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Abstract

Cervical cancer is the second most common cancer in women and is caused by a
persistent infection of the cervical epithelium by the Human Papilloma Virus (HPV). Adherens
(AJ) and tight junctions (TJ) play a key role in maintaining the apical-basolateral polarity and
cohesive structure of epithelial cells. These junctions are maintained by the interaction of
several key proteins including, claudins, catenins, cadherins and SNAIL. This study aims to
identify the expression profile of several AJ and TJ proteins and to identify and genotype HPV
DNA in several cases of cervical neoplasia. This study also aims to investigate the pathogenesis

of aberrant AJ and TJ expression using cell based models.

This study utilised a PCR based method to detect and genotype HPV DNA in 126
formalin-fixed paraffin embedded tissue samples. In tandem, tissue microarrays were produced
from cervical biopsy samples and utilised to immunohistochemically examine the expression of
several AJ and TJ proteins. The Hela cervical cancer cell line was transfected with plasmids
containing claudin-1 and claudin-7 genes to generate cell lines stably expressing claudin-1
claudin-7 respectively. Knockdown of SNAIL expression was performed in the SiHa cervical

cancer cell line.

An aberrant expression profile of AJ and TJ proteins was observed in cases of cervical
neoplasia with increased expression of claudin-1, claudin-7, N-cadherin p120-catenin, SNAIL
and decreased expression of E-cadherin compared to normal cervical epithelium. HPV DNA was

detected and genotyped in 60 cervical tissue samples. HPV-16 was the most prevalent subtype,



and was the subtype most associated with aberrant AJ and TJ expression. Knockdown of SNAIL
expression had no effect on E-cadherin expression in SiHa cells while overexpression of claudin-

1 and claudin-7 suppressed cellular motility in vitro, and decreased permeability in Hela cells.

This study identified aberrant expression of several Al and TJ proteins which may be of
potential use as biomarkers in the identification of pre-invasive cervical lesions. This study also
identified that claudin-1 and claudin-7 overexpression in Hela cells reduced cell migration and
increased TEER values. This indicates the acquisition of invasive and metastatic properties in

malignant cells is likely reliant on the synergistic interaction of several AJ and TJ proteins.
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1. General Introduction

1.1 Cervical cancer overview

Cervical cancer is a malignancy that develops in the epithelium lining the cervix. This
epithelium consists of two major subtypes, a simple columnar type in the endocervix, and the
stratified squamous epithelium in the ectocervix. Squamous cell carcinoma arising from the
stratified squamous epithelium is the most common cervical malignancy, accounting for
approximately 85% of cervical malignancies. Adenocarcinoma, derived from the simple
columnar epithelium, constitutes around 10% of cervical malignancies with the remaining 5%
consisting of adenosquamous and other rare tumour types [1]. Cervical cancer develops from
precursor lesions called cervical intraepithelial neoplasia (CIN), also termed squamous
intraepithelial lesions (SIL), which may progress to invasive carcinomas or may also regress to
normal epithelium. The introduction of cervical screening programmes, to detect these
premalignant lesions before they develop into invasive carcinomas, has greatly reduced the
incidence of cervical cancer. Indeed, it has been shown that in countries with established
systematic screening programmes, the number of cervical cancer deaths has been reduced by

around 70% [2]

One of the most important discoveries in the aetiological investigation of cervical cancer
over the last 25 years has been the demonstration that cervical cancer is caused by the
persistent infection by certain genotypes of the Human Papillomavirus (HPV). The important
role of HPV in the development of cervical cancer is highlighted by the fact that HPV DNA is
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present in 99% of cervical tumours [3]. Based on their association with cervical cancer and
precursor lesions, HPVs can also be grouped to high-risk and low-risk HPV types. Low-risk HPV
types include types 6, 11, 42, 43, and 44. High-risk HPV types include types 16, 18, 31, 33, 34,
35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 70. Of these high risk types, four are most often found
within the malignant cells of cervical cancers, with type 16 accounting for about half of the
cases in the United States and Europe and types 18, 31, and 45 accounting for an additional 25

to 30% of cases [4].
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1.2 The Cervix

The cylindrical lower part of the uterus, the cervix, has a constricted opening at each end; the
os. The internal os is located at the upper end of the cervix and is the opening of the cervix
inside the uterine cavity (Figure 1.1). The external os is located at the lower end of the cervix
and opens into the vagina [5] .The passageway linking the external and internal os is termed the
endocervical canal. The lining of the endocervical canal differs completely from the rest of the
uterine endometrium as it contains large branched glands. The endocervix is lined with a single

layer of columnar, mucin-secreting simple columnar epithelium.

Epoéphoron Uterine . Fundus Uterine  Uterotubal Uterine
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T~ Vestibule of
vagina

Figure 1.1 Diagram of the uterus, including the location of the cervix, the internal and
external os and the cervical canal [6].
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Towards the external os the columnar epithelium is gradually replaced by stratified squamous
epithelium, in an area known as the transformation zone (TZ) or the squamo-columnar
junction. The TZ is the area of the cervical epithelium most likely to be affected by disease [6].
The ectocervix is the portion of the cervix that projects into the vagina and has a convex surface
with an epithelial lining. The epithelium of the ectocervix is non-keratinised stratified squamous
epithelium which is continuous with the squamous epithelium lining the vagina [6]. The
epithelium of the ectocervix consists of several distinct layers of cells (Figure 1.2). Along the
basement membrane are the basal cells which are immature, actively dividing cells with
relatively large nuclei [7]. The layer of cells above this are termed the parabasal and
intermediate layers; with cells in this part of the epithelium showing a recognisable chromatin
pattern and often being vacuolated. In fully mature epithelium, a superficial layer lies above the

intermediate layer, with superficial cells containing small pyknotic nuclei [7].

