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CHAPTER 1

General Introduction



1.1 Foreword

In recent decades, the number of cases of sexually transmitted infections (STIs) has
risen globally (WHO, 1995). STIs are a significant cause of morbidity and mortality
worldwide, particularly in women. The Acquired Immunodeficiency Syndrome (AIDS)
pandemic has generated much interest in other STIs most notably because of their
contributory role in the pathology of this disease. While the majority of cases of STI are
at the acute or subacute level, adverse disease outcomes such as carcinogenesis and
debilitating reproductive disorders may be associated with a minority of cases, in

particular infections with Human Papillomavirus (HPV) and Chlamydia trachomatis.

Cervical cancer is one of the most common cancers in women worldwide causing over
200,000 deaths annually (Wick, 2000). Early epidemiological studies of cervical
neoplasia suggested a direct causal relationship with sexual activity (Munoz and Bosch,
1996). Viruses directly contribute to approximately 15% of all human cancers, with
hepatocellular cancer and cancer of the cervix making up about 80% of all

virus-associated cancers. After cigarette smoking, viral infections are the second most
important risk factor for the development of cancer (zur Hausen, 1991). Over the last 20
years a number of sexually transmitted viruses including HPV, Epstein-Barr virus
(EBV), Cytomegelovirus (CMV) and Human Herpes Viruses (HHV) and the
components of semen were proposed in the quest for the identification of possible
venereally transmitted carcinogens, however only HPV was found to have any
significant association with cervical cancer. A German virologist, Harold zur Hausen,
first demonstrated the link between genital HPV infections and cervical cancer in the
1980°s. There is now compelling evidence, both molecular (Southern and Herrington,
1998) and epidemiological (Munoz, 2000) that persistent HPV infection is a necessary

cause of cervical cancer worldwide. In 1995, the International Agency for Research on



Cancer (IARC) concluded that there was sufficient evidence to classify HPV types 16
and 18 as definitive human carcinogens (Vainio ef al, 1995). Results of an IARC study
on the prevalence of HPV in invasive cervical cancer found that overall, 99.7% of 1,000
cases of histologically confirmed invasive cervical cancers were HPV DNA positive
(Walboomers ef al, 1999). C trachomatis infections are a leading cause of infertility and
ectopic pregnancy worldwide (Centers for Disease Control and Prevention (CDC),
2005) and are now believed to act as a cofactor in the development of invasive cervical

cancer (Smith ef a/, 2004).

1.2 Human papillomavirus biology

1.2.1 Classification

Papillomaviruses are members of the recently declared Papillomaviridae family (de
Villiers ef al, 2004) They are ubiquitous and have been identified in a large variety of
animals including humans and are specific for their respective hosts. More than 200
types have been identified that infect humans with over 85 types well characterised.
One hundred and twenty isolates have been characterised as potential new genotypes
based on their DNA sequences (zur Hausen, 1999). HPVs infect the basal epithelial
layers of the skin or the mucosal surfaces and as such can be classified as either
cutaneous or mucosal. Cutaneous types are epitheliotrophic and commonly infect the
skin of the hands or feet, while mucosal types infect the lining of the mouth, throat,
respiratory tract or anogenital epithelium. HPV can be classified into high-risk and low-
risk types based on their association with cervical cancer. High-risk types include types
16, 18, 31, 33, 34, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68, and 70, while low-risk types
include types 6, 11, 42, 43, and 44 (de Villiers er al, 2004). High-risk types have
recently been implicated in cancers other than cervical cancer including prostate and

nose and throat cancers (Carozzi ef al, 2004; Syrjanen, 2005).



Figure 1.1. Electron micrograph of an HPV virion particle

1.2.2 HPV structure

HPVs are small non-enveloped double-stranded DNA viruses with an icosahedral
structure composed of 72 capsomers. Each capsomer is a pentamer of the major capsid
protein L1 (M, 53,000-59,000), (Baker et al, 1991), and each virion contains
approximately 12 copies of the minor capsid protein L2 (M, 70,000), (Sapp ef al, 1995).
Each virion is approximately 55 nm in diameter and they are said to somewhat resemble

a golf ball on using electron microscopy (Figure 1.1).

