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ABSTRACT

THE EFFECTS OF CHEMOTHERAPEUTIC AGENTS
ON EPIDERMAL KERATINOCYTES
MODIFIED WITH HUMAN PAPILLOMAVIRUS (HPV) GENES

Lee Mei Wei

Human Papillomavirus type 16 (HPV16) is associated with various
epithelial malignancies including cervical and head-and-neck cancers. HPV16-
positive head-and-neck cancers and cancer cell lines have been reported to be
more sensitive to irradiation and chemotherapy than HPV16-negative ones. To
study the relationship between HPV16 and chemosensitivity in cancer, in vitro
study models are needed. Hence, the primary objective of this study is to
generate HPV16-associated models by employing epidermal keratinocytes. The
second objective is to investigate the susceptibility of these models to two
standard chemotherapeutic agents, cisplatin and topotecan as a proof of concept
and the third objective is to test the potential cytotoxicity of novel natural
flavones, eupatorin and sinensetin, and synthetic compounds tribenzyltin

carboxylates 1 & 4 (TC1 & TC4) using the models.

To represent the precancerous stage of HPV16-associated
carcinogenesis, a normal immortalised epidermal keratinocytes (NIKS) cell line
was modified to harbour episomal HPV16 genome using lipid-based
transfection. To represent the cancerous stage, HPV16 E6 and/or E7 were



introduced into NIKS cells by retrovirus transduction. HPVV16 episomes were
maintained up to passage 21 in the HPV16-precancerous model. RT-PCR and
western blot analyses showed stable expression of the E6/E7 mMRNA and protein
in the models. Both the cancerous and pre-cancerous models demonstrated
higher susceptibility to cisplatin and topotecan than the parental immortalised
cells. Cells modified to express E6 or E7 alone were more sensitive to
eupatorin/sinensetin compared to E6/E7 co-expression. Cells harbouring
HPV16 episomes and those carrying the E6 oncogene were more sensitive to
TC1 but all the models were insensitive to TC4. In conclusion, HPV16-
associated cell models were established and their greater susceptibility to
cisplatin and topotecan treatment compared to parental control cells was
demonstrated. The increased sensitivity of the experimental cell lines relative to

the control was also demonstrated for selective natural and synthetic compounds.
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CHAPTER 1

INTRODUCTION

The incidence of cancers is increasing worldwide. It has been estimated that
approximately 5 - 15% of human cancers are caused by viral infections (Baseman
and Koutsky, 2005; Ault, 2006; Palefsky, 2010; Schiffman et al., 2016). Human
papillomavirus (HPV) infection is one of the most common sexually transmitted
viral diseases in both men and women. The high-risk HPV types, specifically HPV
type-16 (HPV16) and HPV type-18 (HPV18) are the causative agents responsible
for various epithelial malignancies in particular cervical and head-and-neck cancers.
HPV infections are often transient and in the majority of cases, the immune system
of the HPV-infected individuals eliminate the infection within 12 to 24 months
(Juckett et al., 2010; Sudenga and Shrestha, 2013). However, HPV16 infection in
particular is highly persistent, and remains asymptomatically in the host for 5to 15
years (Braaten and Laufer, 2008; Sudenga and Shrestha, 2013), frequently leading
to aggressive HPV16-related cancers, especially in cervical cancer among infected

women.

To date, more than 150 HPV subtypes have been identified. They are
grouped based on differences in the viral genomic DNA sequences and clinical

manifestations into high-risk and low-risk types. (Doorbar et al., 2015; Kim, 2016).



The low-risk HPV types, typically represented by HPV type-6 and -11, are known
to cause benign genital lesions. The high-risk HPV types, commonly HPV type-16
and -18, are found in various epithelial cancers, such as cancers of the cervix, head-

and-neck, anus, vulvovagina and penis (Bansal et al., 2016).

HPV infection is acquired through direct skin-to-skin contact at the
squamous epithelial tissue and the HPV lifecycle is tightly associated with
differentiation of keratinocytes. HPV infection is initiated via micro-abrasions at
the proliferative basal keratinocytes, and viral DNA replication is relatively low at
the early stage of infection (Kajitani et al., 2012; Pinidis et al., 2016). At the later
stage of HPV infection, cells infected by high-risk oncogenic virus express two
major oncoproteins, the early genes E6 and E7, which function during productive
HPV infection to subvert normal cell growth regulatory pathways to allow viral
replication. Both E6 and E7 play important roles in carcinogenesis by inducing
cellular transformation through deregulation of fundamental cellular events,
including apoptosis, cell cycle and DNA repair (Longworth and Laimins, 2004;
Tommasino, 2014). Prolonged infection in susceptible individuals is associated
with random integration of the HPV genome into the host genome leading to
uncontrolled expression of the E6 and E7 genes, driving the cells to acquire an

invasive cancer phenotype (Psyrri and DiMaio, 2008; Pinidis et al., 2016).

Cervical cancer, one of the major causes of cancer death worldwide, is

associated with HPV infection in over 99% of cases. Early detection of these



cancers is vital to decrease the morbidity and mortality of the disease. This is
promoted by the Papanicolaou (Pap) smear screening. More recently, testing for
HPV infection in the susceptible population has also been advocated. HPV testing
allows the detection of high-risk HPV types, which can act as a surrogate marker
for the risk of cervical cancer development (Burd, 2003; Lorincz et al., 2013). In
addition, prevention of HPV-related cancers can be achieved by vaccination of
uninfected individuals (Braaten and Laufer, 2008). However, due to inadequate
coverage of Pap smear screening, much less HPV testing and vaccination, cervical
cancer remains a major cause of cancer death among women. This is particularly
relevant in poorer regions where, as a result, cervical cases are often detected at late
stage of the disease. Furthermore, although the current standard treatment options
for HPV-associated cancers comprising surgery, radiotherapy and chemotherapy
(Urban et al., 2014; Vokes et al., 2015) can be effective, these treatments carry
many side effects. Therefore, it is necessary for continued research on finding more

effective therapeutic options with maximal benefits but minimal detrimental effects.

Interestingly, HPV16-associated head-and-neck cancers were found to be
more prone to elimination by radiation and chemotherapy than HPV-negative
cancers in vitro and in vivo (Ang et al., 2010; Ziemann et al., 2015). This
observation is contrary to the fact that HPV16 E6 and E7 are known to promote
evasion of apoptosis and induction of cellular immortalisation, both of which are
features of neoplasia. These findings have been reported in HPV-associated head-

and-neck squamous cell carcinoma (HNSCC) as well as in cervical cancer (Sultana



et al., 2003; Fakhry et al., 2008; Ang et al., 2010; Ziemann et al., 2015). This
phenomenon of HPV-positive cells being more susceptible to chemotherapeutic
agent is intriguing and is the basis of our interest in establishing epidermal
keratinocyte-based models harbouring the episomal HPV genome, as well as that

carrying the HPV16 E6 and E7 oncogenes to further examine this observation.

The cells that harbour the HPV genome as episomes are used, albeit
simplistically, to represent the precancerous stage of cellular transformation in the
evolution of the cancer. Cells that carry the E6 or E7 oncogene singly or in
combination are taken to emulate the stage of carcinogenesis process where the
HPV genome is integrated into the host genome, an important step in the
carcinogenesis process. These models will be named for convenience as
precancerous and cancerous models respectively in the rest of the thesis. These cell
models were used as drug screening platforms in this study, primarily for proof of
concept that HPV-associated cancers are more sensitive to chemotherapy. The
hypothesis, therefore, is that the epidermal keratinocyte-based HPV16 models
established in this study are more susceptible to selective chemotherapeutic drugs.
To test this hypothesis, susceptibility of the cell models to standard
chemotherapeutic agents compared to control (parental) cells was studied. It is
proposed that the established cell models, if verified, could serve as tools for testing
synthetic and natural compounds for their potential effects as chemotherapeutic

agents.



Hence, the objectives of this study are:

1) To generate epithelial cell-based models to represent the HPV16-associated
precancerous and cancerous stages of the carcinogenesis process

2) To evaluate the susceptibility of these models, relative to unmodified
parental cells, to two standard chemotherapeutic agents

3) To test the effects of selected natural and synthetic compounds on the

HPV16-maodified cell lines



CHAPTER 2

LITERATURE REVIEW

2.1  Human Papillomavirus (HPV)

Epithelial malignancy caused by human papillomaviruses, particularly the
oncogenic HPV type-16 (HPV16) is a major concern worldwide. Hence, active
research on HPV16 and HPV-associated malignancies is on-going. HPV16 is the
focus in this study which is based on investigation of the effectiveness of
conventional and novel compounds in cell models harbouring the HPV16 genome

or the viral oncogenes, E6 and E7.

2.1.1 Classification and Types of HPV

Papillomaviruses (PVs) belong to the Papillomaviridae family and they are
classified based on the nucleotide sequence of the conserved gene sequence, L1
capsid protein open reading frame (ORF) in the HPV genome. L1 was therefore
used to construct the phylogenetic trees to indicate evolutionary relationship
between the viral genomes of different species (Figure 2.1) (de Villiers et al., 2004;
de Villiers, 2013). To date, the known 189 PVs are grouped into 29 genera, 24 of

which are animal PVs and the remaining 5 genera are human PVs. Human
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Figure 2.1 Phylogenetic tree of 170 human papillomavirus types categorised
based on the sequence of the L1 open reading frame. The five major HPV genera
that have been identified, are alpha- (a-), beta- (B-), gamma- (y-), mu- (p-) and nu-
(v) papillomavirus. The alpha group contains the most oncogenic viruses that are
associated with cancer development. The commonly studied oncogenic virus in the

alpha genus is HPV type-16. (Figure adapted from de Villiers, 2013)



papillomavirus (HPV) types are grouped into five major genus, namely alpha- (a-),
beta- (B-), gamma- (y-), mu- (u-) and nu- (v-) papillomavirus (Xue et al., 2012;
Bzhalava et al., 2015). Members of the alpha genus predominantly infect the
mucosal and cutaneous surfaces and are often associated with the development of
both benign and malignant lesions (Burk et al., 2013). In addition, mucosal HPV
types in the alpha genus can be subdivided into low-risk and high-risk HPV types
based on their oncogenic potential. The low-risk HPV types, including HPV6 and
HPV11 cause benign hyperplasia or warts with low malignant potential (Psyrri and
DiMaio, 2008; Bzhalava et al., 2013), whereas the high-risk HPV types, most
commonly HPV16, and HPV18 are associated with various epithelial cancers.
Among the two high-risk HPVs, HPV16 has been known to be involved in
approximately 57% of all cervical cancer cases, followed by HPV18 at 16%
prevalence rate (Garbuglia, 2014). In addition, HPV16 also has been detected in
head-and-neck cancer, particularly the oropharyngeal squamous cell carcinoma
(OPSCC) with over 50% prevalence rate (Dufour et al., 2012; Stein et al., 2014;
Gillison et al., 2015). Hence, most work has been carried out focusing on the
oncogenic HPV, in particular HPV 16, due to its clinical importance. The B-HPVS,
e.g. HPV5 and HPV9 and y-HPVs, e.g. HPV4 and HPV65, are commonly
associated with benign and malignant cutaneous lesions in immunocompromised
individuals suffering from epidermodyplasia verruciformis (EV) (de Villiers et al.,
2004; Egawa et al., 2015). Likewise, u-HPVs, e.g. HPV1 and HPV63 and v-HPV,
represented by HPV41, are also reported to induce cutaneous lesions (Paradise et

al., 2013; Garbuglia, 2014).



2.1.2 HPV16 Genome Organisation

All the HPVs share a common non-enveloped icosahedral structure despite
their association with different epithelial diseases. HPVs are small, double-stranded
DNA viruses with a circular genome approximately 8 kilobase pairs (kb) in size.
The HPV genome encodes eight major proteins, organised into three different
regions: (i) an early (E) region composed of seven open reading frames, E1, E2, E4,
E5, E6, E7 and ES8, that are involved in replication of the HPV genome and cellular
transformation (Graham and Faizo, 2017); (ii) a late (L) region which encodes two
major capsid proteins, L1 and L2, that are responsible for the assembly and
transmission of the virus; and (iii) an upstream regulatory region (URR), also called
noncoding long control region (LCR), which contains the late and early promoter
sequences, P97 and P640, as well as cis-regulatory elements to regulate viral DNA
transcription and replication (Tommasino, 2014; Morshed et al., 2014; Bravo and

Félez-Sanchez, 2015; Graham and Faizo, 2017).

2.1.3 HPV Viral Life Cycle

HPV16 is the most extensively studied HPV. HPV16 is an epitheliotropic
papillomavirus and the viral life cycle is strictly regulated by the epithelial
differentiation programmes of the infected host cells (McBride, 2008; Kajitani et
al., 2012; Kadaja et al., 2009; Bravo and Félez-Sanchez, 2015). In normal stratified

squamous epithelium, the basal cells consist of self-renewable stem cells and transit



amplifying cells (TACs) that are committed progenitor cells which do not divide
but withdraw from the cell cycle to undergo terminal differentiation. These cells
progress to form the highly keratinised squamous cells that serve as the epithelial
barrier that protects the body from the environment (Watt, 1998; Doorbar, 2005;
Graham and Faizo, 2017). The virus is introduced into the epithelium via micro-
abrasions and infection is initiated by targeting the proliferative-competent basal
cells. Viral DNA replication involve three phases: (i) establishment of HPV
infection at the proliferative basal keratinocytes; (ii) maintenance of low viral DNA
copy number in the non-vegetative amplification phase; and (iii) amplification
resulting in high viral DNA copy number in the vegetative amplification phase,
followed by release of virions at the terminally differentiated epithelium layer

(Figure 2.2) (McBride, 2008; Pyeon et al., 2009).

Upon initial infection, viral entry into the host cell is facilitated by the
attachment of the virions to heparan sulfate proteoglycan (HSPG) present on the
extracellular matrix (ECM) or the basal keratinocytes membrane (Culp et al., 2006;
Horvath et al., 2010; Cerqueira et al., 2013). The binding to HSPG triggers
conformational changes of the L1 and L2 viral capsid proteins. Subsequently
virions are endocytosed into the host endosome via receptor-mediated endocytosis
(Zhang et al., 2014; Digiuseppe et al., 2015). Upon entry, the acidic components of
the endosome dissemble the viral capsid proteins, allowing viral DNA to escape
from the endosome, with the help of the L2 minor capsid protein, into the host

nucleus via the microtubule network (McBride, 2008; Deligeoroglou et al., 2013).
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Figure 2.2 Normal and human papillomavirus-infected stratified cervical
squamous epithelial cells. Under normal conditions, the highly proliferative stem
cells, also known as transit-amplifying cells, divide along the epithelial membrane.
The daughter cells mature going up to the parabasal epithelial layer and without
further cell division (right panel). Through micro-abrasion, HPV reaches the
dividing basal cells of the epithelium and expresses the viral early (E) proteins, E1,
E2, E4, E6 and E7. The infected daughter cells that are rapidly dividing continue to
expand and move to the upper epithelial layers, but expression of HPV proteins
interferes with the differentiation programme of epithelial cells. Late (L) proteins,
L1and L2 of HPV are expressed sequentially with epithelial differentiation. Mature
virions are generated only at the top layers of the epithelium (left panel). (Figure

adapted from Frazer, 2004)
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Viral DNA is maintained in an extrachromosomal or episomal form and viral
genome replication is persistent and synchronised with the host DNA replication
machinery system in a cell-cycle dependent manner (McBride, 2008). As the basal
cells divide, infected daughter cells enter the suprabasal layer and exit cell cycle to
differentiate. These infected cells remain active in the cell cycle due to the
expression of E6 and E7 oncogenes which abrogates p53 and pRb activities, thereby
enabling viral DNA amplification (Longworth and Laimins, 2004; Conway and
Meyers, 2009; Stanley, 2012; Chang and Jeang, 2013). Expression of E6 and E7 is
also upregulated at the productive phase of the viral life cycle to ensure the
uncontrolled proliferation of infected cells (Kajitani et al., 2012). Subsequently,
expression of the late genes, encoding the L1 and L2 capsid proteins is upregulated
to allow for packaging the viral DNA into virion particles (Stanley, 2012). At the
terminally differentiated epithelium layer, virion assembly occurs in which viral
DNA is encapsidated by the capsid proteins into virions, and the virus progeny are
released to infect other surrounding epithelial cells (McBride, 2008; Horvath et al.,

2010; Bravo and Félez-Sanchez, 2015).

2.1.3.1 Early Event: Non-Vegetative Genome Amplification

In the early stage of HPV16 infection, the early P97 promoter that lies
upstream of the E6 ORF in the LCR controls expression of the early viral genes
including E1, E2, E4, E5, E6 and E7 in the undifferentiated basal cells (Zheng and

Baker, 2006; Chang and Jeang, 2013). Although E1 protein is the primary
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replication protein, HPV infection is initiated by the E2 transcription factor to load
the E1 helicase onto the virus origin of replication (ori) which contains the binding
site for the E1 protein (McBride, 2013). The E2 protein acts as a cofactor to enhance
the transcription activity of E1 by first forming a E1/E2 complex (Miller and Stack,
2015) to further promote the recruitment of DNA replication proteins, including
topoisomerase I (topo I), a-primase DNA polymerase, 6-polymerase, replication
protein A (RPA), proliferating cell nuclear antigen (PCNA) and replication factor
C to the viral origin of replication (Xue et al., 2012; Archambault and Melendy,
2013). Subsequently, the E1 protein undergoes conformational changes into a
double-hexameric structure induced by ATP binding (Bergvall et al., 2013)
destabilising E2, leading to E2 displacement (Sanders and Stenlund, 1998). The
upregulation of the E2 protein represses expression of the E6 and E7 viral proteins,
hence allowing the infected cells to escape from immune surveillance of the host
cells and to maintain persistent viral genome amplification (Graham, 2010; Bodily

and Laimins, 2011; Johansson and Schwartz, 2013).

Viral DNA copy number is relatively low (20 to 100 episomal copies) in
the non-vegetative genome amplification phase and viral DNA is maintained in the
episomal form (Longworth and Laimins, 2004; Moody and Laimins, 2010; Kajitani
etal., 2012). Viral copy number varies in different epithelial lesions and at different
sites of infection. Cell lines derived from cervical lesions have been reported to
harbour episomal HPV16 DNA at around 200 copies per cell in the mitotically-

active dividing basal cells (Chang and Jeang, 2013; Doorbar et al., 2015). The viral
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episomes replicate once during every host-cell division, and E2 facilitates the
segregation of HPV episomes into two daughter cells (Hoffmann et al., 2006; Feller
etal., 2009). Maintenance of the viral genome in an episomal state during this phase
is crucial for the establishment of the early viral life cycle. As the infected cells
leave the basal cell layer and begin to differentiate, the E1 and E2 transcription
signals switch from the early promoter, P97 to the late promoter, P670, in response
to other cellular signals released by differentiation- specific transcription factors

(Johansson and Schwartz, 2013).

2.1.3.2 Late Event: Vegetative Genome Amplification

In the vegetative- or differentiation-dependent genome amplification phase,
the HPV 16 late promoter, P670, located within the E7 ORF, is activated along with
the E8 promoter located at the 5° end of the E1 ORF, upon receiving differentiation
signals (Doorbar et al., 2012; Graham and Faizo, 2017). Activation of the P670
promoter induces upregulation of the E1, E2, E4 and E5 genes at the suprabasal
epithelial layers (Johansson and Schwartz, 2013; Hong and Laimins, 2013; Graham
and Faizo, 2017). In addition, accumulation of the E1 and E2 viral proteins in the
nucleus also lead to increased amplification of viral DNA (Graham, 2010; Doorbar

etal., 2015).

The viral DNA copy number increases from around 200 copies in the initial

phase to thousands of viral DNA copies per cell in the productive life-cycle stage
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(Kadaja et al., 2009; Graham, 2010; Pinidis et al., 2016). Studies showed that the
HPV16-positive cells, W12E, carried an average of 1200 copies of HPV episomes
per cell in early passage of the cells, but gradually reduced in viral copy number on
prolonged culture, with evidence suggesting integration of the viral genome into
the host chromosomes (Jeon et al., 1995; Garner-Hamrick and Fisher, 2002). High-
risk HPV genomes have been found to integrate into the host cell chromosomal
DNA over time through the L1 ORF and the integrated genome fragment still
retains the functional viral origin of replication, co-existing with the HPV episomes
(Kadaja et al., 2009). In many cases of cervical carcinoma, HPV16 genome is
consistently found to be integrated into the host genome, and increased frequencies
of genome integration are associated with disease progression (Kadaja et al., 2009;
Williams et al., 2011). Experimental data further showed that HPV genome is
present in episomal state in early low-grade lesions of cervical intraepithelial
neoplasia (CIN) I and I, whereas integration of viral genome is often found in CIN
[11 lesions and in invasive carcinoma, suggesting that HPV16 integration into host

cells occurs at the late stage of carcinogenesis.

In addition, HPV integration commonly occurs in fragile sites of the human
genome that are prone to chromosomal breakages (Minger et al., 2004; Liu et al.,
2016; McBride and Warburton, 2017). The E2 ORF has been identified as the
commonly disrupted HPV sequence during HPV integration; this results in elevated
expression of E6 and E7 (Munger et al., 2004; Williams et al., 2011). However, it

is now known that the HPV integration sites are broadly dispersed across the entire
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viral genome (Liu et al., 2016; McBride and Warburton, 2017). Interestingly, the
E6 and E7 ORFs are invariably retained in most of the HPV-associated cancer cases
where HPV integration has occurred (Choo et al., 1987; zur Hausen, 2012). The
upregulation of E6 and E7 expression accelerates the degradation of p53 and the
retinoblastoma tumour suppressor gene (pRb) resulting in increased genomic
instability and cell proliferation, thereby promoting cell transformation and

immortalisation (Miinger et al., 2004; Williams et al., 2011; Kajitani et al., 2012).

2.1.4 Functions of HPV16 Genes

Replication of the HPV genome in infected keratinocytes requires the action
of various oncoproteins. The HPV16 E1 protein, a hexameric ATP-dependent DNA
helicase, initiates viral replication and amplification of HPV episomes (Bergvall et
al., 2013). The E1 protein stimulates topoisomerase | to unwind the double-stranded
DNA helix structure thereby initiating DNA replication (Clower et al., 2006).
Further, the E1 protein is crucial in increasing the copy number of the viral
episomes upon viral infection, maintaining the viral DNA at a constant levels in the
latently-infected basal cells as well as in promoting viral genome amplification
during the productive phase of the viral life cycle (Kadaja et al., 2007; Bergvall et

al., 2013).

The E2 protein has been characterised as an important DNA regulatory

protein and is involved in initiation of viral DNA replication (McBride, 2013)
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through its association with E1 protein. In addition, E2 protein is crucial in
regulating the papillomavirus life cycle as it acts as a P97 promoter transcriptional
activator or repressor of the HPV16 E6 and E7 (Soeda et al., 2006; Durzynska et
al., 2017). Repression of oncogene expression occurs at the early stage of HPV
infection. Such silencing leads to down-regulated E6/E7 expression and protects
the infected cells against deleterious genomic instability (Francis et al., 2000;
Bechtold et al., 2003; Durzynska et al., 2017). The E2 open reading frame (ORF)
of cervical cancer cells is reported to be frequently disrupted in the event of HPV
DNA integration at the vegetative phase of viral life cycle. Significantly, loss of E2
expression was found to result in overexpression of the E6 and E7 oncogenes,
thereby conferring a growth advantage to the HPV-infected cells (Bechtold et al.,

2003; Parish et al., 2006), which could contribute to the oncogenic process.

