from Highveld Biological (Highveld Biological,
Johannesburg, SA) and PAA Laboratories (PAA Laboratories, Middlesex, UK).
Phosphate buffered saline (PBS) and trypsin-EDTA were purchased from
BioWhittaker (BioWhittaker, Berkshire, UK). HeLaS3 cells were purchased from
BioWhittaker (BioWhittaker, Berkshire, UK).

RNA later was purchased from Southern Cross Biotechnology (Southern Cross
Biotechnology, Cape Town, SA) and Ambion (Applied Biosystems, Warrington, UK).
Trizol™ was purchased from Highveld Biological (Highveld Biological,
Johannesburg, SA) and Invitrogen (Invitrogen, Paisley, UK) and phase lock tubes
obtained from Fowgen (Flowgen, Bioscience, Nottingham, UK). 1-bromo-3-
chloropropane (BCP) and isopropanol were purchased from Sigma (Sigma Chemical
Company, Nottingham, UK) and the TagMan GeneAMP RNA PCR kit was purchased
from Perkin Elmer, PE Biosystems (Perkin Elmer, PE Biosystems, Warrington, UK).

Percoll® was purchased from Sigma (Sigma Chemical Company, Nottingham, UK).
Cdltitred6® AQueos One Solution Proliferation Reagent was purchased from
Promega (Promega Corp, WI, USA). Chemical inhibitors AG-1478 (100puM stock in
DMSO0), PD-98059 (50mM stock in DMSO) and NS-398 (10mM stock in DM SO)
were all purchased from Calbiochem (Merck Chemicals, Nottingham, UK). SC-560
(10mM stock in DM SO) was purchased from Caymen Chemical (Caymen Chemical,
Michigan, USA). TGF-B1 inhibitor (50pg/ml stock in 10mM citric acid) was
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purchased from Peprotech (Peprotech, New Jersey, USA) and finally, NF-kB inhibitor
(5mg/ml stock in H,O) was purchased from Enzo Life Sciences (Enzo Life Sciences,
Exeter, UK).

Pre-cast 4-12% Bis-Tris gels and SeeBlue® Plus2 pre-stained marker were purchased
from Novex (Novex, UK). Polyvinylidene diflouride (PVDF) membrane was obtained
from Millipore (Millipore, Watford, UK). Whatman No.3 paper was purchased from
Whatman (Whatman, UK). Odyssey blocking buffer was purchased from Li-Cor
BioScience (Li-Cor BioScience, Cambridge, UK).

Purchases made for immunohistochemistry included 3.3 -diaminobenzidine (DAB),
obtained from Dako (Dako, Cambrigeshire, UK) and Pertex which was obtained
Céllpath (Cellpath, Hemel Hampstead, UK). Primary antibodies Ki-67 and CD31 were
purchased from Vector Laboratories (Vector Laboratories, Peterborough, UK) and
Abcam (Abcam, Cambridge, UK respectively whereas secondary antibodies goat anti-
rabbit and swine anti-rabbit were purchased from Sigma (Sigma Chemical Co,
Nottingham, UK).

2.2 Tissue Collection and Processing

Ethical approval for collection of normal and malignant cervical tissue was
obtained from University of Cape Town Human Research Ethics Committee of the
Faculty of Health Sciences under ethics number (REC/REF. 152/99) and written

informed consent was obtained from all patients prior to collection.

2.2.1 Cervical Tissue

Normal cervical tissue was a mixture of ectocervical and endocervical
specimens collected from women undergoing complete or partial hysterectomy for
non-malignant conditions at Groote Schuur Hospital, Cape Town, South Africa
Immediately after surgery, tissue was divided into 3 portions, one portion was stored in
RNA Later (Ambion) at -70°C for RNA extraction, another portion was fixed in 4%
neutral buffered formalin and subsequently wax embedded for histological analysis
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and the third portion was cultured in serum free medium for semina plasma
stimulation. All samples were confirmed histologically by a pathologist based on the
H&E-stained dlides that were produced from the collected tissue (Bancroft and
Stevens, 1982).

2.2.2 Cervical Carcinoma Tissue

Cervical carcinoma specimens were obtained at the time of surgery/biopsy
from patients who were attending the Gynecologic Oncology Clinic at Groote Schuur
Hospital, Cape Town, South Africa and who had previously been diagnosed with
invasive carcinoma of the cervix. Punch biopsies were taken from the lesion by an
experienced gynaecol ogist with a special interest in oncology. At collection, tissue was
fixed in 4% neutral buffered formalin and wax embedded for histological analysis. The
biopsy samples were very smal and were only of sufficient size to perform
histological analysis which was deemed the priority. Cervical biopsies were assessed
by a pathologist and designated as either sqguamous or adenocarcinoma tumours by
means of histological confirmation on H&E-stained tissue sections (Bancroft and
Stevens, 1982).

2.3 Semen Donors and Preparation

Semen was obtained from 10 healthy male volunteers. The collected gacul ates
were pooled in batches of 3 or 4 samples and incubated at room temperature for 30
min to liquefy prior to overlaying on a 100-50% percoll gradient using Percoll®
(Sigma Chemical Company, Nottingham, UK). Seminal plasma (SP) was isolated
from the pooled gaculate by percoll density gradient centrifugation at 500 g for
20min. The seminal plasma was aliquoted and stored at -80°C until required. Prior to
treatment of cervical tissue and the WT HelLacell line, semina plasma was thawed on
ice and 1 aliquot of each batch was further pooled prior to beingdiluted in serum-free
culture medium to use at concentrations of 1:500 and 1:100 respectively. At dilutions
of 1:50 semina fluid has been reported to exert no effect on WT HelLa cell viability
(Jeremias et al., 1997). Approva for the study was obtained from the University of
Cape Town Human Research Ethics Committee, and informed consent was obtained

from all patients prior to sample collection, ethics approval no. (REC/REF 152/99).
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2.4 Animals

2.4.1 Housing

MF-1 nude mice were obtained from the University of the Witwatersrand,
Johannesburg, South Africa. The mice were used between 6-18 weeks (wks) of age
and housed in the BSL2 Animal Unit, University of Cape Town, South Africa. The
mice were maintained in individually ventilated cages (1VC) under sterile conditions.
These cages were operated under negative air pressure in a controlled environment of
approximately -10 to -20 Pascal for bio-containment. Room temperature was
controlled electronically and maintained within a range of 20-23°C and light was
supplied by cool white fluorescent tubes. Food and water were available ad libitum.
All experimental procedures were performed in a separate procedure room in safety
cabinets. Animal care and experimental protocols were approved by the Animal Ethics
committee of the University of Cape Town, approval no. (REC/REF: 006/044).

2.4.2 WT HeLa Cell Xenografts in MF-1 Nude Mice

A suspension of 2 x 10° Wild type HeLa cellsin atotal volume of 0.2 ml PBS
was injected subcutaneously into the right dorsal flank of MF-1 nude mice. The mice
were assigned into two treatment groups, Control (n=8) and SP (n=6). The inoculated
MF-1 nude mice were injected three times weekly with 100ul PBS or SP (1:500)
(diluted in PBS) via intra-peritoneal injection for ten weeks. During the treatment
period, body weights (g) were recorded weekly and tumours measured (mm?®) as per
the method by Tomayko and Reynolds (1988) which employs the formula (1/2 x
length x width x height). At the end of the study, animals were sacrificed by CO,
exsanguinations, tumours were excised and weighed. A proportion of the tumour was
fixed in 4% paraformaldehyde for wax-embedding and immunohistochemistry and the

remainder used for RNA extraction.

2.5 Cell Culture and Cellular Investigations

2.5.1 Culture Conditions and Passaging
The HeLa-S3 cell line, referred to as wild type (WT), are derived from cervical
epithelia cells that were originally taken from a cervical adenocarcinoma and were
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used throughout this study. WT HelLa cells were routinely maintained in Dulbecco’s
Modified Eagles Medium (DMEM) nutrient mixture F-12 with Glutamax-1 and
pyridoxine supplemented with 10% foetal bovine serum and 1% penicillin-
streptomycin (500 [U/ml penicillin and 500 pg/ml streptomycin; complete medium) at
37°C and 5% CO, (v/v). All experiments and cell treatments were performed on WT
Hel a cells using culture medium without fetal bovine serum (serum-free conditions).

For passaging, cells were grown in T162 flasks and maintained in humidified
conditions at 37°C with 5% CO, (v/v). Cells were passaged twice weekly. For
passaging, cells were washed three times with PBS to remove complete medium
followed by addition of 3ml 0.05% trypsin-EDTA. Cells were incubated at 37°C for
approximately 5 minutes with regular agitation until detached from the culture flask.
The trypsin was then neutralised with the addition of 7ml complete medium and 3mis
of this cell suspension was added to 35ml complete medium and reseeded in a new
T162 flask. For experiments cells were counted using a haemocytometer then plated
into culture dishes at the densities indicated in Table 2.1.

Culture Vessel Cell Density / Well
96 well plate 5x 10°
12 well plate 1x10°
60 mm dish 5x 10°
2-well chamber slides 5x 10

Table 2.1: Cdll densitiesin different culture vessals used

2.5.2 Cervical Tissue Explants Culture Conditions

Normal cervical tissue was finely chopped in DMEM nutrient mixture F-12
with Glutamax-1 and pyridoxine medium (serum free medium) and maintained
overnight in humidified conditions at 37°C with 5% carbon dioxide. For treatments,
approximately 50-100mg of chopped tissue was placed in awell of a6 well plate and 1
ml serum free medium containing the treatment was added.

74



Chapter 2 General Materials and Methods

2.5.3 Cell and Tissue Treatments

A previous study by Sales and colleagues (2002b) determined working
concentrations of SP to be 1:50 to treat cervica adenocarcinomas whereas a ratio of
1:500 was used by Muller and colleagues (2006) to treat Hel.a cells expressing the
PTGER4 receptor. The decison by Muller and colleagues (2006) to use SP a a
dilution of 1:500 was because this equated to the working concentrations of 300nM
PGE; that was also being used to treat cells, thus providing comparable results. It was
therefore decided that an SP concentration of 1:500 be employed to treat normal
cervical tissue and was incubated for the periods 2, 4, 6, 8, 12 and 24 hr in an attempt

toillicit a noteworthy response.

In order to determine effect of SP stimulation on gene expression, WT cells were
treated for 2, 4, 6, 8, 12, 24 and 48 hours with vehicle or SP (1:100). The results
revedled that a treatment period of 6 hr and a SP concentration of 1:100 were the
optimal treatment conditions. To investigate signalling pathways regulated by SP, WT
Hel a cells were treated for 6 hours with vehicle or a SP concentration of 1:100 and a
panel of chemical inhibitors (section 2.5.4), each one separately. All treatments were
carried out with a control of cells treated with inhibitor alone and each experiment
repeated four times.

2.5.4 Chemical Inhibitors

The chemical inhibitors used within this study are listed in Table 2.2. The
optimal concentration of all chemica inhibitors was determined empiricaly by
titration using the manufacturer’s guidelines as described by previous studies
performed by our laboratory and other research groups (Sales et al., 2008b; Lampiasi
et al., 2005; Lash et al., 2005; Lin et al., 1995; Vlahos et al., 1994; Nasralah et al.,

2001). The mechanisms of action of these inhibitors are described below.
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Inhibitor Molecule Inhibited  Working Conc. Supplier
Calbiochem
AG-1478 EGFR 200 nM _
(Nottingham, UK)
Calbiochem
PD-98059 MEK 50 uM _
(Nottingham, UK)
Calbiochem
NS-398 PTGS1 100 nM _
(Nottingham, UK)
Caymen Chemical
SC-560 PTGS-2 10 uM o
(Michigan, USA)
. Enzo Life Sciences
NF-xB Inhibitor NF-xB 50 pg/ml
(Exeter, UK)
. Peprotech
TGF-B1Inhibitor TGF-p1 10 ng/ml

(New Jersey, USA)

Table 2.2: Chemical inhibitors and working concentrations used

AG-1478 inhibits epidermal growth factor receptor (EGFR) and it performs this task
by acting as an analogue of adenosine triphosphate (ATP). In order for the EGFR to
cause activation, it must bind to both ATP and substrate and it cannot do this as the
addition of AG-1478 displaces the ATP binding (Gan et al., 2007).

PD-98059 inhibits the mitogen activated protein kinase (MEK) phosphorylation of the
extracellular-regulated kinases (ERK) 1/2 cascade. PD-98059 exerts its blocking
properties by reversibly inhibiting MEK by the way of preventing MEK
phosphorylation at a site distinctive to the active site (Dudley et al., 1995).

SC-560 is a member of the diaryl heterocycle class of PTGS inhibitors and is specific
for PTGS-1 while NS-398 is a specific inhibitor for PTGS-2. PTGS-1 and PTGS-2
have high affinities for PGE, and both are found to exert their respective inhibitory
properties by suppressing synthesis of this substrate (Barnett et al., 1994; Banu et al.,
2007).

76



Chapter 2 General Materials and Methods

Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-xB) is a protein
complex which is involved in the regulation of a large number of cellular processes
such as the imflammatory response, cellular growth and apoptosis (Gilmore 2006).
The transcription factors contained within the NF-kB complex include p50, p52, RelA,
c-Rel and RelB (Hoffman et al., 2006) and the NF-xB inhibitor impedes translocation
of the NF-xB family into the nucleus (Lin et al., 1995), thereby hindering its biological

activity.

Three mammalian isoforms of TGF-f are known to exist, although TGF-B1 is the most
abundant as it is expressed in amost every cell type. TGF-f1 is a multi-tasking
cytokine that participates in cell proliferation and growth differentiation and has been
widely studied in close association with cancer progression and metastases (Lash et al.,
2005). The different TGF-p receptor types can be distinguished by their structural and
functiona properties. Both receptor types | and 11 have a high affinity for TGF-1 and
low affinity for TGF-B2 while receptor type I11 has a high affinity for both TGF-1 and
TGF-B2 (Cheifetz et al., 1988). The TGF-B1 inhibitor works as a receptor antagonist
by preventing binding to the cognate receptor.

2.5.5 Cell Proliferation Assay

WT Hel acells were seeded in 96 well plates at 3000 cells/well (counted using
a haemocytometer) and allowed to propagate overnight before serum starvation for
24hrs. Thereafter, cells were treated for durations of 24, 48 and 72hr as described in
the results section in the presence/absence of inhibitors mentioned in section 2.5.4.
Following treatment, proliferation was determined using the Cell Titre96 Aqueous One
Solution Proliferation Reagent (Promega Corp, Madison, WI) as per the manufacturers
guidelines. The reagent contains a nove tetrazolium compound [3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl )-2H-tetrazolium,
inner salt; MTS] and this compound is bioreduced by cellsinto a formazan salt product
that is soluble in tissue culture medium. This conversion is accomplished by NADPH
or NADH produced by dehydrogenase enzymes in metabolically active cells (Berridge

and Tan 1993) and the quantity of the formazan product, as measured by the
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absorbance at 490nm, is directly proportional to the number of living cells in culture.
Absorbances were recorded, calculated and fold difference determined against the

untreated control with each experiment being repeated three times.

2.6 RNA

2.6.1 Total RNA lIsolation from Human Cervical Tissue

Total RNA was extracted from human cervical tissue using Trizol™ according
to the manufacturer's guidelines. Volumes were adjusted accordingly, alowing
approximately 1ml Trizol per 50-100mg of tissue. Normal cervical tissue which was
stimulated by SP (1:500) or PBS (control) for the indicated times was homogenised
twice in Trizol using a benchtop Polytron® PT1600E economy homogeniser (Capitol
Scientific Inc, Austin, USA) for 2mins at 20,000 rpm according to the manufacturer’s
protocol. Once completely dissociated, samples were placed in Phase Lock tubes and a
volume of 200l bromochloropropane (BCP) was added. After shaking vigorously for
20 seconds, the samples were allowed to stand at room temperature for 15mins before
centrifuging at 14,000 g for 15min at 4°C. Following centrifugation, the RNA remains
in the upper agueous phase above the gel layer of the Phase lock tube and DNA and
proteins are contained in the organic phase below. Thereafter, the upper agqueous phase
containing the RNA was transferred to a fresh RNAse-free eppendorf tube to which
500ul isopropanol was added. The tubes were incubated at room temperature for
10mins and then centrifuged at 14,000 g for 15min at 4°C to precipitate the RNA.
Following centrifugation, the supernatant was removed and the RNA pellet was
washed in Iml 75% ethanol by further centrifugation as 14,000 g for 5min at 4°C. The
remaining RNA pellet was then air dried and resuspended in approximately 30-50pl of
0.1% v/v diethylpyrocarbonate (DEPC) treated water.

2.6.2 Total RNA Isolation from Nude Mice Xenografts

All animals were killed after 10 weeks of treatment at which point, tumours
were immediately excised and transferred to 2ml microfuge tubes containing 1ml RNA
later. Total RNA was extracted from MF-1 nude mice xenografts using Trizol™

(Invitrogen) according to the manufacturer’s guidelines. Volumes were adjusted
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accordingly, allowing approximately 1ml Trizol per 50-100mg of tissue. All samples
were then homogenised twice in Trizol using a Tissuelyser 1l and RNA extracted as
described in section 2.6.1.

2.6.3 Total RNA Extraction from WT HeLa Cells

Total RNA was extracted from WT HelLa cells using Trizol ™ according to the
manufacturer’s guidelines. A volume of 1ml of Trizol™ was added to experimental
wells (60mm dish) to lyse cells and samples were subsequently placed in Phase Lock

tubes. RNA extraction was then undertaken as described in section 2.6.1.

2.6.4 Determination of RNA Concentration

The concentration and quality of RNA derived from human cervical tissue,
nude mice xenografts and WT Hel a cells was determined by spectrophotometry. The
concentration of RNA was determined by measuring the absorbance at 260nm and
280nm using the NanoDrop® ND-1000 UV-Vis Spectrophotometer (NanoDrop
Technologies). The concentration was calculated using the value obtained at 260nm,
given that an optical density of 1.0 is equal to 40pg/ml for RNA. The quality of RNA
was determined by dividing the 260nm absorbance reading by the 280nm absorbance
reading; aratio of 1.6 to 1.9 was taken to be of sufficient quality containing minimal
protein contamination. Purified RNA was stored at -70°C for later use.

2.6.5 cDNA Synthesis

Reverse transcription for the generation of single strand cDNA was carried out
on the isolated RNA. For each reverse transcription reaction, 1ug of the RNA was
reversed transcribed using a TagMan GeneAMP RNA PCR kit. After incubating the
samples for 10min at room temperature, the polymerase chain reaction (PCR) was
undertaken with the addition of the reagents mentioned below in table 2.3 and
contained PCR reaction buffer (1x), MgCl, (5.5mM), dNTPs (2mM), random
hexamers (2.5uM), RNAse inhibitor (0.4U/ul), Multiscribe™ reverse transcriptase
(2.25U/ul) and RNAse-free water to afina volume of 10ul. PCR was performed for 1
cycle under the following conditions; 1hr 42°C, 5min 99°C and 5min at 5°C and atube
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without the addition of reverse transcriptase was included to control for any genomic

DNA contamination.

Reagents Stock Conc. Final Conc.
RT-PCR Reaction Buffer 10x 1x
Magnesium Chloride 25mM 5.5mM
Deoxynucleoside Triphosphate (ANTPs) 10mM 2mM
Random Hexamers 50uM 2.5uM
RNAse Inhibitor 20U/l 0.4U/pl
Multiscribe™ Reverse Transcriptase 50U/pl 1.25U/pl
RNAse Free Water . -

Table 2.3: Reverse transcription reaction mix; reagents and concentrations. (All reagents
supplied by Perkin Elmer, PE Applied Biosystems, Warrington, UK).

2.6.6 Tagman Quantitative Real Time PCR (QRT-PCR)

Tagman quantitative rea-time PCR was performed to assess the relative
expression of target genes in a sample by using specific primers, probes and PCR
reagents. The reaction design is based on the principle that Tagman probes contain a
guencher dye (TAMRA) attached to the 3' end and a fluorophore (FAM) attached to
the 5 end, whilst the 18S probe uses a VIC fluorophore in order to distinguish from
the target gene. Following the annealing between the primer and target gene, Taq
polymerase extends the primer 5 to 3' which results in cleavage of FAM from the
DNA probe. This therefore leads to a separation of the fluorophore and the quencher
and a subsequent increase in which fluorescence is measured (Figure 2.1). Tagman
probes are designed to hybridize to an interna region of the target gene, thus, the
increases in fluorescence that are generated are proportional to the amount of probe
cleaved at seprtation of FAM and the DNA probe. 18S is used as an interna control
because it is congtitutively expressed, remaining constant across all samples being
analysed.
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Figure 2.1: Principle of the TagMan reaction. The 5 nuclease activity of Tag DNA
polymerase is exploited to cleave a TagMan probe during polymerase chain reaction (PCR).
(A) TagMan probe is shown annealed to the target DNA. The probe contains the FAM reporter
dye at the 5’ end of the probe (green circle) and a TAMRA quencher dye at the 3' end of the
probe (red circle). (B) During PCR, a complementary strand of DNA is synthesised, and the 5’
exonuclease activity of Tag DNA polymerase excises the reporter dye. (C) Fluorescence of the
reporter dye (indicated by bright green starburst effect of reporter dye) occurs as a result of
separation of the reporter dye from the quencher dye (Uhl et al., 2002).

RNA samples were extracted from human cervical tissue, MF-1 nude mice xenografts
and Hel a cells as described in section 2.5.1, 2.5.2 and 2.5.3 respectively and reverse
transcribed as detailed in section 2.5.4. A reaction mix was made using the reagents
described in table 2.4 and contained Tagman buffer (5.5mM MgCl, 200uM dATP,
200uM dCTP, 200uM dGTP and 400uM dUTP), AmpliTag Gold DNA polymerase
(0.025U/ul), ribosomal 18S forward and reverse primers and probe (all a 50nM).
Forward and reverse primers for genes of interest were al'so added to the reaction mix,
were used at 250nM and these sequences are described in table 2.5. A volume of 48l
of reaction mix was aliquoted into separate tubes for each cDNA sample and
2ul/replicate of cDNA was added. Following mixing, 23ul of the reaction mix from
each sample, including a no reverse transcriptase control and a calibrator (positive
control) were added to Fast optical 96-well MicroAMP PCR plates (PE Applied
Biosystems, Warrington, UK). The PCR plate was sealed with MicroAMP optical
adhesion film (PE Applied Biosystems, Warrington, UK) and the cDNA expression
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was measured using an ABI Prism 7900 HT Fast Real Time PCR machine (PE

Applied Biosystems, Warrington, UK).

Final
Reagents Stock Conc.
Conc./Vol.
Tagman Buffer (containing 5.5mM MgCl,
200um of each dNTPs, 0.025U/ul of AmpliTaq 2X 1x
Gold DNA polymerase)
Ribosomal 18S Primer (forward and reverse
25uM 50nM each
probe)
Target Gene (forward and reverse primers) 25uM 300nM each
Target Gene Probe 5uM 100nM each
cDNA - 2ul/50pl

Table 2.4: Quantitative real time (QRT-PCR) reagents and concentrations, (All reagents
supplied by Perkin Elmer, PE Applied Biosystems, Warrington, UK).

Data were analysed by the comparative ct method and processed using Sequence
Detector Version v1.63 (PE Applied Biosystems, Warrington, UK). The expression of

each target gene was normalised for each sample using their respective 18S rRNA and

were expressed using the relative mRNA expression or as a fold induction calculated

as a fold increase of SP-treated samples above control-treated samples. In addition,

primers and probes for 18S were also included in the reaction mix as an internal

control.
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Target
Gene

Sequence of Primers and Probe (5°-3)

PTGS1

Forward primer
Reverse primer
Probe (FAM)

TGTTCGGTGTCCAGTTCCAATA
ACCTTGAAGGAGTCAGGCATGAG
CGCAACCGCATTGCCATGGAGT

PTGS-2

Forward primer
Reverse primer
Probe (FAM)

CCTTCCTCCTGTGCCTGATG
ACAATCTCATTTGAATCAGGAAGCT
TGCCCGACTCCCTTGGGTGTCA

PTGER1

Forward primer
Reverse primer
Probe (FAM)

AGATGGTGGGCCAGCTTGT
GCCACCAACACCAGCATTG
CAGCAGATGCACGACACCACCATG

PTGER2

Forward primer
Reverse primer
Probe (FAM)

GACCGCTTACCTGCAGCTGTAC
TGAAGTTGCAGGCGAGCA
CCACCCTGCTGCTGCTTCTCATTGTCT

PTGER3

Forward primer
Reverse primer
Probe (FAM)

GACGGCCATTCAGCTTATGG
TTGAAGATCATTTTCAACATCATTATCA
CTGTCGGTCTGCTGGTCTCCGCTC

PTGER4

Forward primer
Reverse primer
Probe (FAM)

ACGCCGCCTACTCCTACATG
AGAGGACGGTGGCGAGAAT
ACGCGGGCTTCAGCTCCTTCCT

IL-6

Forward primer
Reverse primer
Probe (FAM)

GCCGCCCCACACAGACA
CCGTCGAGGATGTACCGAAT
CCACTCACCTCTTCAGAACGAATTGACAAAC

IL-8

Forward primer
Reverse primer
Probe (FAM)

CTGGCCGTGGCTCTCTT
TTAGCACTCCTTGGCAAAACTG
CCTTCCTGATTTCTGCAGCTCTGTGTGAA

IL-11

Forward primer
Reverse primer
Probe (FAM)

CCCAGTTACCCAAGCATCCA
AGACAGAGAACAGGGAATTAAATGTGT
CCCCAGCTCTCAGACAAATCGCCC

VEGF

Forward primer
Reverse primer
Probe (FAM)

TACCTCCACCATGCCAAGTG
TAGCTGCGCTGATAGACATCCA
ACTTCGTGATGATTCTGCCCTCCTCCTT

GRO-a

Forward primer
Reverse primer
Probe (FAM)

GTTTTCAAATGTTCTCCAGTCATTATG
CCGCCAGCCTCTATCACAGT
TTCTGAGGAGCCTGCAACATGCCA

Ki-67

Forward primer
Reverse primer
Probe (FAM)

GGACTTGCACGACTAA
CCGTACGTCAATTGAC
TTCGAACTGATCAT

18S

Forward primer
Reverse primer
Probe (FAM)

CGGCTACCACATCCAAGGAA
GCTGGAATTACCGCGGCT
TGCTGGCACCAGACTTGCCCTC

Table 2.5: Sequences of Tagman primers and probes for Quantitative Real Time (QRT-

PCR).
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2.7 Protein
2.7.1 Protein Extraction from WT HelLa Cells

WT Hela adenocarcinoma cells were seeded at a density of 1x10° cells per
60mm diameter dish and allowed to adhere for 24hrs before serum-starvation
overnight. Following serum-starvation, WT Hel a cells were treated for time intervals
in the presence/absence of various inhibitors as described in the results section.
Following completion of treatment, cells were rinsed with ice-cold phosphate-buffered
saline, placed on ice and lysed by the addition of a protein lysis buffer (150mM NaCl,
10% Glycerol, 0.6% (v/v) NP-40, 50mM Tris/HCI pH 7.4 and 10mM EDTA) and a
protease inhibitor cocktail tablet. Proteins were then extracted by scraping off the cells
using a plate scraper which were transferred to eppendorfs tubes and centrifuged at
14,000 g for 15min at 4°C to pellet and insoluble material. Thereafter, the clarified
lysate samples were transferred to a new eppendorf tube for protein quantification and

western blotting.

2.7.2 Protein Concentration Determination

All protein concentrations were quantified using the standard BIO-RAD Dc
assay (BIO-RAD) as directed by the manufacturer’s instructions. Bovine serum
albumin (BSA) was used as protein standard and a concentration range from Oug/ml to
400ug/ml in distilled water was established. 20ul of BSA protein standards or samples
were loaded into a 96-well plate (in duplicate) followed by the addition of 25ul of
working reagent (comprising Reagent S™ and Reagent A™ in 1:50 ratio). To this,
100ul of Reagent B™ was added to each well and the plate incubated for 15min at
room temperature. Thereafter, the absorbance was measured at 690nm using a
Labsystems Multiskan® EX plate reader. The standard curve and the average
concentration of each protein sample was determined using Assay Zap (Biosoft,
Cambridge, UK).
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2.7.3 Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
SDS-PAGE was performed using pre-cast 4%-12% Bis-Tris gels (Novex,

Invitrogen). Gels were positioned in the running tank containing running buffer
(25mM Tris-HCI, 0.2M glycine, 0.1% SDS) and atotal of 40ug protein (as determined
in 2.7.2) was resuspended in a total volume of 25ul loading buffer (125mM Tris-HCI
pH 6.8, 4% SDS, 20% glycerol, 5% 2-mercaptoethanol and 0.05% bromophenol blue),
boiled for 5min at 95°C and then loaded into individual wells of the gel. A separate
well containing 10pl of SeeBlue™ pre-stained molecular weight marker (Novex,
Invitrogen) was set-up to verify protein size. Gels were run at a constant current of

50mA for approximately 90min prior to immunaoblotting.

