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Introduction 

Cervical cancer is the second most common cancer in
women worldwide, and is a preventable and a curable
disease - especially if identified at an early stage. It is
widely accepted that specific human papillomavirus
(HPV) types are central etiologic agents of cervical car-
cinogenesis. Other environmental and host factors also
play decisive roles in the persistence of HPV infection
and further malignant conversion of cervical epithelium
[1]. Although many previous reports have focused on
HPV and environmental factors, the role of host suscep-
tibility to cervical carcinogenesis is largely unknown.
Smoking exposes the body to many carcinogens that
affect more parts of the body than the lungs. Smoking
contributes to a weakening of the immune system and
tobacco by products have been found in cervical mucosa
in women who smoke [2]. One recent study has found
that women who smoke and have oncogenic HPV with
abnormal Pap tests were more likely to be diagnosed later
with precancerous or severe cervical dysplasia (CIN III)
or cancer compared to nonsmokers [3]. Researchers
believe that these substances damage the DNA of cervi-
cal cells and may contribute to the development of cervi-
cal cancer. Smokers are about twice as likely as non-
smokers to get cervical cancer; however, the exact

biologic relationship of smoking to oncogenic HPV is
less clear [4]. Exposure to passive cigarette smoking is
potentially modifiable, and hence this may have implica-
tions for strategies to prevent cervical cancer. The results
of several case-control and cross-sectional studies have
indicated that women married to smokers experience a
higher risk of cervical neoplasia than those married to
nonsmokers [5]. Apoptosis is a physiological process that
regulates normal homeostasis, and alterations of apopto-
sis-related genes are likely to contribute to the pathogen-
esis of autoimmune disease [6] and malignant tumors [7].
Among various cell surface death receptors, Fas
(CD95/APO-1) has a key role in known apoptosis path-
ways and is a member of the tumour necrosis factor
receptor superfamily. The binding of Fas-L to the cell
surface death receptor Fas activates intracellular cascades
that ultimately cause apoptotic death of the cell [8, 9].
Downregulation of Fas with resultant resistance to death
signals has been reported in many cancers [10]. The tran-
scriptional expression of Fas gene is regulated by a
number of genetic elements located in the 5’ upstream
region of the gene. The promoter region of the Fas gene
consists of basal promoter, enhancer, and silencer regions
[11]. Single nucleotide polymorphism at –670 in the
enhancer region (A/G) situated at a binding element of
gamma interferon activation signal (GAS), G allele
results in an abolishment of the GAS element and a sig-
nificant decrease in Fas gene expression in response to
interferon (IFN-gamma) stimuli. The A allele has been
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associated with autoimmune diseases [12, 13] and cervi-
cal carcinogenesis [14]. The Fas –670 A allele has also
shown a higher binding affinity for the signal transducer
and activator of transcription (STAT) 1 protein [15]. This
would then lead to a reduction of CTL response which is
beneficial for HPV in establishing persistent infections. 

The aim of the study was to further investigate the Fas
receptor SNP as a susceptibility factor for cervical carci-
noma in a North Indian population.

Materials and Methods

Study subjects

This case-control study involved collection of peripheral
blood samples (2-5 ml) from 400 North Indian subjects. The
200 cases were newly diagnosed, previously untreated and his-
tologically confirmed as cervical cancer patients. The samples
were collected from the Post graduate Institute of Medical Edu-
cation and Research (PGIMER), Chandigarh and the Govern-
ment Medical College (GMC), Chandigarh. The control periph-
eral blood samples (n = 200) were collected from the same
institute with no history of cancer or precancer. 

Informed consent was obtained from all the cases and con-
trols. Detailed data regarding age, menarche, and menopausal
status, number of children, age at marriage and birth of first
child, cigarette smoking history and spouse's smoking history
were also obtained. 