In HPV-infected cells, expression of HPV16 E4 protein has been shown to
facilitate nuclear localisation of the E1 replication protein and contribute to
increased viral genome amplification in the differentiation-dependent viral life
cycle (Parish et al., 2006). Experimental data showed that the E4 protein is
abundantly expressed at the differentiation-dependent stage of viral life cycle,
accumulating at the upper epithelial layer (Egawa et al., 2017). Besides this, HPV16
E4 has been shown to induce G2 cell cycle arrest of the infected cells preventing
entry into mitosis by sequestering cyclinB1/CDK1 into the cytoplasm and
preventing the accumulation of cyclinB1/CDK1 complexes in the nucleus (Doorbar,

2013; Egawa et al., 2017). This limits viral cell cycle progression while enhancing
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efficient viral DNA replication during the productive life cycle of the virus (Wang
et al., 2009). Another important action of the E4 protein is perturbation of the
network of cellular intermediate filaments leading to reorganisation of the
cytokeratin network to facilitate virions release from the terminally differentiated

epithelial cells (Khan et al., 2011; Doorbar, 2013).

The HPV16 E5 protein acts as an oncogene in cooperation with the E7
oncogene to enhance cellular transformation similar to the E6/E7 interaction
(DiMaio and Mattoon, 2001; Maufort et al., 2010). The E5 protein also plays an
important role at the early stage of HPV life cycle, down-regulating expression of
antigen-presenting major histocompatibility complex (MHC) of the infected cells
which helps the virus to escape from host immune recognition (Campo et al., 2010;
Song et al., 2015; de Freitas et al., 2017). The E5 protein has also been shown to
upregulate vascular endothelial growth factor (VEGF) via activation of several
EGFR-dependent pathways to induce angiogenesis (Kim et al., 2006; Dimaio and
Petti, 2013). Experimental data from several studies have suggested that HPV16
E5 synergises with the epidermal growth factor receptor (EGFR) signalling
pathway to enhance cell cycle progression (Pedroza-Saavedra et al., 2010; Muller
et al., 2015). The E5 protein is thought to interact with H*-ATPase to abrogate the
endosomal acidification process, which in turn inhibits the degradation of EGFR
and increases the recycling of endocytic EGFR to the cell surface to promote
keratinocyte proliferation (Zhang et al., 2005; Suprynowicz et al., 2010; Miiller et

al., 2015). However, the molecular mechanism on how HPV16 E5 affects EGFR
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levels or signalling pathways remains to be fully elucidated. The role of HPV E6

and E7 oncoproteins in HPV-infected cells is discussed below.

2.1.4.1 The E6 Protein: Structure and Functions

The HPV E6 protein is a small polypeptides composed of approximately
150 amino acid residues, and contains two pairs of zinc-like finger, CXXC motifs
(Mantovani and Banks, 2001; Howie et al., 2009; Tomai¢, 2016). The CXXC are
highly conserved in the HPV family and the integrity of the motifs is important to
ensure normal E6 biological functions (Thomas et al., 1999; Mantovani and Banks,
2001). Proteins that are shown to be closely associated with E6 are E6-associatd
protein (E6AP) and tumour suppressor protein, p53. High-risk HPV16 E6 proteins
can efficiently interact with the LXXLL motif of E6AP, an E3-ubiquition ligase
(Martinez-Zapien et al., 2016; Tomai¢, 2016), which results in ubiquitination and
degradation of p53. The p53 protein is a transcription factor that represents a major
switch to halt cancer formation by promoting cell-cycle checkpoint arrest and
apoptosis of the infected cells (Mantovani and Banks, 2001; Hoe et al., 2014). As
a result of targeted degradation of p53 by the E6 oncoprotein, p53 function is
greatly decreased, and p53-dependent growth arrest and apoptosis in response to

viral replication are abolished (Mantovani and Banks, 2001).

Although the major anti-apoptotic activity of E6 is through degradation of

the p53 protein, the HPV16 E6 protein has also been shown to target other pro-
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apoptotic targets, such as the BAK protein, to inhibit apoptosis though the E6AP-
dependent proteasome-mediated degradation pathway in the intrinsic apoptotic
pathway (Garnett and Duerksen-Hughes, 2006; Jiang and Yue, 2014; Tomaic,
2016). In addition, the HPV16 E6 has also been shown to interact with trans
membrane death receptors, including tumour necrosis factor receptor-1 (TNFR-1),
to abolish the interaction between TNFR-1 and the TNFR-1-associated death
domain (TRADD) adapter molecule, hence inhibiting the apoptosis (Howie et al.,
2009; Jiang and Yue, 2014). Besides the tumour necrosis factor (TNF) pathway, it
has also been shown that HPV16 E6 inhibits apoptosis by interacting with Fas-
associated death domain (FADD), TNF-related apoptosis inducing ligand (TRAIL)
receptor and procaspase 8 via the death effector domains (DEDs), thereby

enhancing degradation of these proteins (Jiang and Yue, 2014; Tomai¢, 2016).

The E6 protein of the high-risk HPV type-16 and 18 shares a highly
conserved PDZ-binding motif (PDZ-BM) designated as XT-SXV (Mantovani and
Banks, 2001; Howie et al., 2009) at its C-terminal region. This region of the E6 is
known to bind with PDZ cellular proteins or PDZ ligands and plays an important
role for the oncogenic action of the HPV16 E6 protein (Nguyen et al., 2003). The
PDZ proteins are crucial in regulating cell polarity, control of cell-cell attachment
and cell signalling (Pim et al., 2012; Mischo et al., 2013). Several PDZ proteins
have been identified to be associated with E6 and subject them for degradation,
including cell polarity regulators, human Dig (hDIg) (Halim et al., 2013; Brimer

and Vande Pol, 2014), human Scribble (hSrib) as well as cell scaffolds regulators,
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MAGI, which are membrane associated guanylate kinase homology proteins with
an inverted domain structure (Howie et al., 2009; Yoshimatsu et al., 2017). HPV16
has also been shown to target PTPN3 and PTPN13, non-receptor tyrosine
phosphatases, and subject them to E6AP-mediated degradation. Degradation of
PTPN13, which normally acts as a tumour suppressor in several signalling
pathways, has been shown to influence cancer initiation and progression (Vermeer
et al., 2013; James and Roberts, 2016). Studies have revealed that the association
of PDZ proteins with the PDZ-BM of E6 oncoprotein play a critical role in HPV16
episomal maintenance, as the loss of PDZ-BM leads to failure to maintain the
HPV16 episomes and greatly reduces the transforming properties of HPV16 E6 in
in vivo and in vitro experimental models (Kranjec and Banks, 2011; Nicolaides et
al., 2011; Yoshimatsu et al., 2017) suggesting that one of the PDZ protein targets
might play a role in stabilising the E6 protein and its expression (Brimer and Vande
Pol, 2014; Ganti et al., 2015). Impairment of the PDZ proteins leads to disruption
of cell polarity and cell-cell adhesion (Spanos et al., 2008; Jing et al., 2007; Moody
and Laimins, 2010), subsequently enhancing cell proliferation, hence, promoting

tumorigenesis in the infected cells.

Another striking feature of the E6 oncoprotein is the ability to activate
telomerases to prevent the infected cells from entering cellular senescence
(Mantovani and Banks, 2001; Tomaic, 2016). Telomerase activity is detected in 90%
of HPV-positive cancers, and its activation is considered an important event in

HPV-induced cellular immortalisation and tumorigenesis (Katzenellenbogen and
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Rachel, 2017). Evidence show that HPV16 E6 prevents the shortening of the
telomerase by inducing telomerase activity through transcriptional activation of the
telomerase catalytic subunit of the hTERT gene in epithelial cells (Klingelhutz et
al., 1996). The activation of hTERT is affected by both the E6 and E7 proteins
(Katzenellenbogen and Rachel, 2017). In fact, activation of hTERT is dependent
on the binding of E6-E6AP complex, to the hTERT promoter site, c-Myc (Liu et
al., 2009). In addition, the E6/E6AP complex binds to transcriptional repressors of
the hTERT promoter to trigger its degradation, leading to dissociation of the
mSin3A/histone deacetylase 2 (mSin3A/HDAC) complex from the hTERT
promoter, allowing the hTERT transcription to proceed (Gunes et al., 2000;
Horikawa et al., 2002; Liu et al., 2008; Xu et al., 2008; Katzenellenbogen and

Rachel, 2017).

2.1.4.2 The E7 Protein: Structure and Functions

The E7 oncoprotein is a small acidic polypeptide with 98 to 105 amino acid
residues, which contains a C-terminal zinc-finger-like binding domain (Zheng,
2010; Jiang and Yue, 2014; Tomai¢, 2016). The E7 protein has three conserved
regions (CR), CR1, CR2 and CR3. All these conserved regions play an important
role in cellular transformation by triggering the proliferative signals of epithelial

cells.

The transforming activity of HPV16 E7 is exerted by targeting
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retinoblastoma tumour suppressor protein (pRb) and its family members, p130 and
p170, for ubiquitin-based proteosomal degradation. This results in the elimination
of the growth-suppressive activity of pRb which could play a role in cellular
immortalisation (Morandell et al., 2012; Jiang and Yue, 2014; Rashid et al., 2015;
Tomai¢, 2016). The pRb protein associates with E2F transcription factor to form
pRb-E2F that acts as a transcriptional repressor in regulating the G1-to-S phase
transition. In HPV16-infected cells, binding of E7 to pRb also leads to disruption
of the pRb-E2F complex (Hwang et al., 2002; Klingelhutz and Roman, 2012) and
results in the release of E2F from the pRb-E2F complex. The free E2F then
promotes E2F-induced transcription by interacting with the cyclinA/cyclin-
dependent kinase 2 (CDK2) complex, leading to impaired cell-cycle arrest and
enhanced G1/S-phase transition to promote viral DNA replication (Morandell et al.,

2012; Rashid et al., 2015; Tomai¢, 2016).

The HPV16 E7 protein has also been reported to directly bind and inactivate
cyclin-dependent kinase inhibitors (CKIs), including p21¢"™ and p27X'™*, which
have been implicated in regulating cell cycle withdrawal in differentiating
keratinocytes (Funk et al., 1997; Jones et al., 1997; Zerfass-Thome et al., 1997).
Moreover, the HPV16 E7 protein upregulates angiogenic inducers, vascular
endothelial growth factor (VEGF) and interleukin-8 (IL-8) but, to a lesser extent,
compared to the E6 protein. (Chen et al., 2007; Walker et al., 2011). VEGF and IL-
8 are upregulated when the infected cells are progressing towards tumorigenicity;

upregulation of these angiogenic factors by HPV16 E7 is suggested to be pRb-
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independent (Walker et al., 2011).

2.2  Human Papillomavirus-associated Cancers

Human papillomavirus is the causative agent of various human epithelial
cancers. HPV infection accounts for more than 50% of infection-linked cancers in
females and about 5% in males (zur Hausen, 2009). HPV is associated with various
clinical conditions that range from benign lesion to invasive cancer in both men and
women (Burd, 2003; Bansal et al., 2016). HPV-associated cancers include cervical,
head-and-neck, anal, penile and vulvovaginal cancers (Burd, 2003). Majority of
HPV infections resolve spontaneously within 1 to 2 years as a result of an effective
cell-mediated immune response. Persistent high-risk HPV infection, which occurs
in a small fraction of individuals is a prerequisite for cancer development (Cubie,
2013; Ryser et al., 2015). HPV-associated intraepithelial neoplasia are named based
on the infection sites: such as cervical intraepithelial neoplasia (CIN), penile

intraepithelial neoplasia (PIN), vulva intraepithelial neoplasia (VIN) (Cubie, 2013).

2.2.1 Cervical carcinoma (CxCa)

Squamous carcinoma of the cervix is the third most common cancer in
women worldwide with more than 500,000 cancer cases reported every year
(Silverberg and Loffe, 2003; Alfaro et al., 2016; Bansal et al., 2016). Persistent

infection of high-risk HPV, in particular HPV16 is the major risk factor for cervical
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cancer development (Hoste et al., 2013; Alfaro et al., 2016). Other risk factors
contributing to cervical cancer development include an active sexual lifestyle,
having multiple sexual partners, frequent use of oral contraceptive and weak
immune system due to pre-existing infection (Bansal et al., 2016). The naming
system used in classification and grading the cervical cancer based on

histopathology and cytology is shown in Figure 2.3.

Cervical precancerous lesions first arise in a cancer-susceptible region of
the cervix known as the transformation zone (TZ) (Autier et al., 1996; Schiffman
etal., 2007; Herfs et al., 2012). It is the junction between the two distinct epithelium
linings of the cervix, the endocervical columnar epithelium and the cervical
squamous epithelium. The TZ is a dynamic region as the anatomic location of TZ
varies with age, and is influenced by hormonal changes in response to puberty,
pregnancy and menopause stages (Hwang et al., 2009; Nucci and Oliva, 2009). The
immature proliferating squamous epithelium at the transformation zone serves as
reservoir for HPV latent infections and is considered the site of metaplastic change,

a precursor for cancer development (L6pez et al., 2012; Herfs et al., 2017).

2.2.2 Head-and-Neck Squamous Cell Carcinoma (HNSCC)

Head-and-neck squamous cell carcinoma (HNSCC) includes carcinoma in

the oral and nasal cavities, the larynx, hypopharynx and oropharynx. HNSCC is the
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Figure 2.3 Terminology used in classification and grading of cervical cancer.
The natural history of HPV-induced cancer formation involves three stages; (1)
initial stage of HPV infection; (2) precancerous lesions formation; (3) cancer
development. Nomenclature used for grading of cervical lesions include (1)
dysplasia, (2) cervical intraepithelial neoplasia (CIN), and (3) LAST, lower
anogenital squamous terminology standardisation. Two different classifications are
used for cervical cytology, the Papanicolaou classification and the Bethesda system.
LSIL, low-grade squamous intraepithelial lesion; HSIL, high-grade squamous
intraepithelial lesion; NILM, negative for intraepithelial lesion / malignancy and
ASC-US, atypical squamous cells of undetermined significance. (Figure adapted

from Schiffman and Wentzensen, 2013)
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sixth most common non-skin cancer globally (D’Souza and Dempsey, 2011;
Spence et al., 2016). Majority of HNSCC are located in the oropharyngeal region
which include the tonsils, soft palate or the back of the tongue (Spence et al., 2016),
and such HNSCC is called oropharyngeal squamous cell carcinoma (OPSCC).
Seventy to 80% of OPSCC cases are associated with HPV, particularly HPV16
(Spence et al., 2016). The major risk factors of OPSCC are tobacco exposure,
alcohol consumption, and HPV infection. The association of HPV infection with
OPSCC has significantly increased over the years (Pai and Westra, 2009; D’Souza
and Dempsey, 2011). Other risk factors of HPV-positive OPSCC have been
reported including multiple sexual partners, premarital sex, frequent oral-genital
and oral-anal contact as well as other unsafe sexual activities (Pai and Westra, 2009;

Lui and Grandis, 2012).

The stratified squamous epithelial lining of the oral cavity and the
reticulated squamous epithelial lining of the tonsil are the preferred sites for HPV
infection (Pai and Westra, 2009; Miniggio, 2016). HPV-positive OPSCC originates
from the basement membrane of the tonsil reticulated squamous epithelium (Pai
and Westra, 2009; Boscolo-Rizzo et al., 2013). The basement membrane is loosely-
arranged naturally to facilitate the intimate contact between immune effector cells
to the external environment. This is the preferred site for HPV infection which can
occur in the absence of mechanical abrasion (Pai and Westra, 2009; Rautava and
Syrjanen, 2012; Miniggio, 2016) which is in contrast to cervical cancer initiation,

that requires micro-trauma to initiate the HPV infection.
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2.2.3 Other HPV-related Diseases

HPV-associated vulvar, vaginal, anal and penile cancers are relatively
uncommon compared to cervical cancer (Cubie, 2013). Vaginal cancer accounts for
only 2% of the female genital-tract malignancies, and is frequently diagnosed in
elderly or post-menopausal women (Hacker et al., 2015). Younger patients who
develop vaginal cancer are likely to have HPV-positive cervical neoplasms (Hacker
et al., 2015). The most common histological types of vaginal cancer is squamous
cell carcinoma (SCC), which accounts for 80 to 90% of all documented cases (Shah

et al., 2009; Hacker et al., 2015).

Vulvar cancer is frequently HPV16- or HPV18- positive, and often occurs
in patients from 35 to 65 years of age (zur Hausen, 2009; Alkatout et al., 2015).
Similar to vaginal cancer, vulvar squamous cell carcinoma is responsible for over
95% of malignant tumours of the vulva (Alkatout et al., 2015). Over 70% of anal
cancer cases is associated with HPV16 infection, and it is more common in women
than in men (Palefsky, 2010; Moscicki and Palefsky, 2011). However, homosexual
men also show increased risk of anal cancer (zur Hausen, 2009; Palefsky, 2010).
On the other hand, penile cancer is a rare malignancy and often occurs in men over
60 years of age (Moscicki and Palefsky, 2011). Human papillomavirus infection is
associated with 42 to 48% of penile cancer cases and is predominantly linked to
HPV types 16 and 18 (Shabbir et al., 2013). Multiple risk factors have been

identified for penile cancer including poor hygiene, phimosis, active sexual activity
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and smoking (Moscicki and Palefsky, 2011; Shabbir et al., 2013; Morrison, 2014)

2.3  Prevention, Current Treatments, and Challenges in HPV16-associated

Cancers

The recognition of the high-risk HPV types, particularly HPV16 and 18 as
the aetiological agents of cancers have led to the introduction of HPV vaccination
as a preventive measure for the development of HPV-associated cancers (Basu et
al., 2013; Yang et al., 2016). A number of prophylactic HPV vaccines have been
developed and proven to have greater than 90% efficacy in preventing persistent
HPV infections and cervical precancerous lesions (Basu et al., 2013). The bivalent
and quadrivalent vaccines, Cervarix and Gardasil, respectively were approved in
2006, and target the L1 capsid protein of the virion of oncogenic HPV types 16 and
18. (Wang and Roden, 2013; Yang et al., 2016). Despite the high efficacy of the
commercial HPV vaccines, several challenges remain and HPV-induced cervical
cancer still remains a common cancer among women (Wang and Roden, 2013).
The main limitation in the HPV vaccination programme is the unaffordability of
the HPV vaccine for the low-income group. Furthermore, the vaccines are unlikely
to benefit individuals with pre-existing HPV infections or who already have
HPV16- and 18-induced cellular abnormalities (Monie et al., 2008; de Sanjose et
al., 2013; White, 2014). Hence, early detection of cervical lesion by Pap smear
screening remains an essential measure. However, false-positive results are

relatively common in Pap smear tests which can lead to unnecessary treatment
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(Hoste et al., 2013; Agorastos et al., 2015).

More recently, HPV testing has been introduced as part of the screening
program. This allows the detection of HPV as well as genotyping of common high-
risk HPV in those individuals who are positive for the virus infection. However, it
is noted that a positive result is not conclusive evidence of positive HPV infection
as the virus may be present in transient infections in women with an active sexual

lifestyle (Coutlée et al., 2005; Hoste et al., 2013; Schlichte and Guidry, 2015).

The primary treatment strategy for individuals who have low-grade lesions
of the epithelium (CIN 1 and 2) is surgery. In patients with high grade CIN and
invasive cancers, surgery is followed by chemotherapy, radiotherapy or
chemoradiotherapy (Petignat and Roy, 2007). The standard chemotherapy
regimens used in cervical cancer treatment are the platinum drugs, cisplatin or
carboplatin used in combination with other drugs, such as topotecan, fluorouracil
or paclitaxel (Soumya and Arun, 2011; Tsuda et al., 2016; Long Ill et al., 2017).
Such modalities of treatment are associated with numerous undesirable effects on
the patients which underline the continued effort to look for alternative anti-cancer

drugs or compounds and regimes.

2.4 In-Vitro Models for Studies of HPV-associated Cancers

It has been difficult to study and understand the HPV lifecycle due to the
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requirement of a stratified epithelial differentiation system for the virus to complete
its viral life cycle and virion production. The episomal form of the HPV DNA was
first discovered in human epidermal keratinocyte culture infected with HPV-1
derived from plantar warts, revealing that viral DNA may maintain and replicate as

stable episomes in monolayer cell cultures (Laporta and Taichman, 1982).

Commonly used epithelial keratinocyte culture systems involve the use of
primary keratinocytes (Hawley-Nelson et al., 1989; Magaldi et al., 2012; Diao et
al., 2015), immortalised keratinocytes, such as NIKS cells (Hawley-Nelson et al.,
1989; Allen-Hoffmann et al., 2000), or cancer cell lines harbouring oncogenic HPV,
such as CaSki, SiHa and HeLa cell lines (Choo et al., 1994; Xu et al., 2015).
Although monolayer keratinocyte cell culture systems are useful models in
studying the early events of HPV infection at the basal layer of the epithelium, they
do not support the vegetative stage of HPV viral life cycle (Taichman et al., 1984).
Further, due to the species- and tissue-restriction specificity of HPV viruses, only
selected animal models such as mouse, rabbit, horse, primate, sheep, and ox are

useful to study the HPV infections (Stanley et al., 1997).

The use of three-dimensional (3D) culture systems or organotypic raft
culture have provided the basis to study the complete HPV life cycle and provide
for efficient production of virus progeny in contrast to low HPV virion production
in clinical lesions (Denise A Galloway, 2009; Ozbun and Patterson, 2014). These

3D raft cultures support HPV virus-host interactions in the differentiating stratified
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epithelium layer which mimics the in vivo cellular architecture (Jackson et al., 2014;
Anacker and Moody, 2012). This ex vivo system has enabled characterisation of
gene expression at different stages of HPV infection (Lee et al., 2016; Frattini et

al., 1997).

2.4.1 The Use of Normal Immortalized Keratinocytes, NIKS

The use of primary human keratinocyte to study HPV viral life cycle has
been a great challenge due to the limited life span of the primary cells with less than
10 passages in vitro (Choi and Lee, 2015). When the primary cells enter senescence,
they display an enlarged and flattened cell morphology indicating loss of replicative

potential (Choi and Lee, 2015).

The establishment of a normal near-diploid immortalised keratinocyte
(NIKS) culture by Allen-Hoffmann et al., 2000 has provided researchers with an
alternative platform. NIKS cells, BC-1-Ep strain, originated from normal human
neonatal foreskin, are immortalised by the hTERT gene in vitro (Allen-Hoffmann
et al., 2000; Tomai¢, 2016). Despite the presence of an extra iso-chromosome 8,
NIKS cells remain non-tumourigenic in athymic nude mice and maintain
anchorage-dependent growth characteristics, a feature which is usually lost in the
cancer cells (Shin et al., 1975; Allen-Hoffmann et al., 2000; Mori et al., 2009; Choi
and Lee, 2015). Furthermore, NIKS cells have been shown to not only maintain an

unlimited life span up to passage 59 in vitro, but also to have cell-to-cell contact
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inhibition similar to healthy primary keratinocyte cells. They also possess wild-
type p53 along with its downstream effector proteins, p16 and pRb. NIKS cells
require the presence of growth-arrested 3T3 feeder layer to provide cytokines or
other growth factors to support its proliferation. The cell morphology is highly
similar to primary human keratinocytes (Allen-Hoffmann et al., 2000; Llames et al.,

2015).