1.2.3 HPV genome

The HPV genome is approximately 7.9 kb in size and is organised into a single
molecule of circular double stranded DNA with its associated histones (Favre ef ai,
1975) (Figure 1.2). The genome is functionally divided into three major regions. The
first of these is the upstream regulatory region (URR). This is a highly-variable non-
coding region of 400 to 1000 bases containing the p97 core promoter and enhancer and
silencing sequences that are necessary for regulation of expression. The coding region
of the genome is divided into two major parts: the early region and the late region. The

early region contains genes El, E2, E4, E5 E6 and E7. The EI and E2 genes are



involved in viral replication and maintenance. E1 encodes a helicase which is involved
in the unwinding of the duplex DNA and in bringing the DNA polymerase to the origin
of replication where E1 complexes with E2 to initiate replication (Desaintes and
Demeret, 1996). E2 also acts as a transcriptional repressor of E6. The E4 protein
functions as a fusion protein with E1 later in the HPV life cycle. It is found localised in
the upper layers of the epithelium prior to release of viral particles from the epithelial
surface. In HPV16 transformed cell lines the E17E4 fusion protein has been associated
with disruption of the cytokeratin intermediate filament network, possibly to allow
virion particles exit the cell (Wang ef al, 2004). The ES gene product interacts with cell
membrane growth factors and is thought to play a role in the transformation process
(Straight er al, 1995). The E6 and E7 proteins are the major transforming proteins
(Herrington, 1994). The late region is expressed in later stages of the life cycle and
encodes the L1 and L2 structural proteins, which make up the viral capsid (Doorbar,

2005).

0 1000 2000 3000 4000 5000 6000 7000 8000

Figure 1.2. Molecular organisation of 7.9 kb HPV genome. E represents the early

genes and L represents the late genes

10



1.2.4 HPV life cycle

As HPVs are epitheliotrophic their life cycle is closely linked to squamous cell
differentiation (Bedell ef al, 1991). In the cervix initial infection occurs through small
abrasions in the tissue or during metaplasia of the transformation zone allowing the
virions to access the basal epithelial cells. Entry of HPV6 is thought to occur via the
cellular receptor alpha-6 integrin present on the surface of the basal epithelium
(Evander ef al, 1997). HPV16 and HPV33, like many other viruses attach to host cells
via cell surface heparan sulphate, possibly stabilised by another cell surface receptor or
proteoglycans (Giroglu er af, 2001). The viral genome remains at low copy numbers
replicating its DNA, on average once per cell cycle, in the basal epithelium until the
infected cell reaches the upper layers where vegetative replication occurs (Flores and
Lambert, 1997). Events culminating in the release of viral particles in the late phase are
not well understood but are thought to involve the differential-dependant regulation of
expression from the viral promoters (Ozbun and Meyers, 1998). The cytological effects
of this type of infection are koilocytosis, nuclear enlargement, multinucleation and/or
dyskaryosis. This type of infection manifests itself clinically as anogenital warts or as
low-grade lesions. Such lesions may regress, persist or progress to cancerous lesions.
Non-permissive transformable infections occur when viral replication and release of
progeny do not occur. Viral DNA can persist extra-chromosomally or by integration
into the host genome at fragile sites (Popescu and DiPaolo, 1989). The site of
integration into the host genome is not consistent but the breakpoint in the viral genome
often occurs within the E2 ORF and sometimes within the E1 gene. This causes loss of
function of these genes, in turn removing the transcriptional repression of E6/E7
causing upregulation. E6 and E7 gene products cause immortalisation of cells in vitro
and during prolonged passage of these cells further genetic changes occur which are

necessary for progression to the malignant state (Munger ef al, 1989; Solinas-Toldo ef

i1



al, 1997). Because of their small genome size, HPVs do not encode essential replication
proteins and so must subvert host regulatory factors such as cyclins and cyclin-
dependant kinases, cyclin inhibitors and cell cycle associated proteins, resulting in
altered cell cycle control. Cells that have left the cell cycle are restimulated and cells
containing damaged DNA are allowed to progress through the cell cycle resulting in the

accumulation of genetic abnormalities.

1.3 Epidemiology and pathogenesis of HPV infections

1.3.1 Clinical manifestations of HPV infections

The clinical outcome of a HPV infection is largely dependant on the infecting HPV type
involved. Sexually transmitted HPV infection leads to one of three possible results.

(i) The first is the benign condition of anogenital warts. These are generally associated
with types 6 and 11 and are found in both men and women. These are often
asymptomatic and may regress over a period of 3-4 months, increase in size and number
or remain the same. Anogenital warts can be treated by clinical procedures such as
ablation or excision or by the application of chemical agents such as 0.5% podophyllin
or 0.5% imiquimod.

