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Cervical cancer is the 3rd most common female cancer in Malaysia, constituting almost
7.7% of all female cancer cases. The main cause for the cervical cancer is human
papillomavirus (HPV). However, infection with HPV is normally quiescent and can
regress naturally rather than be integrated into the host genome. This suggests that there
may be other cervical cancer risk factors such as the single nucleotide polymorphisms
(SNPs) for critical regulatory genes p53 (codon 72), p21 (codon 31), CYP1AL (Mspl)
and Fas (-670); and the polycyclic aromatic hydrocarbon benzo[a]pyrene. Currently, it
is uncertain if these SNPs are cervical cancer risk factors in Malaysian females and how
benzo[a]pyrene can be a risk factor through the activation of the CYP1A1 expression.
Therefore, this study aims to investigate the SNPs of these genes; and benzo[a]pyrene as
potential risk factors for cervical cancer.

SNPs are able to alter the expression of genes regulating apoptosis, cell cycle, cellular
repair and xenobiotic metabolism towards favouring the malignant transformation of
cervical cells. Using RFLP-PCR and statistical analysis, the relationship between the
SNPs and risk for invasive cervical carcinoma was investigated for the first time in the
multi-ethnic female population in Malaysia. The results showed a significant 3.7-fold
(p=0.04) increase in risk for invasive cervical carcinoma for the p53 codon 72 Arg/Pro
genotype in Chinese women when compared to the Arg/Arg genotype. Malaysian
women carrying the p53 codon 72 Arg/Pro genotype were also significantly associated
with a 2.8-fold (p=0.02) increase in risk for cervical adenocarcinoma when compared to
the Arg/Arg genotype carriers. For the CYP1A1 Mspl SNP, Malay women with the C/C
genotype were significantly associated with 4.7-fold (p=0.03) increase in invasive
cervical carcinoma risk compared to the T/T genotype carriers. Malaysian women with
the C/C genotype were also 2.9-fold (p=0.02) more likely to develop cervical
adenocarcinoma. No significant associations were found in the p21 codon 31 and the Fas
-670 SNPs.



As for benzo[a]pyrene, it is a potential risk factor for cervical cancer due to its presence
in the cervical mucus. To investigate the role of benzo[a]pyrene as a risk factor, a PCR
array was used to analyse the gene expression of the apoptosis pathway genes in
Ect1/EGE7 cervical cell lines after exposure to 1 pM of benzo[a]pyrene for 48 hours.
Benzo[a]pyrene exposure in Ect1/E6E7 was found to increase gene expression of BCL-
2 anti-apoptotic members, BCL2A1 and BCL-XL, by 4.21 and 2.91-fold, respectively.
The gene expression of inhibitors of apoptosis BIRC3 and XIAP were also up-regulated
by 2.86 and 2.09-fold, respectively. The gene expression of AKT1 which regulates cell
survival and growth was also increased by 2.12-fold. While the gene expression of the
death receptors (DR3, DR4 and DR5) was also up-regulated, there were no alterations in
the gene expression of effector caspases.

In conclusion, the p53 codon 72 SNP, CYP1A1 Mspl SNP and benzo[a]pyrene were
identified as cervical cancer risk factors. The SNPs increased risk for cervical cancer in
Malaysian Chinese and Malay women, respectively whereas exposure to benzo[a]pyrene
promotes an anti-apoptosis response that potentiate the manifestation of cervical
malignancies.
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Kanser serviks adalah salah satu kanser yang paling kerap dijumpai dan ia merangkumi
sebanyak 7.7% daripada keseluruhan kes kanser di kalangan wanita di Malaysia. Punca
karsinogenesis serviks adalah jangkitan virus papilloma manusia (HPV). Namun,
jangkitan virus ini tidak semestinya mengakibatkan kanser serviks dan lebih kerap hilang
tanpa dikesan daripada berintegrasi dengan genom hos. Ini menunjukkan bahawa
terdapat faktor risiko lain bagi kanser serviks seperti polimorfisme nukleotida tunggal
(SNP) bagi gen p53 (kodon 72), p21 (kodon 31), CYP1AL (Mspl) dan Fas (-670); dan
polisiklik aromatik hidrokarbon benzo[a]pyrene. Pada masa ini, SNP yang dinyatakan
masih belum dikenalpasti sebagai faktor risiko bagi kanser serviks di kalangan wanita
Malaysia. Selain itu, kemungkinan benzo[a]pyrene sebagai faktor risiko melalui aktivasi
ekspresi CYP1AL juga tidak diketahui. Oleh itu, matlamat kajian ini adalah untuk
menyiasat SNPs bagi gen yang dinyatakan serta benzo[a]pyrene sebagai faktor risiko
yang berpotensi untuk mengakibatkan kanser serviks.