This immortalised keratinocyte cell line is used to construct models which
recapitulate two key steps in oncogenesis of HPV-associated cancers through
introduction of the HPV16 full genome and the HPV16 oncogenes, E6, E7, or both
E6 and E7. Cells that harbour the HPV genome in episomal form are used to
represent the precancerous stage of the HPV-associated carcinogenesis process.
Cells that harbour the E6 and E7 oncogenes singly or together represent the
cancerous stage in which the virus genome is integrated into the host cells. These
models were studied with respect to their chemosensitivity for standard cytotoxic

drugs and selected compounds relative to unmodified parental cells.

2.5  Chemosensitivity of HPV-associated Tumours and Cell Lines

Over 90% of HPV-positive head-and-neck squamous cell carcinoma
(HNSCC) and more than 52% of cervical cancer cases are attributed to high-risk
HPV16. Interestingly, clinical data have shown that patients with HPVV16-positive

HNSCC have better prognosis than HPV-negative HNSCC patients (D’Souza et al.,
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2007; Fakhry et al., 2008; Ang et al., 2010; Gillison et al., 2000). Patients with
HPV-negative HNSCC were reported to associate with a history of heavy tobacco
smoking, alcohol drinking, poor oral hygiene in the older age group (above 60 years
old) but not any measures of sexual history (Gillison, 2008; Mcllwain et al., 2014).
In contrast to HPV-positive patients, patients were usually younger age (below 60
years old), correlated with less smoking and alcohol consumption (Grisar et al.,

2018; Gillison, 2008).

Similar data were obtained in HPV-positive cervical cancer cases treated
with cisplatin-based chemotherapy (Sultana et al., 2003) compared to HPV-
negative cervical cancer patients. It is uncommon to have cancer with HPV negative
phenotype as HPV infection is a necessary cause of cervical cancer. Previous
studies reported that HPV-negative cervical cancer patients could relate with false-
negative screening results due to low viral load or progressively loss of HPV DNA
within the patient’s tumour (Rodriguez-Carunchio et al., 2015). It has been shown
that rare cervical cancer subtypes, adenocarcinomas were frequently associated
with HPV-negativity but the reason behind is not clear (Rodriguez-Carunchio et al.,

2015).

Besides, HPV-positive tumours in immunocompetent mice treated with
cisplatin have also been shown to have increased chemosensitivity than in mice
with HPV-negative tumours (Spanos et al., 2009). Other studies have also

demonstrated that HPV-positive HNSCC cell lines and cervical cancer cells were
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significantly more sensitive to cisplatin treatment than HPV-negative cell lines in
vitro (Ziemann et al., 2015; Koivusalo and Hietanen, 2004). Many hypotheses have
been proposed to explain these findings. One hypothesis is that the persistence of
wild-type p53 in HPV-associated cancers allow induction of the p53-associated
apoptosis pathway in response to DNA damage caused by cytotoxic agents
(Koivusalo and Hietanen, 2004). However, the exact molecular mechanisms
underlying HPV-associated chemosensitivity are not understood and remain to be

elucidated.

2.6 Mechanisms of Cisplatin and Topotecan Action

2.6.1 Cisplatin and Mechanism of Action

The platinum-based chemotherapeutic agent, cisplatin, also known as cis-
diamminediachloroplatinum(Il) is the major chemotherapeutic agent for the
treatment of HPV-associated cancers. Cisplatin displays strong anticancer activity
against cervical and head-and-neck cancers (Pendleton and Grandis, 2013;
Hutchinson, 2016). Cisplatin mediates its cytotoxic effects by interacting with
purine bases of the DNA, thereby forming DNA adducts, leading to the activation
of intrinsic and extrinsic apoptotic pathways (Figure 2.4) (Siddik, 2003; Dasari and
Bernard Tchounwou, 2014). In the mitochondrial or intrinsic pathway, proapoptotic
proteins, BAX and BAK are activated in response to DNA damage (Florea and

Biisselberg, 2011; Dasari and Bernard Tchounwou, 2014) induced by cisplatin
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Figure 2.4 Mitochondrial (intrinsic) and death-receptor (extrinsic) apoptotic
pathways activated by cisplatin. Cisplatin activates the intrinsic pathway (blue
arrows) through the pro-apoptotic proteins, BAX and BAK (not shown).
Subsequently, BAX and BAK permeabilise the mitochondrial membrane to release
the antiapoptotic-inducing factor AIF and cytochrome C into the cytosol to execute
the caspase-independent and caspase-9-dependent apoptosis pathways. Death
receptors that reside on the plasma membrane activate the extrinsic pathway (green
arrows) upon cisplatin treatment leading to the activation of caspase-8 to facilitate
in apoptosis. Furthermore, cisplatin may also activate the endoplasmic reticulum
(ER) stress pathway (grey arrows) to stimulate the activation of ER-specific
caspase-12 in the execution of cellular apoptosis. (Figure adapted from Pabla and

Dong, 2008)
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action. The BAX and BAK proteins trigger permeabilisation of the mitochondrial
membrane to release anti-apoptotic-inducing factor, AlIF, hence resulting in the
activation of the caspase cascade leading to apoptosis (Pabla and Dong, 2008;
Florea and Busselberg, 2011). In addition, cisplatin activates the extrinsic or death
receptor-mediated pathway where ligands bind to the death receptors, such as
tumour necrosis factor-a (TNF-a) receptor, or the Fas ligand (FasL) residing at the
plasma membrane, to trigger the recruitment and activation of caspase-8,
subsequently activating the downstream caspases to mediate cellular apoptosis

(Pabla and Dong, 2008).

Cisplatin has been shown to downregulate E6 and E7 expression in HPV16-
positive cells in cervical cancer and HNSCC models, allowing the reactivation of
the p53 and pRb (Jung et al., 2012; Ziemann et al., 2015). Furthermore, cisplatin
has also been proven to upregulate p53 allowing p53 to escape from E6-mediated
p53 degradation, thereby enhancing p53-mediated apoptosis (Wesierska-Gadek et

al., 2002; Liu et al., 2005; Fulda and Debatin, 2006).

2.6.2 Topotecan and Mechanism of Action

Topotecan is a semi-synthetic alkaloid compound that belongs to the
campthothecin family. Topotecan has been approved for used as a single agent in
treatment of patients with metastatic relapsed ovarian cancer, advanced and

recurrent stages of cervical cancer (Coleman, 2002; Garst, 2007; Robati et al., 2008;
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Lorusso et al., 2010). Topotecan is also used in conjunction with cisplatin for
treatment of cervical cancer and these two drugs have non-overlapping toxic effects.
This combination therapy improves treatment response and reduces drug resistance
(Robati et al., 2008). Topotecan exerts its anticancer activity on dividing cells at
the S-phase of the cell cycle by targeting and inhibiting the DNA topoisomerase I.
DNA topoisomerase relaxes supercoiled DNA by introducing transient DNA
breaks which allows replication fork progression and subsequently resealing these
breaks. Topotecan specifically targets the cleavage complex, the enzyme’s catalytic
intermediate, thereby interfering with its function. These functions are important
during transcription and DNA replication (Figure 2.5). As a consequence,
topotecan treatment results in irreversible double-stranded DNA break and
abrogates DNA replication, leading to apoptosis (Rasheed and Rubin, 2003; Garst,
2007; Robati et al., 2008). Topotecan-mediated S-phase arrest in cell cycle involves
activation of DNA-damage response pathway, in which the mediator of the DNA-
damage response (DDR), checkpoint kinase-1 (Chk1), is rapidly phosphorylated by
ataxia telangiectasia and rad3-related, ATR. Subsequently, Chk1l phosphorylates
the dual-specificity phosphatase, CDC25A, to abrogate the transition from G1to S
phase of the cell cycle (Cliby et al., 2002; Xiao et al., 2003). Topotecan has been
shown to reduce E6 level and triggers the upregulation of p53 activity in SiHa, a
HPV16-positive cell line (Koivusalo and Hietanen, 2004). The increase of p53
expression would be expected to enhance p53-induced apoptosis of DNA-damaged
cells. However, the apoptosis triggered by topotecan was reported to be p53-

independent
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Figure 2.5 Mechanism of action of topotecan. Step 1. During DNA replication,
DNA topoisomerase | binds to the DNA forming the reversible topoisomerase |
(TOP)-DNA cleavable complex, the enzyme catalytic intermediate. This allows
cleavage of supercoiled double-stranded DNA and DNA transcription to occur.
Step 2. Topotecan stabilises the TOP-DNA cleavable complex by non-covalently
binding to it. As a result, the cleavage reaction is abrogated and the re-ligation
reaction is inhibited. Step 3. The TOP-DNA cleavable complex collides with the
replication fork, resulting in irreversible arrest of the replication fork and
accumulation of DNA damage. Step 4. Consequently, the reversible TOP-DNA
cleavable complex is converted into an irreversible complex due to the formation
of DNA double-stranded breakages (DSBs). (Figure adapted and modified from

Takimono and Arbuck, et al., 1997)
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2.7  The Use of Natural Flavonoid Compounds in Cancer Treatment

2.7.1 Eupatorin and Sinensetin

Both eupatorin and sinensetin are flavonoid compounds isolated from the
leaves of the orthosiphon stamineus plant, which can be found in Southeast Asia
countries, particularly in Malaysia and Indonesia (Awale et al., 2003; Akowuah et
al., 2004; Loon et al., 2005). The orthosiphon stamineus plant is a traditional
medicinal herb, which is used to treat jaundice, gallstone, diabetes, rheumatoid

diseases and is traditionally well-known for its diuretic effects (Ameer et al., 2012).

Previous studies have demonstrated that eupatorin exerts anti-proliferative
effects on different cancer cell lines, including breast adenocarcinoma MCF-7,
various leukemia cell lines HL-60, MOLT-4 and K562 and multiple myeloma cell
line RPMI18226 (Doleckova et al., 2012). Furthermore, eupatorin has also been
shown to induce apoptosis in HeLa, an HPV18-positive cervical cancer cell line by
stabilising the p53 tumour suppressor protein to promote the G2/M phase cell-cycle
arrest (Lee et al., 2016). Besides, caspase-3 and -8 levels are found to be elevated
upon eupatorin treatment, suggesting that upregulation of caspases-3 and -8 may

be involved in executing cellular apoptosis (Doleckova et al., 2012; Lee et al., 2014).

On the other hand, sinensetin treatment has been shown to inhibit the

AGS gastric cancer cell growth, induce apoptosis in a dose-dependent manner, and
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trigger cell-cycle arrest at G2/M (Dong et al., 2000). Exposure of sinensetin on the
AGS gastric cancer cells also demonstrated an increased expression of p53 and p21
proteins, suggesting that these two proteins are involved in sinensetin-induced
apoptosis (Dong et al., 2000). However, studies on the cytotoxicity or anti-cancer

effects of sinensetin are relatively limited.

In view of the reported anti-proliferative actions of these two flavonoid

compounds, there were selected candidates for use in this study.

2.8 The Use of Synthetic Compounds in Cancer Treatment

2.8.1 Tribenzyltin Carboxylates (TC) 1 and 4

Tribenyltin carboxylates (TC) 1 and 4 are organotin (IV) compounds with
carboxylate ligands. Organotin compounds are non-platinum-based compounds
that display cytotoxicity effects in vitro against various cancer cell lines, including
HeLa, leukemia cell line HL-60, lymph carcinoma B and T cell lines,
nasopharyngeal carcinoma KB, and hepatocellular carcinoma Bel-7402 with
higher potency than cisplatin (Hadjikakou and Hadjiliadis, 2009; Fani et al., 2015).
In addition, despite its therapeutic success against various cancers, cisplatin causes
significant side effects, such as accumulation of heavy metal ions leading to cellular
toxicity, and intrinsic drug resistance, the last being a major reason for treatment

failure (Zhangand Lippard, 2003; Alama et al., 2009; Arjmand et al., 2014). Indeed,
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synthetic organotin compounds have been reported as promising alternative agents
with improved specificity in Kkilling cancer cells, reduced toxicity and minimal

effects on normal cells (Arjmand et al., 2014).

Both the TC1 and TC4 compounds are novel halogenated tribenzyltin
complexes, which have been tested in human breast cancer cell lines, MCF-7 and
MDA-MB231 (Anasamy et al.,, 2017). Among of all the tested tribenzyltin
complexes and triphenyltin analogues, the tribenzyltin complexes 9 (TC9) activity
due to the presence of the isonicotinate ligand which enhances its cytotoxicity
effects. This is followed by TC1 which was reported to display significant
cytotoxicity effects in breast cancer cell lines. TC1 was shown to initiate apoptosis
through upregulation of caspase-8 and -9 to drive both the intrinsic and extrinsic

apoptosis pathways.
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CHAPTER 3

MATERIALS AND METHODS

3.1 Cell Lines

Normal immortalised keratinocytes (NIKS), mouse embryonic fibroblast,
(3T3-J2) and retrovirus packaging cell line (Phoenix) were all provided by Dr.
Kenneth Raj (Human and Protection Agency, United Kingdom). HPV16-positive
cervical cancer cell line, CaSki (CRL-1550, Manassas Virginia, USA) was
purchased from American Type Culture Collection, ATCC. The usage of each cell

line is stated in Table 3.1.

3.1.1 Normal Immortalised Keratinocytes, NIKS

NIKS cells were cultured on a layer of y-irradiated 3T3-J2 cells as the feeder
layer. Frozen NIKS cells were removed from the liquid nitrogen tank and
immediately thawed in a 37 °C water bath for less than 1 min. The cryovial was
wiped with 70% ethanol before transferring into an Airstream Class Il Biological
Safety Cabinet culture hood (ESCO, Singapore). The thawed cells were transferred
into 9 mL of pre-warmed complete medium containing 3 parts DMEM

and 1-part F12 supplemented with 5% (v/v) fetal bovine serum (FBS) (Gibco,
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Table 3.1 Cell lines used in the study

Cell type Name Use
Mouse embryonic 3T3-J2 Feeder support for NIKS
fibroblast cells
Normal human neonatal NIKS For preparation of cell

foreskin keratinocytes

Retrovirus packaging cell

line

HPV16-positive

cervical cancer cell line

(Normal immortalized

keratinocytes)

Phoenix

CasKi

models expressing the
HPV16 genome or
HPV16 oncogenes (E6,
E7 or E6E7)

Recombinant retrovirus

production

Positive control - E6 and

E7 expression
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Thermo Fisher Scientific, Massachusetts, USA), 24 pug/mL adenine (Sigma-Aldrich,
Missouri, USA), 0.4 pug/mL hydrocortisone (Sigma-Aldrich), 5 pg/mL insulin
(Gibco), 8.4 ng/mL cholera toxin (Sigma-Aldrich) and 1% of penicillin-
streptomycin (Gibco) in a 15-mL tube (SPL, Gyeonggi-do, Korea). The tube was
centrifuged at 1,500 rpm for 5 min in a benchtop centrifuge (Allegra® X-30 Series,
Beckman Coulter, California, USA). The supernatant was discarded and the cell
pellet was resuspended in 1 mL fresh complete medium. The cell suspension was
pipetted into a 100-mm cell culture treated plate (SPL) containing 10 mL complete
medium. Epidermal growth factor (EGF) (Peprotech, New Jersey, USA) was added
to the fresh medium at a concentration of 10 ng/mL, and the cells were maintained

in a 37 °C cell culture incubator (ESCO) with 5% of CO..

NIKS cells were split twice a week at a ratio of 1:3. During subculturing,
spent medium was discarded and cells were washed once with 5 mL 1X Phosphate
Buffered Saline (PBS) (Takara, Tokyo, Japan). A differential detachment method
utilising 2 different concentrations of trypsin-EDTA solution was used to detach
both the NIKS and the feeder cells. 3T3-J2 feeder cells were first detached by
incubating with 3 mL pre-warmed 0.05% trypsin-EDTA (Gibco) for 1 min. The
plates were then washed once with 5 mL 1X PBS, followed by detachment of NIKS
by incubating with 3 mL pre-warmed 0.25% trypsin-EDTA (Gibco) for 5-8 min at
37 °C. The cells were examined under an Eclipse TS100 inverted microscope
(Nikon, Tokyo, a Japan) to ensure 90% detachment and the trypsin action was

inactivated by adding 6 mL complete medium. The supernatant containing the
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NIKS cells were transferred to a 15-mL conical tube (SPL) and centrifuged at 1,500
rpm for 5 min to obtain cell pellet. Supernatant was discarded and the cell pellet
was resuspended in 5 mL pre-warmed complete medium. The cells were stained
with 0.4% trypan blue (Gibco) and the total cell number was determined by using
a hemacytometer. Briefly, ten microlitre of the cell suspension was mixed with an
equal amount of trypan blue and the cells were counted using an Eclipse TS100
inverted microscope at 200X magnifications. The cell concentration was

determined using the formula below:

Cell concentration (cell/mL) =

(Average of cells per big square on hemacytometer) x (dilution factor) x (10%)

Prior to seeding of the desired concentration of NIKS cells, 1 x 10° of feeder
cells was plated on a new plate, followed by NIKS cells. Approximately 8 mL
NIKS complete medium and EGF were added fresh into the plate. The NIKS
culture medium supplemented with EGF was changed every two days, and the
cultures were routinely examined under the microscope to check for possible

contamination.

For cell cryopreservation, NIKS cells were harvested at 70-80% confluency
and pelleted at 1,500 rpm for 5 min. The cell pellet was resuspended in a freezing
medium containing 70% (v/v) NIKS complete medium, 20% FBS and 10% DMSO.
The cell suspension was transferred to a NUNC® cryovial (Thermo Fisher

Scientific) and stored at -80 °C in an ESCO Lexicon Ultra-low temperature freezer

46



(ESCO) overnight. The cryogenic vials were transferred to liquid nitrogen on the

subsequent day for long term storage.

3.1.2 Mouse Embryonic Fibroblast Cell Line, 3T3-J2

3T3-J2 cells were irradiated for use as a feeder layer to support the growth
of NIKS cells. A cryovial containing the 3T3-J2 cells was thawed and transferred
into a 15-ml conical tube (SPL) containing 9 mL pre-warmed DMEM high-glucose
medium supplemented with 10% FBS (Gibco) and 1% penicillin/streptomycin
(Gibco). The thawed cells were centrifuged at 1,500 rpm for 5 min and the
supernatant was discarded. Cell pellet was re-suspended in 1 mL pre-warmed
complete medium and transferred into a 100-mm cell culture dish containing 9 mL

complete medium, and maintained in a 37 °C cell culture incubator with 5% of CO..

3T3-J2 cells were subcultured three times a week at a ratio of 1:4 upon
reaching 80% confluency. The 3T3-J2 subculturing procedure was similar to that
of NIKS cells with cell detachment facilitated by using 3 mL pre-warmed 0.05%
trypsin-EDTA solution (Gibco). 3T3-J2 cells were maintained at 1 x 10° seeding

density.

For cryopreservation of the 3T3-J2 cells, cell pellets were suspended in a
freezing medium containing 70% (v/v) 3T3-J2 complete medium with 20% FBS

and 10% DMSO. The cell suspension was transferred into a cryovial which was
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stored overnight at -80 °C and transferred to liquid nitrogen for long term storage

the next day.

3.1.2.1 Irradiation of 3T3-J2 Cells to Serve as Feeder Layers

3T3-J2 cells at 80-90% confluency were harvested and irradiated at 80
Grays using a Caesium source from a gamma (y) irradiator (Gammacell® 3000
Elan, Best Theratronics, Canada) located in Universiti Malaya Medical Centre
(UMMC, Malaysia). Irradiated feeder cells were either used fresh by directly
plating the 3T3-J2 feeder cells or cryopreserved for long-term storage prior to NIKS
splitting. Irradiated feeder cells were pelleted at 1,500 rpm centrifugation for 5 min,
and the cell pellet was resuspended in 35 mL complete medium. Cell count was
performed using a hemacytometer. Excess irradiated feeder cells were
cryopreserved at 4 x 108 cell density per vial using a freezing medium 90% (v/v)

FBS with 10% DMSO and stored in liquid nitrogen until use.

3.1.3 HPV16-positive Cell Line, CaSkKi

CaSki cells were thawed and maintained in a complete medium containing
90% (v/v) RPMI 1640 supplemented with 10% FBS in a 37 °C, 5% CO- cell culture
incubator. The cells were subcultured twice a week at a ratio of 1:5. To subculture,
existing medium in a 100-mm plate was first removed and the cells were washed

once with 3 mL 1X PBS. The wash solution was discarded and 3 mL 0.25% of
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trypsin-EDTA was added. The plate was incubated for 5-8 min in a 37 °C, 5% CO
incubator to aid cell detachment. The cells were examined under an Eclipse TS100
inverted microscope to ensure 90% cell detachment. Subsequently, 6 mL pre-
warmed complete medium with serum was added to the detached cells and the cell
suspension was collected in a 15-mL conical tube. The tube was centrifuged at
1,500 rpm for 5 min and the cell pellet was resuspended in 5 mL pre-warmed
complete medium. The cells were evenly split into four 100-mm plate and 9 mL

complete medium were added to each plate.

For cryopreservation of the CaSki cells, the cells were harvested with 0.25%
trypsin-EDTA and suspended in a freezing medium containing 70% (v/v) CaSki
complete medium and 20% FBS. DMSO (10%, v/v) was added into the cryovial
and the suspension was pipetted up and down to achieve thorough mixing. The
cryovial was transferred to a -80 °C freezer (ESCO) overnight before transferring

to liquid nitrogen the next day for long term storage.

3.1.4 Retrovirus Packaging Cell Line, Phoenix

Phoenix cells were thawed and cultured in a complete medium containing

90% (v/v) DMEM, 10% FBS, 1% 100X L-glutamine (Gibco) and 1% penicillin-

streptomycin. Phoenix cells were subcultured at 80-90% confluency, generally

twice a week at a ratio of 1:2. Medium changes were made every second day to
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remove non-adherent cells. The cells were maintained in a 37 °C, 5% CO; incubator

and examined daily to detect any contamination.

To cryopreserve the Phoenix cells, a freezing medium containing 70% (v/v)
Phoenix-cell complete medium was added to the cell pellet, and the cells were
resuspended evenly before being transferred to cryogenic vial. DMSO (10%, v/v)
was added into the cryovial and the cells suspension was pipetted up and down to
mix thoroughly. The vial was stored at -80 °C overnight before being transferred to

liquid nitrogen for long term storage.

3.2 Plasmid Constructs and Primers

3.2.1 Plasmid DNA Constructs

Plasmids were provided by Dr. Kennenth Raj (HPA, UK) in a lyophilized

form. The plasmids and their usage in generating the HPV16-precancerous and

cancerous models are shown in Table 3.2. The plasmid map and other features are

detailed in Appendix A-G.