(ii) The second result is latent or inactive infection. This type of infection is often
asymptomatic with the infected area remaining cytologically normal. It is estimated that
high-risk HPV16 or 18 is present in approximately 10% of women with cytologically
negative Pap smears (Arora ef al, 2005).

(iti) The third possible clinical outcome is active infection. This is associated with high-
risk HPV types and is the type of infection involved in the production of peniie,
urethral, bladder, prostate, vaginal, vulvar and cervical neoplasia. The risk of
progression of disease is greater for HPV types 16 and 18 than for other high-risk HPV

types (Khan ef af, 2005).
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1.3.2 Epidemiology of HPV infections

HPV is considered to be an ubiquitous presenting organism (Helmerhorst and Meijer,
2002) and estimates of the prevalence of the organism in the general population range
from 2% to 44% worldwide (Bosch and de Sanjose, 2003) depending on the age of the
population studied and on the diagnostic test used. A recent study conducted in
Scotland, found an overall HPV prevalence of 20.5% in women with a mean age of 36.6
years attending routine cervical cytological screening and a prevalence of 15.7% for
high-risk infection only (Cuscheiri et a/, 2004). The prevalence of HPV infections is
highest among young women and falls with age (Schiffman, 1992). Some studies have
reported a second peak in prevalence in women over the age of 35 (Herrero et al, 2000;
Giuliano ef al, 2005; Rassu et al, 2005). Possible reasons for this may be reactivation of
latent virus, inability to clear new infections or they may represent persistent infections.
Oncogenic HPV types are more common than non-oncogenic types (Giuliano ef al,
2002; Richardson ef al, 2003). A worldwide study by Munoz ef al/ (2003) on HPV
prevalence in nine countries found that HPV16 was the most commonly infecting type

followed by HPV18, 31, 45, 35, 58 and HPV6.

The prevalence of HPV is so high that the chances of a HPV infection are estimated at
80-85% over a lifetime (Jenkins ef al/, 1996). The cumulative incidence of HPV
infection among women aged 15-19 years in England was found to be 44% over a 3
year period increasing to 60% over 5 years (Woodman et @/, 2001). HPV infections may
be transmitted by direct skin-to-skin contact or by transmission via contaminated
fomites, as HPV virions are resistant to heat and desiccation. Vertical transmission has

also been reported (Rintala et af, 2005).
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1.3.3 HPV proteins and oncogenesis

Active viral replication is commonly seen in low-grade lesions and in the benign wart-
like lesions of the condition condylomata acuminata. During active replication the virus
remains episomal in basal nuclei and vegetative viral reproduction occurs only in the
squamous epithelium undergoing terminal differentiation. Low levels of expression of
viral mRNA are seen in the basal layers with increased levels of E6 and E7 mRNAs
being produced in the differentiated layers (Durst et al, 1992; Stoler et al, 1992).
Replication of the HPV genome begins with the interaction of host cell factors with the
upstream regulatory region (URR) of the HPV genome. Integration of the viral genome
into the host genome is seen in most invasive cancers and in high-grade lesions (Klaes
et al, 1999). Deregulation of critical cellular genes is thought to be as a result of
insertional mutagenesis, although HPV integration sites are randomly distributed over
the host genome (Wentzensen ef al, 2004). Integration of the HPV genome also results
in an interruption of the E2, frequently of the E1 and partial deletion of the E4, ES and
L1 and L2 genes. The E6 and E7 proteins subvert cell growth regulatory pathways. It
has been shown that disruption of intergenomic regulation leads to dysregulation of
viral E6/E7 transcription and increases the immortalisation capacity of high-risk viral
types. As the E6 and E7 gene products are produced, tumour suppressor proteins, cell
cyclins and cyclin-dependant kinases become deregulated (Southern and Herrington,
2000). Both E6 and E7 are needed for induction and maintenance of the transformed
phenotype, particularly by interference with apoptosis and cell cycle control. The
normal cell cycle is governed largely by two major proteins the tumour suppressor
protein p53 and the retinoblastoma gene product, pRB. The normal functions of p53
include governing of G1 arrest, apoptosis and DNA repair. The high-risk HPV E6
protein complexes via a cellular protein, E6-associating protein (E6-AP) and binds to

and targets p53 for rapid degradation by the ubiquitin-ligase mechanism (Thomas ef af,
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1999). Thus the normal functions of p53 are abrogated. Low-risk HPV types do not
bind p53 at detectable levels and have no effect on p53 stability in vitro. E6-mediated
interferences with p53 functions together with inactivation of pro-apoptotic protein Bak
to prevent cells from undergoing apoptosis, resulting in genetic instability and the

accumulation of genetic abnormalities (Thomas and Banks, 1999)