2.7.4 Western Blotting

Following electrophoresis, the gel was transferred to a protein-free tray and
equilibrated with transfer buffer (25mM Tris/HCI, 0.192M glycine and 20% methanol)
for 10min aongside Whatman no. 3 paper (Whatman, UK). Millipore Immobilon™-
FL PVDF membrane (Millipore, Watford, UK) was pre-cut to the same dimensions of
the gel and was also equilibrated in transfer buffer but only subsequent to being soaked
in methanol for 1min and rinsed briefly in distilled water. The blot was assembled by
overlaying three pieces of equilibrated Whatman paper with the Millipore
Immobilon™ FL PVDF membrane followed by the gel and three layers of Whatman
paper to from a sandwich. Any air bubbles that might be present were removed by
rolling a clean glass pipette over each surface. Protein was transferred at a constant
voltage of 14V using a semi-dry blotter (BIO-RAD) for approximately 90min.
Following transfer, the membrane was immersed in Odyssey blocking buffer (Li-Cor
Bioscience, Cambridge, UK) for 1hr at room temperature. Next, the membrane was
incubated with the relevant primary antibody at 4°C overnight with gentle shaking. In
the morning, the membrane was washed with 10ml PBS-Tween (PBS with 0.1%
Tween 20) and this process was repeated three times. After washing, the membrane
was incubated with the appropriate secondary fluorescence antibody for lhr at room
temperature. Following incubation, the membrane is subjected to another replicate of
washes in PBS-Tween prior to viewing the proteins using the Odyssey Infrared
imaging system (Li-Cor Bioscience, Cambridge, UK). The secondary antibody is
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detected at wavelengths of 680nm and 800nm and each experiment repeated four

times.

2.8 Immunohistochemical (IHC) Staining
2.8.1 IHC of Cervical Sections

Levels of the proliferation marker Ki-67 in cervical sections comprising of
norma tissue (n=5), squamous carcinoma (n=5) and adenocarcinoma (n=5) was
assessed using cervical tissue specimens collected as described in sections 2.2.1 and
2.2.2 respectively. The tissue portion set aside for histological examination was fixed
in 4% formalin and then subsequently placed in disposable embedding moulds
(Polysciences) for paraffin  wax-embedding. Glass dlides being used for
immunohistochemical staining were washed in a 0.25% solution of 3-aminopropyl
triethoxysilane (TESPA, Sigma) in acetone, followed by an acetone wash and then a
rinse in double distilled water and dried. A hand operated ‘820" Spencer Microtone
and a D-profile knife were used to section the paraffin-wax embedded tissue to a
thickness of 5uM, following which, the sections were floated on water, transferred to
the coated slides and dried overnight before use.

Slides were dewaxed in xylene for approximately 10min, followed by rehydration
through graded ethanol (100%, 95%, 80% and 70%) for 30secs each and then washed
in water. Thereafter, antigen retrieval was performed by boiling the slides in a pressure
cooker containing sodium citrate buffer (0.01M, pH 6.0) for 5min and left to stand for
afurther 20min. Endogenous peroxidise activity was then blocked by washing slidesin
3% hydrogen peroxidase (H2O,) in methanol for 30min followed by a brief wash in tap
water and two washes in Tris buffered saline (TBS; 50mM Tris-HCI, 150mM NaCl pH
7.4) for 5min each. Sections were subsequently blocked in normal swine serum
(species secondary antibody was raised in) diluted in TBS for 30min at room
temperature. The tissue sections were then incubated with the specific primary
antibody for Ki-67 (mouse monoclona antibody) (1:200) diluted in 2 parts serum, 4
parts TBS: 0.5% BSA at 4°C overnight. Control sections were included with non-

immune IgG.
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The following day, tissue sections underwent additional washing in TBS for 5min, and
the process repeated three times. Next, tissue sections were subjected to secondary
antibody and Horseradish Peroxidase detection. Firstly, the slides were incubated with
biotinylated goat anti-mouse secondary antibody at a dilution of 1:200 for 1hr at room
temperature. After incubation, excess secondary antibody was removed from the slides
by three additional washes in TBS for 5min each and subsequently the streptavidin-
horseradish peroxidase complex (Dako, UK) was added for 30min a room
temperature, diluted at a concentration of 1:1000 in TBS. Bound antibody for Ki-67
was visualised by incubating the tissue sections with a solution of 225uM 3.3'-
diaminobenzidine (DAB) (Dako, UK) in 0.05M Trig/HCI, pH 7.6 containing 0.01%
hydrogen peroxide. After the colour reaction had developed, the reaction was
immediately stopped by washing the slide in distilled water. The tissue sections were
then counterstained with haemotoxylin and eosin, differentiated in acid-alcohol and
blued in Scotts tap water. Finally, sections were rehydrated, cleared in xylene and
coverslipped with pertex (Cellpath, Hemel Hampstead, UK). The number of positively

stained cells for Ki-67 was quantified using standard stereological techniques.

2.8.2 IHC of MF-1 Nude Mice Xenografts

IHC was used to assess the levels of Ki-67 (Vector Laboratories, Peterborough,
UK) and CD31 (Abcam, Cambridge, UK) in MF-1 nude mice xenografts arising from
inoculation with WT Hel a adenocarcinoma cells. Tumours were excised from nude
mice upon termination as described is section 2.4.2 and later wax embedded and
mounted onto coated slides using standard protocols as previously described (section
2.8.1).

For investigating levels of Ki-67 expression, tissue sections were then subsequently
subjected to the exact procedures as detailed in section 2.8.1. For CD31 expression,
tissue sections also underwent the process as mentioned in section 2.8.1, except for the
differences in primary and secondary antibodies. Instead of applying Ki-67, the
sections were incubated with the specific primary antibody for CD31 (polyclona
rabbit anti-mouse/human antibody) (1:250), and was again diluted in 2 parts serum, 4
parts TBS: 0.5% BSA at 4°C overnight. The secondary antibody used in conjunction
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with CD31 was biotinylated swine anti-rabbit and was aso applied with a working
concentration of 1:250. Control sections were included with non-immune 1gG. The
size of microvessels density as determined by CD31 was quantified using standard
stereological techniques. Primary and secondary antibodies and the dilutions they were
used at for DAB immunohistochemistry areindicated in Table 2.6.

Primary Antibody / Species / Antigen Block Secondary Antibody
oc
Supplier Dilution used Retrieval / Supplier
Ki-67 _ Goat anti-rabbit
, Rabbit _ _ _
(Vector Laboratories, (1:200) Citrate buffer Goat (Sigma Chemicals,
Peterborough, UK) ' Nottingham, UK)
CD31 _ Swine anti-rabbit
Rabbit _ _ _ _
(Abcam (ab28364), (1:250) Citrate buffer Swine (Sigma Chemicals,
Cambridge, UK) ' Nottingham, UK)

Table 2.6: List of primary and secondary antibodies used for DAB immunohistochemistry.

2.8.3 IHC of WT HeLa Cells
WT Hel a adenocarcinoma cells were seeded at a density of 5 x 10% in 2 well-

chamber slides, and allowed to adhere for 24hrs before serum-starvation overnight.
Following serum-starvation, WT Hela cells were treated with SP (1:100) or PBS
control for 24, 48 or 72hrs in an incubator with 5% CO, at 37°C. Once the respective
treatment times had elapsed, the media was removed from the slides and the cells were
washed in digtilled phosphate buffered saline (dPBS). Following dPBS washing, the
cells were fixed with 4% paraformaldehyde (diluted in PBS) for 10min. After
incubation, the 4% formaldehyde was removed and the cells were further fixated in
100% ice cold methanol and stored at -20°C for 10min. Theresfter, the cells were
subjected to two washes in TBS (50mM Tris/HCI, 150mM NaCl, pH 7.4) for 5min
each. Following TBS washing, the cells were blocked using 5% normal swine serum
diluted in TBS for 30min at room temperature. Cells were then subsequently incubated
with the specific primary antibody for Ki-67 (1:200) diluted in 2 parts serum, 4 parts
TBS: 0.5% BSA at 4°C overnight.
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The following day the cells underwent procedures for additional washing and
secondary antibody Horseradish Peroxidase detection as descrbied in section 2.8.1 and
subsequently washed and mounted in Permafluor for microscope analysis. The number
of positively stained cells for Ki-67 was quantified using standard stereological
techniques.

2.8.4 IHC Imaging

DAB immunohistochemistry performed on cervica tissue samples, tumours
excised from MF-1 nude mice and WT Hel a cells was visualised on a PROVIS
microscope (Olympus Optical, London, UK) and images obtained using Canon EOS
image capture software (Canon, Woodhatch, Surrey, UK).

2.9 Statistical Analysis

All data are presented as mean + standard error of the mean (SEM). Statistical
significant differences were determined by unpaired student’s t-test or one-way
analysis of variance (ANOVA) using Prism 5.0 software (Graphpad Software Inc., San
Diego, CA) (*p<0.05; **p<0.005; ***p<0.0001).
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Chapter 3

SP UPREGULATES THE EXPRESSION OF
PTGS ENZYMES, PROSTAGLANDIN
RECEPTORS, PRO-INFLAMMATORY
CYTOKINES AND PRO-ANGIOGENIC

FACTORS IN NORMAL CERVICAL TISSUE
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3.1 Introduction

Cervical cancer is regarded as a mgjor health problem worldwide and is the
second most common cancer in South African females, with only breast cancer
displaying a higher incidence rate (Vorobiof et al., 2001). Although, HPV is regarded
as the main causative agent of cervical carcinomas, other contributing factors are
coming to the fore. On average, it takes approximately 12-15 years before a persistent
HPV infection manifests in cervical carcinoma (Muller et al., 2006; Wallin et al.,
1999) and recent studies now suggest seminal plasma to be a potential key player in
cervical neoplastic transformation (Robertson et al., 2002; Sales et al., 2002b).

SP has been shown to upregulate numerous growth factors implicated in tumour
development such as PTGS-2, VEGF and cAMP signalling (Sales et al., 2002b; Muller
et al., 2006). Although the expression of these pro-tumourigenic elements has been
well documented in cervical adenocarcinoma cells, the effects of SP on normal
cervical tissue is limited. However, data produced by Sharkey and colleagues (2007)
demonstrated that normal ectocervical cells were particularly sensitive to semina
plasma activation, the response of which was the production of pro-inflammatory
cytokines including; IL-6, IL-8, monocyte chemotactic protein (MCP-1) and
granulocyte-macrophage colony-stimulating factor (GM-CSF). The exact mechanisms
that seminal plasma activates to elicit this response is not yet fully understood but it is
envisaged that the abundance of chemical activators contained within the egaculate
pool may trigger the over-expression of cervical cytokine synthesis and therefore
create conditions that are favourable toward the onset and progression of cancer in

normal cervical tissue in sexually active women.

Dysregulation of PTGS enzymesand prostanoid receptor production is known to affect
colorectal and pancreatic tumourigenesis by means of promoting tumour maintenance
and progression, encouraging metastatic spread and perhaps participating in tumour
initiation (Greenhough et al., 2009; Chu et al., 2003). The PTGS-PTGER pathway has
also been shown to be closely associated with cervical cancer asrevealed by severa in
vitro studies which have displayed that induction of PTGS enzymes coincidently up-
regul ate prostaglandin receptor expression and signalling (Muller et al., 2006; Jabbour
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and Sales, 2004; Sales and Jabbour, 2003). Evidence linking the upregulation of
PTGS-2 and cervica cancer was further highlighted in a study carried out by
Subbaramaiah and Dannenberg (2007) who demonstrated that HPV-16 E6 and E7
oncoproteins, which are involved in cellular transformation (Muger et al., 1989),
induced PTGS-2 transcription in cervica cancer cell lines (CaSki and SiHa) by
activating the EGFR/MAPK kinase pathway. Cervical cancer development is a
multistage process which is initialy triggered by HPV then followed by other
subsequent changes to the localised epithelia. Therefore, not only does the presence of
HPV E6 and E7 oncoproteins appear to increase PTGS-2 levels and stimulate cell
proliferation but SP could theoretically enhance tumour growth by acting as
‘secondary hit’ in causing further impairment to the cervix through augmenting the

manufacture of PTGS enzymes and prostanoid biosynthesis.

The relationship between inflammation and cancer has long been appreciated with
sustained cell proliferation in an environment rich in inflammatory cells, growth
factors and DNA-damaging agents being known to potentiate and/or promote
neoplastic risk (Coussens and Werb, 2002). However, the accumulation of genetic
lesions in cells is essentia to initiate the development of cancer and explains why
chronic infection in immunocompetent hosts in the form of HPV leads to cervical
carcinoma (Rakoff-Nahoum, 2006; Kinzler and V ogelstein, 1996) with exposure to SP
possibly causing further insult to injury. Inflammatory effectors such as prostaglandins
are known to regulate the tumour microenvironment by inducing pro-inflammatory
cytokines and potent pro-angiogenic factors in order to mobilize immune cells and
promote angiogenesis and vascular permeability (Tsujii et al. 1998; Takehara et al.,
2006; Toomey et al., 2009). Pro-inflammatory cytokines whose over-expression have
previously been displayed in reproductive tract cancers includes IL-6, IL-8 and IL-11
(Eustace et al., 1993; Hirano et al., 1987; Xu et al., 1999; Yap et al., 2010) and it is
therefore postulated that their upregulation may also be induced in the cervix in
response to SP treatment.

Interleukin-6 (IL-6) acts as both a pro-inflammatory cytokine and anti-inflammatory

cytokine but patients with advanced metastatic cancer are normally found to have
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higher than normal levels of this cytokine in their blood (Salgado et al., 2002). IL-6
has also been shown to exhibit anti-apoptotic effects and as this cytokine is known to
exist in SP, it is possible that 1L-6 may help facilitate oncogenesis in human cervical
cancer from being produced as part of the pro-inflammatory response as well as being
contained within the gaculate pool (Wei et al., 2001; Sharkey et al., 2007). IL-8 is a
chemoattractant chemokine whose primary function is the induction of chemotaxis in
target cells as well as being involved in angiogenesis, mitogenesis and inflammation
by means of stimulating the recruitment of inflammatory cells (VIahopoulos et al.,
1999). In addition, IL-8 is regarded as one of the dominant proteins contained within
SP that is capable of modulating cervical and uterine inflammation (Robertson, 2005).
IL-11 is a key regulator of multiple events in hematopoiesis besides being known to
affect cell growth, differentiation and proliferation (Paul et al., 1990; Du and Williams,
1994). The cell proliferation and differentiation that IL-11 participates in, mainly
occurs in bone cells, and explains why its upregulation is strongly involved in breast
cancer metastasis to the bone (Hanavadi et al., 2006). A study performed by Singh et
al., (2006) employing PTGS-2 transfected MDA-231 cells found that treatment with
PTGS-2 inhibitors reduced the production of 1L-11, thus confirming the involvement
of PTGS-2 in IL-11 induction in breast cancer cells.

Furthermore, angiogenesis is regarded as a crucial process involved in normal cell
growth and differentiation and can lead to tumour growth if the means by which this
procedure is controlled are not correctly regulated (Racia et al., 2009). Potent pro-
angiogenic factors which may contribute to cervica tumourigenesis are Gro-a and
VEGF. Gro-a is classified as a growth related oncogene that contributes to the
recruitment of inflammatory cells whereas VEGF is a multifactorial cytokine that
stimulates angiogenic acitivity by increasing vascular permeability and acting as a
endothelial cell mitogen (Becker et al., 1994; Ferrara et al., 1995). Upregulation of
Gro-o and VEGF and several other angiogenic factors have been reported in an array
of cancers including pancreatic, lung and cervix (Li et al., 2009; Ca et al., 2009;
Chopraet al., 1998).
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Another important requirement for a tumour to grow unabated are changes in existing
vasculature and these alterations subsequently allow a sufficient supply of nutrients
and oxygen to meet the increasing demand of the tumour. Modifications in vasculature
can be determined by measuring CD31, a glycoprotein that is expressed on endothelial
cells and expression of this cell marker is frequently used to measure angiogenesis in
various cancers, including cervical carcinoma (Tjamaet al., 1997). Two recent studies
have reveaed findings of similar nature by showing that tumuor angiogenesis in
cervical carcinoma cells as evaluated by CD31 microvascular density analysis (MVD)
was significantly upregulated in women with early cervical cancer (Randall et al.,
2009) and secondly, CD31 expression was found to be progressively increased aong
the continuum from normal cervical epithelium specimens to squamous cell carcinoma
(p<0.0001) (Mazibrada et al., 2009), thus proposing that CD31 may have a prognostic

value in determining stage of tumour progression in cancer of the cervix.

Despite HPV infection being regarded as the instigating stage in cervical cancer
development, SP-induced increases in PTGS enzymes, prostanoid biosynthesis, pro-
inflammatory cytokines and pro-angiogenic factors such as VEGF and Gro-o may
accelerate progression or onset of the disease by means of exacerbating loca
inflammatory responses.
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3.2 Aim of the Study

Previous studies have demonstrated that cervical carcinomas exhibit an
enhanced expression of PTGS -1 and -2 enzymes, prostaglandin receptors (PTGER1-
PTGERA4), pro-inflammatory cytokines and pro-angiogenic factors when compared to
normal cervical tissue. The aim of this study was to determine if SP-treatment could
promote cervical cancer development in normal cervical tissue by upregulating genes
that are expressed in this cancer and contribute to its growth by investigating the
following;

(i)  The effect of SP treatment on transcription of genes encoding PTGS-1,

PTGS-2 and prostaglandin subtype receptors PTGER1, PTGER2,
PTGERS3 and PTGERA4.

(i) The effect of SP treatment on transcription of genes encoding pro-
inflammatory cytokines.

(ili) The effect of SP treatment on transcription of genes encoding for pro-
angiogenic factors.

(iv) Establish whether semina plasma induces any change in tissue
vasculature that could sustain tumour growth and devel opment.
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3.3 Materials and Methods

3.3.1 Cervical Tissue Collection and RNA Extraction

Normal cervical tissue was collected from women undergoing complete or
partial hysterectomy for benign gynaecological malignancies (n=5) as described in
section 2.2.1. All specimens were histologically confirmed by a pathologist using
histological staging. Total RNA was extracted from normal cervical tissue as described
in section 2.6.1 and the concentration and purity of the RNA was determined by
measuring the absorbance at 260nm and 280nm using NanoDrop® ND-1000 UV-Vis
Spectrophotometer (NanoDrop Technol ogies).

3.3.2 cDNA Synthesis and Quantitative Real-Time PCR

Quantitative rea-time PCR (QRT-PCR) was performed to investigate the
relative expression of PTGS-1, PTGS-2, prostaglandin receptor subtypes (PTGER1-
PTGER4), IL-6, IL-8, IL-11, Gro-a, VEGF and CD31 in normal human cervical tissue
stimulated with SP (1:500). Approximately 1ug of total RNA was reverse transcribed
in the presence of PCR reaction buffer (1x), MgCl, (5.5mM), dNTPs (2mM), random
hexamers (2.5uM), RNAse inhibitor (0.4U/ul) and Multiscribe™ reverse transcriptase
(2.25U/ul) (PE Applied Biosystems, Warrington, UK) as described in section 2.6.5.
Thereafter, QRT-PCR was carried out as outlined in section 2.6.6 using specific
primers and probes listed in table 2.5 (250nM each). The reaction mix for QRT-PCR
contained Tagman buffer (5.5mM MgCl,, 200uM dATP, 200uM dCTP, 200uM dGTP
and 400uM dUTP), AmpliTag Gold DNA polymerase (0.025U/ul), ribosomal 18S
forward and reverse primers and probe (all at 50nM), forward and reverse primers for
genes of interest (all at 250nM) and 2l of cDNA.

3.3.3 Statistical Analysis

All data are presented as mean + SEM. Statistical significant differences were
determined by ANOVA using Prism 5.0 software (GraphPad Software Inc., San
Diego, CA) (*, p<0.05; **, p<0.005; ***, p<0.0001).
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3.4 Results

3.4.1 Expression of PTGS-1 and PTGS-2 in Normal Cervical Tissue Treated with
SP

SP has been shown to induce the over-expression of PTGS-2 in HeLa cervica
adenocarcinoma cells (Muller et al., 2006), while the elevated expression of PTGS-1
and PTGS-2 have been reported in several cancers of the reproductive tract including;
ovarian, endometrial and carcinoma of the cervix (Lee et al., 1995; Battersby et al.,
2007; Sdles et al., 2002a). As a result, it was decided to assess whether SP could
upregulate PTGS-1 and PTGS-2 in normal cervical tissue. Quantitative RT-PCR was
used to determine the effect of SP (1:500) on the mRNA expression of PTGS-1 and
PTGS-2 in normal cervical tissue treated for 2, 4, 6, 8, 12 and 24 hrs. As the values for
normal cervical tissue treated with SP for 2, 4 and 6 hrs were similar and the values for
8 and 12 hrs were similar, it was decided to present the data together to give treatment
periods of 2-6, 8-12 and 24 hrs which were maintained throughout this chapter. As
shown in figure 3.1, SP treatment of normal cervical tissue for 24 hrs significantly
elevated the expression of PTGS-1 and PTGS-2 mRNA compared to vehicle treated
control samples (6.5 + 1.8 and 3.9 + 1.3 fold increase respectively; Figure 3.1A;
P<0.0001 and Figure 3.1B; P<0.0001), while, the expression of PTGS-1 and PTGS-2
in response to treatment of SP (1:500) was not statistically significant at either 2-6 or
8-12 hrs.
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Figure 3.1 (A) PTGS-1 and (B) PTGS-2 mRNA expression in normal cervical tissue (n=5)
treated by SP (1:500) for 2-6, 8-12 and 24 hrs. Quantitative RT-PCR determination revealed
PTGS-1 and PTGS-2 to be significantly increased after treatment for 24 hrs when compared to
the control, (P<0.0001*** and P<0.0001***) respectively. Data are represented as mean +
SEM from three independent experiments.
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3.4.2 Expression of PGE2 Prostanoid Receptors in Normal Cervical Tissue
Treated with SP
Since SP upregulated the expression of PTGS-1 and PTGS-2, it was decided to
examine if SP treatment also induced changes in the expression levels of PGE,
receptors. Quantitative RT-PCR was employed to investigate the mRNA expression
levels of prostanoid receptors PTGER1, PTGER2, PTGER3 and PTGER4 in normal
cervical tissue in response to stimulation by SP (1:500) for 2, 4, 6, 8, 12 and 24 hrs.
Treatment of normal cervical tissue with SP induced the over-expression of PTGER1,
PTGER3 and PTGER4 only after 24hrs (2.1 + 1.2-, 2.7 + 0.9, 23 = 1.0-fold
induction respectively; Figure 3.2A and 3.2D; P<0.05, Figure 3.2C P<0.005).
However, there was no significant effect on expression of PTGER2 (Figure 3.2B).
The upregulation of prostaglandin signalling has previously been shown to be closely
associated with enhanced tumour growth (Jabbour et al., 2001) and this result
suggests a possible role for SP in promoting tumourigenesis in the cervix by inducing

over-expression of prostaglandin receptors PTGER1, 3 and 4.
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Figure 3.2 The mRNA expression of the 4 different subtypes of the PTGER receptors were
investigated and assessed by quantitative RT-PCR. Namely PTGER1, PTGER3 and PTGER4
were increased in normal cervical tissue (n=5) in response to SP (1:500) treatment for 24 hrs
(A) PTGER1 (P<0.05*) (C) PTGER3 (P<0.005**) and (D) PTGER4 (P<0.05*). (B) SP
(1:500) had no significant effect on the mMRNA expression of the PTGER2 receptor (P<0.5).
Data are represented as mean + SEM from three independent experiments.
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3.4.3 Expression of Pro-inflammatory Cytokines IL-6, IL-8 and IL-11 in Normal
Cervical Tissue Treated with SP

Having established that SP induces the over-expression of PTGS enzymes -1
and -2 and prostaglandin receptor signalling, it was decided to investigate the effect of
SP on the expression of potent pro-inflammatory cytokines with known roles in
tumour development. Normal cervical tissue was treated with SP (1:500) for time
periods of 2, 4, 6, 8, 12 and 24 hrs and mMRNA expression levels measured using
guantitative RT-PCR analysis. The results showed a significant increase in over-
expression of interleukins IL-6, IL-8 and IL-11 only after 24 hrs when treated with SP
in comparison to the control (3.8 £ 0.8, 55 + 2.3-, 3.1 + 1.0-fold increase
respectively; Figure 3.3A; P<0.005, Figure 3.3B; P<0.005 and Figure 3.3C; P<0.05).
The expression of IL-6, IL-8 and IL-11 in response to treatment of SP (1:500) was
slightly increased at the earlier treatment periods of 2-6 and 8-12 hrs but was not
deemed to be dtatistically significant. This suggests that SP may be central in
regulating the tumour microenvironment by encouraging the upregulation of pro-

inflammatory cytokines.
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Figure 3.3 Quantitative RT-PCR analysis showed mRNA levels of (A) IL-6 (B) IL-8 (C) IL-
11 to be significantly over expressed in normal cervical tissue (n=5) treated with SP (1:500)
for 24 hrs in comparison to the control (P<0.005**, P<0.005** and P<0.05* respectively.
Data are represented as mean + SEM from three independent experiments.
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3.4.4 Expression of Pro-angiogenic factors Gro-a and VEGF in Normal Cervical
Tissue Treated with SP

Angiogenesis plays a vita role in sustaining tumour growth and development
and it was therefore decided to investigate whether pro-angiogenic factors were
upregulated as a result of semina plasma treatment. Quantitative RT-PCR was used to
determine the MRNA expression levels of Gro-o and VEGF in normal cervical tissue
(n=5) in response to SP (1:500) treatment for 2, 4, 6, 8, 12 and 24 hr time periods. (A)
Gro-o was shown to be significantly over expressed in normal cervical tissue (n=5)
treated with SP (1:500) for 24hrs when compared to the control group (6.2 + 1.5-fold
increase) (Figure3.4A; P<0.0001) as was (B) VEGF (6.1 = 2.6-fold increase)
(Figure3.4B; P<0.0001), while, the expression of Gro-a and VEGF in response to
treatment of SP (1:500) was not statistically significant at either 2-6 or 8-12 hrs.

A *kk B
8 ‘| 10m *kk
S 74 B3 conTRoL c 9 =3 controL —]
Ced ERSP = 1 ms
3 2 7
E 5' E 6.
T 4 T 5
M 3 g 4
¢, 4 3
0 19 1=
! ni 0 10l ofl o
2-6hours  8-12 hours 24 hours 2-6hours  8-12hours 24 hours

Figure 3.4 Quantitative RT-PCR analysis revealed the mRNA expression of (A) Gro-o and
(B) VEGF to be significantly upregulated in normal cervical tissue (n=5) treated with SP
(1:500) for 24 hrs in comparison to the control (both P<0.0001***). Data are represented as
mean + SEM from three independent experiments.
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3.4.5 Expression of CD31 in Normal Cervical Tissue Treated with SP

Having identified that normal cervical tissue treated with SP had elevated Gro-
a and VEGF expression, next to be investigated was whether these normal tissue
samples also displayed alteration in their vasculature in response to SP stimulation.
This was done by determining whether SP upregulates transcription of CD31.
Quantitative RT-PCR analysis showed a significant increase in expression of CD31 in
normal cervical tissue when treated with SP for 24 hours in comparison to the control
treatment group (1.6 + 0.3 fold increase; Figure 3.5; P<0.05). There were no
significant differences between control and SP-treated normal cervical tissue for the 2-

6 hr and 8-12 hr treatment periods.
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Figure 3.5 (A) CD31 mRNA expression was measured by quantitative RT-PCR and is
significantly increased in normal cervical tissue (n=5) following treatment with SP (1:500) for
24 hours as compared to the control (P<0.05*). Data are represented as mean £ SEM from
three independent experiments.
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3.5 Discussion

PTGS enzymes, prostaglandins and prostaglandin receptors have been long
recognised as key molecules in reproductive biology but more recently their
upregulation has been closely associated with several cancers of the reproductive tract
including ovarian, endometrial and cervical carcinomas (Kino et al., 2005; Jabbour et
al., 2006; Muller et al., 2006). Our laboratory has previously demonstrated elevated
expression levels of PTGS-2, PGE, and VEGF in cervical adenocarcinoma Hel a cells
in response to SP treatment with the effects that were exerted shown to be regulated
via receptors PTGER-2 and PTGER-4 (Sales et al., 2002b; Muller et al., 2006).
Moreover, the activation of PTGS-2 and PGE; receptor expression and the subsequent
cell signalling in response to SP, was shown to trigger a multitude of phenotypic
changes in cervical tissue which includes the promotion of angiogenesis and vascular
function (Sales et al., 2002b). This therefore suggests that SP can play an important
role in modulating neoplastic cell function and cervical tumourigenesis in sexually
active women in an autocrine/paracrine manner as an upshot of initiating signalling
cascades that involve PTGS enzymes, prostaglandins, their cognate receptors and

activator molecules such as VEGF.