3.2.2 Primers Used in the Study

Primer sequences used in the study are listed in Table 3.3. Primer synthesis

service was provided by First Base Laboratories, Malaysia. Primer was delivered
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Table 3.2 Plasmids used to generate experimental models

Name of plasmid

Inserted gene

Antibiotic marker

Usage

pcDNAG
pSPW12

PBABE-neo

pLXSN-HPV16 E6
pLXSN-HPV16 E7
pLXSN-HPV16 EGE7

PMX-GFP

None

Full HPV16 genome
(8 kb)

None

HPV16-E6
HPV16-E7
HPV16-E6E7

Green fluorescence
protein (GFP)

Blasticidin

Blasticidin

Geneticin

Geneticin
Geneticin
Geneticin

None

Empty vector (EV) control for the precancerous model

For generation of HPV16 precancerous model using
NIKS cells

Empty vector (EV) control for the cancerous models

For introduction of HPV16-E6, -E7 or EGE7, respectively
into NIKS cells to generate the HPV16 cancerous models

As the reporter gene to monitor transfection or
transduction
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Table 3.3 Primers used in mRNA RT-PCR

Gene Primer Sequence (5’ - 3) Amplicon size (bp)
HPV16 F: TTATCA(T/A)ATGCCCA(T/C)TGTACCAT 188

R: ATGTTAAT(A/T)(G/C)AGCC(A/T)CCAAAATT
Blasticidin F: GAT CGG AAA TGA GAA CAG GGG CA 154

R: CAC ATA ACC AGA GGG CAG CA

GFP F: GAC GTA AAC GGC CACAAGTT 188
R: AAGTCGTGC TGC TTC ATG TG

HPV16-E6 F: CGA CCC AGA AAGTTACCA 117
R: AGC AAA GTC ATATAC CTC ACG

HPV16-E7 F: CCG GAC AGA GCC CAT TAC AA 92
R: CGAATG TCT ACGTGT GTGCTT TG

GADPH F: ACATCATCCCTG CCT CTA 274
R: TCA AAG GTG GAG GAG TGG
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in a lyophilized form and double-distilled water (ddH20) was added to generate a
100 uM stock solution. Primer was further diluted into working concentrations at

10 M.

3.3  Preparation of Bacteria Culture Media and Antibiotic

3.3.1 Lysogeny (LB) Agar Plate

Lysogeny (LB) agar plate was used to culture Escherichia coli (E. coli),
DH5-a strain. Formulation of the commercially available LB agar powder comprise
15 g/L agar, 10 g/L tryptone, 10 g/L sodium chloride (NaCl) and 5 g/L yeast extract
(Sigma-Aldrich). To prepare 500 mL LB agar, 40 g LB powder was weighed and
added into 500 mL double-distilled water (ddH20) in a 1-litre borosilicate bottle
(Schott, Mainz, Germany). The bacterial medium was autoclaved at 121 °C for 15
min for sterilization purpose. The medium was cooled down to 55-60 °C and
ampicillin (Sigma-Aldrich) was added at a concentration of 100 pg/mL. LB-
ampicillin agar plates were prepared in an Airstream Laminar flow hood (ESCO).
LB agar medium was swirled evenly and poured into sterile 100-mm petri dish at

approximately 20 mL per plate.

The plates were allowed to solidify inside the laminar flow hood. The LB-
ampicillin agar plates were stored at 4 °C in an inverted position to avoid water

droplets on the agar surface.
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3.3.2 Lysogeny (LB) Media

Lysogeny broth (LB) medium was used to propogate E. coli. LB medium
was prepared by dissolving 7.5 g LB powder (Sigma-Aldrich) in 500 mL double-
distilled water (ddH20) in a 1-litre borosilicate bottle (Schott). LB broth was
autoclaved at 121 °C for 15 min and cooled down to 55-60 °C before use. Ampicillin

(100 pg/ml) was added to LB broth and kept at room temperature prior to use.

3.3.3 Ampicillin Stock Solution

Plasmid vector used in this study contain the ampicillin resistance selective
marker for selection on LB-ampicillin agar plate. Ampicillin stock preparations
were performed in an Airstream Laminar flow hood (ESCO). Fifty microgram
ampicillin (Sigma-Aldrich) was dissolved in 50 mL double-distilled water (ddH20)
giving a final concentration of 1 mg/mL. The antibiotic solution was filtered using
a 0.22-um cellulose acetate syringe filter (Sartorius AG, Germany) and 1 mL
aliquots were added to storage vials. The ampicillin aliquots were stored at -20 °C

until use.
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3.4  Preparation of Plasmids DNA

3.4.1 Transformation of E. coli with Plasmid DNA

One-Shot TOP10 chemically-competent E. coli (Invitrogen) were
transformed with plasmid DNA according to the manufacturer’s protocol.
Transformed E. coli was plated on three different LB agar plates containing 50, 100
and 150 pg/ mL ampicillin (MP Biomedicals, California, USA). The three plates
were inverted and incubated overnight for 16 h at 37 °C. Plates with single colonies
were selected and analysed for the presence of the particular gene by colony

polymerase chain reaction (PCR).

3.4.2 ldentification of Positive Clones by Colony PCR

A total of five single colonies of transformed E. coli were picked from the
agar plate using 200 L pipette tips and dipped into a 200-pL tube containing the
PCR master mixture. PCR reaction components were prepared according to Table
3.4. The PCR reagents included 10X PCR buffer with 20 mM of MgCl,, 10 mM
dNTPs mix, 5U/uL Taq polymerase and 25 mM MgCl; supplied in the kit (Thermo
Scientific). PCR was performed using Applied Biosystems (ABI) Veriti Thermal
Cycler (Thermo Fisher Scientific) using the PCR cycling profile shown in Table
3.5. The amplification conditions were as follows - initial denaturation

at 95 °C for 5 min, followed by 30 cycles of denaturation at 95 °C for 30 sec,
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Table 3.4 PCR components for colony PCR

Reagents

Stock conc®

Working conc?

Per reaction (ul)

PCR buffer with
20mM of MgCl;

dNTPs mix
Taq polymerase
MgCl»

Forward primer
Reverse primer
ddH20

DNA Template

Total

10 X

10 mM
5 U/uL
25 mM
10 uM
10 uM

1X

200 pM
05U

2.0 uM
0.5uM
0.5uM

1.0

0.4
0.1
1.6
1.0
1.0
13.9

Single colony

20
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Table 3.5 PCR cycling profile for colony PCR

Step Time Temperature (°C)
Initial denaturation 5 min 95
Denaturation 30 sec 95
_ Repeated  for
Annealing 30 sec 60 - 66
] 30 cycles _
Extension 1 min 12
Final extension 30 sec 72
Cooling 0 25
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annealing at (60 — 66 °C) for 30 sec, extension at 72 °C for 1 min and final extension

at 72 °C for 30 sec.

3.4.3 Agarose Gel Electrophoresis

Colony PCR products were subjected to agarose gel electrophoresis to
determine the presence of plasmid DNA. Agarose gel was prepared by dissolving
0.15 g agarose powder (Seakem® LE Agarose, Lonza, Switzerland) with 30 mL
1X Tris-acetate-EDTA (TAE) buffer (First Base Laboratories). The mixture was
heated with gentle stirring until the agarose powder was fully dissolved. One
microlitre 3X GelRed nucleic acid stain (Biotium, California, USA) was then added
and the mixture immediately poured onto the gel casting unit. The gel was allowed
to solidify and placed submerged into a gel tank containing 1X TAE running buffer
with its level at approximately 1.5 mm above the agarose gel. Five microlitre PCR
product was mixed with 1 puL 6X gel loading dye (Thermo Scientific) and loaded
into the wells of the agarose gel. GeneRuler 100-bp DNA ladder (Thermo Scientific)
was used for size estimation of the PCR products. The gel was run at 65 V for 60
min and visualised under a 302-nm UV light using the BioSpectrum Imaging

System (UVP, California, USA).

3.4.4 Expansion Culture of Transformed E. coli Clones

After identification, individual colonies containing transformed clones
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harbouring the desired plasmid were dipped into 5 mL of LB broth containing 100
pg/mL of ampicillin (Sigma-Aldrich) and incubated overnight in a shaking
incubator (IKA-Works, Staufen im Breisgau, Germany) with vigorous shaking.
About 1 mL overnight culture was transferred to 250 mL LB broth containing 100
pg/mL of ampicillin for bulk production. Bacterial glycerol stock was prepared by
mixing 700 pL bacterial culture with 300 uL of 100% (v/v) glycerol ina 1.5-mL

microcentrifuge tube and stored at -80 °C as the stock.

3.4.5 Plasmid DNA Extraction

Plasmids DNA was extracted from E. coli culture using two commercial
kits. For small-scale (maximum of 5 mL bacterial broth) plasmid extraction,
QlAprep® Spin Miniprep Kit (Qiagen, Germany) was used. For larger-scale
culture (250 mL — 300 mL of bacterial broth), PureLink® HiPure Plasmid
Maxiprep Kit (Invitrogen) was used. The plasmid extraction procedure was carried

out according to the manufacturer’s protocols.

For small-scale plasmid extraction, 5 mL bacterial broth was pelleted by
centrifuging at 4000 xg for 10 min. Pelleted bacterial cells were resuspended in 250
ML resuspension buffer containing RNAse in a 1.5-mL microcentrifuge tube.
Bacterial pellet was resuspended evenly to avoid cell clumping. Next, 250 uL of
lysis buffer was added and the suspension was mixed gently by inverting the tube

five times until a clear solution was observed. Lysis reactions were stopped by
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adding 350 pL neutralization buffer into the solution and immediately mixed
homogenously by inverting the tube 5 times. The microcentrifuge tube was
centrifuged at 17,900 xg for 10 min using a Sigma® 1-14 table-top centrifuge
(Sigma-Aldrich). The supernatant was transferred to a QlAprep spin column and
centrifuged for 1 min. The spin column was washed once with washing buffer and
centrifuged twice for 1 min each time to remove residual washing buffer. Plasmid
DNA trapped inside the spin column was eluted by placing the spin column in a
clean 1.5-mL microcentrifuge tube and 50 pL pre-warmed elution buffer at 55°C
was added to the center of the spin column. The column was allowed to stand for 1
min and centrifuged at 17,900 xg for 1 min. Plasmid DNA was quantified using
Implen® UV/Vis NanoPhotometer™ P300 (Implen, Munich, Germany) and stored

at -20 °C.

For large scale plasmid extraction, 300 mL transformed E. coli was placed
into several 50-mL conical tubes and centrifuged at 4000 xg for 10 min to sediment
the bacterial cells. Bacterial pellet was pooled into one 50-mL conical tube and
resuspended homogenously using resuspension buffer containing RNase A. Lysis
buffer was added to the suspension and the capped tube was inverted for mixing.
The mixture was then incubated at room temperature for 5 min. Lysis buffer was
neutralized by adding precipitation buffer and mixed by inverting the tube until the
lysate was homogenous. Next, the mixture was centrifuged at 12,000 xg for 10 min
at room temperature and the supernatant was loaded into the equilibrated column.

The supernatant was allowed to flow through the column by gravity. The plasmid
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DNA remained trapped in the column. The column was washed twice using wash
buffer and the DNA was eluted using elution buffer and collected with a sterile 50-
mL conical tube placed under the column. Eluted plasmid DNA was precipitated
by adding isopropanol to the eluent. The eluent was centrifuged at 12,000 xg for 30
min at 4 °C. The DNA pellet was washed in 70% ethanol and centrifuged at 12,000
xg for 5 min at 4 °C. The supernatant was discarded and the pellet was air-dried for
15 min before being resuspended in 200 uL TE buffer. Concentration and purity of
each plasmid DNA were determined using Implen® UV/Vis NanoPhotometer™
P300 (Implen, Munich, Germany). The plasmid DNA obtained was aliquoted at
around 50 pL each in a 1.5-mL microcentrifuge tube. Plasmid stocks were stored

at -20 °C.

3.4.6 Preparation of Re-circularised HPV16 DNA

Full HPV16 genome was excised from the pSPW12 plasmid by restriction
enzyme digestion, and re-circularised by ligation for use in transfection of NIKS.
For digestion of HPVV16 DNA, pSPW12 plasmid (5 pg) was first incubated with 2
pL fast-digest BamHI restriction enzyme (Thermo Scientific) for 5 min at 37 °C.
The enzyme activity was inactivated by incubating at 75 °C for 20 min. The ligation

reaction mixture was prepared as shown in Table 3.6.

The ligation reaction was carried out by placing the reaction tube in a floater

and incubated in a 16 °C water bath overnight. The reaction mixture was purified
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Table 3.6 Ligation reaction mixture set-up for preparation of circular HPV16

Component Volume (uL)
Digested DNA 15

DNase, RNase free water 882.5

10X T4 DNA Ligase buffer (NEB, USA) 100

T4 DNA Ligase (NEB, USA) 2.5

Total volume 1000
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and concentrated using binding, washing and elution buffers. These three buffers
are all included in QlAprep® Spin Miniprep Kit (Qiagen, Germany). The mixture
was first loaded together with 10 mL binding buffer into a QlIAprep spin column
and the column was centrifuged at 13,000 xg for 30 sec using a Sigma® 1-14 table-
top centrifuge (Sigma-Aldrich). Following this, the column was washed once with
750 pL washing buffer and centrifuged twice at top speed for 1 min to remove most
of the washing buffer. Elution buffer was next added to the column which was
allowed to stand for 1 min. The column was then spun at top speed forl min to elute
the genomic DNA. DNA integrity was assessed by taking 3 pL eluted DNA mixed
with 1 puL 6X loading dye and run on a 1% agarose gel (1% w/v agarose in TBE).
The gel was pre-stained with 1 uL 3X GelRed nucleic acid stain (Biotium) and the
KAPA™ Universal DNA ladder (Kapa Biosystems, USA) was used for size
estimation. The gel was run for 60 min at 80 V. Successful re-circularisation of
HPV16 genome should give a supercoiled band at about 8 kb (kilobase pairs) as

shown in Figure 3.1.

35 Establishment of HPV16 Precancerous Models: NIKS-HPV16gpi

3.5.1 Co-transfection of Re-Circularised Full HPV16 Genome and pcDNA

into NIKS

A day prior to transfection, NIKS cells were plated in a 6-well plate at a

density of 7 x 10° cells together with 3 x 10° feeder cells. The plate was incubated
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Figure 3.1 ldentification of HPV16-full genome fragment by restriction
enzyme digestion. Lane 1, DNA marker; lane 2, undigested pSPW12; lane 3,
BamHI-digested pSPW12. The full 8-kb HPV16 genome fragment at 8 kb location
is indicated by the red arrow; other vector-derived BamHI fragments are indicated
by the blue arrows; the blue asterisk indicates the >10-kb band, which was probably

an undigested, or incompletely-digested, pSPW12 DNA fragment.
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overnight at 37 °C with 5% CO- until 80% confluency. Existing medium in each
well was aspirated off and 2 mL fresh complete medium were added into the wells.
Transfection was carried out using Lipofectamine® 3000 (Invitrogen).
Transfection mixtures containing the appropriate reagents were prepared according

to the manufacturer’s protocol (Table 3.7).

Three sets of controls were set up for the transfection exercise. They include
a reagent (parental cell) control, a vector control and an efficiency control. For each
of the controls and for the transfection with HPV, two sets of tubes labelled as A
and B were prepared separately. As shown in the Table 3.7, component A
comprised 7.5uL Lipofectamine® 3000 diluted in 125uL of DMEM. In the case of
component B, pcDNAG6 and pMX-GFP were added to DMEM and P3000™ for the
vector control and the transfection/efficiency control respectively, while HPV DNA
was added together with pcDNA6 (which contain the blasticidin resistance gene)
for the transfection mix. The negative (i.e. reagent control) contained all the
reagents with the exclusion of DNA. Components A and B were mixed together in
equal volume (125 pL each) to form the DNA-lipid complexes. The reaction mixes
were then allowed to incubate at room temperature for 5 minutes before being
added to the NIKS cells. The cells were incubated at 37 °C with 5% CO..The cells
were cultured until about 80% confluency and were then treated with blasticidin
(Gibco) at 8 pg/ml, with the exception of the transfection/efficiency control. The
culture medium was replenished every two days and blasticidin added to the

appropriate plates until all the cells in the negative control plate are dead.
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Table 3.7 Preparation of transfection mixes using Lipofectamine® 3000

Tube 1 Tube 2 Tube 3 Tube 4
Component  Reagent (Parental (Vector Control) (Co-transfection (Transfection/
Control) Tube) Efficiency Control)
DMEM (uL) 125 125 125 125
A : .
Lipofectamine® 3000 75 75 75 75
(kL)
Component  Reagent Tube 1 Tube 2 Tube 3 Tube 4
DNA Nil PCDNAG HPVI16 — genome PMX-GFP
Amount (ug) - 2.5 PCDNAG 2.5
5 ' 2.5+15 '
DMEM (uL) 125 125 125 125
P3000™ Reagent (uL) 7.5 75 75 75
Procedure
1. Prepare components A and B as above
2. Add 125pL of component A to 125uL of component B for each tube (— DNA lipid complex)
3. Incubate the tubes for 5 minutes at room temperature
4. Add the equilibrated transfection mixes (DNA lipid complex) to the NIKS cells
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The success of the transfection and its efficiency was gauged by examining
the fluorescence signal (green) of the cells treated with the pMX-GFP transfection
mix at 24 hours. The signals were monitored thereafter at 48 and 72 hours. This
was done using the Zeiss Imager (Al Fluorescence Microscope, Carl Zeiss,
Germany). Positive signals at 24 hours indicate successful transfection, and the
relative number of cells positive for the signal a measure of the efficiency of
transfection. These results are taken to imply overall success in transfection for the
other plasmids. An increase in the signals over time is an indication of active
replication of the pMX-GFP transfected cells. Simultaneously, cell growth was

followed by examining the plates using phase contrast microscopy.

The live transfected cells were trypsinised and transferred to a new 100-mm
culture dish for expansion of cell colonies. The expanded transfected cells were
either cryopreserved or used directly in subsequent experiments. Transfected cells
harbouring the HPV16 were maintained using NIKS complete medium and the
medium was changed every second day. Transfected cells were morphologically
similar to the parental NIKS cells but showed higher growth rates based on
microscopic observation. They were subcultured at 80-90% confluency in 100-mm

culture plates.
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3.6 Establishment of HPV16 Cancerous Models: NIKS-HPV16inT

3.6.1 Production of Recombinant Retroviruses

A day prior to transfection, Phoenix cells were plated in a 6-well plate at a
density of 1 x 10° cells per well with 2 mL complete medium. The plate was
incubated overnight at 37 °C in a 5% CO2 incubator to 80% confluency. Medium
was aspirated off and 1.8 mL fresh complete medium was added into each well.
Transfection mixtures containing calcium phosphate, CaCl, (Sigma-Aldrich),

plasmid DNA and sterile water were prepared according to Table 3.8.

Eighty-three microlitres of 2X HEPES buffered saline, HBS (Sigma-
Aldrich) were added in a drop wise manner to the transfection mixtures (tubes 1-5)
while vortexing vigorously. The DNA/HBS mixture was immediately pipetted onto
the Phoenix cells gently in a drop wise manner to avoid disturbing the cells. The

cells were incubated at 37 °C in a 5% CO: incubator.

The culture medium was aspirated off and replenished with fresh complete
medium every 24 h. The retrovirus-containing medium at 72 h was filtered using a
0.45-um PVDF syringe filter (Sartorius AG) and the filtrate was collected in a 15-
mL conical tube. The filtrate containing the retroviruses at 72 h was used
immediately to infect NIKS cells. GPF signal in cells transfected with pMX-GFP

was observed at 24-h intervals using a Zeiss Imager A.1 Fluorescence Microscope
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Table 3.8 Production of recombinant retroviruses reparation of transfection mixture using the calcium phosphate

Tube Plasmid Plasmid DNA (ug) 2.5M CaClz (uL) ddH20 (pL) Total volume (uL)
1 pBABE-neo 3.3 8.3 83
2 pLXSN-HPV16 E6 3.3 8.3 Varies (according to 83
3 pLXSN-HPV16 E7 3.3 8.3 initial plasmid 83
4 pPLXSN-HPV16 E6/E7 3.3 8.3 concentration) 83
5 pMX-GFP 33 8.3 83
6 None (negative control)  Nil 8.3 74.7 83
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(Carl Zeiss, Germany) as a means to assess the transfection efficiency.

3.6.2 Retroviral Transduction of NIKS cells

NIKS cells were plated a day prior to transduction at a density of 7 x 10°
cells together with 3 x 10° feeder cells in a 6-well plate. The plate was incubated
overnight at 37 °C in a 5% CO> incubator prior to transduction. At around 70%
confluency, the medium was removed and replaced with the filtrate containing the
retroviruses. Polybrene (Sigma-Aldrich) was added at a final concentration of 8
pg/mL. The plate was centrifuged at 32 °C, 2000 xg for 1 h and incubated overnight

at 37 °C in a 5% CO; incubator.

Medium in the 6-well plate was replenished with fresh complete medium
every 24-h. At 96 h, transduced cells harbouring different HPVV16 oncogenes and
the negative control (parental) cells were trysinised and transferred to new cell
culture-treated 60-mm dishes together with 5 x 10° feeder cells. Transduced cells
were grown to 80% confluency and treated with the antibiotic geneticin (G418)
(Gibco) at 500 pg/mL concentration. Medium was replenished every two days
together with 500 pg/mL geneticin until the cells in the negative plate were
completely dead. The surviving transduced NIKS cells were trypsinised and
transferred to a new 100-mm cell culture plate for expansion of the cell colonies.
The expanded transduced cells were either cryopreserved or used directly for

subsequent applications. Transduced cells were maintained in NIKS complete
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medium with medium changes every second day. Transduced cells were
morphologically similar to the parental NIKS cells but with higher growth rates
based on assessment. They were subcultured to 80-90% confluence in a 100-mm
culture dish. GFP signal of the transduced NIKS was observed under a Zeiss Imager
Fluorescence Microscope (Carl Zeiss, Germany) as a means to monitor the success

of transfection and its efficiency.

3.7 Characterization of the HPV16 Modified Cell Lines

3.7.1 Assessment of Gene Expression

3.7.1.1 Total Ribonucleic Acid (RNA) Extraction

Cells harbouring the HPV16 genome and HPV16 E6, E7 or E6E7
oncogenes from passage 5 to 30 each were harvested for total RNA extraction.
Pellets of approximately 1 x 10° of transduced cells were lysed in 1 mL Trizol®
Reagent (Invitrogen). The cell mixture containing the Trizol reagent was
homogenised by pipetting up and down several times and incubated at room

temperature for 5 min.

Lysed cells were centrifuged at 12,000 xg for 10 min at 4 °C and the
supernatant was transferred to a clean 1.5-mL microcentrifuge tube. Chloroform

(0.2 mL) was added to the RNA supernatant and the mixture was vortexed
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vigorously for 15 sec. The mixture was incubated for 3 min at room temperature
prior to centrifugation at 12,000 xg for 15 min at 4 °C. After centrifugation, the
mixture was separated into 3 distinct layers with a lower red phenol-chloroform
phase, an interphase and a colourless upper aqueous phase. RNA was carefully
aspirated out from the aqueous phase using a 200-pL pipettor into a clean 1.5-mL
microcentrifuge tube without disturbing the interphase layer. RNA was precipitated
with 0.5 mL 100% isopropanol (Nacalai Tesque, Kyoto, Japan) and incubated at
room temperature for 10 min. The RNA-isopropanol mixture was centrifuged at
12,000 xg for 10 min at 4 °C. The supernatant was removed and the RNA pellet
was washed by adding 1 mL 75% ethanol (Nacalai Tesque). The RNA-ethanol
mixture was vortex briefly prior to centrifugation at 7500 xg for 5 min at 4 °C.
Supernatant was discarded and the washing step was repeated by adding 1 mL
absolute ethanol (Nacalai Tesque) onto the RNA pellet. Supernatant was removed
and the RNA pellet was air-dried in an Airstream Laminar flow hood (ESCO) for
10 min. The dried RNA pellet was dissolved in 20 pL DEPC-treated double-
distilled water (ddH20) and gently pipetted up and down several times to ensure
that the RNA pellet was completely dissolved. RiboLock RNase Inhibitor (40U/
pL) was added to the extracted RNA to inhibit RNase activities. RNA concentration
was measured in a NanoPhotometer UV/Vis spectrophotometer (Implen, Germany).

