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Abstract

Cancer of uterine cervix is the second most common cancer
among women worldwide but it is the leading cancer in Indian
women. Though high-risk human papillomavirus (HR-HPV) is the
major etiological agent for the development of cervical
carcinogenesis, HPV infection alone is not sufficient, but together
with immunological, environmental or genetic cofactors might be
responsible for cervical carcinogenesis. Therefore, we
investigated the association of SNPs in TNF-LTA locus with
susceptibility to cervical cancer/precancer in 400 subjects
comprising 200 cases and 200 controls by PCR-RFLP followed by
sequencing and TNF levels by ELISA. Significant association was
established for TNFA -308 G/A (Pc =0.01) and LTA +252 A/G (Pc
=0.02) polymorphisms with respect to cancer vs. controls.



Interestingly, TNFA -857 C/T SNP and AGGCCT haplotype
exhibited protective effect for cervical cancer (Pc =0.04), (Pc
=0.02). Functional correlation was also established between TNF
-308 G/A and elevated plasma levels (P= 0.03). Therefore, SNPs
in TNF-LTA locus may play a critical role in cervical
carcinogenesis.
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Introduction

Cancer of the uterine cervix is the second most common cancer
among women worldwide (Parkin and Bray 2006), but it is the
leading cancer in Indian women with an annual incidence of
about 130,000 cases and 70,000-75,000 deaths (Das et al. 2008).
Various clinico-epidemiological studies have established high-
risk human papillomavirus (HR-HPV) as the major etiological
agent in cervical carcinogenesis (Das et al. 2008). However, in
70-90% of HPV-infected individuals, the virus is naturally
cleared. Only a fraction of these individuals, with persistent
infection of HR-HPV, develop cervical cancer after a long latent
period (Zur 2002). Thus, HPV infection alone is not sufficient, but
together with immunological, environmental or genetic cofactors
might mediate cervical carcinogenesis (Zur 2002; Kohaar et al.



2007). Among the host genetic factors, variations in effective host
immune response may be an important determinant of
persistence of HPV infection and susceptibility to cervical cancer.

Proinflammatory cytokines, Tumor Necrosis Factor o (TNF) and
arelated cytokine Lymphotoxin a (LTA) play a major role in the
cell mediated immunity (CMI) of the host, thereby constituting
important genetically determined host factors in cervical cancer.
Both the genes are closely spaced and tandemly arranged in HLA
class Il region on chromosome 6p21.3. TNF and LTA bind to
both TNF-RI and TNF-RII receptors and share many biological
activities (Aggarwal 2003). The crucial role of TNF in
carcinogenesis was established from the study on the knockout
mouse model of TNF- receptor type 1 (Knight et al. 2000). In case
of cancer of uterine cervix, it has been implicated in the control of



HPV infection in several in vivo and in vitro studies (Bequet-
Romero and Lopez-Ocejo 2000; Malejczyk et al. 1992; Tjiong et
al. 2001). In addition, elevated plasma levels of TNF and LTA
have been associated with various inflammatory, autoimmune,
and malignant diseases (Beutler and Bazzoni 1998; Balkwill
2002). TNF expression levels may thus be a determinant of
pathogenesis and disease progression in cancer (Moore et al.
1999). The expression is mostly regulated at the transcriptional
level and interestingly, it is believed to be influenced by genetic
polymorphisms within their genes (Wilson et al. 1997; Messer et
al. 1991). Several of these SNPs have been associated with
susceptibility to various infectious and non-infectious diseases
including cancer (Kaluza et al. 2000; Wilson et al. 1995; Gonzalez
etal. 2003; Ozaki et al. 2002).



Therefore, the present study has been designed to investigate the
functional polymorphisms/ haplotypes in TNF-LTA locus for
their role in the predisposition towards HPV mediated cervical
cancer in a population-based case-control study. We also
analyzed the influence of polymorphisms in TNF-LTA locus on
the regulation of TNF and LTA production.

Materials and Methods
Subjects
Population

A total of 200 patients (Indo-Aryan ethnicity) comprising 50
cervical precancer (CIN 2/3) and 150 invasive cervical cancer



cases were employed for the study. The patients were recruited
from Safdarjung Hospitals, New Delhi, with histopathologically
confirmed precancer/invasive carcinoma of uterine cervix. The
patients had a mean age of 49.6 + 11.3 yrs. The age (47% 12 yrs)
and ethnicity matched control group consisting of 200 healthy
women with no self or family history of any neoplastic disease
were from out-patients of the Department of Gynaecology,
Safdarjung hospital, New Delhi, who came for routine check-up. 5
ml blood samples were also collected from 85 cases (15
precancer and 70 invasive cancer) and 90 controls in EDTA
coated vacutainers. Plasma was separated and stored at -70°C
within an hour of collection for further analysis.