SNPs berkemampuan untuk mengubah ekspresi gen yang mengawal fungsi apoptosis,
kitaran sel, pembaikian sel dan metabolisma xenobiotik sehingga menyebabkan
transformasi malignan sel serviks. Dengan menggunakan RFLP-PCR dan analisis
statistik, hubungan di antara risiko bagi kanser serviks dan SNP bagi gen p53 (kodon
72), p21 (kodon 31), CYP1A1 (Mspl) dan Fas (-670) telah disiasat buat pertama kalinya
di kalangan populasi wanita pelbagai etnik di Malaysia. Peningkatan signifikan untuk
risiko kanser serviks sebanyak 3.7 kali ganda (p=0.04) telah dikesan bagi genotip
Arg/Pro untuk p53 kodon 72 di kalangan wanita berbangsa Cina berbanding dengan
genotip Arg/Arg. Wanita Malaysia yang mempunyai genotip Arg/Pro turut mempunyai
peningkatan risiko sebanyak 2.8 kali ganda (p=0.02) untuk menghidapi adenokarsinoma
serviks berbanding dengan genotip Arg/Arg. Bagi SNP CYP1Al Mspl, wanita
berbangsa Melayu yang mempunyai genotip C/C mempunyai peningkatan risiko kanser
serviks sebanyak 4.7 kali ganda (p=0.03) berbanding dengan genotip T/T. Wanita



Malaysia yang mempunyai genotip C/C turut mempunyai peningkatan risiko sebanyak
2.9 kali ganda (p=0.02) untuk menghidapi adenokarsinoma serviks. Tiada perubahan
signifikan telah dikesan bagi SNP p21 kodon 31 dan Fas -670.

Bagi benzo[a]pyrene, ia merupakan faktor risiko yang berpotensi untuk kanser serviks
kerana kehadirannya di dalam mukus serviks. Untuk menyelidik peranan
benzo[a]pyrene sebagai faktor risiko, “PCR array” telah digunakan untuk menganalisa
ekspresi gen dalam sel serviks Ectl/E6E7 selepas pendedahan kepada 1 pM
benzo[a]pyrene selama 48 jam. Pendedahan sel Ectl/E6E7 kepada benzo[a]pyrene telah
meningkatkan ekspresi gen BCL2A1 dan BCL-XL yang merupakan gen anti-apoptosis
bagi keluarga BCL-2, masing-masing sebanyak 4.21 dan 2.91 kali ganda. Ekspresi gen
BIRC3 dan XIAP, yang merupakan perencat apoptosis turut meningkat, masing-masing
sebanyak 2.86 dan 2.09 kali ganda. Ekspresi gen AKT1 yang mengawal kemandirian and
pertumbuhan sel juga meningkat sebanyak 2.12 kali ganda. Walaupun ekspresi gen bagi
reseptor yang terlibat dalam apoptosis (DR3, DR4 dan DR5) turut meningkat, tiada
perubahan dapat dikesan pada ekspresi gen bagi “effector caspase”.