The HPV E7 gene product binds to the hypophosphorylated form of the RB family of
proteins including pRB, p107 and p130 (Dyson et al, 1989; Davies ef al, 1993) thereby
interfering with their control over the G1/S transition of the cell cycle. Preferential
binding of the E7 oncoprotein to pRB causes the release of E2F transcription factor, cell
cycle progression and the loss of regulation of E2F responsive genes (Chellappan ef af,
1992). Inactivation of pRB by E7 can be identified by a permanent upregulation of its
inhibitor p16™* As p16"* expression is regulated by a negative feedback loop,
continuous inactivation of pRB results in elevated levels of p16™* expression, as seen
in cervical intraepithelial neoplasia and cervical carcinomas (Klaes er af, 2001). The
outcome is cellular DNA synthesis and cell proliferation. The E7 protein from low risk
HPYV types binds with decreased affinity to pRB. High-risk E7 proteins also bind to
cellular proteins independent of the RB family. Increased levels of cyclin E and cyclin E
associated kinases are seen in E7 expressing cells, these are thought to phosphorylate
cyclin E regulated targets (Duronio ef al, 1996). The E7 protein binds cyclin A, but the
mechanisms involved are unknown (Arroyo ef al, 1993). The E7 protein also binds the
cyclin dependant kinase inhibitor proteins p21 and p27 (Demers et al, 1996; Zerfass-
Thome ef al, 1996). HPV E7 prevents p21 from inhibiting both proliferating cellular
nuclear antigen (PCNA)-dependant DNA replication and cyclin E/CDK2 activity (Funk

et al, 1997; Jones et al, 1997).
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The ES5 protein causes increased mitogen activated protein kinase (MAP-kinase)
activity (Crusius ef al, 2000), which enhances cellular response to growth and
stimulating factors. As a result of uncontrolled cellular proliferation the host cell
accumulates more and more damaged DNA that cannot be repaired. Eventually

mutations accumulate that lead to fully transformed cells.

1.4 Risk factors for the development of cervical cancer

1.4.1 Sexual behaviour and age

The most important risk factor for the acquisition of high-risk HPV infection is the
number of sexual partners (Deacon ef a/, 2000, Kjaer ef al, 2001). Condom usage may
not adequately protect an individual as HPV infections can be transmitted by contact

with infected labial, scrotal and anal tissues that are not protected.

Young age at first sexual intercourse is also an important factor in determining risk of
HPV infection (Burk er al 1996a; Adam er al, 2000). A large proportion of women and
men are infected by the age of 30 years (Kjaer et af, 2000). Most cervical cancers arise
at the squamocolumnar junction of the cervix. This is an area of high metaplastic
activity where the columnar epithelium of the endocervix meets the squamous
epithelium of the ectocervix. The greatest risk of HPV infection coincides with greatest
metaplastic change. Greatest metaplastic activity occurs at puberty and during
pregnancy in particular the first one, and declines after the menopause. HPV infections
are commonly seen in women between the ages of 18 and 30 and there is a sharp
decrease in the prevalence after 30 years of age. However, cervical cancer is most
commonly seen in the 35 plus age bracket suggesting persistent high risk HPV infection

at a young age with slow progression to cancer.
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1.4.2 HPV status and other sexually transmitted infections

The attributable fraction of high-risk HPV infection to cervical cancer is 95% (Bosch ef
al, 2001), however only 20% of high-risk HPV infections cause morphological changes
in the epithelium of the cervix indicative of premalignant lesions with a smaller fraction
still resulting in cervical cancer. Regression rates of mild and moderate dysplasia are
estimated at 50% over three years, whereas the regression rate of more severe
dyskaryosis with persistent high-risk HPV infection is much lower (Nobbenhuis ef o/,
2001). A variety of other factors must therefore act in conjunction with high risk HPV

infection to determine whether a woman will develop cervical cancer.