Methods

Genomic DNA was extracted from EDTA anti-coagulated
peripheral blood samples according to a standard proteinase K
digestion and phenol chloroform extraction method [16]. The
Fas-G670A polymorphism was typed as described previously by
Huang et al. [17] with the following minor modifications in poly-
merase chain reaction: 5 min at 95˚C, 30 cycles of 30 sec at 95˚C,
30 sec at 62˚C, and 1 min at 72˚C, followed by a final extension
for 7 min at 72˚C. Primer sequences were 5’-CTA CCT AAG
AGC TAT CTA CCG TTC-3’ and 5’-GGC TGT CCA TGT TGT
GGC TGC-3’. The 332 bp PCR product was digested with MvaI
for 5 hrs at 37˚C . Allele G yielded three fragments of 99 bp, 189
bp, and 44 bp, whereas allele A yielded two fragments of 99 bp
and 233 bp. Digested fragments were separated on 3% agarose
gels and visualised after ethidium bromide staining.

Age, age at marriage and at birth of first child, age at menar-
che and menopouse, smoking status (passive smokers, active
smokers, active+passive smokers) and genotypes of the Fas-
G670A gene were tabulated for cases and controls. Cases were
further categorised into histological subtypes to check for sig-
nificant correlations. 

Under the hypothesis that Fas-G670A genotype might be
associated with risk of cervical cancer, we tested a combination
of Fas genotype with squamous cell carcinoma (SCC) and ade-
nocarcinoma (AC), and the interactions of this gene with
smoking habits were checked . 

Statistical analysis

The association between a polymorphism in the Fas-G670A
gene with the risk of cervical cancer was estimated by comput-
ing the odds ratio (OR) and 95% confidence intervals (95% CI),
using a multivariate logistic regression analysis that included
several potential confounding variables. Statistical analysis was
performed using SPSS version 10.0 (SPSS, Chicago, IL) and
Epical version 3.2.

Results

The genotypes of the Fas gene at the -670 in cervical
cases and healthy controls derived from a North Indian
population was analysed.

Demographic variables for such cases and controls
have been summarised in Table 1. The variables have also
been categorised for squamous cell carcinoma (SCC) and
adenocarcinoma (AC) cervical cancer; 175 were identi-
fied as SCC and 25 as AC. 

The average age in years was calculated to be 48.55 ±
9.43 and 48.81 ± 9.64 for cases and controls, respectively.
Compared with the controls, the study group was
younger at the time of the marriage (16.36 ± 3.03) and
birth of the first child (18.39 ± 3.39) and had a greater
mean number of children (4.11). Ages at menarche and
menopause were found to be comparable between cases
and controls.

There were no significant differences in the Fas-670
genotype distribution and allelic frequencies between the
healthy Indian controls and the other four healthy ethnic
control groups (Table 2). 

As shown in Table 3, the incidence of Fas-670 wild
genotype (AA) in cases were lower (13.0%) than controls
(27.5%). The distribution of heterozygous genotype (AG)
was higher among cases (83.5%) than controls (60.5%).
The association between the Fas-670 gene and cervix
cancer has been summarised in Table 3. A significant
association was observed for AG genotype (OR = 3, 95%
CI = 1.68-5.09, p < 0.001) and risk of cervical cancer.
Also a statistically significant risk (OR = 2.54, 95% CI =

Table 1. — Demographic characteristics of cervix cancer cases
and controls.

Variable Cases (200) Controls (200) SCC (175) AC (25)

Age ± 48.55 ±9.43 48.81± 9.64 48.39 ± 9.42 49.68 ± 9.64
Age at 

menarche ± 14.87 ± 1.14 14.02 ± 1.09 14.90 ± 1.16 14.68 ± 1.00
Age at 

marriage  ± 16.36 ± 3.03 20.31 ± 3.46 16.68 ± 2.97 14.74 ± 2.56
Age at first 

birth  ± child 18.39 ± 3.39 22.31 ± 4.30 18.61 ± 3.16 16.84 ± 4.45
Children no 4.11 2.50 4.09 ± 1.51 4.21 ± 1.84
Age at menopause ± 48.31±3.56 48.26 ± 2.39 48.29 ± 3.62 48.44 ± 3.40
smoking status
– non smoker 110 (55.0) 138 (69.0) 99 (56.6) 11 (44.0)
– active smoker 0 0 0 0
– active + passive smoker 2 (1.0) 6 (3.0) 2 (1.1) 0
– passive smoker 88 (44.0) 56 (28.0) 74 (42.3) 14 (56.0)
OR 2 1.0 1.3
P 0.002
AC, adenocarcinoma; CI, confidence interval; OR, odds ratio; SCC, squamous cell carcinoma.
Significance set at < 0.05.