Despite the mounting evidence that correlates the progression of cervical pathologies
with SP exposure (Gutsche et al., 2003: Sales 2002b; Muller et al., 2006), the data
concerned with seminal plasma treatment of normal human cervical tissue is very
limited and the main objective of this study was to ascertain whether the upregulated
expression of PTGS enzymes, prostaglandins, their receptors and the array of
cytokines witnessed in cervical cancer could also be induced in normal cervical tissue
as aresult of SP stimulation. PTGS-1 and PTGS-2 were both significantly upregulated
in normal cervical tissue treated with SP for 24 hr relative to untreated normal cervical
tissue as the control. PTGS-1 expression levels have previously been shown to be
enhanced in cervical adenocarcinoma cells (Sales et al., 2001), except in this study, the
increase occurred in normal cervical tissue as a direct result of SP stimulation.
Furthermore, PTGS-2 expression levels were also statistically elevated in normal
cervical tissue as an impact of SP treatment with similar findings also being displayed

in cervical adenocarcinoma samples (Sales et al., 2002b) and HelL a cells expressing
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the PTGERA4 receptor (Muller et al., 2006). Thisin turn suggests that by provoking the
production of PTGS enzymes -1 and -2, SP could cause increased autocrine and
paracrine signalling of PG to establish favourable conditions in the cervix that permits

the onset of tumour development and progression.

In addition, expression levels of prostanoid receptors (PTGER1, PTGER3 and
PTGER4) were statistically elevated in normal cervical tissue treated with SP for 24 hr
in comparison to the PBS-treated control for the respective time period. PTGER1
receptor expression has been shown to be increased in cervical adenocarcinoma cells
in response to SP stimulation (Sales et al., 2002b), athough, additional results from
the same study demonstrated that receptors PTGER2 and PTGER4 were more
predominantly elevated. Thisfinding is consistent with earlier data published by Sales
and colleagues (2001) and supports the interpretation that SP may play arole inducing
the upregulation of PTGER2 and PTGER4 seen in cervical carcinoma. However,
newly formed data released by Ba and colleagues (2010) demonstrated that
hepatocellular carcinoma cells treated with PGE, resulted in the upregulation of
survivin (an inhibitor-of-apoptosis) and this was found to be mediated by PTGERL1. It
is therefore possible to suggest that the PGE, content of SP may also possess the
capability of inducing this anti-apoptotic effect in cervical cancer cells. The increased
expression of PTGERL receptor signalling that was observed following 24 hr of SP
treatment may be involved with permitting cervical cells to proliferate uncontrollably,
thereby contributing to the establishment of conditions favouring cancer growth in the
cervix. Nevertheless, as the exact mechanisms by which SP dlicits it effects on normal
cervical tissue remain to be fully elucidated, it may or may not be the PGE, component

of SP that is responsible here.

PTGERS receptor expression was also established as being statistically upregulated by
SP in normal cervical tissue, although, its expression was not found to be significantly
increased by SP in adenocarcinoma HelLa cells as reported by Sales and colleagues
(2002b). It is possible that the PTGERS3 receptor is principally involved in the
initiation of cervical cancer development and becomes redundant once the disease is

established but further research is required to clarify the exact role of PGE; receptors
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in the transition of norma cervica tissue becoming cancerous. PTGERS3 receptor
activity has been linked with skin carcinoma (Shoji et al., 2005) and colon cancer
development (Shoji et al., 2004) and is implicated in performing a protective role in
PTGS-2-induced mammary tumours whereby it is down-regulated and PTGER
receptors 1, 2 and 4 are strongly upregulated but why this occurs is unclear (Chang et
al., 2004).

In this study, SP aso induced the up-regulation of PTGER4 receptor signalling and
this mirrors findings of Muller et al., (2006) whereby this receptor was significantly
increased in cervical adenocarcinoma Hel a cells in response to SP, further supporting
that upregulation of PTGER4 is closely associated with the promotion of early
carcinogenesis and metastatic behaviour (Fulton et al., 2006).

The result of PTGER2 receptor expression not being significantly induced in normal
cervical tissue by SP treatment is inconsistent because upregulation of PTGER2 was
previously found to be enhanced in carcinomas of the cervix (Sales et al., 2001). To
reason this point, the finding of upregulated PTGER2 receptor expression by Sales and
colleagues (2001) was determined in adenocarcinoma Hel a cells, was not induced by
SP treatment and like PTGER3, may play different roles at different stages of the
disease with the effects of SP exposure in sexually active women potentially
influencing the way that cervical epithelial cells are regulated during cancer
development. Published data have demonstrated PTGS-2 derived PGE; to be central in
tumour growth in cancers such as the lung, with the PTGER2 receptor being shown to
occupy an essential role in mediating the pro-tumourigenic effects of PTGS-2/PGE; in
intestinal polyposis and oesophageal adenocarcinoma (Williams et al., 2000; Sonoshita
et al., 2001; Jiminez et al., 2010). Furthermore, HPV oncogenes E6 and E7 are known
to induce PTGS-2 and coupled with the fact that PTGS-2 derived PGE, promotes
tumour growth via PTGER expression, it is possible that this mechanism is being
operated upon in the cervix. In addition, Battersby and colleagues (2007) revealed
expression of the PTGER2 receptor to be upregulated in endometrial carcinoma
following incubation with SP. Although the evidence provided shows that SP can

induce PTGER?2, it does not possess the capability of stimulating the over-expression
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of this receptor in normal cervical tissue and demonstrates that the effect of seminal
plasmais cell type dependent. Taken together, increased expression of PTGS-1/-2 and
PTGER receptors suggests that increased autocrine/paracrine signaling can lead to
changesin normal cervica epitheliathat typify those taking place in malignant cells.

Other findings from this study revea that the expression of the pro-inflammatory
mediator IL-6 is significantly upregulated following 24 hr treatment with SP and this
may be a direct result from SP exposure or a subsequent outcome from SP increasing
the circulatory levels of PTGS enzymes and prostaglandin receptor signalling. Work
undertaken by Hinson and colleagues (1996) illustrated that increased PGE, synthesis
causes the induction of IL-6 in a murine model of inflammation and therefore, 1L-6
may act as a growth factor in gynaecological tumours because elevated production of
this cytokine has been shown to exist in ovarian cell carcinoma and sguamous cell
carcinoma of the uterine cervix (Hirano et al., 1987; Watson et al., 1990; Eustace et
al., 1993). In addition, IL-6 upregulation has also been shown to be a host response to
a foreign pathogen in mice as it is required for resistance against the bacterium
Sreptococcus pneumoniae (van der Poll et al., 1997). The production of IL-6 may
therefore be a consequence of normal cervical tissue cells responding to SP as a
foreign body or due to activational factors within SP such as PGE,, 19-hydroxy PGE;,
TGF-p and TNF-a that are capable of inducing the expression of I1L-6 as well as other
inflammatory mediators such as IL-8 and IL-10 (Dension et al., 1999a; Robertson
1992). As many blood vessels also produce IL-6, it could be envisaged that SP not
only directly stimulates IL-6 production from interacting with normal cervical tissue
but also as a secondary effect through stimulating pro-angiogenic factors such as
VEGF and Gro-a which resultantly increases the vasculature by recruiting more blood

vessels for angiogenesis which sequentially promotes further levels of IL-6.

Severa studies have illustrated that over-expression of 1L-8 is associated with playing
an important role in tumour progression and metastasis in a variety of human cancers
such as lung, breast and prostate (Yuan et al., 2005; Green et al., 1997; Singh and
Lokeshwar, 2009). Research published by Fujimoto and colleagues (2000)

demonstrated that IL-8 expression levels were significantly increased during the
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advancement of cervical cancer from stage | through IV, may act as an angiogenic
switch in advancement of later stages of uterine cervical cancers and could therefore
operate as a prognostic indicator. Furthermore, 1L-8 and IL-6 concentrations have been
noted in semina plasma and results published by Eggert-Kruse and colleagues (2001)
showed that the concentration of IL-8 in particular was inversely related to semen
quality in terms of sperm motility and migratory ability. The increased expression of
IL-8 in normal cervical tissue in response to SP treatment after 24hr was revealed in
this study and suggests that upregulation of IL-8 may promote angiogenesis and
further recruitment of inflammatory cells in cervical carcinomas. However, if normal
cervical tissue in sexually active women is exposed to supplementary IL-8 via
subfertile semina plasma, the women in question may further augment the cervical
microenvironment and therefore implement conditions that support cervical

carcinogenesis.

Interleukin-11 (IL-11) is another pro-inflammatory mediator that was found to be
upregulated in normal cervical tissue in response to SP following 24hr of treatment.
Information regarding the implications of IL-11 in the development and progression of
cervical cancer is relatively sparse. Nevertheless, the induction of IL-11 has been
observed in carcinoma of the breast and endometrium as a result of PTGS-2 over-
expression (Singh et al., 2006; Yap et al., 2010) and been shown to be significantly
elevated in inflammation-associated gastrointestinal cancer as a result of persistent
STAT3 activation (Putoczki and Ernst, 2010). Furthermore, IL-11 is reported as being
expressed in SP with levels increasing in males exhibiting infertility problems and
urogenital infections and shows an inverse correlation with sperm quality
(Matalliotakis et al., 1998). Fichorova and Anderson (1999) demonstrated that the
immune-deviating effects of semina cytokines are amplified in the female tract by
locally synthesized TGF-3 and PGE, as well as IL-4, IL-6 and IL-10 secreted from
endocervica and endometrial cells. This suggests that cervical epithelia may
potentially be exposed to increased levels of IL-11 via heightened expression of
PTGS-2 and from SP tumour-promoting cytokines such as IL-6, IL-8 and IL-11
becoming enhanced in reproductive tract.
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This study aso showed upregulation of vascular endothelia growth factor (VEGF) and
Gro-o. expression in normal cervical tissue treated with seminal plasma for 24 hr
compared to the control. VEGF is well renowned for its part in stimulating the growth
of new blood vessels and restores the oxygen supply to tissues when blood circulation
is insufficient (Holmes et al., 2007), whereas Gro-a is primarily expressed by
epithelial cells and has several distinct roles including that of innate immunity, wound
healing and the inflammatory response (Devalarga et al., 2000; Haghnegahdar et al.,
2000). When factors such as VEGF and Gro-a become dysregulated so that they are
chronically expressed, angiogenesis and tumourigenesis can follow (Cheng et al.,
1999; Fimmel et al., 2007; Owen et al., 1997; Tsa et al., 2002). High VEGF
expression levels have been closely associated with poor prognosis in breast cancer
(Liang et al., 2006) and are also known to exist in carcinoma of the cervix (Cheng et
al., 1999; Muller et al., 2006). Studies involving Gro-a have demonstrated this
chemokine to act as a growth factor in promoting the development of the pancreatic
cancer cell line Capan-1 (Takamori et al., 2000) and significantly increases
tumourigenicity towards glioma cells, even implicating that targeting Gro-a may be a
useful therapeutic tool to control brain tumour biology (Zhou et al., 2005). Moreover,
SP can promote VEGF in cervical adenocarcinoma cells via the PTGER4 receptor
(Muller et al., 2006) whilst Gro-o. concentrations within SP are believed to increase
with infertility and also stimulate further cytokine recruitment in endometrial cell
cultures (Rajasekaran et al., 1996; Ochsenkuhn et al., 2008).

Finally, CD31 expression, normally used to investigate alterations in vasculature as a
marker of angiogenesis (Mazibrada et al., 2008), was shown to be significantly
upregulated in normal cervical tissue as a result of SP treatment for 24 hr when
compared to the respective untreated sample. Earlier results confirmed pro-angiogenic
factors VEGF and Gro-a to be increased and the fact that CD31 expression was also
found to be elevated, provides other evidence that VEGF and Gro-a act by modifying

the vasculature of normal endothelial cells via exposure to SP.

Taken together, the findings in this study evidently display that SP can induce a
multitude of pro-tumourigenic factors such as PTGS-1, PTGS-2, IL-6, IL-8, IL-11,
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VEGF and Gro-o in normal cervical tissue and judging by the observation that PTGER
receptor expression is significantly increased, there is a high possibility that this
enhanced production of growth factors, pro-inflammatory cytokines and angiogenic
traitsis regulated, or at least in part, by the prostanoid receptors. Furthermore, sexually
active women who engage in intercourse with multiple partners may be at an
additiona risk as there is a higher chance of an encounter with a partner who has
infertility problems and seminal plasma which originates from individuals with fertility
issues tends to contain elevated expression levels of IL-6, IL-8 and Gro-a, causing
further irregularities to the cervica microenvironment that benefits cancer growth. As
a result, a correlation between cervical cancer and sexua partners with infertility

problems should be explored in the future.

In summary, these results demonstrate that SP is a potent immune deviating agent and
exposure could be pivotal in activating mechanisms responsible for the transition of
cervical epithelia cells being normal to becoming ‘cancer prone’ via the induction of
increased inflammatory responses but more research is required to determine the exact
nature of these events and the multi-factorial nature of cervical cancer development
makes this task even more difficult.
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Chapter 4

WT HELA CELLS AS A MODEL SYSTEM TO
STUDY EFFECTS OF SEMINAL PLASMA ON
EXPRESSION OF PROINFLAMMATORY
AND ANGIOGENIC GENES AND ON
CELLULAR PROLIFERATION
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4.1 Introduction

In the previous chapter, findings have ascertained that exposure to seminal
plasma can induce transcription of genes in normal human cervical tissue, that result
in, increasing cytokine production, augmenting the expression/production of growth
factors and enhancing prostaglandin levels. These characteristics are all classic
hallmarks of inflammation and favours the development and progression of cervical
carcinoma by promoting pro-tumourigenic events such as cellular transformation, local
tumour cell growth, invasion through the ECM and vascular basement membrane,
recruitment of effector cells such as T and natural killer cells and creating a pro-
angiogenic environment to encourage blood vessel formation (Vicari and Caux, 2002).
The transcription of PTGS-1 and PTGS-2, PTGER receptor signaling, pro-
inflammatory mediators IL-6, IL-8 and IL-11, pro-angiogenic factors Gro-a and VEGF
and marked expression of CD31 have been closely associated with an array of cancers
such as cervical carcinoma (Smith et al., 2000; Herschman 1995; Fossilen 2001). The
heightened levels of these contributory components are brought about by SP as a
consequence of upregulating PTGS-1/2 and prostaglandin signalling via its cognate
receptors and as a direct response of the cytokines contained within SP itself, such as
IL-6, IL-8, TNF-a, TGF-B, MMPs and PGE,. When infected with HPV, the E6 and E7
proteins are able to cause cervica epithelia cells to become immortalized and down-
regulates tumour suppressors such as p53 in order to transform cells into neoplastic
ones (Woodworth et al., 1989; Werness et al., 1990; Malik, 2005). Dysregulation of
the HPV EG6/E7 proteins aso has the potential to increase cell proliferation and
upregulate expression of PTGS-2 which in turn further augments the inflammatory
response (Subbaramaiah and Dannenberg, 2007). It is therefore hypothesized that SP
can activate inflammatory events which can drive cancer in neoplastically transformed

cervical cellsin sexually active women infected with HPV.

PTGS-1 is congtitutively generated and although the first concern of this gene is to
regulate norma physiological function by means of prostaglandin production,
(Eberhart et al., 1994), increased expression of PTGS-1 is now being associated as
having a role in tumourigenesis and when PTGS-1 is absent in knockout mice,

intertestinal  neoplasia and skin papilloma formation are significantly reduced
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(Langenbach et al., 1999; Chulada et al 1998; Jang et al., 1997). Although
augmentation of PTGS-1 can have negative effects, as confirmed by its over-
expression being observed in cervica carcinomas (Sales et al., 2002a), it is the
upregulation of PTGS-2 that is more commonly associated with cancer devel opment.
High levels of PTGS-2 expression have been demonstrated to exist in many cancer
types, including the lungs, breast and cervical (Soslow et al., 2000; Kulkarni et al.,
2001). As a result, chemical inhibitors that are specific for PTGS-1 and PTGS-2 may

have a significant role in arresting the development of cervical carcinoma.

Data released from our laboratory has demonstrated SP to activate increases in PTGS-
2 and PGE; receptor expression in cervical adenocarcinoma cells (Sales et al., 2002b)
and to promote expression of VEGF in adenocarcinoma HelL a cells via the PTGER4
receptor (Muller et al., 2006) as well as upregulating fibroblast growth factor-2 (FGF-
2) in endometrial adenocarcinoma (Battersby et al., 2007). However, the complex
mechanisms by which SP manages to provoke increases in growth factor production,
augment angiogenesis and enhance the inflammatory response are not fully
understood. Muller and colleagues (2006) did reveal that SP induces rapid
phosphorylation of ERK1/2 in HelLa cells over-expressing the PTGER4 receptor
whereas Battersby and colleagues (2007) demonstrated that SP can promote cCAMP
accumulation via the PTGER2 receptor in endometrial adenocarcinoma cells, both of
which could be impeded by inhibiting EGFR signalling, thus suggesting that this
pathway may be central with regard to SP activation. While these findings highlight
the signalling pathways that SP is capable of inducing and that SP can upregulate
VEGF, the pro-inflammatory genes and pro-angiogenic genes that are involved remain

to beidentified as do the signalling mechanisms that they operate.

Besides focusing on PTGS-1 and PTGS-2, researchers have paid particular attention to
IL-6 when investigating the pathogenesis of cervical cancer. A study performed by
Wei and colleagues (2003) revealed that human cervical cancer C33A cells expressing
IL-6 promotes in vivo tumour growth by VEGF-dependent angiogenesis and this has
been shown to occur via STAT3 signalling. Another pro-inflammatory mediator whose

over-expression has been found to play a pivotal role in tumour angiogenesis is IL-8.
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Studies have shown that inhibition of IL-8 reduces tumourigenesis of human non-small
lung cancer in SCID mice (Arenberg et al., 1996) while Fujimoto and colleagues
(2000) reported a strong correlation between microvessel counts and IL-8 levels in
cervical cancer. In addition, the over-expression of IL-11 may be the main trigger for
inflammation-associated gastric cancer (Ernst et al., 2008) and levels of this cytokine
have also been shown to be increased localy by PGE, in human endometrial stromal
cells (Dimitriadis et al., 2005). Although the underlying mechanisms which sustain
cervical cancer development remain elusive, increased levels of IL-6, IL-8 and IL-11
have been shown to promote tumour growth and it is anticipated that identifying
products involved in the production of these cytokines could possibly help in

elucidating pathways that SP is mediating during cervical cancer growth.

As well as being over-expressed in normal cervical tissue in response to SP, high
levels of pro-angiogenic factors Gro-a and VEGF have previously been shown to be
upregulated in carcinomas of the cervix (Chopra et al., 1998). They help promote the
progression of cancer by assisting in improving the vasculature that supplies the
developing cancer cells with essential oxygen and nutrients. Microvascular regulatory
processes that occur in the cervix, such as cell proliferation, immune response and
protein kinase activity are governed by VEGF signalling (Mowa et al., 2008) and
because SP can induce VEGF expression, it may regulate cervical epithelial
proliferation. Unfortunately, studies aimed at determining the exact role that SP
performsin gynaelogical malignancies are limited and more research is required in this
area to help isolate the pathways and cell signalling that is involved. The huge variety
of different compounds contained within seminal plasma makes this task even more
difficult.

In the previous chapter, it was shown that PTGS enzymes -1 and -2, PTGER receptor
signaling, pro-inflammatory genes, IL-6, IL-8 and IL-11, and pro-angiogenic genes
Gro-o. and VEGF are upregulated in normal cervical tissue in response to SP
stimulation. In this chapter we employ WT HelLa cells which are HPV16"
adenocarcinoma cell line as a model system in order to determine signaling

mechanisms involved in inducing the transcription of these genes.
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The variety of signalling components that exist within SP is vast, containing many
different activator molecules that have the potential to operate on signaling pathways
involved with crucial cellular functions such as the inflammatory response and growth
(Robertson et al., 2002; Gutsche et al., 2003). These molecule types include cytokines,
TGF-B, PGE,, members of the interleukin family such as IL-8 and TNF-o and the
upregulation of these signalling factors is closely associated with cancer devel opment
(Sharkey et al., 2007; Robertson et al., 2002).

The various inhibitors being used herewithin have been chosen because of their ability
to inhibit the signalling molecules contained within SP and the signalling pathways
they operate, thus blocking the pro-tumourigenic effects this can elicit. Inhibitors for
PTGS-1/-2 were employed as their elevated expression has been shown to promote
tumour cell proliferation, reduce apoptosis and induce angiogenesis in cervica
adenocarcinomas and colon cancer cells as well as their alliances with PGE, and
PTGER signalling (Sales et al., 2001; Sales et al., 2002a; Tsuji et al., 1988). Studies
performed in our laboratory by Muller and colleagues (2006), and Battersby and
colleagues (2007), both showed that treatment with SP and PGE, promoted signalling
via ERK1/2 and EGFR in cervical adenocarcimona cells expressing the PTGER4
receptor and in endometrial carcinoma cells respectively. Results from Muller and
colleagues (2006) also revealed that phosphorylation of ERK by SP and PGE;
treatment was in an EGFR- and Raf- dependent manner because ERK1/2 activity was
completely inhibited by a chemical inhibitor specific for EGFR (AG1478). The MAPK
kinase pathway with which these signalling molecules exist is a key mechanism in cell
growth, differentiation and transformation and appears to be activated by SP (Lewis et
al., 1998), thus providing adequate reasoning for choosing inhibitors specific for
EGFR, and ERK/MAPK to test the effects of SP.

TGF-p is a principal stimulatory agent contained in SP that has the potential to exert
autocrine and endocrine effects (Robertson et al., 2002). The signalling properties of
TGF-p are closely associated with the onset and progression of cancer as demonstrated
by the generation of anti-TGF-f cancer therapy and the observation that high levels of

this growth factor is found to correlate with poor prognosis (Saunier and Akhurst
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2006). TGF-p has been shown to induce Smad signalling of pancreatic cancer cells via
ERK?2 activation (Ellenrieder et al., 2000) and can upregulate VEGF and MMP-2 in
metastatic pancreatic cell lines (Uchimaet al., 2007). In addition, TGF-p can synergise
with IL-8 to promote over-expression of IL-1p, IL-6 and LIF from endometrial
epithelial cells (Gutsche et al., 2003), thus providing further evidence of its pro-

tumourigenic potential.

The NF-kB signalling mechanism is another pathway implicated in cancer
development as shown by its activation via protein kinase A in head and neck
squamous cell carcinoma (Arun et al., 2009) and its increased expression with PTGS-2
in colorectal carcinomas (Dolcet et al., 2005). Furthermore, IL-1 has been shown to
upregulate the functional HIF-1a protein through a classical inflammatory signalling
pathway in A549 cells involving NF-kB and PTGS-2 which in turn promotes VEGF, a
potent pro-angiogenic factor reguired for tumour growth (Jung et al., 2003). NF-xB
signalling is aso induced in cells from Ikk beta knockout mice by IL-1 and TNF-a (a
compound contained within SP in abundance) (May and Ghosh, 1999).

The complex nature of SP, the multiple signalling pathways within the female
reproductive tract with which SP can interact and multistage process of cervical cancer
development hinders the elucidation of the explicit mechanisms underlying this
disease. The inflammatory potential of SP may further complicate the understanding of
cervical cancer development in sexualy active women because its presence may
influence in helping establish pro-inflammatory conditions which are favourable to
promote the onset of cervical cancer. As aresult, there is a great need to ascertain the
signaling pathways involved and whether the effects of SP further exacerbate this

process.

4.2 Aim of the Study
The previous chapter established that SP exposure induces expression of PTGS
enzymes, PGE, receptor subtypes (PTGER1, PTGER3 and PTGER4), pro-

inflammatory cytokines, pro-angiogenic factors and an increase in the angiogenic
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marker CD31 in normal cervical tissue. These genes together can contribute to the
development of cervical cancer and therefore suggest that SP can exacerbate cervica
cancer development. However, the signaling pathways leading to the activation of
these genes in the cervix are not known and here we plan to use WT HelLacells as a
model system to identify signalling pathways required for their transcriptional
activation. In addition, employing the WT Hel a cells as a model system we plan to
examine whether SP can promote cellular proliferation which is a classic hallmark of

cancer devel opment.
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4.3 Materials and Methods
4.3.1 Treatment of Cells and RNA Extraction

WT Hela cells were seeded in culture vessels as described in table 2.1
depending on the assay being performed. Once cells were confluent, they were then
serum starved for 24hr prior to treatment. The following day, cells were treated with
SP (1:100) in the presence/absence of various inhibitors as mentioned in section 2.5.3
and thereafter underwent RNA extraction as mentioned in section 2.6.3. The
concentration and purity of the RNA was determined by measuring the absorbance at
260nm and 280nm using NanoDrop® ND-1000 UV-Vis Spectrophotometer

(NanoDrop Technologies).

4.3.2 cDNA Synthesis and Quantitative Real-Time PCR

Quantitative rea-time PCR (QRT-PCR) was performed to investigate the
relative mRNA expression of PTGS-1, PTGS-2, IL-6, IL-8, IL-11, Gro-a, VEGF and
Ki-67 in WT HelLa cells stimulated with SP (1:100), in the presence/absence of
inhibitors listed in table 2.2. Approximately 1ug of total RNA was reverse transcribed
in the presence of PCR reaction buffer (1x), MgCl, (5.5mM), dNTPs (2mM), random
hexamers (2.5uM), RNAse inhibitor (0.4U/ul) and Multiscribe™ reverse transcriptase
(2.25U/ul) (PE Applied Biosystems, Warrington, UK) as described in section 2.6.5.
Thereafter, QRT-PCR was carried out as outlined in section 2.6.6 using specific
primers and probes listed in table 2.5 (250nM each). The reaction mix for QRT-PCR
contained Tagman buffer (5.5mM MgCl,, 200uM dATP, 200uM dCTP, 200uM dGTP
and 400uM dUTP), AmpliTag Gold DNA polymerase (0.025U/ul), ribosoma 18S
forward and reverse primers and probe (all at 50nM), forward and reverse primers for
genes of interest (all at 250nM) and 2l of cDNA.

4.3.3 SDS-PAGE and Western Blot Analysis

WT Hela cells were seeded at 1x10° cells per 60mm diameter dish and
allowed to propogate for 24hrs before serum-starvation overnight. Following serum-
starvation, WT Hel a cells were treated with SP (1:100) in the absence/presence of
AG-1478 (200nM), NS-398 (100nM), SC-560 (10uM), PD-98059 (50uM), or TGF-$
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inhibitor (10ng/ml) for time intervals of O, 2, 5, 10, 20, 30 and 60min. Cells being
treated in the presence of inhibitors were pre-incubated with the respective inhibitor
for 1 hour prior to SP treatment. Thereafter, cells were harvested and extracted as
described in section 2.7.1 and protein quantified according to section 2.7.2. A total of
40ug of cell extract was resuspended in a total volume of 25ul loading buffer
(Appendix A) and boiled for 5min at 95°C. Samples and SeeBlue™ pre-stained
protein marker (Novex, Invitrogen) were then fractionated by electrophoresis (50mA,
90min) on a pre-cast 4%-12% Bis-Tris gel (NOVEX, Invitrogen). Thereafter, the gel
was transferred onto Immobilon™ FL PVDF membrane (Millipore, Watford, UK) in a
transfer buffer (Appendix A) using a semi-dry blotter at a constant voltage of 14V for
approximately 90min. Following transfer, immunoblots were blocked in Odyssey
Blocking buffer™ (LI1-COR Biosciences, Cambridge, UK) before overnight incubation
with primary phospho-p42/44 and p42/44 antibodies (diluted 1:1000 in Odyssey
blocking buffer) at 4°C. The following day, blots were washed and incubated with the
goat anti-mouse IRDyeTM 800 (1:10,000) (Rockland Immunochemicals Inc.,
Gilbertsville, PA, USA) and goat anti-rabbit Alexafluor 680 (1:5000) (Invitrogen) for
60 minutes at room temperature. Immunoreactive proteins were detected and
quantified using the Odyssey infrared imaging system (LI1-COR Biosciences). ERK1/2
phosphorylation was caculated by dividing the vaue obtained from the
phosphorylated ERK1/2 channel (700nm) by the value obtained from total ERK1/2
channel (800nm) and expressed as fold above vehicle controls.