Sexually transmitted infections may act as cofactors in the development of cervical
cancer. CMV, herpes simplex virus (HSV)1 and 2, HHV6 and 7 have all been detected
in the cervix (Lanham ef a/, 2001). A role for HSV2 has been postulated in the initiation
of cervical cancer (zur Hausen, 1982) and putative transforming oncogenes have been
proposed for CMV and HHV6 (Kashanchi ef a/, 1997, Doniger et al, 1999). However, a
recent study has found that these viruses are only bystanders in the development of
cervical cancer (Chan ef af, 2001b). C trachomatis has also been proposed as a further
risk factor in the development of cervical cancer (Smith ef a/, 2004). Another important
factor in the development of cervical cancer is the emergence of HPV variants
exhibiting different virulence patterns. HPV viral load has also been linked to increased
risk for progression of disease. Studies using type specific quantitative PCR for
estimation of HPV load have found that HPV 16 can reach much higher viral loads than
other types and that only for HPV16 does an increased viral load correlate with

increased severity of disease (Swan ef al, 1999; Zerbini et al, 2001).
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1.4.3 Immune status

Host immune status is a principal determinant of persistent HPV infection (Bontkes ef
al, 1998b). The primary immune response to HPV infection is cell mediated. Conditions
which impair cell-mediated immunity, such as renal transplantation or human
immunodeficiency virus infection significantly increase the risk of progression of HPV
(Torrisi ef al, 2000; Calore ef al, 2001). Genetic predisposition was found to be an even
greater component of risk for tumour development in cervical cancer than in many other
cancers such as lung, colorectal and melanoma (Magnusson et a/, 2000). In the
development of cervical cancer, heritability could influence many factors such as
susceptibility to infection, ability to clear infection, persistence rates and the time in

staging of development of dyskaryosis and invasive cancer.

1.4.4 Oral contraceptive usage and smoking

Long-term use of oral contraceptives is considered a significant risk factor in the
development of high-grade disease (Moreno ef al, 2002), as is parity. The URR of the
HPYV genome contain sequences similar to the glucocorticoid-receptor elements that are
inducible by steroid hormones such as progesterone, the active component of oral
contraceptives (Bromberg-White and Meyers, 2003). Current smoking has been found
to be more associated with higher grades of dyskaryosis than lower grades and is the
most important cofactor after HPV infection in high-grade disease (Adam ez af, 2000).
Smoking may act by local suppression of the immune system or via the mutagenic
components of cigarette smoke. Components of cigarette smoke have been found in

genital mucosal secretions (Prokopczyk ef al, 1997).
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1.5 Detection of cervical neoplasia

1.5.1 Conventional cytology

The primary diagnostic tools for the detection of cervical cancer have been cytology and
histopathology to detect neoplastic alterations in the cervical epithelium. Lesions mainly
arise in the stratified squamous epithelium and are classified by the British as CIN
(cervical intraepithelial neoplasms), and by the USA as SIL (squamous intraepithelial
lesions), which may be high-grade (HSIL) or low-grade (LSIL). The natural history of
cervical cancer is a progression from mild cervical intraepithelial neoplasia (CINI) to
moderate and more severe degrees of neoplasia (CINII and CINIII), which may take 10-
15 years to develop. The risk of progression of CINI to CINII is only 1% per year,
while the risk of progression of CINII to CINII is 16% over 3 years and 25% over 5
years. However, it is agreed that early detection of neoplasia can significantly reduce

the risk of progression to cancer (Spitzer, 1998).

The Pap test has been the standard diagnostic test for pre-cancerous cervical lesions
since the 1940s, It was initially described by George Papanicolau in 1928 and was later
instituted as a screening method for the detection of cervical carcinoma (Wick, 2000).
The Pap smear has been credited with reducing the incidence of cervical cancer in the
USA from 44 per 100,000 women in 1947 to 5 to 8 per 100,000 in 2000 and it has
reduced the mortality rate of cervical cancer by more than 70% (Wick, 2000). However,
the reported estimates of false negatives diagnoses ranged from 1.5% to 55%
(Hutchinson ef al, 1994). Many false negative cases are the result of poor sample
transfer and poor quality slide preparation. Investigators have observed that as much as
80% of cellular material remains on the collecting device, which is discarded, after a
conventional smear is prepared (Malle ef @/, 2003). For the traditional Pap smear
method only a small proportion of the cells collected become deposited on the slide,
meaning this small sub sample is not necessarily representative of the whole sample.
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Moreover, the traditional smearing technique produces slides that vary in cellular

density and morphological quality, making interpretation and quality control difficult.