Sebagai kesimpulan, SNP p53 kodon 72, CYP1A1l Mspl dan benzo[a]pyrene telah
dikenalpasti sebagai faktor yang berisiko bagi kanser serviks. SNPs yang dinyatakan
telah meningkatkan risiko kanser serviks di kalangan wanita Malaysia berbangsa Cina
dan Melayu masing-masing manakala pendedahan kepada karsinogen benzo[a]pyrene
telah menggiatkan respons anti-apoptosis yang boleh menggalakkan manifestasinya
kanser serviks.
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CHAPTER 1

INTRODUCTION

Cancer is the manifestation of abnormal cellular growth which has the potential to
metastasize and invade multiple regions of the body. The malignant disease can manifest
itself in different regions of the body. Currently, the most common form of cancer
worldwide originates from the lungs (12.9%), followed by the breast (11.9%),
colorectum (9.7%) and prostate (7.9%). Cancer of the lung is most commonly found in
men; constituting 16.7% , whereas breast cancer is the most commonly found cancer in
women, constituting 25.2% (Ferlay et al., 2015).

The presence of transformed cells however, does not indicate for certainty the onset of
cancer. The detection of abnormal cells within the body triggers counteractive measures,
primarily involving the induction of apoptosis or cellular death in order to terminate the
afflicted cells. This process involves a myriad of genes, of which include the tumor
suppressor gene p53, cyclin dependent kinase inhibitor 1 (p21), and tumor necrosis
family member Fas (Haupt et al., 2003). Simultaneously, the xenobiotic metabolizing
gene CYP1ALl is also actively eliminating carcinogenic compounds within the body that
is capable of inducing abnormal transformation in cells (Crofts et al., 1994; McCann et
al., 1992). Proper regulation of these genes is therefore essential towards minimizing
abnormal changes within cells. However, minor changes to the human genetic makeup
can potentially disrupt the functions of these cells.

These genetic changes can be resulting from human evolution which over-time, induce
subtle changes in the genetic makeup which are unnoticed. The selection of a particular
trait for human survivability can unknowingly predispose humankind to certain long
term complications. These subtle changes can be nucleotide substitutions which result in
the production of an altered amino acid, functionally different from its wild-type
counterpart. These nucleotide substitutions are known as single nucleotide
polymorphisms (SNPs) and causes DNA sequence variation found in more than 1% of
the population (Joseph et al., 2006). While mutations are also used to describe alterations
in DNA sequences, these normally exist as single individual cell events less commonly
found in the population.

The four earlier mentioned genes each contain SNPs that are able to alter the functions
of the gene. In fact, the SNPs found on codon 72 of p53, codon 31 of p21, position 3801
of CYP1A1 and position 670 of Fas genes had been previously reported to alter the
expression of their respective genes (Kanemitsu et al., 2002; Thomas et al., 1999; Bunz
et al., 1998; Kiyohara et al., 1996). For example, the p53 codon 72 SNP has been
reported to produce a variant protein which is biologically and biochemically different
from its wild type counterpart (Thomas et al., 1999; Matlashewski et al., 1987). This
may alter the level of cellular apoptosis, cell senescence and cell cycle arrest regulated
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by p53 (Jin and Levine, 2001). The activation of the p21 gene may also be affected since
both p53 and p21 are known to work in unison to regulate cell cycle arrest, which is
important in the prevention of the proliferation of abnormal cells (He et al., 2005; Bunz
et al., 1998). As for CYP1A1, the Mspl polymorphism of CYP1AL1 alters the metabolic
activity of the CYP1AL enzyme resulting in a higher level of reactive metabolites
produced from the breakdown of the polycyclic aromatic hydrocarbon of tobacco, among
which includes the carcinogen benzo[a]pyrene, to a level which may be improperly
catalysed by the detoxification system (Kiyohara et al., 1996). In addition, the SNP
location for Fas -670 SNP is located at the same binding region where Fas mediated
apoptosis is initiated and may alter the apoptosis potential of Fas (Sibley et al., 2003).
Hence, the deregulation of these SNPs can promote the growth of abnormal cells, leading
to malignant diseases such as cervical cancer.