4.3.4 Cell Proliferation Assay

WT Helacells were seeded in 96 well plates at 3000 cells/well (counted using
a haemocytometer) and alowed to propagate overnight before serum starvation for
24hrs. Thereafter, cells were treated for durations of 24, 48 and 72hr with SP (1:100)
in the presence/absence of inhibitors of PD-98059 (MAPK kinase inhibitor), AG-1478
(EGFR tyrosine kinase inhibitor), NS-398 (PTGS-2 inhibitor), SC-560 (PTGS-1
inhibitor) and NF-xB (NF-kB inhibitor). Inhibitors were applied 1hr prior to treatment.
Following cessation of the respective treatment periods, proliferation was determined
using the CellTitre96 Aqueous One Solution Proliferation Reagent (Promega Corp,
Madison, WI) by means of spectrophotometry detection. This was carried out by
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adding 20ul of Proliferation Reagent per well and then subsequently incubating the 96-
well plate at 37°C for 2hr in a humidified 5%, CO, atmosphere. After incubation,
absorbances were recorded at 490nm, calculated and fold difference determined

against the respective control.

4.3.5 Immunohistochemistry (IHC)

Immunohistochemical staining for the proliferation marker Ki-67 was carried
out using cervical sections that comprised of normal tissue (n=5), squamous carcinoma
(n=5) and adenocarcinoma (n=5) using methods mentioned in section 2.8.1 whereas
Ki-67 staining of WT Hel a cells was undertaken according to details stated in section
2.8.3. Thereafter, al dlides containing either cervical tissue samples, or WT HelLacells
treated with SP (1:100), were mounted in Permafluor for microscope analysis and the
number of positively stained cells for Ki-67 was quantified using standard
stereological techniques.

4.3.6 Statistical Analysis

All data are presented as mean + SEM. Statistical significant differences were
determined by unpaired student’s t-test or ANOVA using Prism 5.0 software
(GraphPad Software Inc., San Diego, CA) (*, p<0.05; **, p<0.005; *** p<0.0001).
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4.4 Results
4.4.1 SP Titration in vitro

In the previous chapter it was shown that treating normal human cervical tissue
with SP (1:500) increased the production of PTGS-1, PTGS-2, PTGER signalling, pro-
inflammatory mediators, pro-angiogenic factors and expression of CD-31. It was
therefore decided to use WT Hela cells to establish whether these genes are
upregulated in this cell line, thus making it suitable to serve as a model system, and
also identify the signalling pathways required for the activation of these genes as well
as to determine the effect of SP on cell proliferation. Previously, our group has shown
that SP induces increased production of PTGS-2 and VEGF at a concentration of 1:500
in HelLa cells over-expressing the PTGER4 receptor (Muller et al., 2006). However,
the concentration of SP required to stimulate these target genesin WT Hela cells was
not tested. Therefore, it was decided to perform atitration experiment and measure the
SP induced transcription of IL-6, IL-8 and Gro-a using a range of dilutions of SP at
time points of 2-24hr in order to determine the optimum SP dilution and treatment
period that would be required for conducting experiments with chemical inhibitors
specific for the different signalling molecules. SP dilutions of (1:250), (1:100) and
(1:50) were used to treat WT HelLacells for 2, 4, 6, 8, 12 and 24 hrs and the relative
MRNA levels of IL-6, IL-8 and Gro-a were measured in SP treated cells and in control
cells treated with media without SP. Quantitative RT-PCR previously showed a
statistically increased production of IL-6, IL-8 and Gro-a in normal human cervical
tissue treated with SP. Quantitative RT-PCR revealed IL-6, IL-8 and Gro-o to be
upregulated at the majority of time points tested with inductions being observed at 2hr,
reaching a maximal response at 6 hr and then declining until 24 hr post SP treatment.
Furthermore, the resulting fold inductions of IL-6, IL-8 and Gro-a for each SP dilution
at 6hr revealed that 1:50 induced a greater response than 1:100 (9.15- vs 4.54-, 162.5-
vs 28.8- and 46.4- vs 9.44- fold increase respectively), while the SP dilution of 1:250
induced a very weak response (1.83-, 4.06 and 2.44- fold-increase; Figure 4.1A, 4.1B
and 4.1C respectively). Since SP at 1:100 directed a significant induction of these
genes it was then decided to use this dilution in the experiments employing chemical
inhibitors as an approach to identify the signalling pathways required for transcription
of the target genes involved in inflammation and angiogenesis.
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Figure 4.1: Quantitative RT-PCR analysis revealed the mRNA expression of (A) IL-6, (B) IL-
8 and (C) Gro-a levels in WT HeLa cells in the presence of SP at dilutions of (1:250, light
grey bars), (1:100, dark grey bars) or (1:50, black bars) in comparison to the control group
(media aone, open bars) for 2, 4, 6, 8, 12 and 24hr,(n=1).
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4.4.2 Activation of ERK by SP in WT HelLa Cells

In the previous section we have shown that a SP dilution of 1:100 is sufficient
to induce a marked increase in the induction of the genes IL-6, IL-8 and Gro-a.
Following that experiment we decided to ascertain whether SP treatment could prompt
the activation of extra-cellular regulated kinase (ERK), an early signalling event that is
strongly correlated to cancer, involved in the activation of many genes and is also
shown to be induced downstream to PG receptors (Handra-Luca et al., 2003). SP and
PGE; have previously been shown to induce phosphorylation of ERK viathe PTGER4
receptor (Muller et al., 2006), whereas Battersby and colleagues demonstrated that SP
activated ERK signalling in endometrial carcinoma cells via the PTGER2 receptor. In
these experiments we are trying to find out by the use of specific inhibitors which
molecules in SP play arole in the transcriptional activation of ERK, whether the role
they play is direct or indirect, does the TGF-p present in SP have a role and aso
whether SP-induced PTGS-1 and PTGS-2 has a role. The activation of ERK was
measured by treating WT Hela cells with SP in the presence/absence of various
inhibitors and performing Western blotting which revealed ERK phosphorylation in
WT Hel a cells treated with SP (1:100) significantly increased after 2, 5 and 10 min
when compared to the untreated (0 min) (5.26 + 1.31-, 6.00 + 1.32- and 4.57 + 0.82-
fold increase, respectively; Figure 4.2) (al P<0.05) and thereafter ERK
phosphorylation declined and was hardly observed at 20, 30 or 60min. As a control,
WT Hel a cells were pre-treated with PD-98059 (MAPK/ERK inhibitor), 1hr prior to
SP (1:100) stimulation and as expected PD-98059 abolished the phosphorylation of
ERK for the same treatment periods 2, 5 and 10 min as shown by not being
significantly different from the untreated (O min) (1.16 + 0.15, 1.37 + 0.25 and 1.32 +
0.23 respectively; Figure 4.2).
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Figure 4.2 Extracellular signal-regulated kinase (ERK) phosphorylation in WT HelLa cells in
response to SP (1:100) treatment for 2, 5, 10, 20, 30 and 60min in absence/presence of
inhibitor PD-98059 or left untreated (Omin). Representative Western blot analysis revealed SP
(2:200) significantly induced ERK phosphorylation following treatment for 2, 5 and 10min
when compared to untreated (Omin). b is significantly different from a (P<0.05*). The co-
incubation of SP and PD-98059 abolished the phosphorylation of ERK for the same treatment
periods 2, 5 and 10min when compared to untreated (Omin). d is not significantly different
from c. Data presented as representative blots together with semi-quantitative analysis of ERK
phosphorylation shown as mean = SEM from four independent experiments.
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Next, it was decided to determine whether EGFR activation is required for SP-induced
phosphorylation of ERK as it is well established that in some cases, the
activation/phosphorylation of ERK isviatransactivation of EGFR (Muller et al., 2006;
Milling-Smith et al., 2006). Figure 4.3 shows like in the previous figure, that ERK
phosphorylation in WT HelL a cells treated with SP (1:100) significantly increased after
2, 5 and 10 min when compared to the untreated (0O min) (5.54 £ 1.27-, 6.09 £ 1.95-
and 6.91 + 1.67-fold increase respectively; Figure 4.3) (al P<0.05). Despite SP-
induced ERK phosphorylation being slightly elevated at 20, 30 and 60 min, neither
treatment period was shown to be statistically significant. Treatment with AG-1478 (an
inhibitor of EGFR transactivation) partially abolished the phosphorylation of ERK for
2, 5 and 10 min when compared to the untreated (0 min) (2.07 £ 0.40-, 3.49 + 0.66-
and 1.86 + 0.80-fold increase respectively; Figure 4.3) (all P<0.05). This reduced
activation of ERK represents a 62%, 43% and 63% inhibition of ERK induction
respectively; Figure 4.3 (all P<0.05). These results demonstrate that EGF
transactivation plays a mgor role in ERK activation but also suggests that other

pathways are involved in ERK activation by SP.
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Figure 4.3 Extracellular signal-regulated kinase (ERK) phosphorylation in WT HelLacellsin
response to SP (1:100) treatment for 2, 5, 10, 20, 30 and 60min in absence/presence of
inhibitor AG-1478 or left untreated (Omin). Representative Western blot anaysis revealed
SP (1:100) significantly induced ERK phosphorylation following treatment for 2, 5 and
10min when compared to untreated (Omin). b is significantly different from a (P<0.05*).
Although incubation of SP and AG-1478 only partially abolished the induction of ERK for 2,
5 and 10min when compared to the untreated (Omin), d is significantly different from c
(P<0.05*), this did significantly inhibit the SP-induced phosphorylation of ERK for the same
treatment periods when compared to SP (1:100) incubation alone. d is significantly different
from b (P<0.05*). Data presented as representative blots together with semi-quantitative
analysis of ERK phosphorylation shown as mean + SEM from four independent
experiments.

127



Chapter 4 WT HelLa Cells as a Model System

The inhibitor for PTGS-2 (NS-398) was tested in order to ascertain whether PTGS-2
activation is necessary for SP-induced phosphorylation of ERK. PTGS-2 expression is
associated with apoptosis resistance, angiogenesis and metastasis in cancer of the
colon and non-small-cell lung cancer (NSCLC) (Tsujii et al., 1997; Tsujii et al., 1998;
Krysan et al., 2008) and can be upregulated by SP in cervica adenocarcinoma cells
(Sales et al., 2002b). The inflammatory and tumourigenic signalling which results
from PTGS-2 overexpression often converges on the ERK cascade (McKay et al.,
2007; Kim et al., 2009). Measuring the induction of ERK by SP in the presence of NS-
398 (PTGS-2 inhibitor) demonstrated that the ERK activation was hardly inhibited as
shown by 9.5%, 6.5% and 1.9% inhibition of induction for 2, 5 and 10min treatment
periods respectively and did not achieve statistical significance, while no induction
was observed at treatment periods of 20, 30 and 60 min (Figure 4.4). Therefore, ERK
induction is a direct result of SP stimulation and is not dependent of PTGS-2 as
expected as ERK isavery early signalling event.
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Figure 4.4 Extracellular signal-regulated kinase (ERK) phosphorylation in WT HelLa cellsin
response to SP (1:100) treatment for 2, 5, 10, 20, 30 and 60min in absence/presence of
inhibitor NS-398 or left untreated (Omin). Representative Western blot analysis revealed that
NS-398 did not significantly reduce the phosphorylation of ERK induced by treatment with SP
(1:100). ais not significantly different from b. Data presented as representative blots together
with semi-quantitative analysis of ERK phosphorylation shown as mean = SEM from four
independent experiments.
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Since, PTGS-2 does not appear to have arole in SP induction of ERK, it was decided
to determine whether PTGS-1 signalling was involved. PTGS-1, like PTGS-2, is
upregulated in cancers of the cervix and endometrium (Jabbour and Sales 2004,
Subbaramaiah et al., 1997) and using WT HelLa cells as a model system, we therefore
wanted to establish if it was central in SP-activated ERK. Results showed (Figure 4.5)
that PTGS-1 inhibitor (SC-560) was not successful in reducing the phosphorylation of
ERK induced by treatment with SP (1:100) at any of the time points investigated (1.77
+0.09vs1.63+ 0.13), (1.77 £ 0.22 vs 1.69 + 0.10), (1.38 £ 0.11 vs 1.45 + 0.01), (1.31
+ 0.06 vs 1.18 + 0.03), (1.00 £ 0.08 vs 1.11 + 0.05) and (1.05 + 0.05 vs 1.20 £ 0.05)
for 2, 5, 10, 20, 30 and 60min respectively; Figure 4.5). In conclusion ERK induction
isadirect result of SP stimulation and is not dependent on PTGS-1 or PTGS-2.
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Figure 4.5 Extracellular signal-regulated kinase (ERK) phosphorylation in WT HelLacellsin
response to SP (1:100) treatment for 2, 5, 10, 20, 30 and 60min in absence/presence of
inhibitor SC-560 or left untreated (Omin). Representative Western blot analysis revealed that
SC-560 did not significantly reduce the phosphorylation of ERK induced by treatment with
SP (1:100) at any of the treatment periods. b is not significantly different from a. Data
presented as representative blots together with semi-quantitative analysis of ERK
phosphorylation shown as mean + SEM from four independent experiments.
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The immunosuppressive potential of SP is attributed in part to its high TGFf content
(Robertson et al., 2002). Furthermore, the expression of TGF- is closely associated
with the onset and progression of cancer and is also known to induce ERK activation
in pancreatic cancer cells (Ellenrieder et al., 2000). We therefore wished to ascertain
whether TGF-p signalling was necessary to mediate the activation of ERK by SP.
Figure 4.6 shows that ERK phosphorylation in WT HelL a cells treated with SP (1:100)
significantly increased after 2, 5 and 10 min when compared to the untreated (0O min)
(2.63 £ 0.30-, 3.04 £ 0.56- and 2.55 £ 0.64-fold increase respectively; Figure 4.6) (al
P<0.05) and thereafter although ERK phosphorylation remained slightly increased at
20, 30 or 60 min, this did not attain statistical significance. Results also reveaed that
the TGF-B1 inhibitor did not reduce the phosphorylation of ERK induced by treatment
with SP (1:100) at 2, 5 and 10 min as shown by 3.1%, 3.0% and 9.4% inhibition of
induction respectively (Figure 4.6). This finding indicates that SP-activation of ERK is
not mediated by TGF-p.

Based on these results together, it can therefore be concluded that the induction of
ERK israpid and is partially mediated via the transactivation of EGF as well as other
pathways that are activated by SP and thisis not attributed to the TGF-3 present in SP
but to other constituents. Moreover, ERK activation does not occur via PTGS-1/-2 and
therefore the upregulation of prostaglandin synthase enzymes appears to be

downstream from ERK induction.
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Figure 4.6 Extracellular signal-regulated kinase (ERK) phosphorylation in WT HelLacellsin
response to SP (1:100) treatment for 2, 5, 10, 20, 30 and 60min in absence/presence of
inhibitor TGF-B1 or left untreated (Omin). Representative Western blot analysis revealed SP
(1:100) significantly induced ERK phosphorylation following treatment for 2, 5 and 10min
when compared to untreated (Omin). b is significantly different from a (P<0.05*). The co-
incubation of SP andTGF-B1 did not significantly reduce the phosphorylation of ERK when
compared to SP (1:100) incubation alone. b is not significantly different from c. Data
presented as representative blots together with semi-quantitative analysis of ERK
phosphorylation shown as mean = SEM from four independent experiments.
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4.4.3 ldentification of Signalling Pathways Required for the Transcriptional
Activation of PTGS-1 and PTGS-2 in WT HelLa Cells Treated with SP

PTGS1 and PTGS-2 transcripts were both shown to be significantly
upregulated in normal cervical tissue when treated with SP in comparison to the
respective controls. SP treatment also promoted the induction of other pro-
tumourigenic processes such as pro-inflammatory cytokines and pro-angiogenic
factors and therefore suggests that SP may have a possible role in mediating cervical
tumourigenesis. In addition, elevated levels of PTGS-1, PTGS-2 and PGE; synthesis
have been observed in cervical carcinomas and this raises the question as to which
signaling pathways are predominantly involved in the transcriptional activation of
these genes (Sales et al., 2001; Sales et al., 2002a). As results from the previous
chapter demonstrate that SP can induce the upregulation of genes that are also overly
expressed in cervica cancer, here we are using a HelL a cell model system to determine
whether SP stimulates the transcription of prostaglandin synthases (PTGS-1 and
PTGS-2) and utilize specific chemical inhibitors to gain insight on the signalling
pathways in effect.

Firstly, WT HelLa cells were pre-treated with inhibitors of PD-98059 (MAPK kinase
inhibitor), AG-1478 (EGFR tyrosine kinase inhibitor), NS-398 (PTGS-2 inhibitor),
SC-560 (PTGS-1 inhibitor), NF-kB (NF-kB inhibitor) and TGF-B1 (TGF-B1 inhibitor)
for 1hr prior to treatment with SP (1:100) for 6hr. Thereafter, total RNA was extracted,
followed by cDNA synthesis and then quantitative RT-PCR analysis was performed
and fold induction calculated against the control. WT Hel a cells treated with SP for
6hr revealed that PTGS-1 expression was significantly elevated compared to the
control (7.3 + 2.7-fold increase; Figure 4.7A) (P<0.005) and confirms the use of WT
Hel a cells as a suitable model system. In addition, the SP induction of PTGS-1 was
reduced in the presence of inhibitors PD-98059 and AG-1478 (3.7 £ 0.8- and 2.9 £ 0.5-
fold increase respectively; Figure 4.7A) (both P<0.05). Since reduction of PTGS-1 is
only partial (50% and 63% respectively), and not completely inhibited, this implicates
that signalling mechanisms other than ERK and EGFR are in use to mediate SP effects
on PTGS-1 transcription. It can aso be postulated that since AG-1478 inhibits SP-
induced PTGS-1 dlightly more than PD-98059, EGFR is required for ERK and the
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extra inhibition is due to an additiona role EGFR has in the induction of PTGS-1. In
contrast, the other inhibitors; NS-398, SC-560, NF-kB inhibitor and TGF-B1 inhibitor
did not reduce the induction fold of PTGS-1. The reduction observed by PD-98059 and
AG-1478 demonstrates that MAPK kinases (ERK1/2) and EGFR activation are
required for the SP-induced transcription of PTGS-1 while inhibitors of PTGS-1,
PTGS-2, NF-kB and TGF-B1 are not. Thisindicates that the transactivation of PTGS-1
in response to SP is partially activated via EGFR/ERK and additional pathways that do
not involve PTGS-1, PTGS-2, NF-xB or TGF- are also implicated. Furthermore, SP
was found to significantly upregulate the expression of PTGS-2 in comparison to the
control (3.4 + 0.5-fold increase; Figure 4.7B) (P<0.005). Like PTGS-1, the SP
induction of PTGS-2 was reduced in the presence of inhibitors PD-98059 and AG-
1478 (2.1 £ 0.2- and 1.3 = 0.2-fold increase respectively; Figure 4.7B) (P<0.05 and
P<0.005). This equates to 38% and 62% inhibition of induction respectively and in a
similar fashion to PTGS-1, because AG-1478 inhibited SP-induced PTGS-2 dlightly
more than PD-98059, EGFR is required for ERK and the extra inhibition is due to an
additional role EGFR has in the induction of PTGS-2. In addition, NS-398
significantly inhibited the fold-induction of SP-activated PTGS-2 by 41%, (1.4- £ 0.2-
fold increase respectively; Figure 4.7B) (P<0.05). Although this shows that PTGS-2 is
required for its own upregulation, the induction was only partialy reduced and
therefore signalling apparatus other than ERK, EGFR and PTGS-2 are required for the
SP-activated transcription of PTGS-2 and this does not involve PTGS-1, NF-kB or
TGF-B1 as their respective inhibitors did not reduce the induction fold of SP-induced
PTGS-2.

Transcriptional activation of PTGS-1 and PTGS-2 by SP is partially mediated by the
ERK/EGFR pathway. However, PTGS-2 activity is aso required for its own
upregulation and signalling pathways involving molecules other than PTGS-1, PTGS-
2, NF-kB and TGF-B are implicated in mediating SP-activated PTGS-1 whereas
molecules other than PTGS-1, NF-kB and TGF-p are implicated in mediating SP-
activated PTGS-2.
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Figure 4.7: Quantitative RT-PCR anaysis determined that (A) PTGS-1 expression was
significantly increased by SP (1:100) treatment (P<0.005**) in WT HelLa cells, b is
significantly different from a, and this induction was significantly reduced in presence of the
inhibitors PD-98059 and AG-1478 (both P<0.05*), c is significantly different from a. (B)
Expression of PTGS-2 was significantly elevated by SP (1:100) treatment (P<0.005**) in WT
HelLa cells, b is significantly different from a, and this induction was significantly down-
regulated by PD-98059 AG-1478 and NS-398 (P<0.05*, P<0.005** and P<0.05*
respectively), ¢ is significantly different from b. All data represented as mean £ SEM from
four independent experiments.
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4.4.4 Identification of Signalling Pathways Required for the Transcriptional
Activation of Pro-Inflammatory Cytokines IL-6, IL-8 and IL-11 in WT HelLa
Cells Treated with SP

Having demonstrated in chapter 3 that SP (1:500) treatment induces increased
expression of pro-inflammatory cytokines IL-6, IL-8 and IL-11 in normal human
cervix and that they are also found to be upregulated in cancer (Robertson et al., 1992;
Ernst et al., 2008; Fujimoto et al., 2000), we wanted to determine the role of signalling
pathways activated by SP in the transcription of these genes. WT Hel a cells were pre-
treated with inhibitors of ERK, EGFR, PTGS-2, PTGS-1, NF-xB and TGF-B1 for 1hr
prior to treatment with SP (1:100) for 6hr. Thereafter, total RNA was extracted,
followed by cDNA synthesis and then quantitative RT-PCR analysis was performed
and fold induction calculated against the control. QRT-PCR analysis of IL-6 revealed
that its expression was significantly increased in comparison to the control (19.8 + 2.3-
fold increase; Figure 4.8A) (P<0.0001). Results generated from testing the inhibitors
found that inhibitors PD-98059, AG-1478, NS-398 and NF-kB reduced the induction
of IL-6 relative to induction in the presence of SP aone (6.8 + 1.0-, 5.8+ 0.2-, 1.9 +
1.1- and 5.9 £ 1.9-fold increase respectively; Figure 4.8A) (all P<0.005). This equates
to reductions of approximately 66%, 71%, 90% and 70% respectively. In contrast, the
inhibitor SC-560 dlightly reduced IL-6 expression whereas inhibitor TGF-B1
marginaly increased IL-6 expression but neither result attained statistical significance.
The reduction observed by inhibitors PD-98059, AG-1478, NS-398 and NF-xkB
demonstrates that ERK, EGFR, PTGS-2 and NF-kB are required for the SP-activated
transcription of 1L-6 while PTGS-1 and TGF-B1 are not. However, the observation that
NS-398 reduced the inhibition by 90% demonstrates that PTGS-2 signalling is totally
obligatory in the transactivation of SP-induced IL-6. Despite ERK, EGFR and NF-kB
being strongly involved, their respective inhibitors only partially blocked IL-6
induction and therefore other pathways/signalling molecules are implicated in
mediating IL-6 production. QRT-PCR analysis of I1L-8 showed that it was significantly
upregulated relative to the control as demonstrated by a 199 + 30 fold increase (Figure
4.8B) (P<0.0001). Furthermore, al inhibitors tested; PD-98059, AG-1478, NS-398,
SC560, NF-kB and TGF-B1 significantly inhibited the levels of SP-activated IL-8 (74-,
30-, 19-, 80-, 18- and 83-fold increase respectively; Figure 4.8B) (P<0.05, P<0.005,
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P<0.0001, P<0.05, P<0.0001 and P<0.005 respectively). The reduced levels of SP-
activated 1L-8 observed by these inhibitors (63%, 85%, 90%, 60%, 91% and 59%
respectively) shows that many signalling molecules (EGFR, ERK, PTGS-1, PTGS-2,
NF-xB and TGF-B1) are centra in its transcriptional activation. The almost total
inhibition by NS-398 and the NF-xB inhibitor indicate that both PTGS-2 and NF-xB
are absolutely required for IL-8 transcription athough their order of action needs to be
required. The other molecules, ERK, EGFR, PTGS-1 and TGF-f1 are required but
only play a partial role and it is quite likely that ERK and EGFR are upstream to them,
while the order of PTGS-1 and TGF- in the pathway is not known. Analysis of the
transcription of 1L-11 in response to SP reveals a significant increase of 28.8 = 3.8-fold
increase (Figure 4.8C) (P<0.0001) in comparison to the control. PD-98059, AG-1478,
SC-560, NF-xkB and TGF-B1 inhibitors were shown to significantly decrease the
induction of SP-activated 1L-11 (11.1-, 9.3-, 16.0-, 15.8, and 13.7-fold increase
respectively; Figure 4.8C) (P<0.05, P<0.005, P<0.05, P<0.05 and P<0.05
respectively). This equates to an inhibition of 1L-11 transcription by 61%, 68%, 44%,
45% and 52% respectively. In contrast, NS-398 did not reduce the induction fold. The
marked but partial inhibition shows that ERK, EGFR, PTGS-1, NF-xB and TGF-B1
are involved, however, since their inhibition only partially blocked IL-11 transcription,
they may function in concert and/or that additiona signalling factors are required for
activation of IL-11.

