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Abstract

Background: Tobacco smoking is considered a risk factor for cervical cancer development due to the presence
of tobacco based carcinogenic metabolites in cervical cells of female smokers. In this study, we investigated the
role of the T3801C (Mspl) polymorphism of CYP1A1, a gene encoding an enzyme necessary for the initiation
of tobacco based carcinogen metabolism, on cervical cancer risk. The T to C substitution may alter CYPIAI
activities, potentially elevating cervical cancer risk. Since results of gene-disease association studies vary according
to the study population, the multi-ethnic population of Malaysia provides an excellent representative cohort
for identifying and comparing the cervical cancer risk among the 3 major ethnics in Southeast Asia in relation
to CYP1A1 Mspl polymorphism. Materials and Methods: A total of 195 Thin Prep Pap smear samples from
HPYV negative and cancer free females were randomly selected as controls while 106 formalin fixed paraffin
embedded samples from females with invasive cervical cancer were randomly selected for the cases group. The
polymorphisms were identified using restriction fragment length polymorphism (RFLP) PCR. Results: We found
no significant associations between CYP1A1 Mspl polymorphism and cervical cancer in the general Malaysian
female population. However, upon ethnic stratification, the variant C/C genotype was significantly associated
with a 4.66-fold increase in cervical cancer risk in Malay females (95% CI= 1.21-17.9; p=0.03). No significant
association was observed in the Chinese and Indian females. Additionally, there were no significant associations
in the dominant model and allele frequency model analysis in both the general and ethnically stratified female
population of Malaysia. Conclusions: Our findings suggest that the C/C genotype of CYP1A1 Mspl polymorphism
is associated with the development of cervical carcinoma in the Malay females of Malaysia.
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Introduction

Cervical carcinoma is one of the most prominent
malignancies found in females worldwide. In 2002 alone,
an estimated total of at least 500,000 cases and 275,000
deaths are attributed to the carcinoma globally (Parkin et
al., 2005). The lack of accessible Pap smear screening,
HPYV vaccination, and health education leads to a higher
prevalence of cervical carcinoma in developing countries,
which represents a staggering 80% of the total cervical
carcinoma cases worldwide (Schiffman et al.,2007; Hoory
et al., 2008).

In Malaysia, a multi-ethnic developing nation in South
East Asia, around 850 cases of cervical carcinoma had
been reported in 2007, making up 8.4% of the total cancer
incidence reported that year. The estimation puts cervical
carcinoma as the third most common female malignancy
in Malaysia, behind breast and colorectal carcinoma. The

malignancy is most common in the Indians, followed
by the Chinese and the Malay ethnics with an age
standardized rate (ASR) of 10.3,9.5 and 5.3 respectively
(Zainal Ariffin and Nor Saleha, 2011).

Persistent infection with high risk human
papillomavirus has long been a pre-criterion to cervical
carcinogenesis (Remmink et al., 1995; Schiffman et al.,
2007). HPV-16 and HPV-52 have been commonly found
in the abnormal smears, cervical intraepithelial lesions as
well as invasive cancers of Malaysian females (Sharifah
et al., 2009), although as high as 47% of the cervical
cancer-free, healthy population has been found to harbour
HPV-16 and other HPV types including HPV-18, HPV-
33, and HPV-31, all capable of inducing carcinogenesis
(Chong et al., 2010). Subsequently, another similar HPV
genotype study found that HPV-16, HPV-18, HPV-58,
HPV-33 and HPV-52 are among the most prevalent high
risk HPV genotypes in Malaysia (Hamzi Abdul Raub et
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al., 2014). This is not surprising as HPV-16 and HPV-18
have been reported to be responsible for almost 70% of
cervical carcinoma cases worldwide (Smith et al., 2007).
These high risk HPV's may attribute to the high incidence
of cases reported in Malaysia.