1.5.2 Introduction of liquid based cytology

In recent years there has been increasing pressure to improve the standard of Pap
preparations to reduce the occurrence of false negative results with their associated
morbidity and mortality for the women involved and the ensuing legal consequences for
health professionals. A number of smear preparation technologies both manual and
automated have been developed: ThinPrep (U.S.A. Food and Drug Administration
(FDA) approved; Cytyc Corp., Boxborough, Massachusetts, U.S.A)), AutoCyte PREP
(TriPath Imaging, Inc., Burlington, North Carolina, U.S.A.), DNACITOLIQ (Digene
Brazil, Sao Paulo, Brazil) and SurePath™ (TriPath Imaging®, Inc., Burlington, North
Carolina, U.S.A.). Of these the ThinPrep and AutoCyte PREP systems have been

evaluated most extensively.

1.5.3 Advantages of liquid based cytology

Unlike conventional cytology, where the cellular material is removed from the cervix
and spread onto a glass slide, in liquid-based cytology, it is rinsed into a vial of alcohol
derived liquid transport medium eg. PreservCyt (ThinPrep system) and sent to the
laboratory as a cell suspension. In the laboratory, the sample is homogenised, and a
representative fraction is collected on a single-use filter, transferred to a glass slide and
stained in the usual fashion. The result is a reduced area of evenly spread, well
preserved cellular morphology with reduced mucus, blood and inflammatory content.
Slides can be screened in about half the time of conventional smears increasing work

output per screener by 25-40% (Mc Googan, 2001). Only a proportion of the PreservCyt
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material is used to prepare the slide, facilitating the preparation of a second slide from

the same sample if required.

The effectiveness of thin-layer liquid-based technologies in cervical screening is
reflected in numerous reports of increased detection of significant cervical
abnormalities, reductions in the numbers of samples with indeterminate diagnosis such
as atypical squamous cells of undetermined significance (ASCUS) or atypical glandular
cells of undetermined significance (AGUS) and in improvements in specimen adequacy.
(Roberts ef al, 1997; Monsonego ef af, 2001; Malle ef al, 2003; Tibbs ef al, 2003). A
study by Roberts ef a/ (1997), which evaluated the ThinPrep Pap test as an adjunct to
the conventional Pap test on 35,560 paired split sample slides, found that the addition of
the ThinPrep Pap test improved detection rates of cervical abnormalities by 12% and
reduced the numbers of unsatisfactory samples by 94%. Using biopsy as the gold
standard in an unscreened high-risk population, it was found that the ThinPrep Pap test
had a sensitivity of 94% for CINII and a specificity of 78%, a sensitivity of 98% and

100% for CINIII and for cancer respectively (Belinson et af, 2001).

1.5.4 Molecular analysis of liquid based cytology specimens

A major advantage of liquid based cytology is that there is a considerable amount of
residual sample cellular material available from which nucleic acids can be extracted for
ancillary molecular analyses. Numerous studies have demonstrated the diagnostic value
of HPV testing as an adjunct to cytology in the detection of neoplasia (Sherman ef a/,
1997, Yarkin ef al, 2003) and in the resolution of atypical diagnoses (Layfield and
Qureshi, 2005). HPV DNA testing by PCR based methods in liquid-based cytological
preservatives has been suggested as a useful adjunct to cytological screening, especially

in the management of patients with ASCUS (Yarkin ef af, 2003).
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A study designed to assess the long-term stability of DNA in PreservCyt specimens
stored over 8 years found that HPV DNA as detected by the hybrid capture assay (HCII,
Digene Corp., U.S.A) was unaffected by storage time, however human DNA was
significantly degraded as detected by the inability to amplify multiple beta-globin
fragments by PCR (Castle ef al, 2003c). The FDA has approved the HCII assay for the
detection of high-risk HPV DNA in PreservCyt specimens stored for up to 21 days
(Sailors ef al, 2005). Studies into the preservation of RNA have shown that PreservCyt
can yield RNA of suitable quality for microarray analysis (Habis ef a/, 2004) and HPV
reverse transcription-PCR (Tarkowski ef a/, 2001) and that good quality RNA can be

detected for at least 14 days after sample collection (Cuschieri ef af, 2005).