Cervical cancer is the 4th most commonly found cancer in women worldwide,
constituting almost 8% of all cancer cases (Ferlay et al., 2015). In the multi-ethnic nation
of Malaysia, cervical cancer was the 3rd most common cancer for the period of 2007 to
2011, being most prominent in Chinese women (Azizah et al., 2016). The carcinogenesis
of the cervix requires the presence of an external etiological agent known as the human
papillomavirus (HPV) (zur Hausen and de Villiers, 1994). However, HPV infections are
capable of regressing over time indicating that other risk factors such as SNPs of the
aforementioned genes may have a role in the manifestation of cervical cancer.

Aside from that, the existence of harmful chemicals in the environment can also
propagate the manifestation of malignant growth in the human body. These chemicals
exist as polycyclic aromatic hydrocarbons (PAH), organic compounds consisting only of
carbon and hydrogen which are released through the incomplete combustion of organic
matter (Guo et al., 2011). Some examples of PAHSs are naphthalene, benz[a]anthracene,
fluoranthene and the well-known benzo[a]pyrene (BaP) (Abdel-Shafy and Mansour,
2016).

BaP is formed from the incomplete combustion of carbon based products such as tobacco
smoking (Ribiere et al., 2016). It has been classified as a class one carcinogen by the
International Agency for Research on Cancer (IARC). More importantly, it has been
previously detected in the cervical mucus of females who are routinely exposed to
tobacco smoke, indicating that it could be a risk factor for cervical cancer (Melikian et
al., 1999a; Prokopczyk et al., 1997). These exposed cells are more likely to develop
abnormal transformation and undergo apoptosis. BaP exposure had triggered
mitochondrial regulated apoptosis in the mouse hepatoma Hepalclc7 and the human
lung cancer H460 cell lines (Xiao et al., 2007; Ko et al., 2004). However, the apoptosis
response induced by BaP had not been widely studied in human cervical cells and was
therefore a point of interest.



Thus, the problem statement of this study is as follows:

a)

b)

The p53 codon 72, p21 codon 31, CYP1A1 Mspl and Fas -670 SNP association
with cervical cancer are yet to be established in the Malaysian female
population. Population studies worldwide suggest that certain SNPs are
associated with cervical carcinoma and that the association may be population
dependent. Given that SNPs may be potential risk factors for cervical carcinoma
alongside HPV infection, population specific SNP studies are required to
elucidate the association between the aforementioned SNPs and cervical cancer
risk in the Malaysian population.

Prior BaP studies on cancer cell lines have reported that the exposure to BaP
causes apoptosis. This suggests that BaP may be able to alter the regulation of
apoptosis in cell lines, cumulating in the selection of a pro-survival or a pro-
apoptosis response which can decide the fate of the affected cells. However,
BaP’s role as a risk factor in non-malignant human cervical cell lines is yet to
be established. Hence, it is essential to identify BaP’s role as a risk factor in
non-malignant human cervical cell lines as the presence of BaP metabolites has
been detected within the cervical mucus.

It is hypothesized for this study that certain SNPs are able to significantly alter the risk
for invasive cervical cancer and that certain ethnic groups are more likely to develop
cervical cancer. As for BaP, it is hypothesized that exposure to BaP causes the up-
regulation of genes involved in apoptosis thereby causing programmed cell death.

Thus, the general objective of this study is to investigate the single nucleotide
polymorphisms of p53 codon 72, p21 codon 31, CYP1Al Mspl, Fas -670; and
benzo[a]pyrene as potential risk factors for cervical cancer.

The following are the specific objectives:

a)
b)
c)
d)

To establish the SNPs prevalence for the aforementioned genes in the three
main ethnic groups of Malaysia

To determine whether the SNPs predisposes women of certain Malaysian ethnic
groups to cervical cancer

To identify the apoptosis response of Ect1/EGE7 cervical cell line after exposure
to benzo[a]pyrene

To quantitate the gene expression fold change of the apoptotic pathway genes
in ECt1/E6E7 after exposure to benzo[a]pyrene
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