Written consent was obtained from all the participants and the
study was carried out in accordance with the principles of



Helsinki Declaration and was approved by the Ethics Committee
of the Institute.

Samples and Processing
Genomic DNA Extraction

Genomic DNA was extracted from freshly collected tissue
biopsies from patients and cervical scrapes from control subjects
by standard method using proteinase K followed by
phenol/chloroform/isopropanol treatment (Sambrook et al.
1989) for HPV screening and polymorphism studies.



HPV Screening

HPV diagnosis was performed by PCR amplification using
consensus primers MY09 and MY11 (Das et al. 1992), and further
typing was done by PCR using type specific primers for HPV 16
and HPV18 (Saiki et al. 1988). B-globin primers PC04 and GH20
which produce 268bp PCR products were used as an internal
amplification control (Saiki et al. 1985). Positive and Negative
controls were also taken with every round of amplification.

Analysis of TNFA and LTA Polymorphisms
Polymerase chain reaction-restriction fragment length

polymorphism (PCR-RFLP) approach was employed to genotype
all the SNPs in TNF -LTA region. -238 G/A (rs361525) and -308



G/A (rs1800629) were genotyped by method employed by Jang
etal (Jang et al. 2001), with some modification (Kohaar et al.
2007). While -857 C/T (rs1799724),-863 C/A (rs1800630) & -
1031 T/C (rs1799964) were genotyped according to Skoog et al
(Skoog et al. 1999).

In case of LTA (+252 A/G) locus, primers (Forward Primer- 5’
GCT TCG TGC TTT GGA CTA CC-3’; Reverse Primer-5"-AAG GTG
AGC AGA GGG AGA CA-3") were designed using the software
PRIMER 3.0. The reaction conditions were: 94°C for 5 min; 30
cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C for 30 sec and
final extension of 72°C for 5 min. For the RFLP analysis, 6u1
(~100 ng) of the PCR products were digested at 37°C in a 20 p1
reaction mixture containing 2.5 units with Ncol (Fast Digest, MBI
Fermentas) to detect the +252 polymorphism. Ncol cleaves the



amplified fragments containing G at +252 position producing two
fragments of 196bp and 50bp. The RFLP analysis was performed
on 10% native polyacrylamide gel.

We sequenced 20% of the samples randomly to validate the data
generated by PCR-RFLP method. Sequencing reactions were
performed according to the conventional dideoxy chain
termination method using ABI PrismTM 310 Automated DNA
Sequencer (Applied Biosystem, USA).

In-vitro Quantitative Determination of TNFA and LTA
Sandwich Enzyme Linked Immunosorbent Assay (ELISA) was

employed for in-vitro quantitative determination of TNF a
(Human TNF a ELISA; Diaclone; France) and LTA (Human LTA



ELISA; Bender MedSystems; Austria) from the plasma according
to the manufacturer’s instructions.

Statistical Analysis

The data analysis was performed using the computer software
Statistical Package for the Social Sciences (SPSS) for Windows
(version - 12.0). Chi-square test / Fisher’s Exact Test (for smaller
numbers on subgroup analysis) was used to compare the
distributions of TNFA-LTA polymorphisms between cases and
controls. Haplotypes were constructed from genotypes of 6
polymorphic markers in TNF-LTA locus by using PHASE
(http://linkage.rockfeller.edu). LD estimates were determined by
Haploview (http://www.broad.mit.edu/mpg/haploview/).
Kruskal Wallis and Mann Whitney U test were performed for



quantitative parameters. Corrected P value (Pc) was obtained
after applying Bonferroni’s correction. Pc values (two-tailed) of
<0.05 were considered statistically significant.

Results
HPV Prevalence

In the studied population, about 87.0% (174/200) of cases and
2.5% (5/200) of normal healthy controls showed positivity for
HPV DNA sequence. Out of the HPV positive cases, 98.17%
(171/174) were infected with HPV typel6 and rest 1.8% (3/164)
were found to be positive for HPV type 18. While all the HPV
positive healthy controls were found to be infected with HPV
type 16. After the stratification of cases, it was found that 91.33%



(137/150) of invasive cancer cases and 74.0% (37/50) of
precancerous cases were HPV positive.