To summarize, it appears as though SP-activation of IL-6, IL-8 and IL-11 is mediated
through several different signalling pathways. Inhibitors for PTGS-1 and TGF-B did
not have any effect on the upregulation of SP-activated IL-6 and therefore it can be
deduced that these signalling molecules are not involved whereas ERK, EGFR, PTGS-
2 and NF-xB are and that PTGS-2 signalling is obligatory. Furthermore, al the
inhibitors that were used to inhibit SP-activated IL-8 were successful and suggest that
pathways involving PTGS-1, PTGS-2, ERK, EGFR, NF-xB and TGF-f are opertated
upon by signalling molecules within SP in order to enhance the expression of 1L-8 but
PTGS-2 and NF-kB are absolutely required. As for IL-11, it appears as though PTGS-
2 signalling does not participate in SP induction of this chemokine whereas PTGS-1,
ERK, EGFR, NF-kB and TGF- signalling are strongly implicated in its transcriptional

138



Chapter 4 WT HelLa Cells as a Model System

activation, along with others, although the correct sequentia order of these signalling

eventsisunclear.
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Figure 4.8: Quantitative RT-PCR analysis reveded (A) IL-6 expression to be significantly
upregulated by SP(1:100) treatment in WT HelLa cells when compared to the control
(P<0.0001***) while PD-98059, AG-1478, NS-398 and NF-kB significantly inhibited this
induction (al P<0.005**). (B) IL-8 expression was significantly increased by SP (1:100)
treatment in WT Hel a cells (P<0.0001***) and this fold induction was significantly reduced
by PD-98059, AG-1478, NS-398, SC560, NF-kB and TGF-B1 (P<0.05*%, P<0.005%%*,
P<0.0001***, P<0.05*, P<0.0001*** and P<0.005** respectively). (C) IL-11 expression was
significantly increased by treatment with SP (1:100) in WT HelLa cells (P<0.0001) and this
induction was significantly inhibited by PD-98059, AG-1478, SC-560, NF-kB and TGF-p1
(P<0.05*, P<0.005**, P<0.05*, P<0.05*, and P<0.05* respectively) Data are presented as
mean £ SEM from four independent experiments.
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445 ldentification of Signalling Pathways Required for the Transcriptional
Activation of Pro-angiogenic Factors GRO-a and VEGF in WT HeLa Cells
Treated with SP

Having ascertained that SP triggers the induction of many signalling molecules
in WT HelLa cells and that the majority of this activation occurs downstream from
EGFR and ERK, we next wished to determine if upregulation of these pathways are
required for increases in the transcripts of pro-angiogenic factors Gro-a and VEGF.
WT Hel a cells were pre-treated with PD-98059, AG-1478, NS-398, SC-560, NF-xkB
and TGF-B1 inhibitors for 1hr prior to treatment with SP (1:100) for 6hr. Thereafter,
total RNA was extracted, followed by cDNA synthesis and then quantitative RT-PCR
analysis was performed and fold induction calculated against the control. QRT-PCR
analysis revealed levels of Gro-o were significantly elevated by SP treatment and
exhibited a 17.0 £ 3.9-fold increase in comparison to the control (Figure 4.9A)
(P<0.005), Furthermore, inhibitors of PD-98059, AG-1478, NS-398, SC-560, NF-xB
and TGF-B1 were statistically significant in hampering production of SP-mediated
Gro-a as displayed by the lower fold-inductions when compared to SP treatment alone
(65+16-,35+£09,36+12-,53+03,4.6%12- and 6.9 £ 1.7-fold increase
respectively; Figure 4.9A) (P<0.05, P<0.005, P<0.05, P<0.05, P<0.05 and P<0.05
respectively), equating to approximate reductions of 62%, 80%, 79%, 69%, 73% and
52% respectively. The reduced expression of SP-mediated Gro-a by PD-98059, AG-
1478, NS-398, SC-560, NF-kB and TGF-B1 inhibitors reveals that EGFR, ERK,
PTGS-2, PTGS-1, NF-kB and TGF-B1 are involved in the SP-induced transcriptional
activation of Gro-a. Since there was no total inhibition for either of the inhibitors used,
this indicates that each one only plays a partia role but it is possible that they work
together and aso implies the involvement of other signalling molecules. VEGF
expression was significantly raised through SP-stimulation as determined by a 2.7 £
0.3-fold induction in comparison to the control (Figure 4.9B) (P<0.05). Moreover,
inhibitors of PD-98059, AG-1478, NS-398 and NF-kB significantly reduced the SP-
activated induction of VEGF as revealed by fold inductions that are 47%, 56%, 47%
and 30% less than that of SP treatment alone (1.4 +0.2-, 1.2+ 0.3-, 1.4+ 0.4- and 1.9
+ 0.2-fold increase respectively; Figure 4.9B) (al P<0.05). In contrast, SC-560 and
TGF-B1 inhibitor hardly reduced the fold induction of SP-induced VEGF. These
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results show that ERK, EGFR, PTGS-2 and NF-xB are required for the transcriptional
activation of VEGF while PTGS-1 and TGF-B1 are not. In a similar manner to Gro-a,
since no inhibitor completely blocked SP-activated induction of VEGF, this indicates
that each one has a partia role and again it is possible they work in synergy but other
signalling apparatus is being operated upon in order to mediate the effects of SP.
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Figure 4.9: Quantitative RT-PCR analysis was used to determine the levels of SP-induced
Gro-a and VEGF in response to specific inhibitors and revealed (A) Gro-o expression
mediated by SP (1:100) was significantly elevated in WT HelLa cells in comparison to the
control (P<0.005**), b is significantly different from a and this induction fold was
significantly reduced by PD-98059, AG-1478, NS-398, SC-560, NF-kB and TGF-p1 (P<0.05*,
P<0.005**, P<0.05*, P<0.05*, P<0.05* and P<0.05* respectively), c is significantly different
from b. (B) VEGF expression induced by SP (1:100) was significantly upregulated in WT
Hel a cells in comparison to the control (P<0.05*), b is significantly different from a, and this
induction fold was significantly reduced by PD-98059, AG-1478, NS-398 and NF«B (all
P<0.05*), c is significantly different from b. Data represented as mean + SEM from four
independent experiments.
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4.4.6 Expression of the Proliferative Marker Ki-67 in WT Hela Cells Treated with
SP

The expression of Ki-67 was shown to be upregulated in cervical carcinomas
when compared to normal cervix (Looi et al., 2008), thus confirming that cervical
tumour tissue has a higher proliferative capacity. In order to investigate whether SP
could induce cellular proliferation, WT HelLa cells were employed as a model system
to measure Ki-67. QRT-PCR analysis was used to determine the expression levels of
Ki-67 in WT Hela cells treated with SP (1:100) for 6hr and fold induction calculated
against the control. Results showed that SP treatment significantly upregulated the
expression of Ki-67 as demonstrated by a 3.6 = 0.9-fold increase in proliferation ratein
comparison to the control (Figure 4.10; P<0.05). This suggests that SP exposure may
pose as a potentia risk to the cervical microenvironment by enhancing the rate of
cellular proliferation.
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Figure 4.10: Quantitative RT-PCR analysis revealed expression levels of Ki-67 in WT HelLa
cells treated with SP (1:100) for 6hr to be significantly upregulated in comparison to the
control (P<0.05*). Data represented as mean + SEM from four independent experiments.
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4.4.7 Stereological Quantification of the Proliferative Marker Ki-67 in WT Hela
Cells Treated with SP
The increase in Ki-67 in SP-treated WT Hel a cells was further confirmed by
immunohistochemistry which was used to determine the expression of Ki-67 in
response to SP (1:100) stimulation in WT HelLa cells in vitro after 24, 48 and 72 hrs
of treatment. Quantitative stereology revealed treatment with SP was increased in
comparison to the control after 24 hrs (75.0 £ 2.5 vs. 51.1 + 3.3; P<0.005) 48 hrs
(65.8 £ 2.6 vs 53.8 £ 3.1; P<0.05) and 72 hrs (84.5 + 1.8 vs 55.9 + 4.2; P<0.005)

respectively (Figure 4.11).
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Figure 4.11: Number of positively stained cells for Ki67 was quantified and is significantly
increased when treated with SP (1:100) in comparison to the control treatment group for 24, 48
and 72 hrs, (P<0.005**, P<0.05* and P<0.005**) respectively. Data are represented as mean +
SEM from three independent experiments.
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4.4.8 Effect of SP on WT HeLa Cell Proliferation

Having previously shown that SP has the capacity to induce the proliferation
index of WT HelLa cells, as determined by the upregulation of Ki-67 by means of
QRT-PCR analysis and stereological quantification, it was decided to ascertain
whether SP exposure leads to increases in cellular proliferation. WT Hela cells were
seeded and alowed to propogate overnight before serum-starvation for 24hr.
Thereafter, cells were treated with SP (1:100) for periods of 24, 48 and 72hr.
Following cessation of the respective treatment periods and by means of
spectrophotometry detection using the Proliferation Reagent (Promega) as per the
manufacturers guidelines, absorbances were recorded, calculated and fold difference
determined. Experiments revealed that SP treatment increases cellular proliferation in
WT HelLa cells in comparison to the control following treatment periods of 24 hrs (1.2
+ 0.03-fold increase; P<0.005), 48 hrs (1.4 £ 0.09-fold increase; P<0.005) and 72 hrs
(4.9 £ 0.4- fold-increase; P<0.0001) respectively (Figure 4.12). Although SP treatment
induced increases in cellular proliferation after 24 and 48 hrs, this enhanced growth
was very prominent after 72hr treatment. This data corresponds with the earlier finding

that SP enhances the proliferative index as determined by the upregulation of Ki-67.

6_ **k%

1 CONTROL
57 o

**

ETY
xin] Wl

1 1 1
24 hours 48 hours 72 hours

Fold Induction (over basal)
w
[

WT HeLa Cell Proliferation

Figure 4.12: Proliferation assay results revedled SP (1:100) significantly increased the
cellular proliferation of WT HelLa cells in comparison to the control treatment group for 24,
48, and 72 hrs, (P<0.005**, P<0.005** and P<0.0001*** respectively). Data are represented
as mean £ SEM from fifteen independent experiments.
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4.4.9 Expression of the Proliferative Marker Ki-67 in Normal Cervix, Cervical
Adenocarcinoma and Cervical Squamous Carcinoma Samples

Since we have found that SP enhances WT HelLa cell proliferation and
upregulate expression of Ki-67, we decided to confirm that Ki-67 is upregulated in
cervica carcinoma. This was done by immunohistochemical staining for the
proliferation marker Ki-67 on fixed tissue blocks of normal cervical tissue, cervica
adenocarcinoma and cervical sqguamous carcinoma (n=5 per group). The increase in
Ki-67 expression in cervical sguamous carcinoma tissue in comparison to normal
cervical tissue was confirmed as indicated by the differences in brown staining
(arrowed; Figure 4.13A and 4.13B). Quantitative stereology for the proliferation
marker Ki-67 found cervical squamous carcinomato contain 23% * 4% of positively-
stained Ki-67 cells in comparison to normal cervix (0.95% + 0.33%; Figure 4.13C;
P<0.05) and is approximately a 24-fold increase. The number of Ki-67 positively
stained cells in cervica adenocarcinoma displayed a higher mean percent in
comparison to the normal cervix (8.4 = 6.8 vs 0.95 £ 0.33 respectively; Figure 4.13C)
and athough this data amounted to an 8.8-fold increase, due to extreme variability,
results were not deemed statistically significant. Nevertheless, these results clearly
show that in genera there is increased Ki-67 staining in cervical cancer tumours
which isindicative of increased cell proliferation and is consistent with the effects this
thesis has shown SP exhibits on WT Helacdlls.
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Figure 4.13 Immunohistochemical staining of Ki67 in (A) normal cervical tissue and (B)
cervical sqguamous carcinoma (n=5 per group). (C) Number of positively stained cells for
Ki67 was quantified for normal cervical tissue and cervical squamous carcinoma which was
found to be significantly increased in comparison to the normal tissue (P<0.05*). Stereology
quantification for cervical adenocarcinoma was not siginificant in comparison to the normal
cervix and therefore is not shown. Data are represented as mean + SEM from five
independent experiments.
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4.5 Discussion

Prior to carrying out any signalling experiments in WT HelLa cdls, it was
deemed necessary to perform atitration assay with varying concentrations of SP over
different treatment periods so that the optimum conditions for upregulating genes of
interest could be determined. The preceding chapter demonstrated that normal cervical
tissue treated with SP at a concentration of 1:500 for 24hr induced a significant
increase in PTGS enzymes, prostanoid signalling, IL-6, IL-8, IL-11, Gro-o, VEGF and
CD31. Work undertaken by Muller and colleagues (2006) have previously shown SP
to enhance VEGF and PTGS-2 in WT Hel a cells expressing the PTGER4 receptor at a
1:500 dilution, whereas other data published by our research group revealed SP used at
a concentration of 1:250 significantly induced the activation of ERK and promoted
CAMP accumulation via the PTGERZ2 receptor in endometrial adenocarcinoma cells
(Battersby et al., 2007). However, results herewithin show that an SP concentration of
1:100 was required for marked induction and a treatment period of 6hr were the
optimum conditions for which to investigate SP-activated cell signalling pathways as
determined by the upregulation of IL-6, IL-8 and Gro-a. It must be noted that an SP
concentration of 1:50 elicited an enhanced response in comparison to 1:100 but the

concentration at 1:50 was considered too high to inhibit with chemical inhibitors.

These resulting experimental conditions are sightly different to that of others in our
laboratory as Muller and colleagues (2006) attained highest fold-induction of VEGF
and PTGS-2 in Hel a cells expressing the PTGER4 receptor using SP at a dilution of
1:500 and a treatment period of 8hr whereas Sales and colleagues (2002b) generated
significant induction of PTGS-2 and PG receptor signaling in cervica
adenocarcinoma cells by treating with SP (1:50) for 24 hrs. Another study performed
in our laboratory by Battersby and colleagues (2007) demonstrated the upregulation of
fibroblast growth factor-2 expression in endometrial adenocarcinoma cells following
6hr treatment using SP at a concentration of 1:250 and previously in this thesis, SP
(1:500) treated normal cervical tissue for 24 hrs was seen to induce the upregul ation of
pro-inflammatory mediators and pro-angiogenic cytokines. To reason these
differences, it is possible that the effects of SP are cell specific and that is why its
signalling properties are being mediated differently between the varying types reported
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as being tested (cervical adenocarcinoma cells, endometrial adenocarcinoma cells and
normal cervical tissue). Additionally, the studies carried out by Muller and colleagues
(2006) and Battersby and colleagues (2007) use cell lines that overexpress the
PTGER4 and PTGER?2 receptors respectively, whereas the cervical adenocarcinoma
cells used by Sales and colleagues (2002b) and the normal cervical tissue samples used
within do not. As aresult, the variation in model systems between tissue and different
cell lines appears to play a significant role in determining the response time to SP
stimulation. Although the WT Hela cells used here do not overly express any of the
PTGER1-4 receptors seen in the studies of Muller et al., (2006) and Battersby et al.,
(2007), these cells are being stimulated by SP at different dilution, 1:100 vs 1:500 and
1:250 respectively and the cells may respond quicker to higher concentrations of SP.

ERK is a key signaling molecule involved in gene transcription and regulates many
cellular processes such as cellular transformation and growth (Battersby et al., 2007).
Furthermore, ERK activation has been shown to occur downstream from PTGER4
receptor signalling in response to SP and has the potential to promote cancer
development by means of activating signalling complexes with EGFR, TGF-§ and NF-
kB (Muller et al., 2006; Dumont and Arteaga, 2003; Zhan and Desiderio, 2010). In
order to determine the mechanism of activation of ERK in SP-activated signalling in
WT Hela cells, severa inhibitors were applied in the presence/absence of SP and
demonstrated that PD-98059 as control and AG-1478 inhibited the rapid SP-induced
phosphorylation of ERK which occurred between 2-10 min. However, since AG-1478
only partially blocked the SP-mediated induction, ERK activation must also operate on
alternative pathways to those involving EGFR. Specific chemical inhibitors for PTGS-
1 and PTGS-2 (SC-560 and NS-398 respectively) did not block ERK activation. This
proposes that ERK activation is triggered by SP directly and not secondary
downstream effects of these signalling molecules. This result was expected as ERK
activation is very rapid after the addition of SP and is observed already after 2 min
exposure. Although TGF-B1 is implicated in the initation and progression of cancer
(Ranganathan et al., 2007), and has been shown to mimic some aspects of the seminal
response (Denison et al., 1999a; Robertson et al., 2002; Gutsche et al., 2003), the
TGF-B inhibitor did not inhibit SP-activated ERK signalling and implies that SP
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induction of ERK is not dependent on this cytokine. Muller and colleagues (2006)
demonstrated similar effects by displaying that SP induced ERK signallingin WT Hela
cells expressing the PTGERA4 receptor, while here we show this induction of ERK can
also occur in untransfected Hel a adenocarcinoma cells. Results generated in the study
by Muller and colleagues (2006) reveaed that SP (1:500) induced a 9-fold increase in
ERK activation following treatment for 3 min whereas results in this thesis show that
using a SP concentration of 1:100 induced a 6-fold increase of ERK after 5 min. It
therefore appears that the differing SP concentrations (1:100 vs 1:500) and the
involvement of the PTGERA4 receptor are significant factors in the phosphorylation of
ERK signalling in HeL.a adenocarcinoma cells. Further data from the work of Muller
and colleagues (2006) demonstrated that this SP-induced activation of ERK was in a
partially dependent manner of EGFR (as also confirmed here) and Raf and although
these signalling molecules are strongly involved, other pathways are implicated in
mediating the effects of SP.

Interestingly, Battersby and colleagues (2007) performed a study in which Ishikawa
cells expressing the PTGER2 receptor (comparable with PTGER2 levels in
endometrial adenocarcinoma biopsy tissue) were treated with SP and the results
showed that the EGFR inhibitor (AG-1478), protein kinase A inhibitor (4C3MQ) and
PTGER?2 receptor antagonist (AH6809) were all able to inhibit the rapid SP activation
of ERK. This demonstrates that SP can activate EP2 receptor signalling in a similar
manner to that proposed for endogenously secreted PGE, (Sales et al., 2004b), and
suggests that SP-induced EGFR signalling involed in endometrial carcinoma may aso
be applicable in the development of cancer of the cervix. Therefore, severa receptors
and signalling mechanisms appear to be involved in mediating the SP response and

therefore the type of receptor expressed by the cells may be of major significance.

EGFR signalling is important for the regulation of essential normal cellular processes
such as proliferation, cell differentiation and the modulation of apoptosis but aberrant
receptor signaling is closely associated in the pathophysiology of cancer (Fischer et
al., 2003). Furthermore, the molecular mechanisms of EGFR signal transactivation are

known to involve the processing of transmembrane growth factor precursors by
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metall oproteases and carcinomas of the cervix have previously shown to over-express
matrix metalloproteinases MMP-2 and MMP-9 when compared with normal cervix
(Fischer et al., 2003; Moser et al., 1999). Therefore, increases in EGFR signalling that
are induced by SP stimulation may explain the resultant elevation of matrix
metalloproteases known to exist in cervical carcinoma which in turn may lead to
further EGFR signaling.

The upregulation of PTGS-1 and PTGS-2 have previously been reported in cervica
cancer and this is known to influence pro-tumourigenic events such as tumour
invasion, apoptosis and angiogenesis (Sales et al., 2002a,b; Kulkarni et al., 2001,
Tsujii et al., 1995). More recent studies have examined the usefulness of prostaglandin
synthase enzymes as prognostic markers in attempts to determine the extent of disease
progression and the likely rates of survival (Athavale et al., 2006; Joo et al., 2005).
Results herewithin display that seminal plasma can upregulate the expression of
PTGS-1 and PTGS-2 in normal cervical tissue and that PTGS-1/-2 are both involved in
enhancing the levels of the pro-inflammatory mediator IL-8 and pro-inflammatory
cytokine Gro-o. in WT Hel a cells, athough using this cell line as a model system also
suggest PTGS-2 to have a greater role as demonstrated by its further participitation in
promoting SP-activated expression of pro-tumourigenic factors IL-6 and VEGF.

In addition, PD-98059, an inhibitor of the MAPK kinase/ERK1/2 signalling pathway,
and AG-1478, an inhibitor of EGFR, both only partially blocked the SP-induced
transcription of PTGS-1 and PTGS-2. The close association of these signalling
molecules and PTGS-1/-2 in cancer development is verified in studies undertaken by
Matsuoka and colleagues (2010) who showed that increased gastric carcinoma
metastasis in mice was linked with PTGS-1 and ERK phosphorylation while Muller
and colleagues (2006) demonstrated that PD-98059 reduced the protein expression of
SP-provoked PTGS-2 and a study carried out by Kulkarni and colleagues (2001)
displayed that PD-98059 inhibited EGF-mediated induction of PTGS-2 in cervical
cancer cel lines. Therefore, SP-induced ERK signaling certainly appears to be
associated with cell growth in cancer of the cervix by playing a role in mediating the
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expression of SP-induced PTGS-1 and PTGS-2 and this process probably involves the
transactivation of EGFR.

NS-398, an inhibitor for PTGS-2, effectively blocked SP-induced expression of PTGS-
2, athough the expression of PTGS-1 remained unaffected. This finding coincides
with data published by Smith and colleagues (2000) which revealed that NSAIDs, such
as NS-398, decreases products biosynthesized from PTGS-2 but not PTGS-1. In
addition, a study undertaken by Nakata and colleagues (2003) demonstrated that NS-
398 inhibits PTGS-2 induction of granulocyte-colony stimulating factor (G-CSF) and
granulocyte macrophage-colony stimulating factor (GM-CSF) in lung cancer cell lines
mediated by the MAPK pathway or NF-kB activity whereas other work released by
Banu and colleagues (2007) showed NS-398 to significantly reduce EGFR
phosphorylation in colorectal cancer cells. Our results show that ERK and EGFR are
required for both PTGS-1 and PTGS-2 and that EGFR appears to be required for the
transactivation of ERK. Since inhibition of these signalling molecules only partially
blocks PTGS-1 and PTGS-2, this suggests that other pathways could be involved.
Undertaking experiments that used two inhibitors together would provide more insight
as to the mechanisms involved and determine if the respective pathways combine to
give an additive effect. Furthermore, PTGS-2 activity was aso seen to be required to
upregulate itself and taken together, these observations confirm that PTGS-2 is
strongly involved in the progression of several cancers and that the use of NS-398 as a

chemopreventative measure is a good possibility for future clinical use.

This study demonstrates that SP significantly induced transcription of inflammatory
mediators IL-6, IL-8 and IL-11 in WT Hel a cells. One noteable finding is that every
inhibitor that was used (PD-98059, AG-1478, NS-398, SC-560, NF-kB and TGF-f1)
could successfully block production of IL-8 generated in response to SP exposure. The
biological activity of IL-8 is invovled in many interactions of the microenvironment
that contributes to tumour progression and these include angiogenesis, cell growth,
tumour cell motion and modification of immune responses (Yuan et al., 2005).
Therefore, due to the multi-tasking nature of 1L-8, it is possible that all the respective
pathways which were inhibited (ERK, EGFR, PTGS-1, PTGS-2, NF-kB and TGF-§1),
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are involved in its transcriptional activation, whether it be a primary or a secondary
mechanism. Inhibitors that blocked 85%+ are obligatory in the transactivation of 1L-8
and it is therefore likely that they work in parallel and are upstream to another
signalling molecule/transcription factor that is required for the SP-induced activation
of IL-8. A study undertaken by Sharkey and colleagues (2007) displayed that SP could
regulate IL-8 and IL-6 production in cell lines derived from the cervix whereas work
published by Scott and colleagues (2009) revealed that SP increased IL-8 secretion in
endometrial epithelial cells. Although the results here show that transcriptional
activation of ERK, EGFR, PTGS-2 and NF-kB are strongly implicated in mediating
the upregulation of SP-induced IL-8, using a combination of inhibitors would illustrate
whether these respective signalling molecules operate within the same pathway or act
upon different mechanisms. Since the signalling molecules in question only partialy
blocked SP-activated IL-8, it may be that these pathways function together or that
other signalling molecules are involved.

IL-6 expression levels were shown to be increased in response to SP with PD-98059,
AG-1478, NS-398 and NF-kB inhibitor shown to significantly obstruct the stimulatory
effects of SP. This finding shows that like IL-8, SP-induced IL-6 is mediated by
severa different pathways. Research carried out by O’ Leary and colleagues (2004)
displayed that SP can impact on embryo development in the pig by inducing the over-
production of PTGS-2 as well as IL-6 and thisis likely to be through direct effects on
local epithelia cell cytokine synthesis. Since NS-398 inhibited 90% of SP-induced IL-
6, PTGS-2 therefore appears to play a mgor role in the activation of IL-6 in our WT
HelLa cell model system but other pathways must be responsible for the remaining
10%, or it could be that inhibiton of PTGS-2 is not complete. The results aso show the
involvement of ERK, EGFR and NF-kB signalling in SP-induced IL-6 activation but
they are not exclusively involved as inhibiton of these pathways only blocked IL-6 by
approximately 70%. It is possible that ERK and EGFR are required for the
upregulation of PTGS-2 and its subsequent activity, however, PTGS-2 appears to be
necessary to mediate SP-induced IL-6 as demonstrated by the basal levels of PTGS-2
and that its inhibitor completely blocks its activity resulting in 90% inhibition. NF-kB

signalling also has a role but this is not exclusive and may operate on at least two
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pathways which are via PTGS-2 that is downstream from ERK and EGFR and the
other is NF-xB. In order to gain further insight, an experiment with both inhibitors of
PTGS-2 and NF-xB may show 100% inhibiton and therefore illustrate that SP-induced
transactivation of IL-6 arises exclusively via these mechanisms, whether they act in

series or converging pathways.

IL-11 is another pro-inflammatory mediator that was activated in response to SP
stimulation and that PD-98059, AG-1478, SC-560, NF-xB inhibitor and TGF-B1
inhibitor significantly reduced its upregulation. The data displaying links between IL-
11 and cervica cancer is limited but this chemokine appears to perform a central role
in gastric tumourigenesis (Merchant, 2008), is being considered as a prognostic marker
in patients with prostate cancer (Furuya et al., 2005) and can be induced by increased
levels of PTGS-2 in breast cancer (Singh et al., 2006). One striking difference is that
unlike IL-6 and IL-8, the activation of IL-11 by SPin WT HelL a cells does not involve
PTGS-2 and athough pathways involving EGFR and ERK are again strongly
implicated, other upstream signaling molecules must therefore be responsible for
activating SP-induced IL-11. Furthermore, NF-kB signalling appears to have a lesser
role in the transcriptional activation of IL-11 when compared to IL-6 and IL-8 and this
may be a subsequent effect of PTGS-2 not being involved and suggests that NF-xB

signalling, to a certain extent, is dependent on upstream PTGS-2.

Angiogenesis is an integral feature of most cancers and cervical cancer is no different
(Kulkarni et al., 2001). Gro-a and VEGF are known angiogenic factors with both
being shown to be upregulated by SP in WT Hel a cells in this study. Employing WT
HelL a cells as amodel system has shown that multiple signalling pathways are engaged
in the SP-induced transcriptional activation of Gro-a and VEGF. EGFR, ERK, PTGS-
1, PTGS-2, NF-xB and TGF-B1 appear to mediate the upregulation of Gro-a whereas
EGFR, ERK, PTGS-2 and NF-kB mediate the upregulation of VEGF but PTGS-1 and
TGF-B does not. The results also suggest that ERK and EGFR activation are required
for the upregulation of SP-activated Gro-a and VEGF by possibly mediating signalling
via many receptors. The observation that inhibitors for ERK and EGFR partialy
blocked SP induction of Gro-o and VEGF suggest that induction is via receptors that
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are capable of coupling to both, possibly ERK activation via EGFR transactivation and
this is direct and immediate. The activation of ERK/EGFR may also be required for
the upregulation of PTGS-1/-2 which in turn is required for the transactivation of Gro-
a and VEGF. The ERK/EGFR signalling may be upstream from PTGS-1/-2 but any
receptor activated by SP to induce PTGS-1/-2 can be carried out via ERK activation
and this is likely to be downstream from PG receptor signalling. The observation that
the NF-xB inhibitor partially blocks both Gro-a and VEGF implicates that pathways
involving NF-xB signalling are strongly implicated in mediating the angiogenic effects
of SP, however, the transcription of this signalling molecule may, in part, be dependent
on the activation of others, such as ERK, EGFR and PTGS-2. TGF-B1 partially
mediated the SP-mediated induction of Gro-a and may be activated in the same direct
manner as NF-kB, however, since TGF-B1 is not involved in the activation of VEGF,

it is suggested that other transcription factors arein play.

Data published by Lee and colleagues (2006) demonstrated Gro-a to be secreted from
ovarian cancer cell lines in culture but these cells ceased producing this cytokine in
serum-free medium. This finding implies that Gro-a is not constitutively expressed but
rather in response to exogenous growth factors, thus suggesting that the increases
being observed in normal cervix and WT HelLa cells are a direct result of SP exposure.
Furthermore, the expression of Gro-a is known to be regulated in part at the
transcription level with binding sites for several transcription factors such as NF-kB
and Spl having been found in its promoter region (Ye, 2001). It is therefore possible
that SP may be a primary regulator of Gro-o mediated angiogenesis in cervical
carcinoma by promoting upregulation of NF-kB. The induction of VEGF by seminal
plasma exposure in WT Hel a adenocarcinoma cells has previously been shown to be
mediated by ERK and EGFR signalling (Muller et al., 2006). However, Wei and
colleagues (2003) utilized cervical cancer C33A cells to demonstrate that VEGF
induced angiogenesis was dependent on the upregulation of IL-6. Although SP-
activated IL-6 may aid in the promotion of VEGF in normal cervical tissue and WT
Hel a cells, these results indicate that PTGS-2 is involved as determined by NS-398
significantly inhibiting the SP-induced fold induction of VEGF and shows that SP may
activate VEGF expression by upregulating levels of PTGS-2 and IL-6.
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Results from this thesis have demonstrated that SP triggers the over-expression of pro-
inflammatory mediators and pro-angiogenic factors in normal cervical tissue and WT
HeLa cells through the activation of signalling pathways such as EGFR and
MAPK/ERK1/2 and has also highlighted the potential proliferative ability of SP by
means of showing it to upregulate Ki-67 and induce growth in WT HelLa cells. The
expression levels of Ki-67 can be used to determine the proliferative capacity of cancer
cells with previous studies having employed Ki-67 as a prognostic marker in an
attempt to gauge a patient’s survival chances and likelihood of reoccurrence following
surgery (Silva-Filho et al., 2004). In addition, the upregulation of Ki-67 has been
displayed in cervica carcinoma and immunoquantification of this protein can
distinguish CIN from normal or benign cervical squamoepithelial lesions (Kruse et al.,
2001).