A260/A280 reading of 1.8 — 2.0 indicated pure RNA sample.

RNA integrity assessment was performed by mixing 1 uL RNA solution

with 1 pL 6X loading dye and analysed on a 1% agarose gel (1% wi/v agarose in
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DEPC-treated TBE). The gel was pre-stained with 1 pL 3X GelRed nucleic acid
stain (Biotium) and the KAPA™ Universal DNA ladder (Kapa Biosystems, USA)
was used for size estimation. Gel electrophoresis was carried out for 60 min at 80

V. Intact total RNA gave clear 28S and 18S ribosomal bands on the agarose gel.

3.7.1.2 Conversion of RNA into cDNA

RNA was converted into cDNA before subjected to standard polymerase
chain reaction. cONA conversion involved a two-step reaction in a Veriti Thermal

Cycler (Life Technologies, USA).

For the synthesis of cDNA, components including 100 uM Oligo(dT)1s
primers (Thermo Scientific), DEPC-treated water (Thermo Scientific) and the RNA
template were thawed on ice and centrifuged briefly to collect the contents at the
bottom of the tube. RNA templates were made up to 1,000 ng in 10 pL and all the
components were prepared as shown in Table 3.9. The mixtures were centrifuged
briefly, incubated at 65 °C for 5 min and placed on ice. The reverse transcription
master mix was prepared by thawing 5X reaction buffer (Thermo Scientific), 40
U/uL RiboLock RNase Inhibitor (Thermo Scientific), 10 mM dNTPs mix (Thermo
Scientific) and 200 U/uL RevertAid Reverse Transcriptase (Thermo Scientific) on
ice. The reaction mixture was prepared as stated in Table 3.10. The mixture was

incubated at 42 °C for 60 min and the reaction was immediately terminated by
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Table 3.9 Reverse-transcription reaction mixture (Step 1).

Component Volume (uL)
RNA template 10
Oligo(dT)zs primers (100 uM) 1
DEPC-treated water 1.5

Total 12.5
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Table 3.10 Reverse-transcription reaction mixture (Step 2).

Component Concentration Volume (uL)
5X Reaction buffer - 4.0
RiboLock RNase Inhibitor (40 U/pL) 20U 0.5

dNTPs mix (10 mM each) 1 mM 2.0
RevertAid Reverse Transcriptase (200 200 U 1.0

U/uL)

RNA template (from Table 3.9) - 12.5

Total volume - 20
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heating at 70 °C for 10 min. The cDNA products were kept at -20 °C for long

term storage, or used directly in PCR experiments.

3.7.1.3 Polymerase Chain Reaction (PCR)

To determine the presence of E6 and/or E7 in the HPV16 precancerous
or cancerous models cDNA products were first subjected to PCR. The PCR
reaction mixture was prepared as shown in Table 3.11. PCR was performed in
a Veriti Thermal Cycler (Applied Biosystems, USA), and the PCR cycling

profile used was as shown in Table 3.5, Section 3.4.2, page 57.

PCR products were analysed by 2% agarose gel electrophoresis. The
agarose gel (2%) was prepared by dissolving 0.6 g agarose powder (Seakem®
LE Agarose, Lonza, Swithzerland) in 30 mL 1X Tris-acetate-EDTA (TAE)
buffer (First Base Laboratories, Malaysia). The mixture was heated with gentle
stirring until the agarose powder was fully dissolved. One microlitre 3X GelRed
nucleic acid stain (Biotium, California, USA) was then added and the mixture
immediately poured onto the gel casting unit. The gel was allowed to solidify
and placed submerged into a gel tank containing 1X TAE running buffer with
its level at approximately 1.5 mm above the agarose gel. Five microlitre PCR
product was mixed with 1 uL 6X gel loading dye (Thermo Scientific) and
loaded into the wells of the agarose gel. GeneRuler 100-bp DNA ladder
(Thermo Scientific) was used for size estimation of the PCR products. The gel
was run at 65 V for 60 min and visualised under a 302-nm UV light using the

BioSpectrum Imaging System (UVP, California, USA).

76



Table 3.11 PCR reaction mixture

Reagents Stock Working Per reaction
concentration  concentration (ul)
O e,
dNTPs mix 10 mM 200 uM 0.4
Taq polymerase 5U/ L 05U 0.1
MgCl. 25 mM 2.0 uM 1.6
Forward primer 10 uM 0.5 uM 1.0
Reverse primer 10 uM 0.5 uM 1.0
ddH20 - - 13.9
cDNA Template 600 ng/uL 30 ng 1
Total - - 20
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3.7.2 Analysis of Protein Expression by Western Blot

3.7.2.1Buffers and Solutions

Buffers and solutions used in western blot assay were prepared

accordingly as stated in Table 3.12.

3.7.2.2 Protein Lysate Preparation

Protein lysates from NIKS and the HPV16 modified cells (precancerous
and cancerous moels) at passage 5 to 30 were prepared. All the steps were
performed on ice to avoid protein degradation. Cells were harvested according
to standard sub-culturing technique using 0.25 % Trypsin-EDTA and cell
pellets were collected in a 1.5-mL microcentrifuge tube. Cell pellets were
washed once with 1X PBS and the cells were immediately lysed using 150 pL
RIPA lysis buffer (Nacalai Tesque). The cells were suspended by pipetting up
and down using a 200-pL pipette and kept on ice for 15 min. Tubes containing
the cell lysate were centrifuged at 12,000 rpm for 15 min at 4 °C using a pre-
cooled Kubota table top refrigerated microcentrifuge, Model 3500 (Kubota,
Osaka, Japan). The supernatant containing the protein lysate was transferred
into a new microcentrifuge tube and was labelled accordingly. The protein
lysates were stored in a -80 °C freezer for long-term storage or subjected to

Bradford Assay quantification.
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Table 3.12 Preparation of buffers and solutions

Buffer and solution

Methods of preparation

0.5 M Tris, pH 6.8

1.5 M Tris, pH 8.8

10%
Dodecyl
(SDS) solution

(w/v)  Sodium

Sulphate

10% Ammonium

Persulfate (APS)

10X SDS-PAGE
running buffer:

25 mM Tris, 190 mM
glycine and 0.1% SDS

6 g Tris base (MP Biomedicals) was dissolved in 80
mL distilled water and adjusted to pH 6.8 using 3M
of hydrochloric acid (HCI) (Calbiochem, Merck
KGaA, Germany). The solution was filtered
through a 0.45-um syringe filter (Sartorius AG) and
stored at 4 °C.

18.15 g Tris base was dissolved in 80 mL distilled
water and adjusted to pH 8.8 using 3M HCI. The
solution was filtered through a 0.45-pum syringe
filter and stored at 4 °C.

10 g SDS (Nacalai Tesque) was dissolved in 90 mL
distilled water. The solution was topped up to 100
mL when SDS was dissolved completely. Solution

was stored at 4 °C.

APS was prepared freshly before use. An amount of
0.1 g APS (Thermo Scientific) was dissolved in 1
mL distilled water.

12.1 g Tris base, 57.6 g glycine (Merck KGaA,
Germany) and 2 g SDS were dissolved in 2 L
distilled water. The buffer was stored at 4 °C.
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Table 3.12 Continued

Buffer and solution

Methods of preparation

10X Tris-Buffered
Saline (TBS):

0.5M Tris, 1.5 M NaCl

1X Transfer buffer:

25 mM Tris, 190 mM
glycine, 20 %
methanol

Washing buffer
(TBST)

1X TBS, 0.05 %
Tween-20

Blocking buffer:
TBST with 5 % of milk

Medium
buffer

Stripping

60.6 g Tris base and 87.66 g NaCl (Omnipur, Merck
KGaA, Germany) were dissolved in 800 mL
distilled water. The buffer was adjusted to pH 7.5
using 3 M HCI. The final volume was topped up to
1 L with distilled water and stored at 4 °C.

3.03 g Tris base and 14.4 g glycine were dissolved
in 500 mL distilled water and 200 mL methanol
(Sigma-Aldrich) were added into the solution. The
volume was topped up to 1 L with distilled water

and stored at room temperature.

1X Tris-buffered saline buffer was prepared by
adding 100 mL of 10X concentrated TBS to 900 mL
distilled water, followed by 500 pL Tween-20
(Biorad, USA). The solution was mixed well and

stored at room temperature.

40 mL 1X TBST was used to dissolve 2 g non-fat
dry milk powder (Bio Basis Inc., Canada) which
was stirred to mix well. Blocking buffer was

prepared fresh before use.

1.5 g glycine, 0.1 g SDS and 1 mL Tween-20 were
dissolved in 50 mL distilled water. 6 M HCI was
used to adjust the solution to pH 2.2 and the buffer

was stored at room temperature.
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3.7.2.3 Protein Quantification

Protein quantification was performed by using the Quick Start Bradford
Protein Assay (Bio-Rad, California, USA). A protein standard ranging from 125
— 2000 pg/mL was generated by dilution of bovine serum albumin (BSA). The
protein assay was performed in triplicates. Diluted protein standards (5 pL each)
and unknown samples at 1 in 10 dilutions were pipetted into a 96-well plate
accordingly. Two hundred fifty microliters of the 1X dye reagent pre-thawed to
room temperature was next added to each well. The plate was swirled gently by
hand and incubated in the dark for 15 min. The reactions were read in the Infinite
M200 Microplate Reader (Tecan, Ménnedorf, Switzerland) set at absorbance
595 nm. A standard curve was generated by plotting the 595-nm absorbance
readings at the y-axis versus the protein concentration in pg/mL at the x-axis.
The final concentrations of the unknown protein samples were adjusted by

multiplying the dilution factor used.

3.7.2.4 Protein Separation by SDS-polyacrylamide Gel Electrophoresis

(SDS-PAGE)

Extracted protein samples were separated on sodium dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE). SDS-polyacrylamide gel was

casted using the Mini-PROTEAN® Tetra Cell System (Bio-rad).

A 12 % separating gel was prepared and the gel casting reagents were
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added in sequence as follows - 3.3 mL distilled water, 2.5 mL 1.5 M Tris (pH
8.8), 4.0 mL 30 % (w/v) Bis/Acrylamide (Bio-rad), 100 pL 10% SDS, 100 pL
10 % APS and 10 pL Tetramethylethylenediamine (TEMED) (Calbiochem).
All components were mixed well and the mixture was pipetted into the gel caster
gently. The separating gel was immediately overlaid with 100 uL isopropanol
(Nacalai Tesque) to allow all air bubbles to be removed, thereby ensuring that
the separating gel has a smooth surface. Isopropanol was rinsed off by flushing
with distilled water when the gel had polymerised after 30 — 45 min. the residual

water was wiped away using Kimwipes.

Next, 5% stacking gel was prepared. The gel casting reagents were
added in sequence as follows - 1.9 mL distilled water, 1 mL 0.5 M Tris (pH 6.8),
0.67 mL 30% (w/v) Bis/Acrylamide, 30 pL 10% SDS, 30 puL 10% APS and 3.3
pL TEMED. The stacking gel solution was mixed well and slowly added on top
of the polymerised separating gel until the top of the short plate was reached. A
10-well 1.0-mm gel comb was inserted between the glass plates and stacking

gel was allowed to polymerise for 30 — 45 min.

After polymerisation of the stacking gel, the gel cassette was placed into
the clamping frame of the electrode assembly, which was then placed into the
Mini-PROTEAN Tetra Tank on a flat surface. The gel comb was gently
removed and the wells were flushed with 1X SDS-PAGE running buffer. The
chamber between the electrode assemble was filled up with 1X running buffer
until it overflows to the outer chamber (tank). The tank was filled up with 1X

running buffer (approximately 550 mL for running 2 gels). Twenty microlitres
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of protein lysates was mixed with 5 pL of 5X lane marker reducing sample
buffer (Thermo Scientific) to give a final concentration of 50 pg/mL. The
mixture was heated at 95 °C for 10 min in a heating block (Stuart Scientific,
Staffordshire, UK) to denature the protein. Denatured protein samples and 10
uL Precision Plus Protein™ WesternC™ Standards (Bio-Rad) were carefully

loaded into the wells. Electrophoresis was performed at 120 V for 90 min.

3.7.2.5 Wet Transfer of Proteins from Gel to Nitrocellulose Membrane

Prior to performing the wet transfer, 1 piece of 0.2-um nitrocellulose
membrane (Thermo Scientific) and 2 pieces of thick western blotting filter paper
(Thermo Scientific) were cut to size (10-cm width and 6-cm length) according
to the dimension of the gel. The membrane, filter papers, and fibre pads were

pre-equilibrated in 1X transfer buffer pieces for 10 — 15 min.

The SDS-PAGE gel was considered complete when the protein marker
dye indicator approached the bottom of the separating gel. The gel cassette was
then removed from the electrophoresis apparatus. Stacking gel was removed
and the separating gel was ready for wet transfer. When all the necessary
components were completely soaked in 1X transfer buffer, the gel sandwich
was arranged inside a tray containing transfer buffer in the following sequence:
(i) a piece of pre-equilibrated fiber pad on the black side of the cassette, (ii) a
piece of pre-equilibrated filter paper, (iii) polyacrylamide gel, (iv) pre-
equilibrated membrane on top of the gel, and (v) a piece of pre-equilibrated fiber

pad. A glass roller was used to gently push out air bubbles in between the layers.
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The blotting sandwich cassette was closed with the white latch and placed into
the electrode module. The transfer tank was filled up with 1X transfer buffer to
the blotting mark level. A magnetic stirrer was placed into the electrode module
and the transfer tank was placed onto a stir plate. The stirring speed was adjusted

to maximum to maintain an even temperature and ion distribution in the tank.

The nitrocellulose membrane was removed and the gel orientation was
labelled on the membrane using a pencil. The membrane was gently washed
once with distilled water for 5 min on the bench rocker (Stuart). The membrane
was stained with Pierce Reversible Protein Stain Kits (Thermo Scientific) to
determine the transfer efficiency before continuing with primary antibody
staining. The membrane was destained using a destaining solution and distilled

water. The membrane was then ready for blocking.

3.7.2.6 Blocking of Nitrocellulose Membrane

The nitrocellulose membrane was blocked using 5% of milk to prevent
non-specific binding of antibodies. Ten mL of blocking buffer was used to soak
the membrane for 1 h at room temperature with gentle rocking on a bench rocker.
The membrane was then washed three times with washing buffer (Table 3.12)

for 5 min each with gentle rocking.

3.7.2.7 Reaction with Primary and Secondary Antibodies

The nitrocellulose membrane was probed with 5 mL primary antibody
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against HPV16 E6 (C1P5, Abcam, Cambridge, UK) diluted 1:400 using
washing buffer. The membrane was incubated at 4 °C overnight with gentle
rocking. Subsequently, the membrane was repeatedly washed three times with
10 mL washing buffer for 5 min each with gentle rocking. The membrane was
probed with 5 mL HRP-conjugated rabbit anti-mouse IgG (H+L) secondary
antibodies (Thermo Scientific) diluted 1:10,000 using washing buffer.
Secondary antibody incubation was for 1 h with gentle rocking. Lastly, the
membrane was washed three times with 10 mL washing buffer for 5 min each

with gentle rocking before proceeding to chemiluminescence detection.

Other target proteins including HPV16 E7 (289-13013, Abcam) and
housekeeping gene, B-actin (BA3R, Thermo Scientific) were also detected

using a similar procedure. B-Actin was used to normalise the protein levels

loaded.

3.7.2.8 Chemiluminescence Detection

Chemiluninescence detection was carried out by using an enhanced
chemiluminescent (ECL) substrate for detection of the horseradish peroxidase
(HRP) conjugate of the secondary antibodies. The ECL substrate was prepared
by mixing ECL reagents 1 and 2 provided in the SuperSignal® West Pico
Chemiluminecent Substrate (Thermo Scientific) in a 1:1 ratio. The washed
membrane from the previous step was placed on a sheet of transparent plastic
paper and the ECL substrate mixture was added onto the membrane. The blot

was drained of excess reagent and was then exposed to the CCD camera of the
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BioSpectrum Imaging System (Ultra-Violet Products Ltd, California, USA) for

15 min to capture the western blot images.

3.7.2.9 Membrane Stripping and Reprobing

Once a western blot image was acquired, the membrane was washed
once with 10 mL washing buffer. A 10-mL mild stripping buffer (Table 3.12)
was used to remove the primary and secondary antibodies on the membrane.
The membrane was incubated at room temperature with gentle rocking for 10
min and the stripping step was repeated once more. The membrane was washed
once in 10 mL of 1X PBS and twice in 10 mL washing buffer with gentle
rocking for 5 min each. The stripped membrane was drained of excess washing
buffer and was subjected to the membrane blocking procedure (Section 3.7.2.6,
page 84), followed by staining with primary and secondary antibodies (Section

3.7.2.7, page 84) and chemiluminescence detection (Section 3.7.2.8, page 85).

3.7.3 Southern Blot Analysis for Assessment of the Integration Status of

the HPV16 Genome

Southern blot analysis was performed by Lofstrand Labs Ltd.
(Gaithersburg, Maryland, USA). Total DNA was extracted from (i) transduced
NIKS cells harbouring the HPV16 genome at different passages spanning
passage 5 to 30, (ii) negative control NIKS harbouring pcDNAG at passage 12,
and (iii) the positive control pSPW12 plasmid and sent in dry ice for analysis.

Transduced NIKS cells harbouring HPV16 genome or pcDNAG6 were both
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extracted by using Qiagen® blood and cell culture DNA midi kit (Qiagen,
Germany). The DNA extraction procedure was carried out according to the

Manufacturer’s protocols.

Pellets of approximately 1 x 107 of transduced cells were washed twice
with 1 mL cold PBS (4 °C) and pelleted by centrifuging at 1,500 xg for 10 min
at 4 °C. Cell pellets were lysed in 2 mL pre-equilibrated lysis buffer at 4°C,
mixed gently by inverting the tube five times and incubated on ice for 10 min
in a 5 mL-microcentrifuge tube. The mixture was centrifuged at 1,300 xg for
15min at 4°C, and supernatant was discarded. The lysis step was repeated by
addition of 1 mL lysis buffer and 3 mL ice-cold distilled water to the cell pellet.
The mixture was vortexed vigorously prior to centrifugation at 1,300 xg for 15
min at 4 °C and the supernatant was discarded. The cell pellet was washed once
with 5 mL washing buffer followed by vortexing for 30 secs at maximum speed.
Ninety-five microlitres proteinase K was next added to denature the protein.
The mixture was incubated at 50 °C for 60 min until a clear solution was
observed which indicates complete denaturation of the protein. Next, the
mixture was vortexed at maximum speed for 10 sec and loaded into the
equilibrated column. The mixture is allowed to flow through the column by
gravity. The genomic DNA will remain trapped in the column. The column was
washed twice using 7.5 mL washing buffer and the genomic DNA was eluted
using 5 mL elution buffer by placing a clean 50-mL conical tube under the
column. Eluted genomic DNA was precipitated by adding 3.5 mL isopropanol
to the eluent and immediately mixed well by inverting the tube twenty times.

The eluent was centrifuged at 8,000 xg for 20 min at 4 °C. The DNA pellet was
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washed in 2 mL cold 70% ethanol, vortexed briefly and centrifuged at 8,000 xg
for 10 min at 4 °C. The supernatant was carefully discarded and the DNA pellet
was dissolved in 200 pL TE buffer at 55 °C for 2 h. Concentration and purity of

genomic DNA were determined as described in Section 3.4.5, page 59.

3.7.3.1 Restriction Enzyme Digestion and Gel Electrophoresis

Briefly, total DNA from the pcDNAG cells and NIKS harbouring the
HPV16 genomic was digested with BamHI at 37 °C for 30 min. The digested
DNA was electrophoresed in a 0.8 % agarose gel. The agarose gel was

depurinated in 0.25 M HCI and DNA was denatured in 0.5 M NaOH.

3.7.3.2 Probe Preparation and Labelling

pSPW12 was digested with BamHI followed by electrophoresisina 1.0 %
agarose gel. The desired band was excised from the GelRed (Biotium) stained
gel under UV-light, and DNA was extracted using the DNA Gel Extraction Kit
(Norgen Biotek Corp., Thorold, Canada). The derived DNA fragment was then

labeled with 32P-dCTP for use as the hybridisation probe.

3.7.3.3 Southern Blot Transfer

Digested DNA was neutralised in 0.5 M tris HCI prior to transferring to
the nylon membrane. The membrane was prehybridised at 65 °C for 30 min in
hybridisation buffer for 4 h before addition of 3P-dCTP-labelled HPV DNA

probe.
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3.7.3.4 Hybridisation and Autoradiography

Hybridization of DNA in the nylon membrane with a specific HPV16
probe was performed for 16 h followed by three times of washing in sodium
phosphate buffer (pH 7.2) with 1% of SDS. The radioactive labelled target

sequences were visualised by autoradiography.

3.8  Cell Proliferation Analysis by MTT Assay

Growth curves of NIKS, HPV16 precancerous and cancerous cells were
determined to ensure that exponential growth was achieved during the 4-day
incubation period. Cell proliferation was measured by the uptake of 3-[4,5-
MTT (dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide) by the cells.

The number viable cells were indicated by the amount of MTT uptake.

Cells were seeded at different seeding densities into a 96-well plate
together with 5 x 10* feeder cells and 200 pL medium per well. The plate was
incubated for 4 days (24 to 96 h) and the cell proliferation capacity was
determined on a daily basis. Twenty microlitres filter-sterilized MTT solution
(5 mg/ mL) were added and the cells incubated at 37 °C for 4 h prior to measure
the absorbance at 570 nm. The existing medium was removed and 200 pL sterile
DMSO was added to dissolve the purple formazan crystals formed within the
cells. The plate was agitated gently for 10 min and As7o readings were taken
using the i-control™ software provided by Infinite M200 PROMicroplate

Reader (Tecan, Ménnedorf, Switzerland). Growth curves were generated by
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plotting the absorbance against the incubation time. The MTT assays were

performed in three independent experiments in triplicates.

3.9  Susceptibility of HPV-modified Cell Lines to Standard

Chemotherapeutic Agents

3.9.1 Assessment of Cytotoxicity

Cisplatin or cis-Diamineplatinum(Il) dichloride (Sigma-Aldrich) and
Topotecan hydrochloride hydrate (Sigma-Aldrich) were the standard
chemotherapeutic agents used in this study. Effects of these agents on the

HPV16 precancerous and cancerous models were assessed using the MTT assay.