Interestingly, HPV infection does not indicate absolute
certainty of progression to malignancy since only less than
1% of HPV infection leads to invasive cancer (Barbisan
et al., 2011). Therefore HPV infection alone may not be
sufficient for carcinogenesis and there are other possible
contributing risk factors. One of these risk factors is
smoking (Goodman et al., 2001). Exposure to cigarette
or tobacco smoking, as well as passive smoke is linked
to accumulation of harmful carcinogens at the cervix
(McCann et al., 1992; Prokopczyk et al., 1997). These
carcinogens are normally broken down by the biological
activation of the CYPIAI genes and later detoxified by
the enzymes encoded by the GST family genes (Sreelekha
et al., 2001). If any of the metabolizing or detoxifying
enzymes are non-functional, these carcinogens could
accumulate, causing damage to the cervical cells (Bartsch
et al., 1992; Bonassi and Au, 2002; Au et al., 2003). This
coupled with the inactivation of critical apoptosis and
cell cycle regulation components by high risk HPV could
favour carcinogenesis of the cervical cells over regression
of the HPV infection.

CYPIAI is a critical member of the cytochrome
P450 family of enzymes (Smith et al., 1998). The gene
encodes an enzyme which breaks down the carcinogens
into manageable epoxide intermediates which are
detoxified by the glutathione S-transferase family of
enzymes (Sreelekha et al., 2001). Biotransformation of
this gene leads to an increase of reactive intermediates
which are harmful should the level of detoxification
remained constant (Autrup, 2000). A single nucleotide
polymorphism (SNP) of CYPIAI at position 3801 in the
3’ untranslated region results in a change of a T to C base
(Spurr et al., 1987). Consequently, this resulting Mspl
polymorphism has been extensively studied alongside
numerous malignancies including cervical carcinoma,
esophageal carcinoma, oral carcinoma, breast carcinoma,
colorectal cancer and lung carcinoma (Sivaraman et al.,
1994; Tanimoto et al., 1999; Kim et al., 2000; Goodman
et al., 2001; Boyapati et al., 2005; Joseph et al., 2006;
Agorastos et al., 2007; Juarez-Cedillo et al., 2007; Nishino
et al., 2008; Gutman et al., 2009; Chen et al., 2011; von
Keyserling et al., 2011; Sergentanis et al., 2012; Shukla
etal.,2012; Zhuo et al., 2012a; Zhuo et al., 2012b; Ding
et al., 2013; Islam et al., 2013; Liu et al., 2013; Saeed et
al.,2013; Shukla et al., 2013; Xja et al., 2013; Yun et al.,
2013; Jiang et al., 2014). The association between this
CYP1AI polymorphism with cervical carcinoma has been
examined previously in various populations, with mixed
results. However, it has not been studied in the Malaysian
population.

In this study, we examined the CYP/AI Mspl SNP
(rs4646903) in 301 females from the Selangor region
of Malaysia. The subjects, females from the three main
ethnics of Malaysia, were segregated into two main groups
consisting of cases and controls. Cases included patients
with invasive cancer, either with squamous-cell carcinoma
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(SCC), adenocarcinoma (ADC) or adenosquamous
carcinoma (ADSC) while controls consisted of women
who were cancer free and tested negative for HPV.

Materials and Methods

Study subjects

This is a case-control study of 195 control subjects and
106 cervical cancer patients. For the control population,
samples were randomly selected from a bank of Thin Prep
samples collected for Pap smear screening at Hospital
Universiti Kebangsaan Malaysia (HUKM), Malaysia.
These samples were designated as normal controls as
no apparent lesions were detected through the cytology
screening and no HPV was detected through PCR. For the
cases, we recruited 106 patients with diagnosed cervical
cancer who had their tissues collected and archived
throughout the period from 2006 to 2008 at the same
hospital, again through random selection process. The
formalin fixed paraffin embedded (FFPE) tissues were
categorized into SCC, ADC and ADSC type carcinoma
(Table 1) following the International Federation of
Gynecology and Obstetrics (FIGO) guidelines. Ethics
approval for usage of the samples in research was granted
by the Medical Research and Ethnics Committee of
Universiti Kebangsaan Malaysia, UKM under the project
code FF-180-2008. No consent was obtained because
aside from the age, ethnicity and cancer type of the study
subjects, patients’ information were de-identified and
has been made anonymous prior to analysis. DNA was
extracted from the samples using QiaAmp DNA Mini Kit
(Qiagen GmbH, Germany).