WT HelLa cells were treated with SP and QRT-PCR analysis demonstrated a
significant elevation in the proliferation index as determined by the fold-induction of
Ki-67. Literature released by Baselga and colleagues (2003) demonstrated distinct
differences in Ki-67 expression in skin and in breast tumours when treating with the
anti-EGFR reagent, gefitinib. The skin was choosen as a comparable target tissue for
its established role of EGFR in renewal of the dermis (Jost et al., 2000) and the study
showed that following treatment with gefitinib in the skin, there was an inhibition of
all EGFR-dependent pathways, including inhibition of phosphorylation of mitogen-
activated protein kinase (MAPK) and a decrease in the proliferation of Ki-67. The SP
induced expression of Ki-67 in our model cell line system was further confirmed by
immunohistochemical staining in which WT HelLa cells were stimulated with SP and
the number of positive stained cells for Ki-67 proved that this proliferative marker was
significantly upregulated following treatment for 24, 48 and 72 hr periods.

Proliferation and the subsequent cellular growth that ensues is an important process
required for angiogenesis (Keightley et al., 2010) and since angiogenesis is a major
contributor to cancer progression, it was decided to ascertain whether SP has the
potential to promote cellular growth by using WT Hel a cells as a model system. WT
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HelL a cells were exposed to SP for treatment periods of 24, 48 and 72hr and assessed
for celular proliferation rates. SP was shown to significantly enhance cellular
proliferation after 24, 48 and 72 hr periods which corresponds with the enhanced levels
of Ki-67 for the same treatment periods and demonstrates that SP has the potentia to
promote cellular proliferation in the reproductive tract. Although the SP-activated
increases in cellular proliferation were statistically significant at 24, and 48 hr, the
augmented proliferative rate assessed at 72 hr was very prominent and suggest that
despite SP showing pro-angiogenic properties, the effects elicited is on WT HelLa
adenocarcinoma cells is not an immediate one.

Since unabated cellular proliferation is central in the progression of cancer
(Papantoniou et al., 2004), one of the objectives in this study was to establish whether
SP exerted any proliferative effects on WT Hel a cells and this was determined by
investigating expression of the proliferative marker Ki-67 and cellular proliferation
rates. Researchers are now examining the use of Ki-67 as a prognostic marker in
cervical cancer (Silva-Filho et al., 2004) and we needed to ascertain whether Ki-67
induction was increased in cervical carcinomas in comparison to normal cervica
tissue. Immunohistochemical staining was performed on cervica samples that
included; normal, adenocarcinoma and squamous carcinoma and reveded that the
expression of Ki-67 was significantly upregulated in squamous carcinoma samples in
comparison to normal cervix. Although the expression levels of Ki-67 were also found
to be increased in cervical adenocarcinoma samples, this result was not statistically
significant due to extreme variability. Various studies have displayed that the
expression of Ki-67 was significantly elevated in cervical adenocarcinoma tissue and
squamous carcinoma tissue (Silva-Filho et al., 2004; Hongyu et al., 2006) and a larger
assemblage of samples is required to validate a statistically significant finding in
cervical adenocarcinomasin this study.

Interpretation of these results suggest that whatever proteins, prostaglandins,
chemokines or other activator molecules are being activated by SP, it takes between
48hr and 72hr for the exerted proliferative effects to be observed in WT Hel a cells.

This period is therefore a worthy timeframe in which to study the signalling molecules
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that are upregulated. The findings implicate that the activation of MAPK/ERK1/2,
EGFR and PTGS-2 are strongly involved in cellular proliferation and supports earlier
data that associates these signalling pathways with pro-tumourigenic events such as
increased production of PTGS enzymes, prostanoid receptor activation and over-
expression of pro-inflammatory mediators and pro-inflammatory cytokines.
Furthermore, ERK1/2 is known to be a potent regulator of cell growth, differentiation
and development (Lewis et al., 1998) and SP has been shown to activate ERK1/2
signaling in cervica adenocarcinoma cells via the PTGER4 receptor (Muller et al.,
2006). As seen here, WT Hela cells treated with PD-98059 restricted cellular
proliferation induced by SP and the resultant decrease further cements the findings of
Muller and colleagues (2006) as it provides supplementary evidence that pro-
angiogenic factors and/or other activator compounds within SP are promoting cellular
growth via ERK1/2 signalling. Furthermore, AG-1478 aso inhibited the proliferative
effects of SP in WT HelLa cells and this was shown to be closely associated with the
activation of ERK1/2 which is in accordance with the findings of Battersby and
colleagues (2007) who found that SP promoted growth in endometrium
adenocarcinoma cells was due to ERK signalling via transactivation of EGFR and this
pathway could be of significance in cervical tumourigenesis. NF-xB signalling is also
strongly implicated in cancer development and was seen to participate in mediating the
effects of SP because presence of the NF-kB inhibitor blocked the upregulation of SP-
activated 1L-6, IL-8, IL-11, Gro-o and VEGF in WT HeLa cells. The remaining
inhibitor which made a significant impact was NS-398 decreasing PTGS-2 expression.
PTGS-2 is heavily involved in many biological processes and can be rapidly induced
by numerous growth factors, tumour promoters and oncogenes (DuBois et al., 2004,
Smith et al., 2000). The vast consortium of cytokines and prostaglandins contained
within seminal plasma have been shown to increase PTGS-2 (Sdes et al., 2002b),
henceforth, SP can promote the proliferative effects regulated by PTGS-2 as reveded
by the inhibitory ability of NS-398 and although the exact signalling apparatus is still
to be defined, ERK1/2, EGFR and NF-kB appear to be at the fore.

Cervica cancer is a multistage process with many different signalling pathways

involved in the development and progression of the disease. Women infected with
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HPV are at a predisposed risk of cervical cell neoplasticity and severa of the cancer
promoting pathways involved in the neoplastic transformation can be activated by SP
and this not only promotes cell growth via mechansisms such as ERK and EGFR as
seen here, but also makes unravelling the complexities of cervical cancer more
difficult. The maority of research that is undertaken to investigate the links between
cervical cancer and seminal plasma tends to focus on PTGS-1 and PTGS-2 signalling
that is induced by exposure to SP (Sales et al., 2002b; Muller et al., 2006; Sharkey
2007) and whilst evidence from this study confirms these findings, results also suggest
that other cellular signalling that isinvolved is derived from growth activators such as
NF-xB and TGF-f, albeit in conjunction with PTGS enzyme activation, inflammatory
mediators IL-6, IL-8 and IL-11 and pro-angiogenic factors Gro-a and VEGF.

With regard to the use of WT HelLa cells as a model system, it can be concluded that
the activation of MAPK/ERK1/2 and EGFR is central in mediating the effects of SP
and that the downstream involment of PTGS-1/-2 and is also strongly implicated. The
signalling pathways that ERK and EGFR are involved in leads to the upregulation of
pro-inflammatory mediators such as IL-6, IL-8 and IL-11 and pro-angiogenic factors
Gro-a and VEGF. The SP-activated induction of NF-xB signalling and to a lesser
extent TGF-f signalling, are also associated with the transcriptional activation of these
target genes, thus highlighting the multiple pathways that SP can operate upon. In
addition, SP promotes WT Hel a cell proliferation as determined by the upregulation
of Ki-67 and elevated cellular proliferation rates and confirms the use of WT HelLa
cells as a suitable model system to study the effects of SP. However, caution is needed
to interpret chemical inhibitor data due to the possibility that inhibitors can work in

tandem or parallel and exert non-specific effects.
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Chapter 5

SEMINAL PLASMA MEDIATES AN
INFLAMMATORY RESPONSE AND
PROMOTES ANGIOGENESIS TO ENHANCE
GROWTH OF HUMAN CERVICAL CELLS IN
MF-1 NUDE MICE
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5.1 Introduction

In previous chapters, employing human normal cervical tissue and HelLa cell
lines has established that SP upregulates genes involved in tumour initiation and
progression and directly enhances cell proliferation. As a result, it was decided to
determine whether the use of an animal model system would produce similar findings.

Cervical tumours are normally invasive, causing many deaths each year with high
incidence rates being observed not only in parts of Africa but also in Southeast Asia
and Latin America (Potter 1997). Over 95% of all cervical carcinomas contain DNA of
some human papillomavirus (Motoyama et al., 2004; Mora et al., 2007), however,
with the transition of HPV to cervical cancer being shown to be a prolonged process,
coupled with the knowledge that not everyone who develops HPV develops cancer,
additional factors appear to be involved. Subbaramaiah and Dannenberg (2007)
demonstrated that HPV oncoproteins E6 and E7 mediates the transcription of PTGS-2
which in turn increases cellular proliferation. SP has been shown to increase PTGS-2
in results herewithin which is in agreement with other studies from our laboratory
(Sdles et al., 2002b; Muller et al., 2006) and in a similar fashion to E6 and E7 by
means of activating EGFR signalling, SP induction of PTGS-2 may enhance cell

proliferation to promote tumour growth.

Other pro-tumourigenic events implicated in the development and progression of
cancer are inflammation and angiogenesis. Many activator molecules involved in the
inflammatory response and angiogenesis are contained within SP, such as TGF-$, pro-
inflammatory mediators IL-6 and IL-8, TNF-a, PGE, and VEGF (Robertson et al.,
1992; Denison et al., 1999a; Sharkey et al., 2007). The exact mechanisms responsible
for the development of cervical carcinoma are not yet fully understood but the vast
variety of cytokines contained within SP and the tumour-promoting processes these
can trigger such as PTGS-PTGER signalling, cellular proliferation, altering existing
vasculature and enhanced inflammatory response suggest its properties may be of

certain importance in sexually active women infected with HPV.
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Results generated so far in this thesis have shown that SP increased the expression of
PTGS-1/-2, PGE; receptor signalling, pro-inflammatory cytokines IL-6, IL-8 and IL-
11, pro-angiogenic factors Gro-o. and VEGF and the endothelia cell marker CD31 in
normal cervical tissue. The use of the WT Hela cell line as a model system further
demonstrated the tumour-promoting potential of SP by inducing the transcription of
PTGS-1/-2, pro-inflammatory cytokines IL-6, IL-8 and IL-11 and pro-angiogenic
factors Gro-a and VEGF as mirrored in normal cervica tissue as well as increasing
cellular proliferation, upregulating the expression of Ki-67 and the involvement of
signalling pathways such as ERK, EGFR, PTGS-1, PTGS-2, TGF-f, and NF-kB.

Subsequent to determining the upregulation of PTGS enzymes, prostaglandin receptors
and a host of pro-inflammatory mediators and angiogenic factors in normal cervical
tissue and WT HelLa adenocarcinoma cells in response to SP stimulation, it was
decided to perform an in vivo study in an attempt to see whether the increased
expression of these cancer favouring characteristics could also be induced in transgenic

nude mice through treatment with seminal plasma.

Seminal plasma has previously been shown to trigger the upregualtion of prostanoid
receptor signalling in cervica adenocarcinoma cells in addition to inducing over-
expression of PTGS-2 and VEGF in HelLa cells expressing the PTGER4 receptor
(Muller et al., 2006). Although HPV infection is deemed as the initiating step in the
development of cervical neoplasias, increases in prostanoid biosynthesis, PTGS-2 and
VEGF are considered pro-tumourigenic events and as a result, SP stimulation may
enhance progression or the onset of cervical cancer (Kulkarni et al., 2007; Muller et
al., 2006). Furthemore, Jeremias and Witkin (1999) revealed that repeated exposure of
neoplastic cervical epithelial cells to SP promoted the release of matrix
metall oproteinases, the upshot of which, is the degradation of the extracellular matrix

and cervical tumourigenesis.
Battersby and colleagues (2007) demonstrated that SP and PGE, similarly activated

increased PTGER2 signalling in endometrial carcinomas and work undertaken by
Sales and colleagues (2002b) showed evidence of SP and PGE, to correspondingly
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elevate the expression of PTGS-2 in cervical adenocarcinoma cells via increases in
CAMP. Taken together, this therefore suggests that cervical tumourigenesis could be
regulated in an autocrine/paracrine manner by PGE; in SP and PTGER receptor

interactions.

Although these arachidonic cascade factors are mainly concerned with the
maintenance of homeostatic state, PTGS enzyme expression, prostaglandin synthesis,
prostaglandin cognate receptor expression and the resulting signalling pathways they
activate are found to be dysregulated in numerous reproductive pathologies, including
cervical adenocarcinoma (Narumiya et al., 1999; Sdes et al., 2002a; Jabbour et al.,
2006). Unfortunatley, data detailing the effects of SP in vivo is relatively scarce and it
is anticipated that the PGE, content within SP, or another potent suppressor factor
contained within the gaculate pool, may induce similar effects in nude mice that allow

progression of cervical cancer.

Over the years, multiple studies in animal models have greatly assisted our
understanding of the physiological and pathophysiologica mechanisms that are
regulated by PTGS enzymes, the major metabolites that PTGS enzymes biosynthesize
called prostaglandins, the cognate receptors that prostaglandins adhere to and the
production of chemical activators that result (Coleman et al., 1994; Langenbach et al.,
1999). Whether the approach applied was generating knockout models that lack the
prostaglandin receptors PTGER1-4, ablation of genes in mice encoding for PTGS-1
and PTGS-2, or the use of agonists and antagonists to examine signalling pathways, it
would be very hard to perceive how el se the valuable information generated from these
mouse studies would have come to light and as a consequence the significant clinical

benefit of NSAIDs seen in today’ s society would not have been possible.

Normal cervical tissue and WT HelLa adenocarcinoma cells have thus far in this thesis
shown a propensity towards encouraging tumourigenesis by over-expressing PTGS
enzymes, increasing PTGER receptor synthesis and upregulating pro-inflammatory
mediators and pro-angiogenic factors in response to SP stimulation. As a result, this

work culminates in an in vivo study to illustrate whether SP enhances cervical growth
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in a xenograft model by switching on the inflammatory pathways that include PTGS-
1/-2 enzymes and chemokines such as IL-6 and IL-8, whether SP promotes cellular
proliferation as determined by the proliferative marker Ki-67 and whether SP induces
angiogenesis as determined by the expression of VEGF and endothelial cell marker
CD31.
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5.2 Aim of the Study

The aim of this study was to establish whether SP treatment mediated an
inflammatory response to enhance the growth in vivo of WT HelLa adenocarcinoma
cells xenografts inoculated into nude mice. Previous studies have successfully
displayed that the expression of PTGS enzymes, prostaglandin receptors (PTGER1-
PTGERA4), pro-inflammatory cytokines and pro-angiogenic factor VEGF are increased
in response to semina plasma stimulation in vitro. Whether SP treatment could
replicate the induction of these known tumourigenic events in vivo was undertaken by
examining the following;

(i) Establish whether nude mice xenografts display an increase in
proliferation, growth rate and size in response to seminal plasma
treatment.

(i) Does SP affect the expression of PTGS1, PTGS 2 and prostaglandin
subtype receptors PTGER1, PTGER2, PTGERS3 and PTGERA4.

(i) Does SP affect the expression of pro-inflammatory cytokines in
response to seminal plasma stimulation.

(iv)  Does SP affect the expression of the pro-angiogenic factor VEGF, and

as a result, promote the induction of CD3L1.
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5.3 Materials and Methods
5.3.1 Animals

MF-1 nude mice were obtained from the University of the Witwatersrand,
Johannesburg, South Africa. The mice were used between 6-18 wks of age and housed
as per the conditions stated in section 2.4.1 as directed by the ethics committee
protocol. On day 1 of the experimental procedure, mice were inoculated with WT

Hel a cells and assigned into treatment groups as described in section 2.4.2.

5.3.2 Tissue Collection and RNA Extraction

Following the ten week treatment period, animals were sacrificed and tumours
excised and weighed as previously described in section 2.4.2. A proportion of the
tumour was fixed in 4% paraformaldehyde for wax-embedding and
immunohistochemistry and the remainder used for RNA extraction. RNA was
extracted as described in section 2.6.2 and the concentration and purity of the RNA
was determined by measuring the absorbance at 260nm and 280nm using NanoDrop®
ND-1000 UV-Vis Spectrophotometer (NanoDrop Technologies).

5.3.3 cDNA Synthesis and Quantitative Real-Time PCR

Quantitative rea-time PCR (QRT-PCR) was performed to investigate the
relative expression of PTGS-1, PTGS-2, prostaglandin receptor subtypes (PTGER1-
PTGER4), IL-6, IL-11, VEGF and Ki-67 in MF-1 nude mice xenografts arising from
inoculation with Hel.a adenoocarcinoma cells. Approximately 1ug of total RNA was
reverse transcribed in the presence of PCR reaction buffer (1x), MgCl; (5.5mM),
dNTPs (2mM), random hexamers (2.5uM), RNAse inhibitor (0.4U/ul) and
Multiscribe™ reverse transcriptase (1.25U/ul) (PE Applied Biosystems, Warrington,
UK)) as described in section 2.6.5. Thereafter, QRT-PCR was carried out as outlined
in section 2.6.6 using specific primers and probes listed in table 2.5 (250nM each). The
reaction mix for QRT-PCR contained Tagman buffer (5.5mM MgCl, 200uM dATP,
200uM dCTP, 200uM dGTP and 400uM dUTP), AmpliTag Gold DNA polymerase
(0.025U/pl), ribosomal 18S forward and reverse primers and probe (al at 50nM),
forward and reverse primers for genes of interest (all at 250nM) and 2pl of cDNA.
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5.3.4 Immunohistochemistry (IHC)

Nude mice xenograft tumours derived from inoculating with WT Hel a cells
and treated with either SP (1:500) or PBS were taken for immunohistochemical
evaluation of the proliferative marker Ki-67 and also to determine blood vessel size by
the expression of endothelial cell marker CD31. Briefly, tumours were excised and
fixed as described in 2.4.2 and thereafter sections were made as described in 2.8.1.
IHC standard protocol procedures for Ki-67 and CD31 differed slightly in that sections
being stained for Ki-67 were blocked in normal swine serum and the concentration of
the primary antibody specific for Ki-67 was 1:200 whereas sections being stained for
CD31 were blocked in normal goat serum and the concentration of the primary
antibody specific for CD31 was 1:250. Furthermore, the secondary antibody used for
Ki-67 was goat anti-mouse (1:200) whereas the secondary antibody used for CD31
was swine anti-rabbit (1:250). The number of positively stained cells for Ki-67 and
vessels positively stained for CD31 were quantified and measured respectively using
standard stereological techniques.

5.3.5 Statistical Analysis

All data are presented as mean + SEM. Statistical significant differences were
determined by unpaired student’ s t-test or ANOV A using Prism 5.0 software
(GraphPad Software Inc., San Diego, CA) (*, p<0.05; **, p<0.005; *** p<0.0001).
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5.4 Results

5.4.1 Pilot Study to Determine the Number of HeLa Cells to Inject into MF-1
Nude Mice

Initialy, a pilot study was undertaken to determine how many WT Hel a cells
to inject into the MF-1 nude mice in order to obtain visible tumours. The mice (n=12)
were equally divided into three groups and subcutaneously injected in the right dorsal
flank with 5x10°, 1x10° or 2x10° cells in 0.2 ml PBS. After 4 weeks, all mice were
examined for tumour development and each group was found to have 0/4, 1/4 and 3/4
xenografts respectively (Figure 5.1). As a result, it was decided to inject a total of
2x10° cells per mouse in the subsequent study.
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Figure 5.1 The effects of cell volume in obtaining visible xenografts. The MF-1 nude mice
were engrafted with 5x10°, 1x10° or 2x10° WT Hel a cells and xenografts grown for 4 weeks.
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5.4.2 SP Administration Does Not Affect Bodyweights of MF-1 Nude Mice

The effect of seminal plasma on the bodyweights of MF-1 nude mice injected
with WT HelLa cell xenograft tumours was investigated over a ten week period. The
nude mice were subcutaneously injected with 2x10° WT HelLa cells into the right
dorsa flank prior to commencement of treatment. Mice were then subjected to 3x
weekly injections of 100ul containing control PBS or SP (1:500) and bodyweights
recorded weekly. Mice treated with SP displayed no significant differences in mean
bodyweight during, or at the end of the treatment period when compared to the control
(Figure5.2).
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Figure 5.2 The effects of SP on bodyweight. The MF-1 nude mice were engrafted with WT
Hela cells and treated with SP (n=6) or PBS controls (n=8). Bodyweights of mice treated with
SP (1:500) were not significantly different at any point during the 10 week experimenta
period in comparison to the controls treated with PBS.
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5.4.3 SP Enhances Tumour Growth and Tumour Weight in WT HeLa Cell
Xenografts in vivo

Next to be investigated was the effect of seminal plasma on the growth and
weight of WT HelLa cell xenograft tumours in vivo. Tumours treated with SP displayed
a marked increase in growth rate in comparison to the control group which was
significantly different at week 10 of the treatment period (Figure 5.3A; P<0.05). In
addition, we found that upon excising the tumours at the end of the 10 week treatment
period, the tumours removed from the SP group weighed significantly more than the
control group (Figure 5.3B; P<0.05) thereby confirming that SP treatment on WT

HelL a cell xenografts produces a significant increasein tumour size and weight.
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Figure 5.3 The effects of SP (1:500) on tumour growth and tumour weight. The MF-1 nude
mice were engrafted with WT Hela cells and treated with SP (n=6) or PBS controls (n=8). (A)
Tumour size in the nude mice xenografts is significantly different after 10 weeks of SP
injections in comparison to PBS treated mice (P<0.05*). (B) The weight of the tumours was
determined at the end of the 10 week experimental period. Mice injected with SP displayed a
significantly increased tumour weight in comparison to the control group (P<0.05*). Data are
represented as mean + SEM.
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5.4.4 SP Enhances Expression of Proliferative Marker Ki-67 in WT HelLa Cell
Xenografts in vivo

Having ascertained a significant increase in tumour size and weight of SP-
treated WT Hela cell xenografts, next to be confirmed was whether the enhanced
tumour size and weight was due to induction of cellular proliferation by SP.
Quantitative RT-PCR analysis for the proliferation marker Ki-67 revealed a 7.5 + 2.2-
fold elevation in proliferation rate in SP-treated WT HelLa cell xenograft tumours
compared with control xenografts (Figure 5.4A; P<0.05). This increase in
proliferation in  SP-treated xenografts was further  confirmed by
immunohistochemistry as indicated by the differences in brown staining (arrowed;
Figure 5.4B and 5.4C). Quantitative stereology displayed a 66 + 4 percent increase in
Ki-67 positive cellsin comparison to control 35 + 9 (Figure 5.4D; P<0.05).
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Figure 5.4 (A) Ki-67 mRNA expresson was measured by quantitative RT-PCR and is
significantly increased by SP (1:500) as compared to the controls, (P<0.05*).
Immunohistochemical staining of Ki67 in (B) control tumours and (C) SP-treated tumours
from WT Hela cell xenografts (n=5 per group). (D) Number of positively stained cells for
Ki67 was quantified and is significantly increased when treated with SP (1:500) in comparison
to the control group (P<0.05*). Data are represented as mean + SEM.
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5.4.5 SP Enhances the Upregulation of PTGS-1 and PTGS-2 Expression in WT
HelLa Cell Xenografts in vivo

The magjority of solid tumours, if not al, are infiltrated with immune and
inflammatory cells, highlighting the increasingly recognised close relationship between
inflammation and tumourigenesis with the inflammatory component greatly
contributing to increases in cellular growth and proliferation (Grivennikov and Karin,
2009; Wu and Zhou, 2009). The role of SP in WT Hela cell xenografts on the
expression of the PTGS-PTGER pro-inflammatory pathway known to be involved in
cervica cancer (Subbaramaiah and Dannenburg, 2007) was investigated by
quantitative RT-PCR analysis. Results revealed that SP treatment of WT Hel.a cell
xenografts significantly elevated the expression of PTGS-1 and PTGS-2 mRNA
compared to control xenografts (2.4 = 0.3 and 5.0 £ 0.3-fold increase respectively;
Figure 5.5A; P<0.005 and Figure 5.5B; P<0.0001). Previous in vitro studies from our
laboratory have shown that induction of PTGS enzymes coincidently upregulate
prostaglandin receptor expression and signalling (Jabbour and Sales, 2004; Sales and
Jabbour, 2003).
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Figure 5.5 (A) PTGS-1 and (B) PTGS-2 mRNA expression was measured by quantitative RT-
PCR and is significantly increased by SP (1:500) as compared to the control, (P<0.005** and
P<0.0001***) respectively. Data are represented as mean =+ SEM from three independent
experiments.
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5.4.6 SP Enhances the Upregulation of PTGER Expression in WT HeLa Cell
Xenografts in vivo

We investigated the effect of SP treatment of WT Hel a cell xenografts on
expression of prostaglandin receptors in vivo. Quantitative RT-PCR was used and the
treatment of nude mice xenografts with SP induced the mRNA expression of
PTGER1, PTGER2 and PTGER4 (2.8 + 0.4-, 24 + 0.4-, 2.1 + 0.3-fold induction
respectively; Figure 5.6A; P<0.005, Figure 5.6B and Figure 5.6D; P<0.05), but had
no significant effect on expression of PTGER3 mRNA (Figure 5.6C) suggesting a
role for prostaglandin receptor signalling in regulating tumour growth.
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Figure 5.6 The activity of the 4 different subtypes of the PGE, receptors were investigated and
namely PTGER1, PTGER2 and PTGER4 were increased in response to SP as measured by
mRNA production (A) PTGER1 (P<0.005**) (B) PTGER2 (P<0.05*) and (D) PTGER4
(P<0.05*%). (C) SP had no significant effect on the expression of the PTGERS3 receptor (P<0.5).

Data are represented as mean £ SEM from three independent experiments.
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5.4.7 SP Enhances Expression of Pro-inflammatory Cytokines IL-6 and IL-11 in
WT HeLa Cell Xenografts in vivo

Inflammatory effectors, including growth factors and prostaglandins are known
to regulate the tumour microenvironment by inducing pro-inflammatory cytokines and
increasing vascular permeability (Tsujii et al., 1998; Takehara et al., 2006; Toomey et
al., 2009). Next to be investigated was the effect of SP on the expression of potent pro-
inflammatory cytokines and angiogenic factors with known roles in tumour
development. Quantitative RT-PCR analysis showed a significant increase in
expression of IL-6 and IL-11 mRNA expression in WT Hel a cell xenografts treated
with SP when compared to the control treatment group (2.5 + 0.14-, 1.9 + 0.16-fold
increase respectively; Figure 5.7A; P<0.005 and Figure 5.7B; P<0.05).
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Figure 5.7 Quantitative RT-PCR analysis revealed (A) IL-6 mMRNA expression is significantly
increased in nude mice xenografts when injected by SP (1:500) in comparison to the control
treatment group (P<0.005**). Increased IL-11 (B) mRNA production is seen in SP-treated
(1:500) xenografts in comparison to the control (P<0.005*). Data represented as mean + SEM
from three independent experiments.
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5.4.8 SP Enhances Expression of Pro-angiogenic factor VEGF in WT HeLa Cells
Xenografts in vivo

Furthermore, in addition to showing that IL-6 and IL-11 production was
enhanced in response to treatment with SP, it was found that VEGF mRNA
expression, which has the potential to enhance cervical tumourigenesis (Cheng et al.,
1999) was highly significantly elevated in WT Hel a cell xenografts treated with SP in
comparison to the control treatment group (3.4 + 0.2-fold increase; Figure 5.8;
P<0.0001).
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Figure 5.8 Relative mRNA expression of VEGF seen in SP-treated (1:500) xenografts in
comparison to the control (P<0.0001***) as determined by quantitative RT-PCR. Data are
represented as mean + SEM from three independent experiments.
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5.4.9 SP Enhances Expression of CD31 in WT HelLa Cell Xenografts in vivo

Having identified that the WT HelLa cell xenograft tumours treated with SP
had elevated VEGF expression, we next investigated whether these tumours also
displayed alteration in their vasculature. Immunohistochemistry (Figure 5.9A and
5.9B) and quantitative stereology (Figure 5.9C) performed on WT HelLa cel
xenograft tumours stained with the endothelial cell marker CD31 revealed that SP-
treated xenograft tumours exhibited an increase in blood vessel size (388 + 22 vs. 247
+ 19 um? respectively; Figure 5.9C; P<0.005) as depicted by the brown staining
(arrowed) on the perimeter of the vessels (Figure 5.9A and 5.9B).
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Figure 5.9 Imunohistochemical staining of CD31 in (A) SP-treated and (B) control tumours
from WT Hela cell xenografts (n=5 per group). (C) The size of positively stained blood vessels
for CD31 was quantified and is significantly increased when treated with SP (1:500) in

comparison to the control (P<0.05*). Data are represented as mean.
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5.5 Discussion

The results show that xenograft tumours in MF-1 nude mice originating from
inoculation with neoplastic cervical epithelial (HelLa) cells grew significantly larger in
both size and weight when semina plasma was administered to the mice via an
intraperitoneal injection compared to control xenografts following a ten week
treatment period. The data also demonstrated that the increase in growth rate and
tumour size was a consequence of increased cellular proliferation induced by SP as
determined by the elevation in expression of the proliferation marker Ki-67 in SP-
treated WT HelLa cell xenografts.