Superficial layer

Intermediate layer

Parabasal layer

Basal layer

Figure 1.2 Outline of different cell layers found in the stratified squamous epithelium of the
ectocervix. Arrows indicate the position of basal, parabasal, intermediate and superficial cell
layers within the epithelium.
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1.3 Cervical cancer epidemiology

Cervical cancer is the second most common cancer in women worldwide, with
an estimated 528,000 new cases annually, and being responsible for approximately 266,000
deaths in 2012 (WHO 2012). A large majority, around 85%, of the global burden occurs in the
less developed regions, where it accounts for almost 12% of all female cancers, most likely as a
result of the lack of systemic cervical screening programmes in many developing countries [8]
[2]. Eastern Africa has some of the highest incidences in the world, with an age standarised rate
(ASR) of 42.7 per 100,000, meaning in these countries it is the most common cancer in women,
overtaking even breast cancer (WHO 2012). Mortality rates are also highest in developing
countries with 87% of world cervical deaths occurring in these countries. Mortality varies 18-
fold between the different regions of the world, with rates ranging from less than 2 per 100,000
in Western Asia, Western Europe and Australia/New Zealand to more than 20 per 100,000 in

Melanesia (20.6), Middle (22.2) and Eastern (27.6) Africa (WHO 2012).

In Ireland, cervical cancer incidence has an ASR of 15.1 per 100,000 which is above the
EU average of 11.3 and also above the UK (7.9) German (9.8) and Swedish (8.6) average.
Cervical cancer incidences in are Ireland are similar to Poland (15.3), Denmark (12.1), and
Croatia (12.1) (WHO 2012) (Figure 1.3). The highest incidences in Europe are found mostly in
eastern European countries such as Romania, Bulgaria and Serbia which all have an ASR above
20.6 (Figure 1.3). The mortality rate in Ireland at an ASR of 4.3 per 100,000 people is above the
EU average of 3.7 and the same as both the Czech Republic and Croatia (WHO 2012). In Europe

the lowest mortality rates are found in the UK, Germany, Iceland and Finland, with rates in
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these countries all below 2.5 per 100,000 (Figure 1.3). The highest mortality rates in Europe are
found mostly in the east, with Russia, Ukraine and Romania all having mortality rates above 7.5

per 100,000 (Figure 1.3).

The recent introduction of vaccines against HPV should help significantly reduced the
incidence of cervical cancer in countries with properly implemented vaccination programmes.
Early studies show that HPV vaccination, recommended for both women and men between 9-
26 years old who have not previously been exposed to HPV, has the potential to significantly
reduce the rate of cervical cancer worldwide [9]. Two main vaccines are currently available,
Gardasil and Cervarix. The Gardasil vaccine is produced by Merck & Co., Inc. and protects
against two low risk (6 and 11) and two high risk (16 and 18) HPV subtypes. The Cervarix
vaccine is produced by GlaxoSmithKline and offers protection against high risk HPV types 16
and 18. The vaccines have been shown to provide protection against persistent cervical HPV
16/18 infections for up to 8 years, which is the maximum time of research follow-up thus far
[10]. Both vaccines are based on virus like particles (VLPs) that are composed of the viral L1
proteins, which is the main capsid protein of the virus, and elicits a strong immunogenic

response in the host immune system [11].
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Estimated incidence and mortality from cervical cancer, 2012
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Figure 1.3 Comparison of European estimated cervical cancer incidence and mortality for
2012 (WHO 2012).

The highest incidence and mortality rates in Europe are mostly found in eastern European
countries such as Romania, Lithuania and Bulgaria. Ireland has higher rates of incidence and
mortality than the EU average and of other western european countries such as the UK, France
and Germany.
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1.4 Papillomavirus background

Papillomaviruses are members of the Papillomaviridae family, which consist of a vast
group of DNA viruses that infect a wide array of animals, in a species specific manner [12].
Papillomaviruses nomenclature divides the family into genus, species, types, subtypes and
variants [12]. There are 16 genera in the Papillomavirus family, each genus is designated a letter
from the Greek alphabet e.g alpha-papillomaviruses, beta-papillomviruses etc. [13] The most
clinically important HPV types are contained within the alpha-papillomavirus genera (Figure
1.5). Different genera share less that 60% nucleotide homology in the Late gene 1 (L1) and less
than 43% sequence homology in the full length genome [13]. Contained within the 16 genera
there are 44 species. Species within genera have between 60 and 70% sequence homology in
the L1 gene. Each species is identified by a number, with each genus containing a varying
number of species. Within a species there may be several types which not only have a large
degree of genetic similarity, but also usually share biological and pathological properties.
Specific types are usually named after the host species they infect, such as Bovine
Papillomavirus or Canine Oral Papillomavirus [12]. When more than one distinct isolate of
papillomavirus occurs in a single host, each isolate is assigned a number, e.g. Human
Papillomavirus type 1, Human Papillomavirus type 2 etc. In order for a papillomavirus to be
defined as a specific type, it must have less than 90% L1 sequence homology with any other
papillomavirus type [13]. Subtypes are defined as being between 2-10% divergent in the L1
gene from a known PV type. An example of this is HPV-55 genome which is 95% homogenous to
the HPV-44 genome and therefore is classified as a sub-type of HPV-44. Lastly, variants differ in

their genomic sequence by less than 2% from another papillomavirus type [13] [14].
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