Determination of CYP1AI polymorphism

The single nucleotide polymorphism of the samples
extracted was determined using restriction fragment length
polymorphism (RFLP). The DNA was first amplified using
the following primers: CYP-F (forward): 5°’- GAG GAA
GAA GAG GAG GTA GCA G-3’; and CYP-R (reverse):
5’- TGA GGT GGG AGA ATC GTG TGA-3".

The primers were modified from a previous study
(Sivaraman et al., 1994), generating shorter amplicons in
order to improve the efficiency of primer binding to our
archival FFPE tissue samples.

The PCR for each sample was carried out in duplicates
of 50 ul each containing 0.20 to 0.50 ug of genomic DNA,
0.20 uM of both forward and reverse primers, 0.20 mM

Table 1. Characteristics of the study population

Control  Cases Total
Mean age 40.8 52.6 45
(Range) (21-73) (24-84) (21-84)
Ethnicity
Malay 65 54 119
Chinese 89 34 123
Indian 41 18 59
Carcinoma type
NILM 195
Squamous cell carcinoma (SCC) 37
Adenocarcinoma (ADC) 66
Adenosquamous carcinoma (ADSC) 3
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of each of the four deoxynucleotide phosphates, 1.25 U of
EURXx Taq polymerase (EURXx, Poland) and 1x PCR buffer.
The amplification was carried out using BIORAD C1000
Thermal Cycler with an initial denaturation temperature
of 94°C for 5 minutes followed by 35 cycles of 94°C for
30 seconds, 55°C for 30 seconds and 72°C for 45 seconds
with a final extension step of 72°C for 5 minutes. The PCR
products were then analysed with gel electrophoresis using
a 1.5% agarose gel stained with ethidium bromide on a
UV transilluminator. The primers amplify a 179bp region
containing the Mspl polymorphic site.

Purification of CYP1AI PCR products and RFLP

Each sample was amplified in duplicates of 2 separate
microtubes and upon confirmation of amplification through
electrophoresis; the amplicons from the two reactions were
pooled and purified using Thermo Scientific GeneJET
PCR purification kit (Thermo Fisher Scientific Inc, USA).
The purified PCR products (50 ng) were digested using
FastDigest Mspl restriction enzyme (Thermo Fisher
Scientific Inc, USA). The resulting amplicons were
analysed with gel electrophoresis using a 3% gel stained
with ethidium bromide on a UV transilluminator. The
Mspl digestion produces a 24bp and 155bp band or a 24bp,
155bp and 179bp band for the homozygous C/C variant
and heterozygous T/C variant respectively while the wild
type T/T remained undigested leaving a sole 179bp band
after gel electrophoresis (Figure 1). For verification, ~15%
of the RFLP results were confirmed via sequencing of the
PCR products (1* Base Laboratories). CYP1A1 Mspl SNP
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Figure 1. Electrophoresis of amplicons after Mspl
Restriction Enzyme Digestion. Lanes 2,6,11 shows
undigested 179bp band where the restriction enzyme site was
not present and indicating the samples are wild type homozygous
T/T. Lanes 3.4,8,10 show the 179bp and 155bp bands indicating
that the samples are heterozygous T/C. Lanes 1,5,7.9 show full
digestion of the original PCR amplicon resulting in only the
155bp band indicating that the samples are the homozygous C/C
variant. The 24bp band was not visible in the gel due to its small
size and hence was not used in determining the SNP

genotypes. No deviation was found between the RFLP
results and the sequencing data.

Data analysis

Statistical analysis of the data was done using the
Statistical Package for Social Sciences (SPSS) software.
The association between CYPIA] allele frequencies with
cervical cancer risk was analysed by calculating the odds
ratio (OR) and 95% confidence intervals (95% CI) using
the X? test. The adjusted odds ratios for independent
variables were determined using unconditional logistic
regression analysis with the wild type genotype T/T as the
referent category. The odds ratios were adjusted mainly
according to age and ethnicity. Since smoking and other
socioeconomic status of the study population were not
known, control of those potential confounders was not
able to be carried out. The P values reported in the study
are based on two sided probability test with a significance
level of p<0.05.