Table 2. — Fas-670 genotype and allele frequencies in several
healthy ethnic controls.

AA AG GG A G

Chinese (n = 124) 41 (33) 64 (52) 19 (15) 59 41
Dutch (n = 206) 46 (23) 118 (57) 42 (20) 51 49
Australian (n = 183) 46 (25) 97 (53) 40 (22) 52 48
Korean (n = 84 25 (30) 46 (55) 13 (15) 57 43
Indian (n = 200) 55 (27.5) 121 (60.5) 24 (12.0) 58 42
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1.47-4.40, p < 0.001) was observed for combined
AG+GG genotype. 

As shown in Table 4 interaction between Fas-670 geno-
types and type of cancer, heterozygous genotype (AG) in
SCC showed a highly significant association with risk of
cervical cancer (OR = 2.57, 95% CI = 1.47-4.50, p <
0.001). Similarly combined AG+GG genotypes had a
2.25-fold risk for SCC patients (OR = 2.25, 95% Cl =
1.30-3.90, p < 0.001).

The effects of smoking on the relationship between
Fas-670 genotypes and cervical cancer are shown in
Table 5. When OR was assessed with the stratification of
smoking status, a statistically significant association was
found for heterozygous (AG) and combined (AG+GG)
genotypes of Fas with an increased risk of cervical cancer
in passive smokers (OR = 4.6, 95% CI = 2.07-10.32, p <
0.001 - OR = 4.9, 95% CI = 2.20-10.32, p < 0.001),
respectively. There was significance increase in OR (OR
= 3.0, 95% CI = 1.72-5.02, p = 0.007) in passive smokers
with mutant (GG) genotype.

Discussion 

In the present study, we genotyped Fas-670 polymor-
phism in the North Indian population with cervical cancer
and healthy controls, and found that the polymorphism is

associated with cervical cancer. This study suggests that
Fas-670 polymorphism might play a role in susceptibil-
ity of cervical cancer in the North Indian population.
There is an expanding body of literature suggesting that
host factors, including genetic polymorphisms, may
explain some of the individual differences in cancer
occurrence. Polymorphisms in the promoter region or 5’
flanking region of genes can lead to different levels of
gene expression and have also been implicated in a
number of diseases. SNP at -670 of the Fas gene pro-
moter (A/G) has been found with potentially different
transcriptional efficiency [18]. Since this polymorphism
of the Fas gene is located in the promoter region, it may
affect the level of transcription of the Fas protein.
Bauvois et al. [19] suggested that the substitution of G to
A in the position –670 (TTCCAG G/AAA) would change
the gamma interferon activation site (GAS) (TTC-
nnnGAA). This site was involved in interferon gamma
and interferon alpha signaling [20]. GAS elements are
known to bind to homodimers of a phosphorylated form
of the 91-kDa transcription factor, STAT1. Interferon
gamma could cause tyrosine phosphorylation of STAT1
by the interferon gamma receptor-associated Janus
kinases 1 and 2. Subsequently, phosphorylated STAT1
formed homodimers and translocated into the nucleus
where it induced transcription of GAS containing genes
[21]. Fas has been significantly upregulated by interferon
gamma according to several reports [22]. Several studies
have addressed the association of this SNP with autoim-
mune disease and Fas promoter -670 polymorphism
analysis on cervical cancer showed that the frequency of
A allele and AA genotype increased in accordance with
the multiple step carcinogenesis [23]. Ueda et al. [24]
suggested that Fas gene promoter -670 polymorphism
(A/G) may be closely associated with cervical carcino-
genesis in a Japanese population. Also, they reported that
there was an increased OR for AG+GG genotype in HSIL
cases compared to controls among the patients with high-
risk HPV. The same trend was observed in our study in
that AG+GG genotype increased the risk of developing
cervical cancer (OR 2.54, 95% Cl = 1.47-4.40, p < 0.001)
in North Indian women. Engelmark et al. [25] and
Dybikowska et al. [26] have demonstrated that AA geno-
type in the Fas gene promoter at -670 position may not
be engaged in the development of cervical neoplasia in
Swedish and Polish populations. These discrepancies
may be due to the ethnic variation of HPV prevalence and
genotype frequency of the Fas gene promoter in different
geographical regions. Zhang et al. [27] demonstrated that
gene-environment interaction of the FAS polymorphism
and smoking was associated with increased risk of lung
cancer. Similarly, results raised in this study in passive
smoking cancer patients with AG and GG genotypes of
Fas –670, (OR - 4.6, CI, 95% = 2.07-10.32. p < 0.001,
OR = 3.0, CI, 95% = 1.72-5.02, p = 0.007), respectively.
The -670 Fas polymorphism has been reported to be
associated with Alzheimer’s disease and to interact with
the apolipoprotein – E variant [28], indicating that it has
potential biological significance. However Fas polymor-