Seminal plasmais known to contain many inflammatory agents such as prostaglandins,
transforming growth factor-3 (TGF-[3), and glycoprotein signaling molecules
including cytokines and growth factors (Robertson, 2005). These molecules are
independently thought to induce cellular and molecular changes in the cervica
epithelium by binding to specific target cells in the female reproductive tract, thus
activating modifications in gene expression, cellular composition and structure and
function of local tissue via cytokine synthesis (Aumuller and Riva, 1992). Tumour
cells have been widely reported as expressing raised levels of TGF-R and a
supplementary response to exogenous TGF-B (contained within SP in high
concentrations), may provide some epithelia cells with a growth advantage that
ultimately leads to malignant expression (Jakowlew, 2006).

A recently performed study investigating pro-inflammatory mediators in hepatocel lular
injury revealed an increase in TGF-3 in response to elevated PTGS-2 production
(Claria et al., 2008). Hence, it is feasible to suggest that exposure of the neoplastic
epithelium to SP could mount an inflammatory response leading to cervical
tumourigeneis as a result of increasing the production of PTGS-2 coupled with high

concentrations of TGF-3 being delivered into the female reproductive tract.
In addition, prostaglandins are present at a 10,000 fold higher concentration in SP than

a the site of inflammation, with PGE, being one of the predominant types that is
detected (Templeton, 1978). Prostaglandins perform severa actions that are relevant to
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the control of cytokine release, cell growth, differentiation and changes in vasculature
(Kelly et al., 2001) and as a result, prostaglandins located within SP may therefore
exacerbate cervical pathologies that are linked with an increase in PTGER signalling
(Sales et al., 2002b, Jabbour and Sales, 2004). In support of this, the current data
generated from the nude mice study shows that in SP-treated WT Hela cell
xenografts, PTGS-1, PTGS-2 expression and expression of the E-series prostaglandin
receptors PTGER1, PTGER2 and PTGER4 were elevated compared with control
xenografts. Previous data from our laboratory have shown that in human cervix
cancers, seminal plasma promotes expression of tumourigenic and angiogenic genes
which possess the capability to modify cellular function via their actions on their
respective receptors (Sales et al., 2002b; Muller et al., 2006; Battersby et al., 2007).
Therefore, inflammatory mediators contained in SP (such as PGE;) operate on the
female reproductive apparatus to enhance expression of PTGS-1, PTGS-2, thereby,
adjusting molecular mechanisms to favour conditions of uncontrolled growth in
cervical cancer (Sales et al., 2002b; Muller et al., 2006; Battersby et al., 2007).

Furthermore, the present nude mice study also demonstrates that SP can dramatically
elevate the expression of pro-inflammatory cytokines IL-6 and IL-11. Although the
molecular mechanism whereby SP regulates these cytokines is unclear, additional
evidence has came to fruition which confirms that SP can enhance IL-6 as well as
other pro-inflammatory cytokines including IL-8, IL-10 and MCP-1 in vitro (Sharkey
et al., 2007; Denison et al., 1999a). Epithelial cells of the female reproductive tract are
a magor responding cell lineage (Robertson et al., 1996) and semina plasma is
believed to regulate the enhanced expression of these pro-inflammatory mediators in
the cervix by means of contributing together with ovarian steroid hormones and
inflammatory cytokine stimulation which in turn governs epithelial cell cytokine
output (Sharkey et al., 2007; Wira et al., 2002; Wira et al., 2005). Moreover, the
increased production of 1L-6 has been reported in carcinoma of the cervix, acting as an
autocrine growth factor, and the induction of elevated PTGS2 and PGE, synthesis in
cervical tissue following insemination would be expected to further augment the
immune regulatory response (Takano et al., 1996; Eustace et al., 1993). This s further

supported by studies in mice and pig that shows that seminal plasma possesses the
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ability to interact with cervical and uterine epithelial cells and trigger the release of
pro-inflammatory cytokines such as IL-6 which resultantly induces local cellular and
molecular changes that resemble an inflammatory response (Robertson, 1992;
Robertson et al., 1996; Robertson et al., 2005). Therefore, SP can be considered as a
regulator of pro-inflammatory cytokines that in turn contributes to controlling the
immune response and promotes tumour progression. This is bolstered by the
observation that the upregulation of pro-tumourigenic events seen in cervical cancer
development and in findings generated here in normal human cervical tissue and WT

HelLacellsis also replicated in the animal model in response to SP stimulation.

In order for atumour to grow, an enhanced blood supply is crucial for the provision of
necessary nutrients and oxygen (Zumsteg et al., 2009). The majority of tumours are
infiltrated with immune and inflammatory cells and a key observation to emerge in
recent years is that tumour growth and metastasis are accompanied by the notable
formation of new blood vessels, a process called angiogenesis (Nguyen, 1997).
Angiogenesisis an essential process involved in normal cell growth and differentiation
and if angiogenesis occurs excessively or deficiently, it can lead to the onset of many
human pathologica conditions, including tumour growth (Racia et al., 2009).

There are least 15 known angiogenic peptides that have been identified to date which
are either released or recruited by the tumour and one of the major proangiogenic
factors regulating vascular function in tumour biology is vascular endothelial growth
factor (VEGF) (Nguyen, 1997; Chang et al., 2009). The primary function of VEGF is
to create new blood vessels after injury or to bypass ones that are blocked and cancers
which over express this angiogenic promoter enable the respective tumour to grow
unabated (Xiong et al., 2001). Enhanced expression of VEGF has been shown in
severa cancers such as ovarian, breast, renal and cervical (Garzetti et al., 1999;
Yoshiji et al., 1996; Slaton et al., 2001; Guidi et al., 1995). Data generated from the
present study shows that seminal plasma significantly induced expression of VEGF in
nude mice xenografted with WT Hel a cells and suggests that SP not only induces a
pro-inflammatory environment but also potentially enhances the angiogenic capacity.

Although the exact molecular mechanism mediating the role of SP on VEGF
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expression is unknown, a previous study from our laboratory have shown SP to
increase the expression of VEGF via the prostaglandin receptor PTGER4 and may
potentially enhance cervical tumourigenesis (Muller et al., 2006). Furthermore, TGF-8,
several cytokines such as MMPs and interleukins IL-6, IL-8 and IL-10 have been
shown to participate in the regulation of angiogenesis as aresult of exposure to SP and
it is therefore likely that the combination of all these signal transduction events can
synergise to enhance the overall effect of SP on tumourigenesis (Lloyd et al., 2003;
Robertson, 1996; Sharkey et al., 2007; Dension et al., 1999). A study carried out by
Tentes and colleagues (2007) demonstrated MMP-2 and MMP-9 to be contained
within seminal plasma and since MMPs are capable of activating growth factors and
cytokines and play a possible role in angiogenesis (Fowlkes and Winkler, 2002), this
further highlights the potential of SP to promote angiogenesis in the female
reproductive tract.

Moreover, in the present nude mice study results demonstrated that SP treatment of
WT HelLa cell xenografts enhances blood vessel size. Although this may not
exclusively be a direct result of increased synthesis of VEGF, severa studies have
previoudly illustrated that VEGF influences vessel size and therefore have an impact
on the angiogenic process in carcinoma of the cervix (Racia et al., 2009; Cheng et al.,
1999b; Guidi et al., 1995). Having established an enhanced production of the
proangiogenic factor VEGF in nude mice xenografts by means of treatment with
semina plasma, we wanted to confirm that SP was accountable for recruitment of
larger blood vessels, hence, a resultant increase in angiogenesis and therefore larger
tumours in comparison to the control group. Using CD31 as a marker, severa cancers
have shown a correlation between angiogenesis as determined by the intratumoural
microvessel density and metastases, including carcinomas of breast, lung, prostate,
rectum and bladder (Darai et al., 1998; Horak et al., 1992; Yamakzi et al., 1994,
Fregene et al., 1993; Saclarides, 1994). A recent study performed by Mazibrada and
colleagues (2008) revealed invasive cervical cancer to have a significant increase in
CD31 in comparison to normal epithelium. This finding was given extra weight by
results from the current nude mouse study whereby SP treatment instigated the

development of larger blood vessels when compared to the controls and displays that
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semina plasma can augment angiogenesis in cervical epithelia cells, thus giving rise
to the strong likelihood of cervical tumourigenesis occurring.

In conclusion, it is known that cervical cancer development is multistage and that HPV
infection alone is not sufficient to arise in progression of the disease. The fact that
treatment with semina plasma enhances the proliferation index in nude mice
xenografts suggests that a particular mechanism may be involved whereby SP
exposure in sexually active women triggers an increase in inflammatory mediators IL-
6 and IL-11. This may then subsequently cause the pre-malignant lesion to become
fully transformed, encouraging enhanced growth rate and growth size of tumours
exposed to seminal plasma. In addition, highly expressed levels of PTGS2 and VEGF,
coupled with an increase in tumour vascular density as reveded by
immunohistochemical staining with CD31 implies that semina plasma may extenuate

development of cervical cancer in sexually active women.

This data highlights the potential for semina plasma exposure to regulate neoplastic

cell function, tumourigenesis and angiogenesis in cervical adenocarcinomain vivo.
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6.1 General Discussion

It is estimated that approximately 80% of cervical cancers occur in developing
countries (Kent, 2010). The main reason for the high prevalence within these
populations is the lack of awareness in women for its early detection and management
(Srivastava et al., 2009). The fact there are no adequate screening programmes in the
countries that these women habitat and that symptoms often do not present themselves

makes cervical cancer a much more deadly and widespread disease.

Cervica cancer development is multistage and athough HPV infection is a
prerequisite in the development of 99.7% cases (Walboomers et al., 1999), onset of the
disease does not occur immediately and therefore other factors may be responsible.
This has prompted the suggestion that SP can trigger particular machinery within the
cervical microenvironment of sexually active women that results in the upregulation of
an array of growth activator molecules which act to aggravate the pre-malignant lesion

to become fully transformed, encouraging growth via events such as angiogenesis.

HPV is an etiological agent attributed to the development of cervical cancer because
infection with a high-risk strain of human papillomavirus is present in virtualy all
cases of the disease (Lowy et al., 2008). The HPV operates by triggering alterationsin
cells of the cervix which can lead to the development of cervical intraepithelial
neoplasia and then subsequently to cancer (Sales et al., 2002b; Lowy et al., 2008).
However, not al women who have HPV infections develop cervical carcinoma and
because it typically takes upto 15 years before invasive cervical cancer develops, this
poses the likelihood that other factors are involved. There is mounting evidence to
suggest that on the background of HPV infection, exposure of cervical epithelial cells
to seminal plasma can promote the expression of tumourigenic and angiogenic factors
such as PTGS enzymes, prostaglandins and VEGF (Castellsague et al., 2002; Sales et
al., 2002b; Muller et al., 2006) and this may result in development of carcinoma of the

Cervix.

SP can promote favourable conditions for tumour growth by exacerbating local

pathologies by means of atering HPV-derived precursor lesions following vaginal,
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ora or anal intercourse. This is demonstrated by the resultant progression of cervical,
endometrial, throat and ana cancer following exposure to SP (Wang et al., 2010;
Battersby et al., 2007, D’Souza et al., 2007; Melbye et al., 1994). In fact, the
components contained with seminal plasma are so versatile that they have been shown
to gain access to the circulation if they are deposited in the gastrointestinal tract,
especidly if it has been traumatized (James and Hargreave, 1984).

Seminal plasma has been highlighted as containing a diverse array of components that
includes, prostaglandins, cytokines, lipids, proteins, angiogenic factors, signa
transduction molecules such as IL-1p, TNF-a and soluble necrosis factor p55, protein
Kinases, peptides, growth factors, immune response proteins and pro-inflammatory
mediators such as IL-6 (Ness and Grainger, 2008; Robertson et al., 2005; Fung et al.,
2003; Robertson et al., 2002; Sabatte et al., 2007; Fraser et al., 2006), but the exact
effect of SP repotoire of molecules on cells in the female gential tract is not yet fully
understood. Seminal plasma concentrations of prostaglandins are 10,000-fold greater
than detected at site of inflammation (Templeton, 1978) and that has raised the
hypothesis that SP prostaglandins may exacerbate cervical pathologies by activating
intracellular signalling via elevated prostanoid receptors (Jabbour et al., 2006). PGE; is
mostly present in SP as the 19-hydroxy form and experiments with cultured human
cervical explants show that exposure to this PG promotes expression of chemotactic
IL-8 and inhibits expression of the anti-inflammatory molecule secretory leukocyte
protease inhibitor (SLPI) (Denison et al., 1999b). Moreover, there is much published
data to support a central role for PTGS enzymes, prostaglandins and their cognate
receptors in cervical cancer development as well as other reproductive pathologies
such as endometria adenocarcinoma, endometriosis, dysmenorrhoea and ovarian
cancer (Sales et al., 2002b; Kino et al., 2005; Jabbour et al., 2006).

Another moiety contained within SP that can be attributed with having cytokine-
inducing effects in the female tract is TGF-3 (Robertson et al., 2002). Semina TGF-
has been demonstrated to promote granulocyte macrophage colony-stimulating factor
(GM-CSF) production in mice within hours of insemination (Robertson et al., 1992)

and the consequence of its release is a recruitment and activation of leukocytes which
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resemble a classical inflammatory response (McMaster et al., 1992; Robertson et al.,
1996). Furthermore, 1L-4, IL-6 and IL-10 are known to be secreted from endocervical
and endometrial cells in women and their interaction with exogenous TGF-B, PGE;
and other seminal factors could further amplify the immunosuppressive properties of
SP (Fichorova and Anderson, 1999).

Previous studies from our laboratory have shown SP to activate PTGS-2 and
prostaglandin E, receptor expression and signalling in cervical adenocarcinoma cells
(Sadles et al., 2002b) and to promote expression of tumourigenic and angiogenic genes
in adenocarcinoma cells via the PTGER4 receptor (Muller et al.,, 2006) and to
upregulate fibroblast growth factor 2 expression in endometrial adenocarcinoma cells
via the PTGER2 receptor (Battersby et al., 2007). Further supporting data from
Sharkey and colleagues (2007) reveaed that SP can regulate cytokine gene expression
in human cervical and vagina epithelial cells by inducing production of pro-
inflammatiory mediators such as IL-6, IL-8, GM-CSF and monocyte chemotactic
protein-1 (MCP-1). Therefore, sexualy active women are exposed to exogenous
prostaglandins and other tumour-promoting cofactors contained within seminal
plasma, which in turn can provide cervica epithelial cells with a growth advantage that
eventually leads to malignant expression (Jakowlew, 2006).

In this study, expression of PTGS-1, PTGS-2, prostaglandin receptor expression, pro-
inflammatory mediators and pro-angiogenic factors were assessed in normal human
cervical tissue in reponse to SP. The upregulation of these tumour promoting
molecules has already been established in several cancers (Lee et al., 1995; DuBois et
al., 1998; Jabbour et al., 2006) but the purpose here was to determine whether SP
could induce their upregulation in normal cervical tissue samples, thereby showing
evidence that components within SP can provoke changes in cervical epithelia cells
that would favour tumourigenic events such as an enhanced inflammatory response

and angiogenesis.

The findings concluded that following 24 hr treatment of normal cervica tissue, SP
induced the upregulated expression of prostaglandin synthase enzymes 1 and 2,
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increased prostaglandin receptors PTGER1, PTGERS3 and PTGER4 and this can lead
to increased autocrine and paracrine signalling. SP also stimulated the production of a
host of pro-inflammatory and pro-angiogenic factors that includes IL-6, IL-8, IL-11,
Gro-o and VEGF. In addition, SP provoked alterations in tissue vasculature as
determined by augmenting expression levels of the angiogenic marker CD31 following
treatment for 24 hours and it appears that the effects of SP are being mediated directly
as well as indirectly. The increases in PTGS synthesis that lead to further PG ligand
production and enhanced PTGER receptor expression is a direct result of SP whereas
the indirect effect is resultant from the increase in PG ligands which in turn has the
potential to create an autocrine/paracrine feedback loop and as a consequence,
additional increased signaling. These observations concur with results from other
authors who employed cervica adenocarcinoma cell lines and human carcinoma
samples and demonstrated that PTGS-1 and PTGS-2 expression are upregulated in
carcinomas of the cervix and leads to a possible autocrine/paracrine regulation of
neoplastic cell function by prostaglandins and their cognate receptors. SP can induce
PTGS-2, VEGF, IL-6 and IL-8 in cervica adenocarcinoma cell lines and the enhanced
levels of CD31 observed in uterine cervical specimens correlate to different stages of
cervical carcinogenesis (Sales et al., 2001; Saes et al., 2002a; Sales et al., 2002b;
Muller et al., 2006; Sharkey et al., 2007; Mazibrada et al., 2008). These results show
for the first time that pro-tumourigenic events normally observed in cervical
adenocarcinoma cell lines and carcinomas of the cervix can be induced in normal

human cervical tissue via exposure to SP.

In summary, SP appears to promote cervical tumourigenesis by modulating neoplastic
cell function in normal epithelial cells through its ability to induce tumour promoting
factors such as PTGS-1, PTGS-2, PTGER receptor expression, IL-6, IL-8, IL-11, Gro-
a and VEGF. Cervica epithelium is constantly shed and regenerated as a result of the
menstruation cycle and this process must be tightly regulated so that the rates of cell
death and cell renewal are finely balanced. However, when the cytokines that control
this process are over produced, increased cellular proliferation can result (Macdonald,
2010). This can occur by SP augmenting the upregulation of prostaglandin synthase
enzymes and prostaglandin receptor signalling which subsequently stimulates

190



Chapter 6 Discussion and Conclusions

production of growth factors such as Gro-a and VEGF, the production of which
induces changes in vasculature to encourage angiogenesis that will resultantly bring

about the onset of cervical cancer.

WT HelLa cells were utilized as a model system to determine the role of certain
signadling pathways suspected/known to be activated by SP in the activation of
transcription of the genes IL-6, IL-8, IL-11, Gro-o and VEGF shown to be upregulated
in normal cervical tissue in response to exposure to SP as described in chapter 3.
Initialy, the cell line was tested to ascertain whether it was a suitable system to
examine if these genes were upregulated and following this, we proceeded to
investigate the signalling pathways involved and the effects of SP on cellular
proliferation. The findings generated in this part of this study were in agreement with
those found earlier as the data confirmed that SP treatment induced enhanced
expression of cofactors PTGS-1, PTGS-2, IL-6, IL-8, IL-11, Gro-a and VEGF. Results
also demonstrated that the proliferative marker Ki-67 is significantly overexpressed in
squamous carcinomas when compared to normal cervix as well as being upregulated in
SP-treated WT HelLa cells. The SP induction of cell growth is further supported by the
finding that SP treatment increased the rate of cellular proliferation in WT HelLa cells,

aprocess central in angiogenesis.

Although SP induced similar pro-tumourigenic effects in WT HelLa cells to those
observed in normal cervical tissue, the experimental conditions under which these
inductions occurred were slightly different. Results generated in normal cervical tissue
were brought about by using an SP concentration of 1:500 and treating for 24 hours
whereas the upregulation of prostaglandin synthase enzymes, pro-inflammatory
mediators and angiogenic factors in WT HelLa cells used an SP concentration of 1:100
and a treatment period of 6 hours. The reasoning behind this is that normal cervical
tissue and WT Hel a cells are different experimental model systems and that induction
in cell lines tends to be faster in comparison to tissue (6hr vs. 24hr). This observation
Is consistent with previous findings of our laboratory demonstrating that treating HeL a
adenoncarcinoma cells expressing PTGER4 and endometrial adenocarcinoma cells

expressing PTGER2 with SP showed significant upregulation at 8hr and 6hr
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respectively (Muller et al., 2006; Battersby et al., 2007), whereas the SP-treated
cervical adenocarcinomas and PGF,,-treated endometrial carcinoma biopsies showed
significant induction at 24hr (Sales et al., 2002b; Sales et al., 2007). Furthermore, the
animal model system used in this thesis was treated with an SP concentration of 1:500
which is significantly more dilute than that used to treat WT Hel a cells. However, the
treatment period in nude mice was over 10 weeks and seeing as there was upregulation
of PTGER receptors in xenograft tumours, this would imply the tumours to be more

responsive to lower concentrations of SP.

Subsequent to confirming the upregulation of target genes in our cell line model
system that were also induced by SP in normal cervical tissue, we wished to try and
identify which pathways were required for their transcriptional activation. Data to arise
from this study revealed MAPK kinase/ERK1/2 and EGFR signalling to be activated
in reponse to SP exposure and these results were in agreement with findings in a study
carried out by Muller and colleagues (2006) which demonstrated SP to upregulate the
ERK1/2 pathway in adenocarcinoma cells via the PTGER4 receptor in an EGFR and
Raf-dependent manner while Battersby and colleagues (2007) showed that SP
stimulated the PTGER2 receptor in endometrial adenocarcinoma cells and this led to
the activation of ERK via EGF receptor transactivation.

PTGS-1 and PTGS-2 have previously been shown by our laboratory to be upregulated
in cervical cancer (Sales et al., 2002a; Sales et al., 2002b) and in this study we show
that they are both induced by SP in our cell line model system. The induction of
PTGS-1 is mediated by EGFR/ERK in direct response to SP and a parcrine effect on
PG synthesis does not appear to play a role in its activation. As the upregulation of
PTGS-1 was only partially blocked by inhibitors for EGFR and ERK regulated
pathways, this suggests that other signalling is involved, although our results show that
PTGS-2, NF-xB and TGF-B are not implicated. The SP-induced PTGS-2 is aso
dependent on activation of EGFR/ERK signalling, but as for PTGS-1, they only have a
partia role. The inhibitor for PTGS-2 inhibited its own induction by SP, indicating that
an autocrine/paracrine pathway regulates the transcription of PTGS-2. In addition,

PTGS-2 has been shown to increase the inflammatory response in cancers of the
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prostate, breast and cervix (Danforth et al., 2008; Dossus et al., 2009; Dannenberg et
al., 2001) and here we show that this signalling molecule is involved in mediating the
SP-induced transcriptional activation of pro-tumourigenic factors IL-6, I1L-8, Gro-a
and VEGF in WT Hel a cells and stresses the importance of this gene in cervical
cancer development. SP can induce the over-expression of IL-6, IL-8, IL-11, Gro-a
and VEGF by means of activating the EGFR, ERK1/2 and NF-xB pathways as well as
upregulating IL-8, IL-11 and Gro-a through activating TGF-B signalling. SP can
mediate its effects directly and indirectly by operating upon multiple pathways and its
ability to upregulate PG synthesis to create a positive autocrine/paracrine feedback
loop. Despite the observation that the mgority of SP-induced signalling appears to
involve the activation of EGFR and ERK1/2 regulated pathways, the induction of
PTGS-2 and NF-kB mechanisms are also strongly involved, as well as TGF-$ to a
lesser extent and other signaling pathways not investigated in this thesis. The
triggering of NF-xB signalling is a direct response of SP, is closely associated with
cancer development and along with PTGS-2 has been shown to upregulate the
expression of the pro-angiogenic factor VEGF in A549 cells (Jung et al., 2003)
whereas TGF-B is a potent transduction signalling molecule contained in SP, is
implicated in cancer progression and metastases and can promote pro-inflammatory
cytokines IL-1B and IL-6 in endometrial epithelial cells by synergising with 1L-8
(Robertson et al., 2002; Gutsche et al., 2003).

The use of WT HelLa cells as a model system also demonstrated that SP has the
potential to induce increases in cellular growth following treatment periods of 24, 48
and 72 hrs as determined by upregulation of the proliferative marker Ki-67 and
enhanced cellular proliferation. Research performed by Robertson (2007) revealed that
following insemination, SP can activate an inflammatory response in the female
reproductive tract and downstream changes that occur can include the induction of pro-
inflammatory cytokines and PTGS-2. This in turn causes recruitment of macrophages
and dendrtitic cells that release cytokines capable of promoting epithelia cell
proliferation and may therefore result in amplified angiogenesis which encourages
tumour growth. SP can therefore be considered as a growth factor influencing cervical
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epithelia cell proliferation by means of its ability to induce cytokine production and

augment angiogenesis as seen in our model cell system.

Next, an animal model system was utilized in order to determine whether the tumour-
promoting cofactors that were enhanced by SP in normal cervical tissue and WT HelLa
cells could also be induced in vivo. This was studied employing WT HelLa cell derived
xenografts in nude mice and SP treatment was shown to significantly increase tumour
size, tumour weight and induce increases in the proliferation index as determined by
the proliferative marker Ki-67 when compared to the control. Furthermore, xenograft
tumours treated with SP displayed elevated expression of PTGS-1, PTGS-2, PTGER
receptor signalling, 1L-6, IL-11 and VEGF and also enlarged blood vessel size that
reflected augmented angiogenesis. Because the idea of using SP to treat cervical
adenocarcinoma cell line-derived xenografts in vivo is a relatively new concept, the
data in which to compare these findings is rather limited. Nevertheless, these results
further highlight the potential for seminal plasma exposure to regulate neoplastic cell

function, tumourigenesis and angiogenesis in cervical adenocarcinomain vivo.
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6.2 Role of SP-activated Genes in the Development and Progression of

Cervical Cancer and the Signalling Pathways Involved
6.2.1 Upregulation of PTGS and PTGER Expression in Response to SP
Treatment

Prostaglandin synthase enzymes and prostaglandin signalling via the prostanoid
receptors are known as important regulators of reproductive function but dysregulation
of these molecules can promote tumourigenesis in a number of reproductive tract
cancers that includes endometrial, ovarian and cervical (Jabbour et al., 2006; Kino et
al., 2005; Sales et al., 2002b). Recent work has implicated arole for seminal plasmain
initiating PTGS and PTGER signalling in the development of cervical carcinoma
(Muller et al., 2006; Sdes et al., 2002b) and athough the method by which SP
components trigger activation are not yet fully defined, the data is supported by the
findings of this study.

Although over-expression of PTGS-2 is more commonly associated with tumour-
promoting events, elevated levels of PTGS-1 have also gained increased recognition as
shown by Narko and colleagues (1997) who revealed that cells transfected with PTGS-
1 became tumourigenic when injected into nude mice and by Sales and colleagues
(2002a) who found PTGS-1 to be over-expressed in cervical carcinomas. Colorectal
tumourigenesis is associtated with dysregulation of PTGS-1 and PTGS-2 and their
enzymatic products (Pai et al., 2003), thus it appears that the upregulation of both
PTGS-1 and PTGS-2 play arole in tumour development. The transcriptional activation
of PTGS-1 and PTGS-2 by SP in normal cervical tissue and cell and animal model
systems suggest, as is the case in colorectal cancer, that both PTGS enzymes are
involved in cancer development of the cervix and SP has the potential to induce their
over-expression. Given that SP has the capability to support tumourigenic events such
as promoting tumour maintenance and encouraging cell growth viainduced production
of PTGS and PTGER (Greenhough et al., 2009), and that colorectal carcinoma
development correlates with dysregulation of both PTGS enzymes, it is possible that
SP could trigger the same effects in the cervix as seen in colon tumourigenesis.
Furthermore, data published by Ablin and Stein-Werblowsky (1997) reveaed that men
and women who partake in unprotected anal intercourse are more susceptible to
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developing ana cancer and although it is not known whether the same PTGS and
PTGER signaling mechanisms are involved, this finding hypothesizes that SP may
provide ana epithelia cells with a growth advantage in a similar fashion to epithelial
cellsresiding in the cervix (Melbye et al., 1994).

6.2.2 Upregulation of Pro-inflammatory Cytokines in Response to SP Treatment
The expression of IL-6, IL-8 and IL-11 were shown to be significantly

upregulated in response to SP treatment. These cytokines are involved in many

regulatory roles but their increased expression has also been associated with several

cancers such as cervical carcinoma (Eustace et al., 1993; Fujimoto et al., 2000).