Results

Atotal of 106 females with cervical carcinoma and 195
female controls were examined. The mean age, ethnicity
and type of invasive cancer of the study population is
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Figure 2. Mspl Sequencing Chromatogram. The arrow
points at the Mspl SNP site. (a) shows the base at the SNP as a
T (wild type homozygous). (b) shows the base to be either a T
or a C (heterozygous T/C) while (c) shows the base to be a C
(homozygous variant)

Table 2. Odds Ratios and 95% CI of Invasive Cervical Carcinoma Associated with CYP1A1 Genotypes

Genotype (n; %) Controls, n (%) Cases, n (%) OR® 95% CI p
Total (301)

T/T (113; 37.5%) 78 (40.0%) 35 (33.0%) 1? - -
T/C (134; 44.5%) 87 (44.6%) 47 (44.3%) 1.52 0.81-2.86 0.20
C/C (54; 17.9%) 30 (15.4%) 24 (22.6%) 2.16 0.95-4.89 0.07
T/C+C/C vs T/T 1.68 0.93-3.03 0.09

“Reference category; "Odds ratio are based on an unconditional logistic regression model with the independent variable: types of genotype (wild
type, heterozygous, homozygous variant SNP), adjusted for age and ethnicity
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Table 3. Odds ratios and 95% CI of Invasive Cervical Carcinoma associated with CYP1A1 Genotypes stratified

according to ethnicity

Genotype (n; %) Controls, n (%) Cases, n (%) OR® 95% CI p
Malay (119)
T/T (42; 35.3%) 25 (38.5%) 17 (31.5%) 12 - -
T/C (54; 45 .4%) 32 (49.2%) 22 (40.7%) 1.75 0.61-5.03 0.30
C/C (23; 19.3%) 8 (12.3%) 15 (27.8%) 4.66 1.21-17.9 003*
T/C+C/C vs T/T 2.40 0.90-6.39 0.08
Chinese (123)
T/T (49; 39.8%) 38 (42.7%) 11 (32.4%) 12 - -
T/C (54; 43.9%) 39 (43.8%) 15 (44.1%) 1.50 0.54-4.13 0.44
C/C (20; 16.3%) 12 (13.5%) 8 (23.5%) 391 0.95-16.1 0.06
T/C+C/C vs T/T 1.86 0.72-4.84 0.20
Indian (59)
T/T (22; 37.3%) 15 (36.6%) 7 (38.9%) 12 - -
T/C (26; 44.1%) 16 (39.0%) 10 (55.6%) 1.40 0.38-5.20 0.62
C/C (11; 18.6%) 10 (24.4%) 1(5.6%) 0.13 0.01-1.63 0.11
T/C+C/C vs T/T 0.84 0.25-2.86 0.78

“Reference category; "Odds ratio are based on an unconditional logistic regression model with the independent variable: types of genotype (wild
type, heterozygous, homozygous variant SNP), adjusted for age and ethnicity

Table 4. Allele Frequencies and Odds Ratio of CYP1A1 T/C Polymorphism among Women with Cervical

Carcinoma and Controls

Allele (%) Control Cases P value? Chi-Square Value Odds Ratio®
(95% CI)

Malay

T (58.0%) 82 (63.1%) 56 (51.9%) 0.11 2.61 1.59 (0.94-2.67)

C (42.0%) 48 (36.9%) 52 (48.1%)

Chinese

T (61.8%) 115 (64.6%) 37 (54.4%) 0.19 1.76 1.53 (0.87-2.70)

C (38.2%) 63 (35.4%) 31 (45.6%)

Indian

T (59.3%) 46 (56.1%) 24 (66.7%) 0.38 0.76 0.64 (0.28-1.45)

C (40.7%) 36 (43.9%) 12 (33.3%)

Total

T (59.8%) 243 (62.3%) 117 (55.2%) 0.11 2.61 1.34 (0.96-1.89)

C (40.2%) 147 (37.7%) 95 (44 .8%)

2All p-values are two tailed and adjusted for Yates Correction for Continuity. A p-value of <0.05 is consider statistically significant; ® Crude odds ratio

shown in Table 1. Among the cervical carcinoma patients,
37 had SCC, 66 had ADC whereas only 3 had ADSC. The
mean age of the patients was 52.6 (range, 24-84) while the
control subjects’ mean age was 40.8 (range, 21-73). The
distribution of ethnicity of the controls was 65 (33.3%)
Malay, 89 (45.6%) Chinese and 41 (21%) Indian. The
distribution of the cases on the other hand more or less
reflected the national population distribution with 54
(50.9%) Malay, 34 (32.1%) Chinese and 18 (17%) Indian.