Polymorphisms in TNF-LTA Locus

Genotype frequencies for all polymorphisms were found to be in
concordance with Hardy-Weinberg Equilibrium in both cases
and controls (P > 0.05) (http://ihg.gsf.de/cgi-bin/hw/hwal.pl)
(Sasieni 1997). The distribution of TNF- LTA genotypes and
haplotypes in both cases and controls is depicted in Tables 1 and
2. Supplementary Tables 1 and 2 show distribution frequencies
of single nucleotide polymorphisms in TNFA and LTA with
respect to HPV infection status.



A significant difference (Pc = 0.01) was observed with respect to
TNFA -308 carrier A (GA/AA) genotype distribution between
cases and controls. The association was also found to be highly
significant (Pc = 0.01) in carcinoma cases in comparison to the
control group but in pre-cancerous cases, it could not attain
statistical significance (P = 0.11). Also, the variant homozygous
genotype -308 AA was found only in case: 2.0% (1/50) in
precancer and 3.33% (5/150) in cancer, but absent in controls.
The -308 (G/A) TNFA promoter genotype with respect to HPV
status revealed that “A” allele was significantly associated (Pc =
0.009) with HPV positive cases of cervical precancer and cancer.

Carrier genotype (CT/TT) distribution at -857 C/T locus revealed
statistically significant association (P=0.011) for controls vs. total
cases (precancer and invasive cancer) and controls vs. cancer



group (P =0.0069). However, after applying correction for
multiple testing, the significance was retained only for controls
vs. cancer group (Pc for controls vs. cancer = 0.04; Pc for controls
vs. total cases = 0.06). 4.0% (8/200) of the total cases (2.0%);
1/50 in precancer and 4.67% (7/150) in cancer group) and 6.5%
(13/200) of controls were found to be polymorphic homozygous
(TT).

In case of -1031 T/C SNP (rs1799964), a significant association
was established for carrier genotype (-1031TC/CC) distribution
between HPV positive cases vs. controls (P=0.012) and HPV
positive cases vs. HPV negative cases (P=0.001). But after
applying correction for multiple testing, statistical significance
was retained only for HPV positive cases vs. HPV negative cases



with Pc value of 0.006 (Pc for HPV positive cases vs.
controls=0.07).

LTA +252 (rs909253) (AG/GG) genotype was also found to be
more frequent in cases than controls with respect to carrier
genotype (+252 AG/GG) distribution for total cases vs. controls
(P=0.001), cancer vs. controls (P=0.003) and precancer vs.
controls (P=0.042). However, after applying Bonferroni’s
correction, the significance was retained for total cases vs.
controls (Pc =0.006) and cancer vs. controls (Pc =0.018). +252
(A/G) LTA genotype with respect to HPV status showed an
increased risk for HPV infection in women carrying the
polymorphic allele (P = 0.004) for HPV positive cases vs. controls
and for HPV negative vs. controls (P = 0.027). But after applying
correction for multiple testing, significance was retained only for



HPV positive vs. controls (Pc =0.024). The frequency distribution
for +252 GG genotype (polymorphic homozygous) revealed
highly significant association for HPV negative cases when
compared to either controls or HPV positive cases with Pc value
of 0.002 in the former and <0.001 in the latter. No association
was found for TNFA -238 G/A (rs361525) and TNFA -863 C/A
(rs1800630) polymorphisms either with respect to disease
severity or HPV infection status.

Linkage Disequilibrium

Combined analysis of both patient and control groups revealed
that complete linkage disequilibrium was established between
TNF -308 G/A and TNF -857 C/T (D’ = 1.0, r2 = 2) (Figure 1).
Haplotype analysis using statistical software, PHASE, showed the



presence of 19 haplotypes in 200 cervical cases including
precancer and cancer and 200 controls (Table 2; Supplementary
Table 2). However, only 12 haplotypes were present at
frequencies 21% in the study population. Four haplotypes—
AGGCCT (22.75%; 182/800), AGGCAC (12.25%; 98/800),
AGGTCT (19.38%; 155/800), GGGCCT (15.5%; 124/800) were
the most frequent.