Liquid-based cytology specimens may aiso be used for additional STI testing
(Boardman er al, 2005). PreservCyt samples have successfully been used for the
detection of genital HSV infections (Fiel-Gan et al, 1999). Many studies have
demonstrated the feasibility of Chlamydia screening of PreservCyt samples (Koumans
et al, 2003; Hopwood et al, 2004). In this research project, the aim was to establish
sensitive, specific molecular methods for the detection of C. #rachomatis and HPV in

cervical PreservCyt samples.

1.6 Molecular methods for HPV detection

1.6.1 Traditional detection methods

Unlike other mammalian viruses, HPV cannot be grown in conventional cell cultures.
Accurate diagnosis of a HPV infection relies upon identification of the presence of HPV
DNA. Serological assays fail to distinguish between past and current infection, as

antibodies to the HPV L1 protein remain detectable after many years (Diliner, 1999).
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HPV DNA can be detected in cervical smears and biopsies by various methods. Jn-sizu
hybridisation (ISH) involves the application of labelled generic HPV probes that bind to
HPV DNA. Although ISH has limited sensitivity it has the advantage of localising HPV
infection in the sample material with the possibility of co-localisation with other
markers e.g. the cyclin dependant kinase inhibitor p16™* a marker of dyskaryosis
(Sato ef al, 1998). HPV typing by ISH involves the application of type-specific probes

in multiple experiments and is time-consuming and expensive.

Other hybridisation methods include the Southern-blot and the dot-blot. HPV Southern-
blot analysis involves restriction enzyme digestion of isolated HPV DNA, separation of
the digested fragments by gel electrophoresis and immobilisation onto a nitrocellulose
membrane followed by probing of the restricted DNA by radio-labelled HPV specific
probes. Southern-blotting, although highly labour intensive, is useful for HPV typing
and played a fundamental historical role in the discovery and identification of different
HPV types (Matsukura and Sugase, 1990). However, a fundamental requirement for the
Southern-blot is the presence of high quality, high concentration DNA. Another
disadvantage is in the interpretation of uncharacterised HPV types. The Southern-blot is
relatively insensitive and unsuitable for high-throughput screening (Kuypers ef al, 1993;
Melchers ef al, 1989). The dot-blot method, like the Southern-blot method also involves
the use of a solid phase membrane and the detection of a signal by autoradiography.
Unlike the Southern-blot, the dot-blot does not rely on probing of digested fragments

but of PCR amplified fragments with the result of increased sensitivity.

1.6.2 Commercial hybridisation systems for HPV detection
The hybrid capture system (HCII, Digene Corp., U.S.A)) offers a non-radioactive

alternative hybridisation method for HPV detection. It involves the hybridisation of
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HPV DNA to labelled RNA probes in solution, followed by signal amplification and
detection (Bozzetti ef al, 2000, Lorincz, 1996). Two probe cocktails may be used, one
for 5 low-risk HPV types 6, 11, 42, 43, and 44 and the other for 13 high-risk types, 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. This FDA approved test has been used
in numerous large-scale HPV screening studies (Castle e al, 2004; Cubie ef a/, 2005)
however, it cannot distinguish particular HPV types. 1t is less sensitive than PCR and
has a detection limit of approximately 5,000 HPV genome copies (Kucera ef a/, 2001).
Cross-reactivity with HPV types not included in the probe-cocktails has also been

reported by some studies (Castle ef al, 2002; Poljak ef al, 2002).

An alternative to the hybrid capture method is the recently developed Roche Molecular
Systems Amplicor HPV Multiwell Plate Assay. Uniike the hybrid capture method a
biotinylated PCR product of 170 bp is generated prior to the hybridisation step. The
biotinylated PCR product is denatured and captured onto a streptavidin coated multiwell
plate. The wells of the plate are then probed with high-risk HPV oligonucleotide probes
and hybrids are detected following a binding of conjugate reaction. Using this method,
13 high-risk types can be detected. The reported sensitivity of this reaction is similar to

that of the hybrid capture method (Monsonego ef af, 2005).

Reverse hybridisation methods involve the capture of multiple oligonucleotide probes
onto a solid phase and probing with a PCR product in the liquid phase. Hybridisation is
followed by a colorimetric detection stage. Reverse hybridisation methods have been
useful in the development of type-specific hybridisation methods as they allow the
simultaneous hybridisation of a PCR product to multiple oligo-probes. The most
commonly used reverse hybridisation assay is the line-probe assay (Li-Pa, Roche

Molecular Systems). This involves binding of a consensus HPV PCR product amplified
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