Table 2 shows the CYPIAI genotype frequencies of
females with cervical carcinoma compared to non-cancer
controls. The distribution of the CYPIAI genotypes in our
population was in Hardy-Weinberg equilibrium. In the
general study population, we observed an increase in the
frequency of variant C/C genotype among females with
cervical cancer (22.6%) compared to controls (15.4%).
However, this increase in variant C/C genotype in cervical
cancer cases was non-significant in the general study
population (OR=2.16; 95% CI=0.95-4.89; p=0.07). No
significant difference was found between the heterozygous
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genotype T/C and the wild type T/T in relation to the
risk of cervical cancer (OR=1.52; 95% CI= 0.81-2.86;
p=0.20). Aside from that, no significant difference was
found when a dominant model analysis was carried out
using C allele as the high risk allele (OR=1.68; 95% CI=
0.93-3.03; p=0.09).

Table 3 shows the odds ratio and 95% ClI after ethnicity
stratification. The homozygous variant C/C, when
compared to wild type T/T, is significantly associated
with a 4.66 increase in risk of cervical carcinoma among
Malay females (95% Cl= 1.21-17.9; p=0.03). Similarly,
an increase in risk was observed within Chinese females
for variant C/C. However, the increased risk was found
to be statistically quite close to the significant level
(OR=3.91; 95% CI= 0.95-16.1; p=0.06). Comparison
between heterozygous T/C and wild type T/T was also
not significant for the Malay ethnic (OR=1.75.;95% CI=
0.61-5.03; p=0.30) nor the Chinese ethnic (OR=1.50; 95%
CI=0.54-4.13; p=0.44). In addition to that, the dominant
model analysis was not significant in both the Malay ethnic
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Table 5. Odds Ratios and 95% CI of Invasive Cervical
Carcinoma associated with CYP1A1 Genotypes
Stratified by Cancer Type

Genotype  Controls Cases OR* 95%CI p
(n) n (%) n (%)

SCC (37)

T/T 78 (40.0%) 13 (35.1%) 1° - -
T/C 87 (44.6%) 16(432%) 125 0.50-3.08 0.63
c/C 30 (154%) 8(21.6%) 1.31 0.38-449 0.67
ADC (66) :

T/T 78 (40.0%) 22 (33.3%) 1° - -
T/C 87 (44.6%) 29 (439%) 140 0.67-2.94 0.37
c/C 30 (154%) 15(22.7%) 2.37 0.92-6.09 0.07

“Reference category; ® Odds ratio are based on an unconditional logistic
regression model with the independent variable: types of genotype (wild
type, heterozygous, homozygous variant SNP), adjusted for age

(OR=2.40; 95% CI= 0.90-6.39; p=0.08) and the Chinese
ethnic (OR=1.86; 95% CI= 0.72-4.84; p=0.20).

Interestingly, in the Indian ethnic group, the frequency
of variant C/C genotype is observed to be less prevalent
in females with cervical carcinoma (5.6%) compared to
the controls (24.4%). Unfortunately, this difference was
also not statistically significant (95% CI= 0.01-1.63;
p=0.11). Dominant model analysis for the Indian ethnic
group was also not significant (OR=0.84; 95% CI= 0.25-
2.86; p=0.78).

The CYPIAI allele frequencies of females with
cervical carcinoma and controls are illustrated in Table
4. Noticeably, the frequencies of C allele in carcinoma
cases are elevated compared to controls in the Malays
(48.1% vs 36.9%) and Chinese (45.6% vs 35.4%).
Conversely, in Indians, the C allele is found to be less
prevalent in carcinoma cases than in controls (33.3% vs
43.9%). Nonetheless, cumulatively the frequency of the C
allele is elevated in the cervical carcinoma cases (44.8%)
compared to the control population (37.7%). However,
none of these differences of the allelic associations to
cervical carcinoma risk was statistically significant
when analysed in the separate ethnicities or in the total
population.