IL-6 is a pleiotropic cytokine that can activate target genes involved in differentiation,
survival, apoptosis and proliferation (Takano et al., 1996; Heinrich et al., 2003). This
chemokine has been reported to act in an autocrine and paracrine fashion in
proliferation of normal squamous epithelial cells (Takano et al., 1996), whereas a
study undertaken by Eustace and colleagues (1993) demonstrated IL-6 to operate as an
autocrine growth factor for in vitro tumour cell growth. Here, we displayed that IL-6
was upregulated in normal human cervical tissue, in WT HeLacellsin vitro and in WT
HelL a cell xengorafts in vivo in response to SP stimulation and supports the findings of
Sharkey and colleagues (2007) who demonstrated that SP could trigger an
inflammatory response in human cervical epithelia cells by promoting the
upregulation of 1L-6 as well as IL-8 and MCP-1. Research performed by Baker and
colleagues (2009) highlighted that IL-6 mediated angiogenic signalling in pancreatic
cancer patients by promoting VEGF and fibroblast growth factor b (FGFb) and
therefore suggest a role for this cytokine in regulating the inflammatory response and
encouraging angiogenesisin cervical cancer development. In addition, seminal plasma
is known to contain IL-6 (Eggert-Kruse et al., 2001) and as a result, not only is the
cervix being stimulated by IL-6 that is being generated as a result of SP exposure, but
also by the concentrations present in SP itself, thus providing the cells in the exposed
regions with a growth advantage.
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Using a specific inhibitor for PTGS-2 significantly reduced the SP activated fold-
induction of IL-6 and this finding is confirmed in a study carried out by Hinston and
colleagues (1995) who revealed that elevated IL-6 is induced by increased PGE,
synthesisin amurine model of inflammation and thisis mediated by inducible PTGS-2
expression. It can therefore be suggested that SP-induced expression of IL-6 in the
cervix is dependent on upregulation of PTGS-2. Additional signalling pathways seen
to be involved with the SP activation of I1L-6 include ERK, EGFR and NF-kB. These
findings correspond with other authors as Castrilli and colleagues (1997) demonstrated
that IL-1a and IL-6 promote the in vitro growth of both normal and neoplastic human
cervical epithelial cells and this stimulatory effect is mediated by epidermal growth
factor whereas other data published by Nishikori (2005) illustrated that the
transcriptional activation of NF-xB is involved in myeloma cell growth and this
signaling can be triggered by cytokines and growth factors, including IL-10, TNF-a
and VEGF, stimulatory molecules that are either contained within SP or induced by SP
in the cervical microenvironment and as a result may activate NF-kB signalling in
order to induce IL-6. NF-kB activation has also been shown to be dependent on ERK
signalling in hepatocellular carcinoma (Cheng et al., 2005), a signalling pathway
shown here to be initiated by SP stimulation and highlights that IL-6 activation can be
induced by a multitude of signalling events with SP having the potential to modulate
their regulation in the cervix. However, despite the strong roles of ERK, EGFR,
PTGS-2 and NF-kB in SP-mediated IL-6 production, these signalling mechanisms
only partidly inhibited activation and therefore implicates the involvement of other
upstream pathways.

IL-8 is a chemoattractant chemokine and plays a role in angiogenesis, mitogenesis and
inflammation (VIahopoulos et al., 1999). Data published by Fujimoto and colleagues
(2000) revealed expression levels of IL-8 to increase significantly during the
advancement of cervical cancer and may act as trigger for angiogenesis in the later
stages of uterine cervical cancers by increasing the angiogenic potential of tumor
necrosis factor-o. (TNF-a). Results generated in this thesis revea that IL-8 is over-
expressed in normal cervica tissue and WT Hela cells in response to SP stimulation
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and the pro-angiogenic and pro-inflammatory characteristics of this chemokine may

contribute to the onset of cervical carcinomain sexually active women.

The activation of 1L-8 by SP was shown to be mediated via many signalling pathways,
including; ERK, EGFR, PTGS-1, PTGS-2, TGF- and NF-kB. These findings can be
correlated in part by other researchers who have shown that exogenous PGE; up-
regulates IL-8 in human colonic epithelia cells through coupling to PTGER4 receptors
to elevate cAMP-dependent PKA signal transduction (Yu and Chadee, 1998) while a
study carried out by Chelouche-Lev and colleagues (2004) in breast cancer cell lines
found that VEGF expression correlated with high levels of IL-8 and that inhibitors of
MAPK, P13K and ERK significantly reduced the expression of both these cytokines.
Furthermore, a study undertaken by Arun and colleagues (2009) illustrated that IL-8
production in head and neck sguamous carcinoma was mediated by NF-xB dependent
PKA signaling whereas the upregulation of IL-8 in breast cancer metastases was
shown by Singh and colleagues (2006) to be regulated by PTGS-2. It is evident that
several signalling pathways are activated by the various molecules contained within SP
and the generation of SP-activated IL-8 appears to be dependent on ERK, EGFR,
PTGS1, PTGS-2, TGF-f and NF-kB transactivation, however, inhibitors of these
pathways only partialy blocked the induction of IL-8 and implies additional activator
molecules are operated upon to mediate SP-induced IL-8. Work carried out by Denison
and colleagues (1999a) demonstrated that SP and its component prostaglandins PGE;
and 19-hydroxy PGE, are capable of stimulating IL-8 and IL-10 release in cervical
explants and suggest that induction of IL-8 in female tract mucosa may act together
with PGE, and 19-hydroxy PGE contained within SP to induce leukocytosis, further
increasing the inflammatory response. As well as its production being increased in
response to SP, IL-8 has been shown to be contained within SP (Eggert-Kruse et al.,
2001) and in addition to SP-induced prostanoid synthesis and PTGS signalling causing
the upregulation of IL-8 and other pro-tumourigenic cytokines, the IL-8 component
within SP may aso contribute to promoting angiogenesis by self-regulating itself and
further increasing its expression. This suggests that both autocrine and paracrine
regulation are involved in IL-8 expression as reported by Y ao and colleagues (2005) in

lung cancer cells viathe NF-xB pathway.
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IL-11 is a multi-functional cytokine that can affect cell growth, differentiation and
proliferation (Du and Williams, 1994). Here, it was shown to be upregulated by SP in
vivo and in vitro. IL-11 is known to be produced by the human endometrium and
endometrial cancer tissue where it performs roles in epithelial cell adhesion and
trophoblast cell invasion (Yap et al., 2010), two processes known to be important in
cancer development and may explain why it is upregulated in SP-treated normal

Cervix.

Although PTGS-2 can induce IL-11 in breast cancer cells (Singh et al., 2006), PTGS-2
was nhot involved with the SP induction of IL-11 in WT Hel a cells, thus suggesting its
regulation is by other means in the cervix. Along with IL-6, IL-11 was shown to be
greatly upregulated in the development of gastric tumours in mice and this was found
to correlate with activation of STAT3 (Howlett et al., 2005) while Jackson and
colleagues showed in human gastric cancer tissue that IL-6 expression coincided with
the activation of STAT3 and ERK1/2. Results here show that SP induced IL-11 by
several signalling mechanisms, including TGF-f and this result was confirmed by
Kang and colleagues (2005) by using a mouse model of high bone-metastatic activity
and revealed that IL-11 induction was closely involved with TGF-B by means of Smad
mechanisms which are strongly implicated in tumour progression. These findings
implicate the SP-induced upregulation of IL-11 in promoting the development of
cervical cancer in sexually active women by being able to encourage cell growth and

tissue invasion.

It is therefore suggested that the mechanisms already in operation to sustain tumour-
promoting events such as inflammation and angiogenesis are dependent on increased
expression of pro-inflammatory mediators such as IL-6, IL-8 and IL-11. The
expression of the chemokines contained within SP, in addition to the levels induced by
the prostaglandins and other activator molecules contained within SP, act upon the
cervical microenvironment in an autocrine and paracrine manner to promote cervical

tumourigenesis and these pathways are central with PTGS enzyme activation.
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6.2.3 Upregulation of Pro-angiogenic Factors in Response to SP Treatment

Angiogenesis supports tumour growth and progression in al cancers since it
stimulates vasculature development to provide the tumour with essential nutrients and
oxygen (Racia et al., 2009). Soslow and colleagues (2000) previously demonstrated
that upregulation of PGTS-2 can activate angiogenesis and data from this study
displays that SP treatment can induce the upregulation of PTGS-2. Enhanced
expression of PTGS-2 has also been shown to induce pro-angiogenic factors such as
VEGF, IL-6 and IL-8 and produces prostaglandins that have both autocrine and
paracrine effects on proliferation and migration of endothelial cells (Tsujii et al., 1998;
Mazhar et al., 2005). Evidence therefore suggests that SP can induce angiogenesis by
stimulating the production of PTGS-2 and also by increasing the regulatory growth
factor VEGF.

Although the machinery whereby SP enhances angiogenesis is unclear, severa studies
have previously shown that VEGF influences blood vessel size and therefore have an
impact on the angiogenic process in cervical cancer (Racia et al., 2009; Guidi et al.,
1995; Cheng et al., 1999). Research performed by Wei and colleagues (2003)
demonstrated that VEGF-dependent angiogenesis promoted cervical tumour growth
through IL-6 induction whereas a previous in vitro study from our laboratory has
shown that SP increases the expression of VEGF in cervica carcinoma cells via the
PTGER4-mediated activation of extracellular signal-regulated kinase 1/2 and
highlights that SP can activate VEGF to potentially enhance or sustain cervical
tumourigenesis (Muller et al., 2006).

Gro-a is another growth factor that was seen to be upregulated by SP treatment in this
study. Gro-a is known to be contained within SP and is also capable of stimulating
cytokine recruitment in endothelail cell cultures as well as regulating inflammation
(Rajasekaran et al., 1996; Ochsenkuhn et al., 2008). Work undertaken by Wang and
colleagues (2006) found that increased expression of Gro-a induced microvascular
endothelial cell migration and tube formation of colorectal adenocarcinoma cells
following its activation by PGE, and therefore upregulation of this pro-angiogenic

chemokine can promote angiogenesisin colorectal cancer.

200



Chapter 6 Discussion and Conclusions

The data produced in this study suggests that properties contained within SP can
trigger unabated angiogenesis in cervical cancer by enhancing the production of
PTGS-2, VEGF and Gro-a. The inhibitor for PTGS-2 (NS-398) significantly reduced
the SP-activated induction of VEGF and Gro-a and thereby confirms the central
involvement of PTGS-2 in mediating the transcriptional activation of these pro-
angiogenic factors. The upregulation of VEGF and Gro-o was also found to be
mediated by NF-kB signalling and constitutive activation of this pathway is involved
various forms of cancer such as colon and ovarian (Rayet and Gelinas, 1999). NF-kB
signaling is implicated as a mediator of growth regulatory signals in breast and
prostate cancer cells and regulated by EGFR activation in colorectal tumours (Hoshiya
et al., 2003; Brandi et al., 2008). Moreover, Karl and colleagues (2005) demonstrated
that NF-xB activation was involved in pro-angiogenic signalling in head and neck
tumours through its association with the anti-apoptotic protein Bcl-2 and upregulation
of pro-angiogenic factors Gro-o and 1L-8 and the same mechanisms may be playing a

part here to promote SP-induced angiogenesis in the cervix.

In addition, TGF-B signalling was shown to play a partial role in mediating the
transcriptional activation of SP-induced Gro-a. Work carried out by Bierie and
colleagues (2009) recently showed that aberrant TGF-B signalling is linked to poor
prognosis in human breast cancer as a consequence of enhanced chemokine production
and is attributed, at least in part, to TGF-p regulated activation of Gro-a as well as
CXCL5 and macrophage inflammatory protein-3A (MIP3A). Therefore, TGF-
signalling that promotes Gro-o expression in breast cancer may be applicable to SP-
mediated cancer growth in the cervix. Although TGF-f signalling pathways have been
shown to be modified in human cancers during tumour progression and metastasis,
processes in which VEGF is centraly involved (Bierie and Moses, 2006), VEGF
induction seen here was not found to be dependent on TGF-$ and this mechanism of
activation may only be engaged in the later stages of the disease and not the initia
onset that isimplicated with SP exposure.

Taken together, these findings suggest that SP may promote cervical tumourigenesis
by inducing the transcripitional activation of EGFR, MAPK/ERK, NF-kB and TGF-j
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signadling as well as upregulating postanoid signalling and the overexpression of
PTGS-2 which creates a positive feedback loop to further increase prostaglandin
synthesis. As a result of this SP-induced signalling, pro-inflammatory cytokines and
pro-inflammatory factors such as IL-6, IL-8, IL-11, Gro-a and VEGF can act in an
autocrine and paracrine manner to promote cell growth, angiogenesis and cellular
proliferation in adjacent cervical tissue as depicted in Figure 6.1.
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Figure 6.1 Autocrine and paracrine regulation of SP on PTGS-2 and prostaglandin receptors
and possible downstream effects on cervical carcinoma development. SP is synthesized by the
PTGS-2 enzyme pathway and activates a few of the cognate receptors PTGER1-4 in epithelial
cells from the cervix to initiate target gene expression such as PTGS-2, VEGF, Gro-a, 1L-6,
IL-8 and IL-11 genes. Thereafter, PTGS-2 can auto-regulate a positive feedback loop to
activate further prostaglandin signalling and further enhance PGE; levels while VEGF, Gro-a,
IL-6, IL-8 and IL-11 can bind to their specific receptors on adjacent cervical tissue to promote

angiogenesis and tumour growth in a paracrine manner.
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6.2.4 Upregulation of Proliferative Marker Ki-67 and Blood Vessel Marker CD31
in Response to SP Treatment

In this study, Ki-67 and CD31 were shown to be upregulated in response to SP.
These markers were employed to determine cellular proliferation and alterations in
vascul ature respectively with both being found to be increased in nude mice xenografts
and WT Hel a cells exposed to SP. In addition, CD31 was shown to be significantly
enhanced in norma cervica tissue following treatment with SP for 24 hr. Severa
studies have attempted to incoroporate the use of markers such as Ki-67 and CD31 for
prognostic use in patients with carcinoma of the cervix and this may pose as a useful
adjunct for predicting clinical outcome in the future (Mazibrada et al., 2008; Leung et
al., 2004). In addition to Ki-67 and CD31, SP aso induced the upregulated expression
of IL-6 and VEGF in normal cervix, nude mice xenografts and WT HelLa cells and this
is supported by data published by Takano and colleagues (1996) whose group
ascertained that high levels of IL-6 exist in cervical cancer samples whilst Cheng and
colleagues (1999) focused on the expression levels of VEGF in patients with cancer of
the cervix and determined that the intratumoral protein level of VEGF correlated with

local tumour progression and tumour metastasis.

The upregulation of Ki-67, CD31, IL-6 and VEGF in carcinoma of the cervix is in
agreement with the findings of Mazibrada et al., (2008); Leung et al., (2004); Takano
et al., (1996) and Cheng et al., (1999) who found that these pathological characteristics
of cervical cancer were significantly increased in their respective studies. Other work
by Handra-Luca and colleagues (2003) revedled Ki-67 expression in human salivary
gland mucoepidermoid carcinoma to be activated via ERK1/2. In this study, the
elevated expression is a direct result of SP exposure. Although the levels of Ki-67,
CD31, IL-6 and VEGF can be correlated with disease progression and likelihood of
survival, the information cannot help patients who have already developed cancer of
the cervix. Seminal plasma is capable of inducing several of the traits associated with
cervical cancer as shown here, but could become a useful tool if employed in studies
amed at identifying factors associated with the onset of the disease to enable early
detection.
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Furthermore, recently published data by Srivastava et al., (2009) provides a novel
approach for investigating different stages of cervical cancer as the findings suggest
that increased lipid peroxidation (LPO) and reduced antioxidant levels may be taken as
predicitive markers of carcinoma of the cervix and in addition to chemo-radiotherapy,
the administration of antioxidants may delay recurrence. Other work carried out by
Ahmed and colleagues (1999) showed that oxygen free radical levels were raised in
cervical dysplasia and cervical cancer as compared to controls. SP is known to exhibit
varying levels of reactive oxygen species (ROS) (Lissak et al., 2004) and athough
they have a potentia role in normal fertilization (Agarwal et al., 2006), high levels can
damage the spermatozoa and ultimately leads to mae infertility (Aitken, 1994).
However, supplementary evidence has indicated that ROS are involved with initiation
and progression of carcinogenesis and that continued oxidative stress may lead to
various neoplastic transformations (Halliell, 1996; Srivastava et al., 2009).

Taken together, seminal plasma, and in particular semina plasma derived from
infertile men possesses the capability to mediate cervical cancer cell growth by
increasing the production of ROS and oxidative stress (Agarwal et al., 2003; Agarwal
et al., 2006). Unfortunately, markers of these parameters are only examined once the
onset of disease has occurred and athough they may illustrate valuable prognostic
significance, the benefit to patients with ongoing development is minimal. Again this
underlines the need to establish markers that can be correlated to the initial changesin
the cervical microenvironment and halt the cancer from ever developing in the first
place.

6.2.5 Upregulation of Cellular Proliferation in Response to SP Treatment

SP was shown to significantly increase the proliferative index in nude mice
xenografts and in WT Hel a cells as determined by the proliferative marker Ki-67.
Employing WT Hel a cells as our model system also demonstrated that SP has the
potential to increase cellular growth which is a key process required for angiogenesis
and subsequent cancer development. Battersby and colleagues (2007) showed that SP
can increase endothelial cell proliferation and migration by inducing expression of the
pro-angiogenic factor FGF2 and this was mediated by c-Src, EGFR and ERK
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signalling as well as PTGER2. Results herewithin display that EGFR, ERK1/2 and
PTGER receptor expression are activated in response to SP stimulation and the
mechanisms operating in response to SP to promote celular growth in the
endometrium could be applied in a similar fashion in order to mediate an increased
proliferative rate in WT Hel a cells. NF-xB signalling is a known mediator of growth
signas in breast and prostate cancer cells (Hoshiya et al., 2003) and its activation
observed in our model cell line system may also be involved in regulating SP-induced

cellular proliferation in the cervix.
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6.3 Animal Model and the Resulting Implications

The results obtained from the in vivo studies showed that SP activated the
upregulation of prostaglandin synthase enzymes and prostanoid signalling, induced the
expression of avast host of pro-inflammatory mediators and pro-angiogenic cytokines
and increased the proliferation index and angiogenesis as determined by Ki-67 and
CD31 respectively. It was then decided to use MF-1 nude mice as an animal model
system in an attempt to see whether these same target genes were induced by SP in

ViVO.

The findings confirmed the results generated in vitro by demonstrating that SP induced
faster tumour growth and increased tumour size of WT Hel a cell derived xenografts
and this was made further evident by enhanced expression of Ki-67. In addition SP
activated the upregulation of PTGS-1, PTGS-2, PTGER receptor signaling, IL-6, IL-
11, VEGF and augmented angiogenesis as determined by the over-expression of
CD3L1. Other in vivo studies have shown SP to activate the expression of severa pro-
inflammatory cytokines and chemokines in uterine epithelial cells of mice and pigs and
include IL-1A, IL-1B, IL-6 IL-8, PTGS-2 and Gro-f (Robertson et al., 1992;
Robertson et al., 1996; O’ Leary et al., 2004). The upregulation of these factors amplify
the actions of seminal plasma chemotactic agents which can result in changes in
vasculature and enhance the inflammatory response by activating macrophage
recruitment (Sharkey et al., 2007). As seen here in our anima model system, the
culmination of SP inducing the upregulation of these pro-inflammatory cytokines and
pro-angiogenic factors is to promote vasculature aterations that resultantly increases
tumour growth and tumour size. The implication of these findings suggest that SP has
the potential to exacerbate local pathologies in cervical epithelium and throughout the
female reproductive tract by regulating the production of inflammatory cytokines to
promote cell growth and tumourigenesis. However, caution must be taken when
analysing animal model data because it is not a true reflection of what happens to the
cervix. Firstly, the mouse is being treated i.p. whereas the cervix is exposed and
secondly, the mode of SP introduction is also likely to be limiting as one route is
systematic whereas the other is local. Nevertheless, this model was used to give an

indication and is a much better model system than using in vitro cell culture.
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6.4 Conclusion

From the findings generated in this study it can be concluded that SP induces
the upregulated expression of PTGS-1, PTGS-2, PTGER1, PTGER3, PTGER4, pro-
flammatory cytokines IL-6, IL-8 and IL-11, pro-angiogenic factors Gro-o. and VEGF
and induce alterations in vascul ature as determined by CD31 in normal human cervica

tissue.

In addition, this study demonstrates that SP enhances cellular proliferation as well as
inducing the expression of PTGS-1, PTGS-2, IL-6, IL-8, IL-11, Gro-o, VEGF and Ki-
67 in WT HelLacells. In order for SP to mediate the transcriptional activation of these
cancer-promoting genes, the use of inhibitors herewithin has found that SP
components act upon several signalling molecules to mediate its effects. Pathways
involving ERK and EGFR are strongly involved in the upregulation of these target
genes and this response is immediate and direct. PTGS-2 is central in not only
mediating the SP-induced activation of the target genes highlighted here, but also in
upregulating itself to form a positive autocrine/paracrine feedback loop leading to
further increases in the expression levels of PTGER signalling, IL-6, IL-8, IL-11, Gro-
a and VEGF. The transactivation of NF-kB signalling can be a direct effect of SP and
as a secondary result of SP-triggered EGFR, ERK and PTGS-2 activation. TGF-3
signaling is also activated by direct and secondary means although its involvement is
to a much lesser extent. Despite evidence showing the importance of ERK, EGFR,
PTGS-2 and NF-kB activation in mediating the pro-inflammatory and pro-angiogenic
effects of SP, other signalling apparatus appears to be required.

Moreover, this study confirmed that SP promotes increases in tumour growth and
tumour size in nude mice xenografts in vivo. Further results show that SP-treated
xenografts also displayed significantly enhanced expression of PTGS-1, PTGS-2,
PTGERL, PTGER2, PTGER4, IL-6, IL-11, VEGF, the proliferative marker Ki-67 and
angiogenic marker CD31 when compared to the controls. The consequentia increase
in proliferation index and changes in vasculature highlight the potential of SP to

augment the cervical microenvironment to favour tumour growth.
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Taken together, these data suggest that SP may directly modulate cervical tumour
growth by increasing the production of PTGS-1, PTGS-2 and prostanoid receptor-
ligand binding, which in turn generates vast increases in complex cell signalling. The
subsequent activation of ERK and EGFR are the primary mechanisms involved,
although, SP also mediates its effects via PTGS-2, the NF-xB pathway and to a lesser
extent TGF-B. The outcome is the recruitment of inflammatory mediators, pro-
angiogenic factors, chemokines and prostaglandins, all of which can act upon epithelial
cells to promote favourable conditions for cancer growth. This is conveyed by means
of changes in tissue vasculature to increase the supply of oxygen and nutrients to the
tumour, increasing cellular proliferation to aid quicker tumour growth and an
irregulated inflammatory response that calls upon unrequired inflammatory cells which
happen to be strong participants of the neoplastic process, al resultantly combining to

enhance tumour mass and support cervical tumourigenesis.
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6.5 Future Studies

At present, there are many studies which have been undertaken in an attempt to
determine the underlying causes responsible for the development and progression of
cervical cancer. There is also a multitude of data available which has scrutinized the
components of seminal plasma and shown the gaculate pool to exhibit powerful
immunosuppressive properties (Kelly et al., 1995; Robertson et al., 2005). Current
findings suggest that multiple sexual partners and sexual habits are important factorsin
the development of cervical cancer (Herbert and Coffin 2008), therefore implying that
exposure to SP could be central to events which results in disease development.
However, research investigating cervical carcinoma and semina plasma under the

same barometer is somewhat limited.

This study clearly displays that SP exhibits tumour-favouring capabilities through
being able to prime the cervical microenvironment for tumour growth, thus adding
further scope to the growing body of evidence from others as well as within our
laboratory that suggests SP is heavily involved in the promotion of gynaecoligical
malignancies (Sharkey et al., 2007; O’ Leary et al., 2004; Sales et al., 2002b; Battersby
et al., 2007).

To our knowledge, thisis one of the first studies undertaken that has employed the use
of semina plasma in vivo to investigate how SP might induce cervical cancer and
further research of this nature would be most helpful in trying to ascertain the
importance of SP in cervica tumourigenesis. In continuing in line with our work,
future studies that could be carried out would employ the same inhibitors used to
identify SP-activated signalling pathways in WT HelLa cells and see whether these
pathways are also operated upon by SP in human cervical tissue. In addition, using
inhibitors in combination would determine whether these signalling molecules reside
in the same pathways, and if not, their effect is an additive one. Furthermore,
antagonists for various receptors could be utilized to ascertain which receptors mediate
SP responses in human tissue and WT Hela cells as a modedl system. Other studies
could attempt to try and determine whether pathologies arising from particular strains

of HPV are more susceptible to augmentation by SP exposure and sub-Saharan Africa
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would be an idea location for human tissue sample collection due to the high
prevalence of cervical cancer cases and the multiplicity of strains that exist within
these populations. Research intent on identifying cervical tumour markers such as Ki-
67 and CD31 may provide welcomed diagnostic and prognostic value to the clinic but
performing microarray studies to determine what other genes can be upregulated by SP
and identifying whether any of these are involved in metastasis may also be of

significant benefit.
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APPENDIX A

Commonly Used Buffers and Solutions

Tissue Culture

Complete Medium
for HelLa Cells:

Serum Free
Medium for HelLa
Cells:

Complete Medium
for HUVECs:

Serum Free
Medium for
HUVEC:s:

Medium for
Cervical Tissue
Treated with
Seminal Plasma:

Dulbecco’s Modified Eagles Medium (DMEM) Glutamax F-12
supplemented with (10%) (v/v) fetal bovine serum (FBS), (100
U/ml) penicillin and (100 pg/ml) streptomycin.

Dulbecco’s Modified Eagles Medium (DMEM) Glutamax F-12
supplemented with (10%) (v/v) (100 U/ml) penicillin and (100

pg/ml) streptomycin.

Endothelial Basal Medium (EBM-2) supplemented with 2%
fetal bovine serum (FBS) and Endothelia Growth Medium
(EGM-2) containing growth supplements; VEGF, FGF, PDGF,
IGF, EGF, ascorbic acid, heparin and gentamycin.

Endothelial Basal Medium (EBM-2) supplemented with 1%
fetal bovine serum (FBS) and the addition of ascorbic acid and
gentamycin.

Dulbecco’s Modified Eagles Medium (DMEM) Glutamax F-12
without any supplements.

Immunohistochemistry

Citrate Buffer
(0.1M):

0.5M Tris-HCI
stock x10:

0.05 M TBS:

Peroxidase
Blocking
Solution:

42.02g Citric Acid Monohydrate
900ml Distiller Water

pH to 5.5 using concentrated NaOH
Makeup to 2L and pH t0 6.0

121.14g Tris(Hydroxymethyl)methylamine
2L Distilled Water
pH to 7.4 using HCI

100ml 0.5M Tris-HCI
900m! Distilled Water
8.5g Sodium Chloride

30ml of 30% (3% v/v) Hydrogen Peroxide
270ml Methanaol
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Blocking 2ml non-immune serum
Solution: 8ml PBS
0.5g BSA
Protein
Lysis Buffer: 150mM NaCl
10% Glycerol

0.6% (v/v) NP-40

50mM Tris/HCI pH 7.4

10mM EDTA

(add protease inhibitor cocktail tablet prior to use)

Running Buffer: 25mM Tris-HCI
0.2M Glycine
0.1% SDS

Loading Buffer: 125mM Tris-HCI pH 6.8
4% SDS
20% Glyceroal
5% 2-mercaptoethanol
0.05% bromophenol blue

Transfer Buffer: 25mM Tris-HCl
0.192M Glycine

20% Methanol
Tris Buffered 50mM Tris-HCI
Saline (TBS): 150mM NaCl pH 7.4

Western Blotting

Citrate Buffer 42.02g Citric Acid Monohydrate
(0.1M): 900ml Distiller Water
pH to 5.5 using concentrated NaOH
Make up to 2L and pH to 6.0

0.5M Tris-HCI 121.14g Tris(Hydroxymethyl)methylamine

stock x10: 2L Distilled Water
pH to 7.4 using HCI
0.05 M TBS: 100ml 0.5M Tris-HCI
900ml Distilled Water
8.5g Sodium Chloride
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