Three days prior to drug treatment, 3T3-J2 feeder cells were seeded into
a 96-well plate at a seeding density of 0.5 x 10* cells/well and allowed to adhere
for 24 h. Feeder cells were inactivated with 8 ug/mL of Mitomycin-C (MMC)
(Calbiochem) for 2 h. The feeder cells were washed twice with 100 pL 1X PBS
per well to remove residual MMC. NIKS and the HPV16-modified cells
(precancerous and cancerous models) at 80% confluency were trypsinised and
seeded into 96-well plate at a seeding density of 1 x 10* cells/well 2 h prior to
drug treatment. Cisplatin was freshly prepared by dissolving 5 mg cisplatin in 1
mL DMSO. The final concentrations of cisplatin used for testing were 0.28,
0.56, 1.13 and 2.25 uM, while that for the topotecan were 0.07, 0.14, 0.27 and
0.55 uM. One hundred microliters of drug were added to the cells together with

100 pL of complete medium.
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The cells were incubated for 72 h and 20 pL 5 mg/mL MTT solution
was then added into each well. The 96-well plates were incubated at 37 °C for
4 h. The plates were centrifuged at 2000 xg and the medium containing the MTT
solution were discarded. Two hundred microliter DMSO was added to dissolve
the formazan crystals taken up by the cells. Absorbance readings were taken at
570 nm using the i-control™ software provided by Infinite M200 PRO
Microplate Reader (Tecan, Mannedorf, Switzerland). Cytotoxic effects of the
standard chemotherapeutic drugs were determined by computing the ICso value,
which is the drug concentration that causes 50% growth inhibition of targeted
cells. A dose-response curve was constructed by using percentage of cell
viability (%) against various cisplatin or topotecan concentrations. The

percentage of cell viability was calculated using the formula below:

Percentage of viability, % =

Average absorbance of (treated cells — feeder cells — blank) % 100

Average absorbance of (DMSO control cells — feeder cells — blank)

The curve was plotted using Microsoft® Excel, version 2010 (Microsoft
Corporation, Redmond, Washington, USA). The ICso values were calculated
from the e-exponential regression equation, y = AeB* obtained from the dose-
response curve. The I1Cso values of the NIKS cells from each set of replicates
were normalised to 1.0 and the relative fold change in ICso was calculated by
divided the 1Cso values of the normalised parental cells with that of the HPV16

precancerous and cancerous models. The formula used is shown below:
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Fold-change in I1Csp =

Average ICsp of parental NIKS cells

Average ICso HPV16 models or empty vector controls

The significant difference between the control and the HPV16
precancerous and cancerous models was analysed by paired Student’s t-test
(*p<0.05; **p<0.01; ***p<0.001). Data were from three independent

experiments performed in triplicates.

3.10 Treatment of Cells with Natural and Synthetic Compounds

3.10.1 Determination of Cytotoxic Effects of Natural and Synthetic
Compounds by MTT

The natural flavone compounds, eupatorin and sinensetin, were
provided by Dr. Kenny Voon Gah Leong, Department of Medical Sciences,
International Medical University (IMU), Malaysia. A total of 5 concentrations
were used for eupatorin - 4.54, 9.08, 18.15, 36.30 and 72.61 pM; sinensetin

concentrations were 4.20, 8.39, 16.78, 33.57 and 67.14 pM.

Small synthetic compound, tribenzyltin carboxylates 1 (TC1) and
tribenzyltin carboxylates 4 (TC4) were provided by Dr. Kiew Lik VVoon, Faculty
of Medicine, Universiti Malaya (UM), Malaysia. Concentrations tested with
TC1 were 0.06, 0.13, 0.25, 0.50 and 1.00 uM; TC4 were tested at 0.03, 0.06,
0.13, 0.25, 0.50 uM. The structures of the novel and synthetic compounds are

shown in Appendix H.
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Cells treated with the natural and synthetic compounds were incubated
for 72 h and As7o readings were taken. Dose-response curves, relative fold-
changes compared to the parental cells were determined as described in Section
3.9.1, page 90. The assay was performed in three independent experiments with

triplicates.

93



CHAPTER 4

RESULTS

The main objective of this study was to establish an HPV-associated
cell-based model by employing a normal immortalised keratinocyte (NIKS) cell
line. NIKS cells were modified to harbour (i) the HPV16 whole genome
(episomes) to represent the precancerous stage in the carcinogenesis of HPV-
associated neoplasms, and (ii) HPV16 oncogenes, E6, E7 or EGE7, to represent
the potentially cancerous stage. These HPVV16 models were then examined by
testing with two standard chemotherapeutic agents, cisplatin and topotecan to
verify the reported increased chemo-sensitivity of HPV-positive cells compared
to cells that do not harbour that HPV genome or oncogenes. Following this, the
HPV16 models were further tested on two natural compounds, eupatorin and
sinensetin, and two novel synthetic compounds, tribenzyltin carboxylates 1
(TC1) and 4 (TC4), for their potential cytotoxic effects on HPV16-associated

cells in relation to unmodified parental cells.

4.1  Study Design

This study was divided into three parts to achieve the objectives (Figure

4.1):

94



PARTI

Generation and Characterisation of HPV16-associated Models

|
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Figure 4.1 Overview of the study design. The study was divided into three

main parts.
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Part I:

Generation and characterisation of the HPV16-associated models

Part I1:

Verification of the reported increased sensitivity of HPV-associated tumours
relative to non-HPV associated tumours using the HPV16- models by testing
with two standard chemo-therapeutic agents

Part I11:

Testing the effects of novel natural and synthetic compounds on the HPV16-

associated models.

Part I:

Generation and Characterisation of HPV16-Associated Models

Part I(a): HPV16 “Precancerous” Models (NIKS-HPV16epi)

4.2 Generation of the “Precancerous” Model

The HPV16 precancerous model was generated by re-circularising the
HPV16-full genome excised from the pSPW12 plasmid and used subsequently
to co-transfect NIKS cells together with pcDNAG6, an empty vector (EV) which
carry a blasticidin resistance gene. To confirm the presence of the HPV16
genome in the pSPW12 plasmid, it was digested with BamHI and
electrophoresed on 1% agarose gel, which is expected to produce four fragments
of distinct sizes. An 8-kb band indicates the presence of the HPV16 genome;

vector-derived BamHI-digested fragments would include bands of 1.5 kb, 3.0

96



kb and 4.5 kb. A fifth fragment of >10-kb represents partially or undigested
pSPW12 DNA. As demonstrated in Figure 3.1, Chapter 3, Section 3.5.1, all

expected bands were present.

NIKS cell transfected with pMX-GFP were used for determining the
success of transfection as well as an indication of transfection efficiency. The
presence of signals (green fluorescence) in the transfected cells was indicative
of successful transfection of the cells by pMX-GFP (Figure 4.2A, lower panel),
and by inference successful transfection of the cells by the other plasmids (viz.
pcDNAG singly and in combination with the re-circularised HPV16 genome).
In addition, the relative proportion of cells displaying the green signal provides
a rough indication of the transfection efficiency. Increasing fluorescence signals
were observed over time (24 to 72 hours, Figure 4.2A). This together with the
results of phase microscopic examination of the cultured cells indicates

proliferation of the transfected cells.

The negative control, in which DNA was omitted in the transfection mix,
was set up to assess the effect if any of the transfection reagent on the cell
viability. Results demonstrated in Figure 4.2B shows that there was no obvious

effect on cell proliferation.

Cells successfully transfected with the empty vector (o)cDNAG) as well
as the co-transfected cells (HPV16 genome + pcDNAG6) were selected by
blasticidin. Figure 4.3 demonstrates that NIKS cells which harboured the

pcDNA empty vector control, or co-transfected with pcDNAG6 and the HPV16
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A NIKS cells transfected with pMX_ GFP

24 h 48 h

Phase
Contrast

Fluorescence
Microscopy

>~

NIKS cells treated with transfection mix minus the DNA
24 h 48 h 72 h

Phase
Contrast

100 pym

Fluorescence
Microscopy

100 ym
—

Negative cells were treated with the “blank” transfection mix
Figure 4.2 Microscopic images of NIKS cells. (A) NIKS cells transfected by
the lipid-based method were monitored from 24 to 72 hours. (B) Fluorescent
images of negative cells exclude the background auto-fluorescence. All images

were photographed at 100X magnification.
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NIKS
NA6  HPVI16 + pcDNA6

None

Plasmid:

pcD
Oh

Figure 4.3 Morphology of blasticidin-treated HPV16 modified NIKS cells.
After transfection, the cells were monitored for 96 h. Non-transfected parental
NIKS cells (negative control) (column 1); NIKS transfected with pcDNA6
alone (column 2), or co-transfected with the HPV16 full genome (column 3).
The parental NIKS cells were dead at 96 h as indicated by the formation of
aggregated cells (red arrow). pcDNAG6-transfected cells survived the blasticidin
selection as indicated by the formation of distinct colonies of tightly-packed
cells (circled by irregular blue-dashes). The negative control plate containing

cells were dead at 96 h. Cell debris is indicated by yellow arrows. All images

were taken at 100X magnification.
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genome survived the blasticidin selection. The negative control plate containing
the non-transfected parental cells were detached and aggregated at 96 h as they
were not able to survive in the presence of blasticidin. Transfected cells with
the full HPV16 genome were morphologically similar to the parental cells with
tightly packed cells. However, HPV16-harbouring cells showed higher
proliferative capacity. Taken together, the results indicated that NIKS cells were

successfully modified to harbour the HPV16 genome.

4.3 Characteristics of the Transfected Cells

The purpose of the study was to generate a NIKS cell model to carry
HPV16 episomes to represent the precancerous stage of HPV16-associated
neoplasms. Therefore, it is essential to confirm that the HPV16 genome is
maintained in the episomal form. This was demonstrated by Southern analysis
of cells from passage 5 through to 30. Cells from these passages were also
studied with respect to the E6 and E7 transcription and expression status as

detailed in Section 4.3.1 and 4.3.2 below.

4.3.1 HPV16 Genome Integration Status

Southern blot analysis was carried out to investigate the HPV16
integration status in NIKS cells transfected with the HPV16 genome (Figure
4.4). HPV16 DNA was maintained in an episomal state indicated by the
presence of 8-kb bands in cells from passage (P) 5 to 21 and genome integration

appeared to have occurred thereafter up to passage 26 and 30. Multiple forms
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Figure 4.4 Southern blot analysis of NIKS cells transfected with HPV16
genome. Total genomic DNA from NIKS transfected with the full HPV16
genome at passage (P) 5, 21, 26 and 30 (lanes 3-6), was subjected to BamHI
digestion before Southern blot analysis using a 32P-labelled HPV16 probe. Lane
1, positive control, re-circularised HPV16 genome; lane 2, negative control,
NIKS transfected with pcDNA digested with BamHI; (single-cut). DNA ladder
are indicated in kilobases (kb) in lane 7. White dotted box indicates the 8-kb
bands. The various HPVV16 DNA forms are indicated by yellow arrows. Non-
integrated but linearised HPV16 at P5 and P21 was 8 kb; integrated HPV16 at

P26 and P30 was > 10 kb.
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of the HPV16 DNA were identified: linearised HP\VV16 DNA was detected at P5;
concatenated and supercoiled forms were found in addition at P21. In summary,
HPV16 transfected cells at P5 to P21 maintained the HPV16 in episomes, and

these cells were used in the subsequent experiments as the drug-testing models.

4.3.2 EG6 and E7 mRNA Transcription Status

To detect the HPV16 E6 and/or E7 mRNA expression in the HPV16-
transfected NIKS cells, RT-PCR was performed by using the total mRNA
extracted from the transfected cells from P5 to P30. As shown in Figure 4.5A,
the expected bands were observed in the 117-bp region for E6 and the 92-bp
region for E7 indicating transcription of the genes by the HPV16 in NIKS cells.
The loading control, GADPH as expected produced a band at 274 bp; in addition,
there were no positive signals observed in the lane without HPV16 template.
HPV16-E6 and E7 genes were invariably expressed in all the cell passages 5 to
30 regardless of the status of the HPV16 genome. Refer to Section 4.3.1

regarding the episomal versus the integration status of the HPV.

4.3.3 E6 and E7 Protein Expression Status

To confirm the HPV16 E6 and E7 protein expression in the HPV16-
transfected NIKS cells, western blot analysis using HPV16 E6 or E7 antibodies
was carried out on cells lysates of HPV16-transfected NIKS cells from P5 to 30.
HPV16 E6 and E7 proteins were found to be expressed in all the passages

(Figure 4.5B). The HPV16 EG6 protein was detected at 17 kDa and E7 protein at
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Figure 4.5 Expression of E6 and E7 in NIKS cells transfected with the
HPV16 genome from passage (P) 5 to 30. (A) E6 and E7 mRNA expression
detected by RT-PCR. NC, negative control without template; GADPH was used
as a loading control. The agarose gel pictures are attached in Appendix | — K.
(B) E6 and E7 protein levels detected by anti-E6 or -E7 antibodies in western
blot analysis. f-actin was used as a loading control, and CaSki as HPV16

positive control. EV, empty vector control.
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11 kDa. The B-actin loading control was detected at 42 kDa. No signal was
detected in the parental cells (NIKS) and NIKS transfected with the empty
vector, ()cDNAG) cells. The E6 proteins were expressed with increasing band
intensity but E7 proteins at similar levels. These results indicate that the HPV16
precancerous model was successfully generated by lipofectamine transient
transfection. The transfected NIKS cells carrying the HPV16 episomes

expressed the E6 and E7 oncogenes at both the mRNA and protein levels.

Part I(b): HPV16 “Cancerous” Models (NIKS-HPV16inT)

4.4 Production of E6, E7 or EGE7 Retroviruses

To generate the HPV16 cancerous models, HPV16 E6, E7 or E6/E7
genes were inserted into the genome of the NIKS cells. This was achieved by
retroviruses infection. The recombinant retroviruses harbouring HPV16 E6, E7
or E6E7 retrovirus were produced by transfecting Phoenix cells, and using GFP
transfection as the control to indicate successful transfection and the efficiency
of transfection (Figure 4.6A). When the green fluorescence protein (GFP)
signals were monitored over time, the fluorescence intensity was found to
gradually increase from 24 to 72 h post-transfection, indicating the active
cellular proliferation of the transfected cells over this period of time.
Fluorescent signal was absent in the negative-control well (Figure 4.6B). The

brightest GFP signal was achieved at 72 h.
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A Phoenix cells with pMX-GFP
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Negative cells were treated with the “blank” transfection mix

Figure 4.6 Morphology and GFP-staining of transfected Phoenix cells.
Transfection was carried out by the calcium-phosphate method and the cells
were monitored for 72 h. (A) Phoenix cells transfected with the pMX-GFP
plasmid, which served as a positive control. (B) Transfection of Phoenix
without pMX-GFP as negative control. All images were taken at 100X

magnification.
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45 Generation of the Cancerous Models

To introduce HPV16 E6, E7 or E6/E7 genes into the NIKS cells,
retroviruses harbouring individual HPV16-oncogenes were collected from the
transfected Phoenix cells and were used to further transduce the NIKS cells.
Similarly, NIKS cells were transduced with the GFP-harbouring virus as the
positive control to indicate positive transduction as well as its efficiency.
Fluorescence intensity increased from 24 to 72 h in the GFP transduction plates
(Figure 4.7A), whereas fluorescence was absent in the negative-control plates

(Figure 4.7B).

The transduced cells underwent geneticin selection to pick out the
authentic positive clones (Figure 4.8). NIKS cells harbouring pBABE-neo, an
empty vector control, or vectors that carried the HPV16 E6, E7 or EGE7 genes
expressed the neomycin-resistance gene and survived the geneticin selection. In
the negative-control plate, NIKS cells were dead and cell detachment was
observed at 96 h. As shown in Figure 4.8, the surviving transduced cells
appeared as distinct cell colonies of tightly packed cells (circled in blue-dashes).
Dead cells and cell debris are indicated by red and yellow arrows respectively.
Transduced cells appeared to have a similar morphology to the parental cells,
with round edges but at higher proliferative capacity. Taken together, HPV16
cancerous models, which harboured the HPV16 E6 and/or E7 oncogenes, were

successfully generated using the NIKS cells.
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Figure 4.7 Post-transduction of NIKS cells from 24 to 72 h. (A) NIKS cells
transduced with the pMX-GFP retrovirus as a positive control. (B) Transduction
of Phoenix without pMX-GFP retrovirus as a negative control. All images were

taken at 100X magnification.
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Figure 4.8 Geneticin treatment of the HPV16-cancerous model. Shown in
the figure are: non-transfected parental NIKS (column 1); NIKS transduced
with pBabeNeo, the empty vector control (column 2), HPV16-E6 (column 3),
HPV16-E7 (column 4) or HPV16-E6E7 (column 5). Morphology changes of
the cells were monitored for 72 h. Dead NIKS cells at 96 h are indicated by
formation of aggregated cells (red arrow). Cells that survived the geneticin
selection are indicated by the formation of distinct colonies of tightly-packed
cells (irregular blue-dashed circle). Cell debris is indicated by yellow arrows.

All images were taken at 100X magnification.
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4.6 Characteristics of Transduced Cells

4.6.1 EG6and E7 mRNA Transcription Status

To detect the HPV16 E6, E7, or EGE7 mRNA expression in the HPV16-
transduced NIKS cells, RT-PCR was performed by using the total mRNA
extracted from the transduced cells from P5 to P30. HPV16 E6, E7 or EG/E7
MRNA was found to be stably expressed in all the passages (Figure 4.9A). The
E6E7 co-expression was shown by the simultaneous presence of E6 PCR bands
at 117 bp and E7 bands at 92 bp (Figure 4.9A) indicating that both E6 and E7
genes were transcribed in the transduced NIKS cells up to passage 30. Similar

results were observed in the NIKS cells harbouring the E6 or E7 gene alone.

4.6.2 E6 and E7 Protein Expression Status

To confirm the expression of E6 and E7 proteins in the HPV16-
transduced NIKS cells, western blot analysis of the E6 and E7 proteins was
carried using cell lysates prepared from HPV16-transduced NIKS cells from P5
to 30. The E6 protein bands were detected at 17 kDa and E7 at 11 kDa, the -
actin protein was used as the loading control. The HPV16 E6 and E7 proteins
were expressed in all the passages (Figure 4.9B) and no signal was detected in
the parental NIKS cells and the empty vector (EV) control cells transfected with
pBABE-neo. The HPV16 E6 transduced cells at passage (P) 20 to 30 showed
increasing intensity of the E6 protein band; a similar observation was present

for E7 of the HPV16 E7-transduced cells probed with an E7 antibody (Figure
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Figure 4.9 Expression of E6 and E7 mRNA and protein in NIKS
transduced with HPV16 E6, E7 or E6/E7 genes. Cells were monitored from
passage (P) 5 to 30 post-transduction. (A) E6 and E7 mRNA transcription
detected by RT-PCR using the indicated primers. NC, negative control without
template. GADPH was used as a loading control. The agarose gel pictures are
attached in Appendix L - R. (B) E6 and E7 protein expression detected by
western blot analysis using the indicated antibodies (Ab). 3-actin was used as a
loading control; Caski was used as HPV16-positive control. EV, empty vector

control.
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4.9B, first and fourth rows). In contrast, HPV16 E7-transduced cells probed
with an E7 antibody showed uniform E7 protein expression in all the passages
(Figure 4.9B, second row). An increase in the protein band intensity in the
HPV16 E6E7-transduced cells detected with an E6 antibody at P30 (Figure 4.9B,
third row) was also observed. In brief, HPV16 cancerous models were
successfully generated using the calcium-phosphate direct transfection method.
NIKS cells were able to stably express the E6, E7 or E6/E7 genes at the mMRNA

and protein levels in the culture up to 30 passages.

Part I1:
Verification of the Reported Increased Chemosensitivity of HPV-
associated Tumours Compared to Non-HPV associated Tumours using the

HPV16 models

4.7  Optimal Seeding Densities of the Cell Lines

To determine the optimal cell seeding densities of NIKS cells in the
HPV16 models, the respective cells were seeded at different initial seeding
density and cell viability was assessed every 24-h for four-days. The cell-growth
kinetics of the HPV16 precancerous models is shown in Figure 4.10 and the
cancerous models in Figure 4.11. The growth curves of the NIKS cells revealed
that cells seeded at lower seeding densities (0.5 — 1.0 x 10* cells/ well)
proliferated at slower rate compared to other cell seeding densities tested, but
the cells maintain exponential growth up to day 4 of the culture for both

precancerous and the cancerous models. In contrast, cells seeded at higher
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Figure 4.10 Cell proliferation of the HPV16 precancerous model. (A) Non-
transduced NIKS cells; (B) NIKS cells transduced with pcDNAG; (C) NIKS
cells transduced with the HPV16 genome. The post-seeded cells were incubated
for 96 h, and absorbance values at 570 nm (As7o) were read for each time point.
The different seeding cell densities are indicated by different colour lines. The
saturation cell densities are marked by the boxes (dashed lines). Data were from

three independent experiments performed in triplicate.
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Figure 4.11 Cell proliferation of the HPV16 cancerous models. (A) Non-
transduced NIKS cells; NIKS cells transduced with (B) pBabeNeo; (C) HPV16-
E6; (D) HPV16-E7 or (E) HPV16-E6E7. The post-seeded cells were incubated
for 96 h, and absorbance values at 570 nm (As70) were read. The different
seeding cell densities are indicated by different colour lines. The saturation cell
densities are marked by the boxes (dashed lines). Data were from three

independent experiments performed in triplicates.
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seeding densities (1.5 — 3.0 x 10 cells/ well) achieved cell saturation at 72 h as
indicated in both Figures 4.10 and 4.11. Subsequently, cell viability was
reduced at 96 h. Similar growth-curve profiles were observed in both the HPV16
precancerous and cancerous models (Figures 4.10 & 4.11). Cell-cell interactions
at the 1 x 10 cells/well seeding density appeared to be better compared to 0.5
x 10* cells/well based on microscopic observations. Therefore, cell seeding

density at 1 x 10* cells/well was used in subsequent experiments.

4.8  Cytotoxic Effects of Cisplatin

To study the relationship between the effects of standard
chemotherapeutic agents on the HPV16-associated models and to determine
whether the reported increased sensitivity of HPV-associated neoplasms
compared to non-HPV associated neoplasms can be verified in vitro,
cytotoxicity profiles of the HPVV16 models were established. The cell models
were treated with increasing concentrations of cisplatin (Figures 4.12A & 4.12B)
and the cell viabilities related to the HPV negative controls were monitored

post-treatment.

Cisplatin treatment resulted in significant effects on the cell viability of
the HPV16 models in a dose-dependent manner (Figures 4.12A & 4.12B, top
panels). The half-maximal inhibition concentration (ICsp) values of cisplatin for
the HPV16 precancerous model was 5.612 = 0.268 UM whereas that for the
cancerous models, were 4.360 + 0.462, 4.134 £+ 0.334 and 4.566 + 0.362 UM

respectively for cells harbouring the E6, E7 and E6E7 (Table 4.1).
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Figure 4.12 Cisplatin-induced inhibition of cell growth on the HPV models.
(A) HPV16 precancerous models; (B) HPV16 cancerous models. Dose-
response curves (top panel) were generated from the parental NIKS cells and
HPV16 models by determining cell viability with exposure to various
concentrations of cisplatin (0.281 — 2.250 uM) at 72 h post-drug treatment.
Fold-change bar charts (bottom panel) were derived from NIKS, normalised to
1.0, compared with the HPV16-models. Results are expressed as means +
standard error of means (SEM) of three independent experiments performed in

triplicates. *p <0.05 and **p<0.01 vs. parental, NIKS.
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Table 4.1 Cytotoxic effects of cisplatin and topotecan on the HPV16 models

Precancerous Cancerous
HPV16 HPV16 HPV16 HPV16-
NIKS pcDNAG pBABE-neo
genome E6 E7 EGE7
Cisplatin
ICs0+ SEM (UM) 9.454 9.594 5.612 9.713 4.360 4.134 4.566
+0.211 +0.431 +0.268 +0.541 +0.462 +0.334 +0.362
Fold change in ICso 1.0 1.0 1.7 ** 1.0 2.2 ** 2.3 ** 2.1**
Topotecan
ICs0+ SEM (UM) 0.456 0.445 0.329 0.473 0.197 0.030 0.241
+0.015 +0.010 + 0.005 +0.012 +0.023 +0.003 +0.023
Fold change in I1Cso 1.0 1.0 1.4* 1.0 2.3%** 15.2 *** 19*

The cytotoxic effects were determined by MTT. pcDNA6 and pBABE-neo were empty vector controls; ICso, half-maximal inhibitory

concentration; SEM, standard error of means. The numbers shown in bold are fold-change in ICso of HPV16 models, respectively. Data

shown are cumulative data of three independent experiments performed in triplicates. *p<0.05, **p<0.01 and ***p<0.001 were derived

from comparison of data between the parental NIKS cells vs. the HPVV16-models.