Additional analysis was carried out to identify
association of genotype with invasive cervical carcinoma
of different histopathological types. No significant
association was found in either the squamous cell
carcinoma or the adenocarcinoma categories as shown
in Table 5. This shows that CYPIAI Mspl SNP does
not affect the histopathological development of cervical
carcinoma.

Discussion

Tobacco smoking produces polycyclic
aromatic hydrocarbons (PAH), benzo[a]pyrene and
dimethylbenzoanthracene (Prokopczyk et al., 1997;
Hecht, 1999; Melikian et al., 1999). CYP1AI releases the
enzyme aryl hydrocarbon hydrolase (AHH) which reacts
with these hydrocarbons, releasing its reactive metabolites
(Crofts et al., 1994). These metabolites include harmful
carcinogens such as nicotine and cotinine (McCann

et al., 1992). The reactive metabolites could bind to
DNA forming DNA adducts if not properly detoxified
by the GST family enzymes (Joseph et al., 2006). The
accumulation of DNA adducts contributes to DNA
damage, cellular transformation and elevated cancer risk
(Bartsch etal., 1992; Bonassi and Au,2002). The presence
of these reactive metabolites in the cervical tissue has
indicated that exposure to tobacco smoke; either first hand
or second hand, may cause cellular damage of the cervix
(Prokopczyk et al., 1997). This indicates that tobacco
smoking may be a risk factor in cervical carcinoma.

The substitution from a thymine (T) to a cysteine (C)
in the Mspl restriction site of CYPIAI suggests a change
in the activity of CYPIAI genes which could tilt the
balance of bioactivation and detoxification of the reactive
metabolites by GST enzymes. In fact, the presence of the
C genotype causes AHH enzymatic activity to be more
readily inducible (Kiyohara et al., 1996). This causes the
generation of more harmful reactive metabolites from
PAH in the afflicted regions which could be cell damaging
especially when coupled with a subpar or compromised
GST enzymatic mechanism.

In this study, the females with the C/C genotype are
associated with invasive cervical carcinoma especially
when compared to the wild type T/T females. Malay
females, in particular show significant increase in odds
for invasive cervical carcinoma of 4.66 times when a
C/C genotype is present (p=0.03). Interestingly, Chinese
females with the C/C genotype was also observed to have
a 3.91 increase in odds for invasive cervical carcinoma
even though the association was borderline insignificant
(p=0.06). Similar observations were also found in other
studies done in Mexico (Juarez-Cedillo et al., 2007), and
Hawaii (Goodman et al., 2001) where the C/C genotype
was revealed to be a risk factor for carcinogenesis. In
Mexico, women with either a T/C or a C/C genotype
have increased risk of developing cervical cancer by 3.7
and 9.3 times respectively when compared to wild type
T/T women (Juarez-Cedillo et al., 2007). In Hawaii, a
multi-ethnic study shows the C/C variant elevated the
risk of cervical squamous intraepithelial lesions up to 3.4
times more than that of T/T wild type (Goodman et al.,
2001). More recently, a meta-analysis study done on 10
studies involving CYP1AI Mspl SNP with cervical cancer
suggests that the C/C variant genotype increases the odds
of cervical cancer by 2.06 times (p=0.02) compared to
the wild type T/T genotype (Xia et al.,2013). In addition
to that, our results also echo the findings of an earlier
meta-analysis study drawing upon different groups
of population showing the homozygous C/C to have
increased risk of cervical cancer by 2.66 times (p=0.02)
more than wild type T/T (Sergentanis et al., 2012).

The Indian female population in the present study
indicated that the C/C genotype might exert a protective
effect against cervical carcinoma given the OR of 0.13
(p=0.11). Surprisingly, C/C genotype is observed to be
a rare occurrence in Indian female cervical carcinoma
cases (5.6%). This most probably contributed to the
variation seen between the Indian females and the rest
of our study population. Further investigate, a dominant
model analysis with C as the high risk allele was done and
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there was no significant associations (OR=0.84,95% CI=
0.25-2.86, p=0.78). Comparatively, similar studies done
on the females in India found the homozygous variant C/C
genotype are significantly associated with increased OR
of 4.78 for cervical cancer compared to the wild type T/T
genotype (Joseph et al., 2006). Therefore, due to the rare
occurrence of C/C genotype in Malaysian Indian study
population, we advise that our output pertaining to the
relation of C/C genotype to cervical cancer in the Indian
ethnicity be taken with care. To obtain a more conclusive
evidence of an association between the C/C genotype
with cervical cancer, a higher number of recruitment for
the Indian females would be required in a future study.