Table 3. — Fas-670 genotypes in cervical cancer and healthy
controls.

FAS genotypes Case (%) Control (%) OR p
200 200 (95% CI)

AA 26 (13.0) 55 (27.5) 1.0 (ref) –
AG 167 (83.5) 121 (60.5) 3.0 (1.68-5.09) p < 0.001
GG 7 (3.5) 24 (12.0) 0.62 (0.21-1.76)
AG+GG 174 (87) 145 (72.5) 2.54 (1.47-4.40) p < 0.001
Abbreviation: OR, odds ratio. Significance set at p � 0.05. 1.0 (Reference). OR
adjusted with age and smoking.

Table 4. — Determinants of interaction between Fas-670
genotypes and type of cervical cancer.

FAS-670 Type nc OR (95% CI) p
of cancer

AA intact 26/55 1.0 (ref) –

AG SCC 147/121 2.57 (1.47-4.50) p < 0.001
AC 20/121 0.35 (0.17-0.71) p = 0.003

GG SCC 7/24 0.62 (0.21-1.76) –

AG+GG
SCC 154/145 2.25 (1.30-3.90)

p < 0.001
AC 20/145 0.29 (0.14-0.56)

OR, odds ratio. Significance set at p � 0.05. 1.0 (Reference). OR adjusted with
age and smoking.

Table 5. — Assessments of interaction between Fas-670
genotypes and smoking in cervical cancer cases and controls.

FAS Statue Case % Control % OR p
genotypes of smoking (95% CI)

AA Never smoked 14 (12.7) 34 (24.8) 1.0 (ref) –
AA Passive smoking 12 (46.2) 18 (32.7) 1.62 (0.56-4.72)
AG Passive 70 (79.5) 37 (66.1) 4.6 (2.07-10.32) p < 0.001

active + passive 2 (100.0) 3 (50.0) 1.4 (0.43-4.38)
GG Passive 6 (6.8) 1 (1.8) 3.0 (1.72-5.02) p = 0.007
AG+GG Passive 76 (86.4) 38 (67.85) 4.9 (2.20-10.32) p < 0.001
OR, odds ratio. Significance set at p � 0.05. 1.0 (Reference). OR adjusted with age.
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phism does not appear to have an impact on non-
melanoma skin cancer [29]. Also Xia et al. [30] could not
find any significant association between Fas-670 poly-
morphism and inflammatory bowel disease in Chinese
patients. It is imperative to test if the polymorphism could
be used as a disease marker for the natural history of cer-
vical lesions in the setting of a longitudinal cohort study.
Functional analysis of Fas-670 polymorphism in infiltrat-
ing lymphocytes and stromal cells from patients with pre-
cancerous lesions will be important in order to under-
stand molecular mechanisms precipitating to cervical
carcinogenesis. The limitation of the present study is that
it was hospital-based and took place in that environment,
therefore it can not be free from any selection bias. In
conclusion, to the best of our knowledge, this is the first
study to date that provides evidence for an association
between Fas gene polymorphism and risk of cervical
caner in a North Indian population. 
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