Cisplatin treatment yielded statistically significant growth inhibition on all the
HPV16 models (Figures 4.12A & 4.12B, bottom panels highlighted with red boxes).
NIKS cells harbouring the E7 gene were most sensitive to cisplatin treatment with
a 2.3-fold decrease in 1Csop compared to parental cells, followed by NIKS cells
harbouring the E6 and E6E7 with 2.2-fold and 2.1-fold decreases, respectively
(Table 4.1). Among the HPV16 models, NIKS cells carrying the full HPV16
genome was least sensitive to cisplatin treatment with only a 1.7-fold decrease in

ICs0 compared to the parental cells.

The calculated fold changes were consistently greater in the HPV16 models
indicating that cisplatin was more cytotoxic towards HPV16-positive cells than the
HPV16-negative parental cells, consistent with previous clinical observations
(Thomas et al., 2016; Ziemann et al., 2015; Das et al., 2014). The cisplatin
sensitivity of the HPV16-associated models observed in this study was higher when
either the E6 or the E7 gene was present alone, compared to when E6E7 were co-

expressed.

4.9 Cytotoxic Effects of Topotecan

Next, another standard chemotherapeutic agent, topotecan, was used to
further confirm the chemosensitivity of the HPV16-containing cells. The dose-
response curves following topotecan treatment showed that topotecan inhibited the

proliferation of HPV16 model cells in a dose-dependent manner (Figures 4.13A &
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4.13B, top panels). Topotecan treatment exerted the greatest growth inhibition on
NIKS cells harbouring the E7 gene with ICsp at 0.030 + 0.003 uM compared to that
of the parental cells at 0.456 + 0.015 uM (Table 4.1). Comparatively inhibition of
the NIKS cells carrying E6, E6E7 and the full HPVV16 genome was much lower
with 1Cso values of 0.197 + 0.012 pM, 0.241 + 0.023 pM and 0.329 £ 0.005 pM,

respectively compared to the parental cells (0.456 + 0.015 pM).

The HPV16 precancerous and cancerous models were significantly more
sensitive to topotecan treatment than the parental cells (red boxes, Figures 4.13A
& 4.13B, bottom panels). HPVV16 genome-containing NIKS (precancerous model)
cells were more sensitive to topotecan treatment with a 1.4-fold decreased in 1Csg
compared to the parental cells (Table 4.1). On the other hand, in the cancerous
models, NIKS cells harbouring the E7 genes showed very high sensitivity towards
topotecan treatment with 15.2-fold decrease in ICso compared to the parental cells,
followed by E6 and E6E7-containing NIKS cells which showed 2.3-fold and 1.9-

fold decrease indicating rather modest sensitivity to topotecan treatment.

Therefore, the HPV16 models were more sensitive to topotecan compared
to the parental cells with significant reduction in cell viability after topotecan
treatment. Similar to the cisplatin treatment, NIKS cells harbouring the HPV16 E6
or E7 gene alone possessed higher topotecan sensitivity compared to NIKS cells

co-expressing E6 and E7.
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Figure 4.13 Topotecan-induced inhibition cell growth inhibition on the HPV
models. (A) HPV16 precancerous models; (B) HPV16 cancerous models. Dose-
response curves (top panel) were generated from the parental NIKS cells and
HPV16 models by determining cell viability with exposure to various
concentrations of topotecan (0.014 — 0.114 pM) at 72 h post-drug treatment. *p

<0.05, **p<0.01 and ***p<0.001 vs. parental, NIKS. See also legends to figure

4.12.
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Part 111:
Effects of Selective Novel Natural and Synthetic Compounds on the HPV16-

associated Cell Lines

4.10 Effects of Eupatorin

To examine the potential cytotoxic effects of the natural flavonoid
compound, eupatorin, on the HPVV16 models, MTT assay was performed after the
cells were treated with various concentrations of eupatorin. Eupatorin treatment
also reduced cell viability in a dose-dependent manner (Figures 4.14A & 4.14B,
top panels). Eupatorin treatment displayed the highest and significant anti-
proliferative activity on NIKS cells expressing the E7 gene followed by E6 gene,
with 1Cso values of 6.411 £ 0.595 uM and 14.743 + 1.744 pM, respectively
compared to the parental cells at 24.573 £ 1.190 uM (Table 4.2). Both the E6E7
and HPV16 genome containing NIKS cells showed similar ICso values at 21.216 +

1.175 uM and 20.666 + 1.357 uM, respectively.

For comparison, the sensitivity of each HPV16 models was expressed in
fold change in 1Cso values as shown in Figure 4.14A to 4.14B, bottom panels, and
cells that showed statistical significance are highlighted in red boxes. The
precancerous models, NIKS cells harbouring the HPV16 genome was not sensitive
towards eupatorin treatment with a 1.2-fold decrease in ICso compared to the

parental cells, which is statistically not significant. A similar result was obtained
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Figure 4.14 Effects of eupatorin on cell growth of the HPV models. (A) HPV16
precancerous models; (B) HPV16 cancerous models. Dose-response curves (top
panel) were generated from the parental NIKS cells and HPV16 models by
determining cell viability following exposure of eupatorin at different
concentrations (0.538 — 8.608 uM) at 72 h post-drug treatment. Fold-change bar
charts (bottom panel) were derived from NIKS, normalised to 1.0, compared with
the HPV16-models. Results are expressed as means + standard error of means
(SEM) of three independent experiments performed in triplicates. *p <0.05 and

**p<0.01 vs. parental.
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Table 4.2 Effects of the natural compounds, eupatorin and sinensetin on the HPV16 models

Precancerous Cancerous
NIKS pcDNAG ;el:]?)/rii pBABE-neo HFI;\QG HFI;\;16 HEPG\;G
Eupatorin
ICs0+ SEM (UM) 24.573 24.459 20.666 24.282 14.743 6.411 21.216
+1.190 +0.362 + 1.357 +0.725 +1.744 +0.595 +1.715
Fold change in ICso 1.0 1.0 1.2 1.0 1.7* 3.8 ** 1.2
Sinensetin
ICs0+ SEM (UM) 30.373 29.820 29.563 29.794 20.469 21.765 30.562
+0.272 +0.974 +0.981 +1.674 +0.553 +1.551 + 0.694
Fold change in ICso 1.0 1.0 1.0 1.0 15* 1.4 1.0

See footnote to Table 4.1 above.
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for the NIKS cells carrying the E6E7 genes (cancerous model). The NIKS cells
expressing only the E7 gene displayed the highest eupatorin sensitivity at 3.8-fold
decrease in 1Cso compared to the parental cells, followed by E6-containing cells at
1.7-fold decrease in ICso. Hence, eupatorin significantly induced growth inhibition

on NIKS cells expressing E6 or E7 alone, but not the EGE7-expressing NIKS cells.

411 Effects of Sinensetin

Likewise, to determine the potential cytotoxic effects of another flavonoid
compound, sinensetin on the HPV16 models, the cells were treated with increasing
concentrations of sinensetin for 72 h followed by MTT assay. Sinensetin inhibited
the growth of both the precancerous and cancerous HPV16 models in a dose-
dependent manner (Figure 4.15A & 4.15B, top panel). The I1Cso values are shown

in Table 4.2.

In the HPV16 precancerous model, sinensetin failed to induce growth
inhibition. The 1Cso value of the cell models carrying the HPV16 genome (29.563
+0.981 uM) was close to that of the parental cells (30.373 £ 0.272 uM) (Table 4.2).
There was no decrease in ICso of precancerous model cells harbouring the HPV16
genome compared to the parental cells indicating that the cells were not susceptible
to sinensetin treatment (Figure 4.15A, bottom panel). On the other hand, in the
HPV16 cancerous models, NIKS cells harbouring E6 or E7 gene alone were more

susceptible to sinensetin treatment with the ICso values of 20.469 + 0.553 uM and
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Figure 4.15 Effects of sinensetin on cell growth of the HPV models. (A) HPV16
precancerous models; (B) HPV16 cancerous models. Dose-response curves (top
panel) were generated from the parental NIKS cells and HPV16 models by
determining cell viability against exposure of various sinensetin concentrations

(0.582 —9.309 uM) at 72 h post-drug treatment. See also legends to figure 4.14.
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21.765 £ 1.551 uM, respectively (Table 4.2). The cells harbouring the E6 gene were
significantly sensitive to sinensetin treatment with a 1.5-fold decrease in the ICso
(red box in Figure 4.15B, bottom panel), but the effect was insignificant on the E7

gene model with only a 1.4-fold decrease in the 1Cso (Table 4.2).

Similar to the precancerous model, NIKS cells that co-expressed the E6GE7
genes were not sensitive to sinensetin treatment (1Cso =30.562 + 0.694 uM), and
there was no decrease in the ICso values compared to that of the parental cells.
Sinensetin treatment on all the HPV16 models was insignificant in inducing growth
inhibition on the HPV16 models tested except for NIKS cells expressing the
HPV16 E6 gene. The data indicates that sinensetin do not have preferential

cytotoxic effect for NIKS cells that harbour HPV over parental cells.

4.12 Effects of Tribenzytin Carboxylates 1 (TC1)

Cytotoxicity activity of the synthetic compound, tribenzyltin carboxylates
1 (TC1) was determined by using different doses of TC1 on the HPV16 models.
TC1 induced cell cytotoxicity in a dose-dependent manner (Figures 4.16A & 4.16B,
top panels). The ICso values of each of the HPVV16 models treated with TC1 are

summarised in Table 4.3.

The TC1 compound was able to inhibit cell proliferation significantly on

the precancerous model: NIKS cells carrying the HPV16 genome were lower in
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Figure 4.16 Effects of tribenzyltin carboxylates 1 (TC1) on cell growth of the
HPV models. (A) HPV16 precancerous models; (B) HPV16 cancerous models.
Dose-response curves (top panel) were generated from the parental NIKS cells and
HPV16 models by determining cell viability against exposure of various TC1
concentrations (0.625 — 1.000 uM) at 72 h post-drug treatment. Fold-change graphs
(bottom panel) were derived from NIKS, normalised to 1.0, compared with the
HPV16-models. Results are expressed as means + standard error of means (SEM)
of three independent experiments performed in triplicates. *p <0.05 and **p<0.01

vs. parental, NIKS.
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Table 4.3 Effects of novel synthetic compounds, tribenzyltin carboxylates 1 (TC1) and 4 (TC4), on HPV16 models

Precancerous Cancerous
NIKS pcDNAG HPV16- pBabeNeo  HPV16- HPV16- HPV16-
full genome E6 E7 EGE7
TC1
ICs0+ SEM (uM) 0.353 0.325 0.220 0.329 0.181 0.271 0.260
+0.035 +0.020 +0.022 +0.021 +0.022 +0.023 +0.008
Fold change + SEM 1.0 1.1 1.6 * 1.1 2.0 ** 1.3 1.4
TC4
ICs0+ SEM (UM) 0.199 0.183 0.142 0.199 0.150 0.159 0.226
+0.026 +0.034 +0.016 +0.025 +0.012 +0.014 +0.013
Fold change + SEM 1.0 11 14 1.0 1.3 1.3 0.9

See footnote to Table 4.1 above.
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ICso value compared to the parental cells (0.220 + 0.022 pM vs. 0.353 £ 0.035
UM), p<0.05 (Table 4.3). There was a 1.6-fold decrease in ICso between the
precancerous model and the parental cells (Figure 4.16A, bottom panel & Table
4.3). For the cancerous models, TC1 also induced significant growth inhibition
on NIKS cells expressing only the HPV16 E6 gene with ICso of 0.181 + 0.022
MM, a 2.0-fold decrease vs. the parental cells, p<0.01, but TC1 showed weak
and insignificant growth inhibition on the other NIKS cells transduced with
HPV16 E6E7 or E7 gene alone, with ICso of 0.260 + 0.008 uM (1.4-fold
decrease) and 0.271 + 0.023 uM (1.3-fold decrease), respectively (Figure 4.16B,

bottom panel and Table 4.3).

The results suggest that TC1 may be a potent inhibitor at the
precancerous stages of HPV16-associated cancers. This observation is
supported by a previous study (Anasamy et al., 2017), in which TC1 was used

to treat breast cancer cells.

4.13 Effects of Tribenzytin Carboxylates 4 (TC4)

Similar to the previous TC1 assay, tribenzyltin carboxylates 4 (TC4)
was also used in increasing concentrations to evaluate its anti-proliferative
activity on the HPV16 models. TC4 also displayed a dose-dependent growth
inhibition effects (Figure 4.17A & 4.17B, top panels). There was a marked
decrease of cell viability of NIKS containing episomal HPV16 genome, or
expressing the E6 gene compared to the parental cells (Figure 4.17A, top panel).

The ICs values are shown in Table 4.3.
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Figure 4.17 Tribenzyltin carboxylates 4 (TC4) effects on cell growth of the
HPV models. (A) HPV16 precancerous models; (B) HPV16 cancerous models.
Dose-response curves (top panel) were generated from the parental NIKS cells
and HPV16-models by determining cell viability against exposure of various
TC4 concentration (0.313 — 0.500 uM) at 72 h post-drug treatment. See also

legends to figure 4.17.
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The TC4 induced weak growth inhibition in all the HPV16 models. The
precancerous model, NIKS cells carrying the HPV16 genome was slightly
susceptible to TC4 treatment with ICsp at 0.142 + 0.016 puM relative to that of
the parental cells at 0.199 + 0.026 uM (Figure 4.17A, bottom panel and Table
4.3). The fold-change in 1Cso between the precancerous model and parental cells

(1.4-fold decrease vs. parental) was insignificant (Table 4.3).

In the cancerous models, the ICso of NIKS expressing the E6 or E7
alone largely similar to each other at 0.150 = 0.012 uM and 0.159 + 0.014 pM,
respectively; they showed similar 1.3-fold-change compared to the parental
cells (Figure 4.17B, bottom panel and Table 4.3). However, the NIKS cells that
co-expressed the E6E7 genes were not susceptible to eupatorin treatment with

a 1Cso value higher than parental cells (0.226 £ 0.016 pM vs. 0.199 + 0.026 uM).

Taken together, the TC4 treatment did not display significant

cytotoxicity effects on the HPV16 models in line with the previous study by

Anasamy et al., 2017 in which TC4 was used to treat breast cancer cells.
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CHAPTER 5

DISCUSSION

51 Characteristics of NIKS Modified to Harbour the HPV16 Genome

in Episomal Form and the HPV16 E6 and/or E7 Oncogenes

The life cycle of human papillomavirus (HPV) is closely integrated with
the differentiation of the host epithelial cells and is initiated following infection
of the proliferative basal keratinocytes by the virus (Kajitani et al., 2012; Pinidis
et al., 2016). Monolayer culture of human keratinocytes, NIKS cells, was
selected to generate the models in the present study. The main reason for this
choice is that NIKS cells resemble normal keratinocytes in many aspects. Like
normal keratinocytes, NIKS cells exhibit cell-to-cell contact inhibition and
anchorage-dependence. They require growth-arrested 3T3 feeder cells to
support its growth in vitro, a requirement that is similar to that of primary human
keratinocytes (Allen-hoffmann et al., 2000). NIKS cells possess the wild-type
p53 tumour suppressor gene, a feature that which is important for the study of
the relationship between E6 and p53 (Allen-hoffmann et al., 2000; D. A.
Galloway, 2009; Wang et al., 2009; Zhang et al., 2015). Additionally, the wild
type p53 is believed to play a role in the increased susceptibility of HPV-
associated cancers to radiation and chemotherapy compared to non-HPV

associated cancers.
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In this study, NIKS cells were genetically modified to represent two key
steps/stages of HPV16-associated carcinogenesis. Persistent infection by HR-
HPV such as HPV types 16 and 18 is a prerequisite for the process of cellular
transformation. In this stage, the virus genome is present in the host cell largely
as episomes. Hence the precancerous model, NIKS-HPVEp in which the HPV
16 genome is maintained in episomal form in the cells. On the other hand, the
HPV genome is integrated into the host cell genome in the majority of HPV-
associated cancers. Therefore, we modified the NIKS cells to harbour the E6
and/or E7 oncogenes to simulate the cancerous stage of the disease process (viz

NIKS-HPV/nT).

These HPV16 models were established with the aim of using them as
cell-based drug screening platforms. It is proposed that such a drug screening
platform can act as a reproducible model system since NIKS cells are able to
grow abundantly in vitro unlike primary cells which are quite limited in supply.
All the HPV16 models were examined with respect to their morphology,
oncogene transcription and protein expression (Figures 4.5 & 4.9). In addition,
for the precancerous model, the episomal and integration status of the HPV were

also studied (Figure 4.5).

The HPV16 precancerous model generated by using the full HPV16
genome in NIKS cells, demonstrated the ability to maintain the HPV16
episomes up to 21 cell passages. In a study by Laurson et al., 2010, it was shown
that HPV16 episomes were maintained up to passage 12 in NIKS cells without

any reduction of episomal copy number. In another study which involved the
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use of human cervical keratinocytes derived from an early stage of cervical
cancer, the W12 cell line, it was shown that the cells were able to maintain the
HPV16 episomes up to passages 34 and 83, in different cell replicates (Gray et
al., 2010). In this study, NIKS cells retained HPV16 episomes at early passages
in the culture but HPV16 genome integration occurred in prolonged culture,
suggesting that different culture conditions or distinct cell types may have
different frequencies of HPV16 integration. However, the HPV16 integration
did not result in increased mMRNA levels of the E6 and E7 oncogenes, findings
similar to that reported for HPV16-immortalised human foreskin keratinocytes
and oropharyngeal squamous carcinoma cells, OPSCC (Olthof et al., 2014;
Scarpini et al., 2014; Lace et al., 2011). However, the protein expression for E6
in NIKS cells carrying HPV16 episomes (precancerous model) and E7 in NIKS
cells harbouring the E6E7 gene (cancerous model) were found to be upregulated
with extended passaging in culture. The upregulated expression of the E6 or E7
genes in both the models could indicate that the introduction of HPV16
episomes or EGE7 oncogenes may lead to epigenetic alteration of the host cells
and contribute to differential gene expression in different model system as

suggested by Alvarez-Rios, 2016.

5.2 Increased Sensitivity of HPV16 Models to Cisplatin Treatment

Compared to the Parental NIKS Cells

Cisplatin-based regimens are the standard treatment for HPV16-
associated cancers especially for advanced and recurrent cervical cancers

(Kamura and Ushijima, 2013). Previous studies have shown that HPV16-
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positive cells are more sensitive to chemotherapeutic drug treatment compared
to HPV16-negative cells in vivo and in vitro (Ziemann et al., 2015; Ang et al.,
2010) . Thus, to determine whether this observation can be reproduced in our
established models, cytotoxicity profile of the HPVV16 models was tested using
cisplatin. The relative drug sensitivities between the parental NIKS cells and the
HPV16 models were evaluated. As demonstrated in Figure 4.12A and 4.12B
(top panels), cisplatin inhibited cell proliferation of the HPV16 precancerous
and cancerous models to a much greater degree compared to cells harbouring
the empty vector and the NIKS controls. This observation is consistent with
previous studies which reported increased sensitivity to cisplatin treatment of
HPV16-positive head-and-neck cancer cell lines compared to the HPV16-
negative cell lines (Thomas et al., 2016; Ziemann et al., 2015). Furthermore, it
was also shown that the presence of HPVV16 E6 and HPV16 E6E7 oncogenes in
primary human foreskin keratinocytes improved cisplatin sensitivity and

induced cell apoptosis (Liu et al., 2000).

Cisplatin treatment of HPV16-positive cells has been shown to
deregulate E6 and E7 expression (Ziemann et al., 2015; Zhen et al., 2016; Butz
et al., 1996). Therefore, it is proposed here that the chemosensitivity
demonstrated by the HPV16 models upon cisplatin treatment is likely to be
associated at least in part with the repression of E6 and E7 oncogene expression
thereby allowing the escape of p53 and pRb proteins from the E6- or E7-
mediated degradation activity. This in turn promotes the accumulation of the
p53 protein to trigger apoptosis (Zhen et al., 2016). A proposed scheme of

interactions between the HPV16 E6 or E7 oncogenes and cisplatin at the cellular
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level is shown in Figure 5.1. This scheme, suggests that cisplatin treatment,
restores the apoptotic function of p53 and pRb (retinoblastoma) by supressing
the expression of E6 (1a) and E7 (1b), respectively. In addition, a previous
study have indicated that the formation of DNA adducts (1c) by cisplatin
induces the activation of the ataxia telangiectasia mutated (ATM) (1d) pathway
which leads to inhibition of DNA damage repair mechanisms, results in
activation of p53-dependent apoptosis (1e) (Basu and Krishnamurthy, 2010).
Restoration of the activity of the tumour suppressor gene, p53, induces the
upregulation of cyclin-dependent kinase inhibitor, p21 (2a), to inhibit the
cyclin-dependent kinase 2-cyclin E (CDK2-cyclin E) (2b) at the G1 phase,
hence, inducing the G1/S phase cell cycle arrest (2c). Furthermore, cisplatin
treatment was reported to upregulate GADD45 expression in HPV-positive
cancer cell lines, CaSki and SiHa cells as well as in head-and-neck cancer cell
lines, CCL23, CCL23AS, and CAL27 (Butz et al., 1999; HT et al., 2006). It is
possible therefore that upregulation of the GADDA45 protein (3a), which is the
downstream target protein of p53 may partially explain the finding in this study.
Activation of GADDA45 plays an essential role in the suppression of tumour
growth through inhibition of cyclin-dependent kinase 1-cyclin B (CDK1-cyclin
B), thereby inducing G2/M phase cell-cycle arrest (3c) in response to DNA
damage (Tamura et al., 2012; Jin et al., 2002; Butz et al., 1999). In addition,
GADD45 also interacts with MEKK (3d) and results in the induction of
apoptosis (3f) via the INK/p38 (3e) pathways (Tamura et al., 2012). Another
pro-apoptotic protein, BAX, is upregulated by p53 protein (4a) to induce
apoptosis through permeabilising the outer membrane of the mitochondria to

release cytochrome C (4c), which, in turns, leads to the activation of the caspase
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Figure 5.1 Proposed pathways of the interactions between the HPV16 E6

or E7 oncogenes and cisplatin. The anti- or pro-proliferative genes are

indicated in blue and yellow boxes, respectively; effects of E6/E7 or cisplatin

are boxed in red and black dashes. Blunt-ended arrows or lines in red or black

indicate the predicted gene activation or inhibition, respectively, by E6/E7

oncogenes or cisplatin. The thick purple arrows indicate the up- or down-

regulation of gene or protein expression. Refer to Discussion section 5.2 for

further details. All of the information was extracted and modified from Ziemann

etal., 2015; Zhen et al., 2016; Meng et al., 1999; Butz et al., 1996.
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cascade (4c¢) and subsequently cell death (4d) (Westphal et al., 2011; Tait and

Green, 2010).