Aside from that, the C/C genotype was moderately low
in our population constituting only 17.9% of the possible
genotypes outcome. Interestingly the C/C genotype was
less commonly found in all other studies involving cervical
neoplasia or carcinoma of the cervix (Kim et al., 2000;
Goodman et al., 2001; Joseph et al., 2006; Agorastos
et al., 2007; Juarez-Cedillo et al., 2007; Nishino et al.,
2008; Gutman et al., 2009; von Keyserling et al., 2011).
Given this, the C/C genotype seems to be naturally rare.
Despite that, the heterozygous T/C genotype (44.5%)
was most prominently found in our study resulting in the
prevalence of C allele to be at a moderate 40.2%. Data
from a meta-analysis study on lung cancer, drawing from
13 existing studies comprising of subjects from Japan,
China, Korea and Thailand found that the prevalence
of C allele is around 42.4% (Lee et al., 2008). More
recently, a study on lung cancer in the Inner Mongolia
region reported with a high level of the C allele (~50%)
(Jiang et al., 2014) whereas a different study on esophageal
cancer in Central China reported that the C/C genotype
in China to be around ~37% (Yun et al., 2013). Both our
data and the findings from these studies seem to be in
concurrence whereby the prevalence of C alleles within
Asian populations is generally around 35% to 50%. On
the other hand, the prevalence of the C allele within other
populations was found to be largely lower. The C allele
prevalence variation for cervical carcinogenesis for studies
done in Mexicans (33.9%) (Juarez-Cedillo et al., 2007),
Indians from India (15.4%) (Joseph et al.,2006), Germans
(11.2%) (von Keyserling et al., 2011), Israelites (12.5%)
(Gutman et al., 2009), and Greeks (12.3%) (Agorastos et
al., 2007), indicates that Asian populations have higher
percentage of C allele prevalence compared to those
oelsewhere. Since C/C genotype contributes to higher
risk of cervical cancer, the CYPIAI Mspl C/C genotype
and C allele could be a risk factor contributing towards
cervical carcinogenesis especially within Asia.

Similar observations on the unusually low prevalence
of the C/C genotype and the C allele in non-Asian
population were also observed in other cancer type
studies. Firstly, the prevalence of the C/C genotype in a
lung cancer study on Northern India was reported to be at
around 4-7%. However, the genotype was not significantly
associated with the risk of lung cancer (Shukla et al.,
2013). Interestingly, the findings from North India
mirrors the low C/C genotype prevalence observed in
Indian females of Malaysia. Similarly, the C/C genotype
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was almost non-existent (<1%) in a colorectal cancer
susceptibility study in Saudi Arabia. The heterozygous
C/T genotype was however associated with a 3.65 fold
increase of colorectal cancer risk compared to that of
wild type T/T genotype (Saeed et al., 2013). Even so, it
is uncertain whether the significant association or lack
of in these studies was affected by the rarity of the C/C
genotype and C allele. These findings do indicate that the
low prevalence of C/C genotype and C allele is not solely
observed in cervical cancer only.

Interestingly, several studies found that significant
associations with carcinogenesis are more prominent
in the Asian compared to the Caucasian populations
potentially due to the more dominant presence of the
C/C genotype and the C allele in the former group. For
example, a meta-analysis involving oral carcinoma shows
C/C genotype contributing a 1.94 times more significant
risk in the Asian communities when compared to the wild
type T/T genotype while no significant difference could
be found within the Caucasian communities (Zhuo et
al., 2012b). Similarly, a meta-analysis on head and neck
related cancer found that Asian carriers of the variant C
allele had a significant increased risk for cancer while no
significant difference was seen within the Caucasians (Liu
et al.,2013). A few other meta-analysis studies involving
prostate cancer (Ding et al., 2013), and acute myeloid
leukemia (Zhuo et al., 2012a) also indicate Asians, but not
Caucasians, with the variant allele, to be more susceptible
to carcinogenesis. Even in lung cancer, one of the most
studied cancers associated with CYPIAI Mspl SNP due
to ease of access of tobacco carcinogen, a meta-analysis
study reported that when comparing the C allele vs. the
T allele, the Caucasian subgroup was only found to be
marginally significant while the East Asian group was
highly significant (Chen et al., 2011).

Additionally, the low prevalence of C alleles, and
the seemingly naturally rare C/C genotype, especially
within the Caucasian communities, may be a factor that
leads to the under-estimation of the significance of the
CYP1A1 Mspl SNP as a risk factor for cervical cancer.
Certain studies with non-significant associations between
the SNP and cervical cancer in Caucasian populations
were observed to have low C/C genotype and C allele
frequencies (Agorastos et al.,2007; Gutman et al., 2009).
The non-association found in these studies can therefore
be attributed to the lack of C/C genotype in the analysis
resulting in an inadequate sample size for unbiased
analysis and not due to the SNP not being a risk factor. This
therefore indicates that the CYP1A1 Mspl polymorphism
may have more of a role in the development of cervical
cancer than initially thought.

A limitation in our study is the lack of data on the
smoking status of the subjects since the study was done
retrospectively with DNA samples collected from archival
tissues. This is critical as tobacco smoking is a known
risk factor for cervical cancer (Juarez-Cedillo et al., 2007,
Nishino et al., 2008). In fact, female carriers of the C/C
genotype who have a history of smoking were showed
to have an increased OR of up to 19.4 fold for cervical
cancer (Juarez-Cedillo et al., 2007). Despite not knowing
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the smoking status of our study subjects, the prevalence
of smoking in the general Malaysian population is known
to be at 23.1% with around 46.5% of male adults and
1% of women smokers (Lim et al., 2013). Of the three
ethnics among Malaysians, Malay female smokers are
the most prominent, followed by Chinese females while
Indian females very rarely smoke (Report of the Global
Adult Tobacco Survey (GATS) Malaysia 2011 p23).
This could attribute to the significant association we
found on the Malay females in this study. Aside from
that, second-hand smoke continues to be a risk factor. At
least 3.1 million non-smoking females in Malaysia are
exposed to tobacco smoke either at home, at work or in
public places (Report of the Global Adult Tobacco Survey
(GATS) Malaysia 2011 p53). This suggests that smoking
and secondary smoke continues to be a risk factor in
cervical carcinogenesis among Malaysian females. Hence,
identification of the patients smoking status in future
studies may provide further insight towards the cervical
cancer risk and CYPIAI Mspl polymorphism.

Furthermore, other CYPIAI related SNPs such as
the Ile462Val polymorphism should be investigated. The
Ile462Val polymorphism has been previously associated
with increased risk for several types of cancer such as
lung, head and neck cancer and even cervical carcinoma in
certain countries (Bartsch et al., 2000; Shukla et al., 2012;
Roszak et al., 2014) but was also found to not alter the risk
for several other cancers such as bladder and endometrial
carcinoma (Wang et al., 2012; Berber et al., 2013). Since
SNP prevalence differences are population based, it will
be interesting to identify if a co-relationship involving
the two SNPs are capable of contributing significantly
towards an increase of cervical cancer risk in Malaysia.

In conclusion, the study presents CYPIAI Mspl C/C
genotype as a risk factor in the development of cervical
cancer in Malaysia and especially among Malay females.
Given that there is higher prevalence of C allele among
Malaysian females in comparison with studies done on
non-Asian females; ethnicity remains a major factor in
determining whether the CYPIAI Mspl polymorphism
affects the risk of cervical cancer. The risk of developing
cervical cancer is also more prominent in Malaysia given
the high penetrance of second-hand smoke exposure
among females. To the authors’ knowledge, the present
study provides the first insight towards the prevalence of
CYPIAI Mspl on cervical carcinoma in a multi-ethnic
Asian population and a first look at the prevalence of
CYPIAI Mspl SNP in a Malay population.
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