In summary, the proposed scheme illustrates the possible mechanisms
of cisplatin-induced chemosensitivity in the HPV-associated neoplasms which
could, at least in part, explain the results of our study using the models
harbouring the E6 or E7 gene alone. The exact underlying mechanisms,

however, need to be further investigated.

5.3  Topotecan Induces the Highest Growth Inhibition in NIKS Cells

Expressing the E7 Gene Alone

Topotecan hydrochloride is a topoisomerase | enzyme inhibitor that
prevents the topoisomerase | from repairing the cleaved DNA during DNA
replication and, thus promotes the accumulation of DNA breaks and eventually
triggering the DNA damaging response system or apoptosis pathway (Coleman,
2002). Topotecan is often used in combination with cisplatin or other
chemotherapeutic agents to reduce its hematologic toxicity (Lee et al., 2010;
Robati et al., 2008). Topotecan treatment has been shown to reduce E6 mRNA
level and upregulate p53 expression in the HPV16-positive cervical cancer cell
line, SiHa; however the topotecan-induced apoptosis was shown to be p53-

independent (Koivusalo and Hietanen, 2004).

In this study, topotecan was shown to be highly effective on NIKS cells

expressing the E7 gene alone compared the other HPV16 models. A proposed
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model illustrating the interaction between HPV16 E7 gene and topotecan action
is provided in Figure 5.2. The cdc25a promoter was previously reported to be
transactivated in HPV16 E7-expressing cells which promotes G1/S phase
progression (Katich et al., 2001). It is suggested that NIKS cells expressing the
E7 gene promotes G1/S phase transition by targeting CDC25a protein. In the
presence of topotecan, DNA double-stranded breaks induced by the topotecan
action leads to phosphorylation of the checkpoint kinase 1 (CHK1) (1b) (Kim
et al., 2015; Cliby et al., 2002). In turn, CHK1 negatively regulates the cdc25a
promoter (1c) and prevents the activation of downstream kinases including
CDK2-cyclin E and CDK2-cyclin A (1d), thereby mediating the G1/S phase
cell cycle arrest (1e) (Xiao et al., 2003). In addition, CHK1 has also been shown
to degrade CDC25a (2a) triggered by topotecan treatment, in a p53-dependent
manner (Tomicic et al., 2005). The proposed mechanisms could account for the
NIKS cell containing E7 gene to be highly sensitive to topotecan treatment.

However, further investigations are required to confirm this.
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Figure 5.2 Proposed pathways of the interactions between the HPV16 E7

oncogenes and topotecan. The anti- or pro-proliferative genes are shown in
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and black dashes. The blunt-ended arrows or lines in red or black indicate the

predicted gene activation or inhibition by E7 oncogenes or topotecan. See also

Figure 5.1 and refer to Discussion section 5.3 for further details. All of the

information was extracted and modified from Koivusalo and Hietanen, 2004;

Coleman, 2002; Katich et al., 2001
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5.4  Eupatorin and Sinensetin Exert Higher Growth Inhibition when E6

or E7 was Acting Alone than when E6 and E7 are Co-expressed

In this study, both the natural compounds, eupatorin and sinensetin were
shown to exert a similar growth inhibition pattern on the HPVV16 models. NIKS
cells that express E6 or E7 alone were more sensitive to the treatment by natural
compounds compared to the NIKS cells that co-expressed the E6E7 genes
(Table 4.2). A previous study has demonstrated that exposure of the HPV18-
positive cervical adenocarcinoma cell line, HelLa, to eupatorin significantly
reduced cell viability and induced cell-cycle arrest at the G2/M phase. Eupatorin
has been shown to trigger apoptosis via both the p53-dependent and p53-
independent pathways (Lee et al., 2016). Eupatorin treatment was also reported
to not only exert cell growth inhibition and apoptosis on cancer cell lines, such
as MCF7 (breast cancer cell line), HL-60 (human promyelocytic leukemia cells)
and HUVEC (endothelial cells), but also interfere with angiogenesis via
inhibition of vascular endothelial growth factor receptor (VEGFR) (Doleckova

etal., 2012)

A proposed mechanism of eupatorin-induced anti-proliferative effects
on the HPV16 models based on data from the literature is illustrated in Figure
5.3. It has been suggested that the anti-proliferative effects observed in the
NIKS cells harbouring the E6 or E7 gene alone are associated with the (1) p53-
dependent and (2) p53-independent pathways. Another possible pathway that

may be applicable in vivo is the angiogenic pathway whereby suppression of
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VEGFRs by eupatorin reduces angiogenesis, resulting in cell death (Lee et al.,

2016; Ahamed et al., 2012; Doleckova et al., 2012).

In the p53-dependent pathway, eupatorin treatment may, upregulate the
basal p53 acitivity (1a) despite the presence of E6 gene. This will enhance the
inhibition action of the p21 protein (1b) on CDK2-cyclin E (1c). CDK2-cyclin
E inhibition subsequently leads to cell-cycle arrest at G1 (1d), preventing the
cells from entering the S phase and, thus, growth of the cancer cells is
suppressed. In the p53-independent pathway, eupatorin treatment upregulates
the expression of epidermal growth factor 1 (EGFR-1) gene (2a) and
subsequently expression of the pro-apoptotic protein, BAX (2b). Activation of
the BAX gene permeabilises the mitochondrial membrane and the release of
cytosolic cytochrome C (2c) (Westphal et al., 2011), resulting in activation of
the downstream caspase (2d) cascade and leading to cell death (2e). Taken
together, the proposed predictive pathways may provide a working hypothesis
for further investigation of mechanism that induced chemosensitivity by

eupatorin in the cells expressing either the E6 or E7 gene alone.

Sinensetin is a methylated flavone that is isolated from the leaves of
Orthosiphon stamineus and from orange peel. Sinensetin from these two
sources share the same structure and methoxy groups (Amzad Hossain and
Ismail, 2016; Hossain and Mizanur Rahman, 2015). Sinensetin has been
reported to exhibit anti-angiogenesis effects on human umbilical vein
endothelial cells (HUVECSs) down regulating expression of the angiogenesis

genes, FLT1, KDR1 and HRAS in zebrafish and trigger cell cycle arrest at GO/G1
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(Lam et al., 2012). Furthermore, Dong et al., (2011) showed that sinensetin
treatment induced growth inhibition on human AGS gastric cancer cells and
displayed apoptotic effects by causing cell-cycle arrest in the G2/M phase. In
the same study, expression of p53 and its downstream effector gene, p21, was
found to be elevated (Dong et al., 2000) and it was suggested that the increased
expression of these proteins may play a role in the anti-proliferative and

apoptosis pathways.

Results of this study demonstrated that only NIKS cells carrying the E6
gene alone was significantly sensitive to sinensetin treatment; none of the other
HPV16 models were. The mechanism of action of sinensetin is illustrated in
Figure 5.4 (right panel). Briefly, it has been proposed that sinensetin causes G1
arrest in a p53-dependent pathway. In contrast, HPV16 E6 blocks p53 function
resulting in cellular proliferation. It is unclear how sinensetin affects E6
expressing cells to abrogate its effect on the host cell, thereby leading in the

observed sensitivity of the cells to this compound.

55 TC1 but not TC4 Induces Growth Inhibition in the HPV16

Precancerous Models

The tribenzyltin carboxylates compounds 1 and 4 (TC1 & 4) are derived
from organotin and are categorised as halogenated tribenzyltin complexes. The
two compounds possess different functional groups and demonstrate different

degree of growth inhibition effects. To date, there is only one published study
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information was extracted from Dong et al., 2000; Lace et al., 2011; Lam et al.,

2012.
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on the use of these synthetic compounds on breast cancer cell lines (Anasamy
etal., 2017). The TC1 was reported to inhibit proliferation of breast cancer cells,
MCF-7, MDA-MB231 and 4T1, and triggered apoptosis via the caspase
cascade-dependent pathway, but not the TC4 (Anasamy et al., 2017). This
observation is consistent with the data obtained in this study as none of the
HPV16 models was significantly inhibited by TC4 treatment, in contrast to TC1
treatment which rendered the NIKS cells harbouring the HPV16 episomes or
the E6 gene alone to be more drug sensitive and with significant growth

inhibition compared to the parental cells.

The pathway of TC1-induced cellular effects, summarised in Figure 5.5
is based on the results of a previous study (Anasamy et al., 2017). The higher
growth inhibition induced by TC1 may be associated with the activation of
caspase-9 and caspase-8 in the intrinsic and/or extrinsic apoptosis pathways as

suggested by the study.

It has been suggested that truncated or mutants form of p53 that are
lacking in transcriptional activity may be capable of triggering the apoptotic
function via the intrinsic apoptosis pathway (Caelles et al., 1994). It has further
been suggested that the basal level of p53, regardless of the presence of HPV16
E6, is activated to directly trigger the pemeabilisation of mitrochondrial outer
membrane by interacting with the proapoptotic Bcl-2 family members, either
BAX or BAK (Fulda and Debatin, 2006). Subsequently, release of cytochrome
C from the mitochondria to the cytosol will then trigger the apoptotic protease

activating factor (APAF1) to form an apoptosome to activate caspase-9
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Figure 5.5 Proposed mechanism of action of tribenzyltin carboxylates 1

(TC1). See also Figure 5.1. Refer to Discussion section 5.5 for further details.

All of the information was extracted and modified from Anasamy et al., 2017.
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(Ichim and Tait, 2016; Vaseva and Moll, 2009). The activation of caspase-9

results in activation of caspase-3 and caspase-7, which leads to apoptosis.

In contrast, in the extrinsic apoptosis pathway, death receptors (DR)
such as, CD95, tumour necrosis factor (TNF)-related apoptosis-inducing ligand
(TRAIL) receptor 1 or 2 (TRAIL-R1 or TRAIL-R2) and FAS that reside in the
cell membrane undergo translational modifications upon ligand binding to their
cognate ligand (Ichim and Tait, 2016; Dickens et al., 2012). The recruitment of
apoptotic proteins at the death receptor leads to the formation of death domain,
known as the death inducing signalling complex (DISC) (Ichim and Tait, 2016).
The formation of DISC stimulates the activation of caspase cascade including
caspase-8, caspase-3 and caspase-7, eventually leading to apoptosis. It is
possible that TC1 may upregulate caspase-9 in the intrinsic and caspase-8 in the
extrinsic pathway to further enhance the apoptosis process, which subsequently

contributes to increase cell death in NIKS cells harbouring the E6 gene.
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CHAPTER 6

CONCLUSION

6.1 Major Findings of the Present Study

A normal immortalised keratinocytes cell line (NIKS) was used to
express the HPV16 episomes or oncogenes in this study as an in vitro cell-based
model for drug screening purpose. This model could serve as a platform for the
search for potential therapeutic agents for treatment of HPV-associated
neoplasms. Although immortalised keratinocytes cell line (NIKS) is widely
used to study the HPV16 infection in vitro, however, majority of the researches
were conducted to study the life cycle of high-risk HPV (Holmgren et al., 2005;
Griffin et al., 2014; Lambert et al., 2006) and functional roles of viral gene
expression in cancer progression (Isaacson Wechsler et al., 2012; Jackson et al.,

2016).

The originality of the present study is that cells of the established in vitro
HPV16 models were morphologically similar to that of the parental NIKS cells
while exhibiting continued expression of HPV16 E6 and/or E7. A functional
and episomal full-length HPVV16 genome was successfully delivered into NIKS
cells to represent the precancerous stage of the oncogenic process in HPV16-
associated neoplasms. Cells harbouring and constitutively expressing the E6

and/or E7 oncogenes in prolonged culture were developed to represent the

148



cancerous stage of the process. The rationale of these approaches are based on
the observation that episomal forms of the virus is maintained in chronic HPV
infection, and integration of the viral gene is strongly associated with the large
majority of HPV-associated cancers. It is believed that chronic infection is a

prerequisite to the event of integration of the virus genome into the host.

Proof of concept studies verified that the HPVV16 models were more
sensitive to cisplatin and topotecan relative to the control cells. Of particular
note is the significant increased sensitivity of cells expressing E7 to topotecan
(15.2-fold change in ICsp). In addition, the HPV16 models expressing either E6
or E7 alone but not in EGE7 together were sensitive to the natural flavones,
eupatorin and sinensetin. Furthermore, we have demonstrated that treatment
with TC1 but not TC4 effectively inhibited proliferation of cells harbouring the
HPV16 episomes. In which these findings have never been reported in the

literature on the HPV models.

6.2 Limitations of the Study

Although NIKS cells resemble primary keratinocytes cells with respect
to its characteristics, they may suffer from genetic drift as they divide in
prolonged culture and lose some characteristic of the primary cells (Carter and
Shieh, 2015; Irfan Magsood et al., 2013). Hence, it is important to periodically
validate the characteristic of the cultured cells to ensure experimental
reproducibility and reliability. We acknowledge that the HPV16 modified NIKS

models were not functionally validated - the effects of EGE7 on the downstream
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key cellular target genes, particularly p53 and pRb tumour suppressor genes
were not evaluated. Secondly, apoptosis assays following treatment of the cells
with the chemotherapeutic agents or natural/ synthetic compounds which would
have indicated whether the observed cell death was by apoptosis or necrosis
were not performed. It is finally noted that the models used are not truly
oncogenic despite cellular mortality. They merely represent a change for the
parental NIKS cells with respect to the presence of HPV, in episomal and
integrated forms, both features of which are present in HPV-associated

neoplasms, both in vitro and in vivo.

The HPV16 cell-based in vitro models established in this study could be
useful as drug screening platforms. In this study, the cell lines were subjected
to cytotoxic assay using only a limited number of compounds. More work need
to be carried out to determine the nature of cell death and its underlying
mechanisms. Elucidation of the possible molecular mechanism in drug
sensitivity induced for example by tribenzyltin carboxylates 1 (TC1) in
suppressing the HPV16-harbouring cells should be carried out as this compound
may be a new therapeutic option for use in the early stage of HPV16-positive

cancers.

Further investigations are also needed to elucidate the molecular
pathway of cellular transformation and carcinogenesis of HPV16 E6 and E7 in
vitro and in vivo. Furthermore, the precise role of cell cycle regulators such as
p53 and pRb in (i) HPV-associated carcinogenesis and (ii) response of HPV-

associated cancers to chemotherapy will need more intensive studies.
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APPENDIX A

Plasmid map of pBABE-neo
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Plasmid map features

Colour Features
Bar(s) / arrow(s)
Yellow Origin of replication (Ori)
White Promoter region
Green Antibiotic resistance selectable marker
Maroon Truncated moloney murine leukemia virus, MMLV gag
gene lacking the start codon
Peach I.  LTR - long terminal repeats
Il.  MMLV vy — packaging signal of MMLV
Grey Basis of mobility region from pBR322
Fonts
Purple Location of 5° and 3’ primers
Black Restriction enzymes recognition sites.

The figure is adapted from Addgene. (Link: https://www.addgene.org/1767/).
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APPENDIX B

Plasmid map of pLXSN-HPV16E6
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The figure is adapted from Addgene (Link: https://www.addgene.org/52395/).
See also table to Appendix A.
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APPENDIX C

Plasmid map of pLXSN-HPV16E7
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The figure is adapted from Addgene (Link: https://www.addgene.org/52396/).

See also table to Appendix A.
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APPENDIX D

Plasmid map of pLXSN HPV16E6E7
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The figure is adapted from Addgene (Link: https://www.addgene.org/52394/).

See also table to Appendix A.
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APPENDIX E

Plasmid map of pMX-GFP

3 LTR
(MMLV) %

GFP

The figure is the plasmid map of pMX-GFP. Blue bar indicates the
ampicillin-resistance gene; orange bars as the long terminator region (LTR) of
moloney murine leukemia virus, MMLYV; green bar as the reporter gene (green
fluorescence protein, GFP), yellow bar as the packaging signal of MMLYV. This

figure is adapted from Cell Biolabs, Inc (Link: http://www.cellbiolabs.com/pmx-

gfp-retroviral-control-vector)
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APPENDIX F

Plasmid map of pcDNA6/ myc-His A
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Plasmid map features
Bar(s) / arrow(s)
Yellow Origin of replication (Ori)
White Promoter region
Green Antibiotic resistance selectable marker
Maroon Truncated moloney murine leukemia virus, MMLV gag
gene lacking the start codon
Grey Polyadenylation signal
Purple Epitope / affinity tag
Blue Multiple cloning site (MCS)
Fonts
Black Restriction enzymes recognition sites.

Figure adapted from SnapGene (Link:
http://www.snapgene.com/resources/plasmid_files/mammalian _expression vectors/p

cDNAG6 myc-His A/).
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APPENDIX G

The figure is the genomic map of 7.9-kb HPV16 genome. Blue bars indicate
the late (L) genes region; orange and pink bars as the early (E) genes region.
HPV16-E6 and E7 genes are the major transforming protein that drive the
infected cells to malignancy. LCR refers to long control region. This figure is
adapted from Groves and Coleman, 2014.

(Link:

https://www.researchgate.net/publication/269286889 Pathogenesis_of human_papill

omavirus-associated mucosal disease).
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APPENDIX H

Chemical structure of natural flavone and novel synthetic compounds. (A)
Eupatorin; (B) sinensetin; (C) tribenzyltin carboxylates 1 (TC1) and (D)
tribenzyltin carboxylated 4 (TC4).
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APPENDIX |

E6 mRNA expression in NIKS transduced with HPV16 (precancerous

model)

Controls - v NIKS harbouring HPV16
M CaSki NC PS P10 P15 P20 P25 P30

NIKS cells expressing the HPV16 were harvested from passage (P) 5 to 30 post-
transfection. The E6 mRNA transcription detected by RT-PCR using the E6
primers. Expected bands at 117 bp were observed. CaSki was used as the
HPV16-positive control; M, 50-bp DNA marker and NC, negative control

without template.
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APPENDIX J

E7 mRNA expression in NIKS transduced with HPV16 (precancerous

model)

Controls NIKS harbouring HPV16
M CaSki NC NC P5 P10 P15 P20 P25 P30

250 bp Pa
~ -
100 bp e - W W W e e 4 ET

S50 bp A e S SEEE A - (92 bp)

NIKS cells expressing the HPV16 were harvested from passage (P) 5 to 30 post-
transfection. The E7 mRNA transcription detected by RT-PCR using the E7
primers. Expected bands at 92 bp were observed and bands below 50 bp were
primer dimers. CaSki was used as the HPV16-positive control; M, 50-bp DNA

marker and NC, negative control without template.

184



APPENDIX K

GAPDH mRNA expression in NIKS transduced with HPV16

(precancerous model)

Controls NIKS harbouring HPV16
M CaSki NC P5 P10 P15 P20 P25 P30 P35

500 bpp-=Ss

! —
250 bpp-SN N .- — 4(%\55:)

NIKS cells expressing the HPV16 were harvested from passage (P) 5 to 30 post-
transfection. The GAPDH mRNA transcription detected by RT-PCR using the
GAPDH primers. Expected bands at 274 bp were observed. CaSki was used as
the HPV16-positive control; M, 50-bp DNA marker and NC, negative control

without template.
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APPENDIX L

E6 mRNA expression in NIKS transduced with HPV16 E6 gene

(cancerous model)

—— R — —— g ——— - =
Controls NIKS harbouring HPV16 E6
M CaSki NC PS5 P10 P15 P20 P25 P30

NIKS cells expressing the HPV16 E6 gene were harvested from passage (P) 5
to 30 post-transduction. The E6 mRNA transcription detected by RT-PCR using
the E6 primers. Expected bands at 117 bp were observed. CaSki was used as the
HPV16-positive control; M, 50-bp DNA marker and NC, negative control

without template.
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APPENDIX M

E7 mRNA expression in NIKS transduced with HPV16 E7 gene

(cancerous model)

Controls NIKS harbouring HPV16 E7
M CaSki NC P5 P10 P15 P20 P25 P30

e G G — — w— ]
(92 bp)

NIKS cells expressing the HPV16 E7 gene were harvested from passage (P) 5
to 30 post-transduction. The E7 mRNA transcription detected by RT-PCR using
the E7 primers. Expected bands at 92 bp were observed and bands below 50 bp
were primer dimers. CaSki was used as the HPV16-positive control; M, 50-bp

DNA marker and NC, negative control without template.
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APPENDIX N

E6 mRNA expression in NIKS transduced with HPV16 E6E7 gene

(cancerous model)

Controls  NIKS harbouring HPV16 EGE7
M CaSki NC PS5 P10 P15 P20 P25 P30

— — ———— —

(117 bp)

NIKS cells expressing the HPVV16 E6GE7 gene were harvested from passage (P)
5 to 30 post-transduction. The E6 mRNA transcription detected by RT-PCR
using the E6 primers. Expected bands at 117 bp were observed. CaSki was used
as the HPV16-positive control; M, 50-bp DNA marker and NC, negative control

without template.
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APPENDIX O

E7 mRNA expression in NIKS transduced with HPV16 E6E7 gene

(cancerous model)

Controls NIKS harbouring HPV16 EGE7
M CaSki NC PS P10 P15 P20 P25 P30

=

250 Dp - —

100 bpp
S0bph

NIKS cells expressing the HPVV16 E6GE7 gene were harvested from passage (P)
5 to 30 post-transduction. The E7 mRNA transcription detected by RT-PCR
using the E7 primers. Expected bands at 92 bp were observed and bands below
50 bp were primer dimers. CaSki was used as the HPV16-positive control; M,

50-bp DNA marker and NC, negative control without template.
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APPENDIX P

GAPDH mRNA expression in NIKS transduced with HPV16 E6 gene

(cancerous model)

Controls  NIKS harbouring HPV16 E6
M CaSki NC P5 P10 P15 P20 P25 P30

-

500 bp p-==

250 bp -4 o g oo e WD e GAPDH
. (274 bp)

NIKS cells expressing the HPV16 E6 gene were harvested from passage (P) 5
to 30 post-transduction. The GAPDH mRNA transcription detected by RT-PCR
using the GAPDH primers. Expected bands at 274 bp were observed. CaSki was
used as the HPV16-positive control; M, 50-bp DNA marker and NC, negative

control without template.
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APPENDIX Q

GAPDH mRNA expression in NIKS transduced with HPV16 E7 gene

(cancerous model)

Controls NIKS harbouring HPV16 E7
M CaSki NC P5 P10 P15 P20 P25 P30

S00 bp -
250 bppe e - e s > > aae 4 GAPDH
(274 bp)

NIKS cells expressing the HPV16 E7 gene were harvested from passage (P) 5
to 30 post-transduction. The GAPDH mRNA transcription detected by RT-PCR
using the GAPDH primers. Expected bands at 274 bp were observed. CaSki was
used as the HPV16-positive control; M, 50-bp DNA marker and NC, negative

control without template.
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APPENDIX R

GAPDH mRNA expression in NIKS transduced with HPV16 E6E7 gene

(cancerous model)

Controls NIKS harbouring HPV16
M CaSki NC P5 P10 P15 P20 P25 P30 P35

500 bpp-=8s .
250 bph- N 8 RS- <(GAPEH)
274 bp

NIKS cells expressing the HPVV16 E6E7 gene were harvested from passage (P)
5 to 30 post-transduction. The GAPDH mRNA transcription detected by RT-
PCR using the GAPDH primers. Expected bands at 274 bp were observed.
CaSki was used as the HPV16-positive control; M, 50-bp DNA marker and NC,

negative control without template.
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