Please see Figure 1 in the PDF version
TNF -LTA Haplotypes

The distribution of TNF-LTA haplotypes among cervical cancer,
precancer and healthy controls (Table 2) revealed that three



haplotypes were found to be significantly under-represented in
case subjects in relation to controls—

AGGCCT (with wild alleles at all loci) in total cases vs. controls
(P=0.001) and in cancer vs. controls (P=0.001), AGGCAC (with
minor allele ‘A’ -863 locus) in total cases vs. controls (P=0.040)
and in precancer vs. controls (P=0.015) and AGGTCT (with minor
allele ‘T’ -857 locus) in total cases vs. controls (P=0.007) and in
cancer vs. controls (P=0.006).

However, after the inclusion of correction for multiple testing,
statistical significance was retained only for AGGCCT haplotype
(with all wild alleles at all loci) for both total cases vs. controls
(Pc =0.021) and cancer vs. controls (Pc =0.025), thereby
establishing AGGCCT as the ‘protective haplotype.’



On the other hand, AGGCCC haplotype (with minor allele C for -
1031T/C) was found to be significantly associated with total
cases vs. controls (P=0.0002) and cancer vs. controls (P=0.0005)
even after applying correction for multiple testing with Pc value
0of 0.004 in the former and 0.009 in the latter. Likewise, GGACCT
(with minor alleles- A for -308 G/A & G for +252 A/G) was found
to be significantly associated with total cases (Pc =0.042) and
cancer (Pc=0.01) in comparison to controls. Hence, AGGCCC and
GGACCT haplotypes can be considered to be important
‘risk/susceptibility haplotypes’ specifically for cervical cancer in
the Indian population.

After stratifying the cases by HPV status (Supplementary Table
2), AGGCCT and AGGTCT showed a protective association with
respect to HPV infection with a P value of 0.0007 in the former



and 0.009 in the latter. But, statistical significance was retained
only for AGGCCT (Pc=0.013 for AGGCCT and Pc=0.17 for
AGGTCT) after applying the correction factor. On the other hand,
AGGCCC was significantly associated with HPV positive cases in
comparison to controls (P < 0.0001) even after applying
correction for multiple testing (Pc <0.02).

Association of Plasma TNF and LTA Levels with Cervical
Cancer/Precancer Cases

Plasma levels for both pro-inflammatory cytokines TNF and LTA
were found to be significantly elevated in total cases (cervical
cancer & precancer) in comparison to controls with a P value of <
0.001 for the former and 0.02 for the latter (Figure 2A & 2B).
These levels were also found to be significantly associated with



both precancer (P =0.045) and cancer subjects (P < 0.001) for
TNF. But, interestingly, LTA levels were in strong association
with precancerous lesions either with respect to controls (P =
0.001) or cancer cases (P = 0.01). TNF levels did not differ
markedly between precancer and cancer.

Please see Figure 2 in the PDF version

Association of Plasma TNF and LTA Levels with HPV
Infection

The evaluation of the data according to HPV status revealed

significantly higher plasma levels for both TNF and LTA in both
the HPV positive (P < 0.0001) and HPV negative cases (P <



0.0001) than controls. An increasing trend from controls to HPV
negative cases and then to HPV positive cases was obtained for
both TNF and LTA, though the association was statistically
insignificant (P= 0.97 for TNF; P= 0.10 for LTA in HPV+ cases vs.
HPV- cases). Thus, plasma levels of these proinflammatory
cytokines are independent of viral infections(data not shown).

Correlation of TNF/ LTA Polymorphisms with Plasma Levels:

A functional correlation was established only for TNF -308 G/A
polymorphism (rs1800629) with elevated plasma TNF levels in
cases (P=0.03 for GG vs. GA/AA), however the same could not be
obtained in controls (Figure 3). No significant association with
respect to genotype-levels was observed for the other



polymorphisms or haplotypes (data not shown) in TNF-LTA
locus.

Please see Figure 3 in the PDF version
Discussion

In India, cervical cancer is a leading cause of cancer deaths,
contributing approximately one fourth of the total cancer
incidence worldwide (Das et al. 2008). Approximately 10% of
the healthy women are found to harbour HPV infection (Das et al.
2008), and among them 10%-30% women cannot clear HPV
infection spontaneously, thus establishing the crucial role played
by other factors including host-genetic, immunological and viral



factors in HPV associated cervical carcinogenesis (Wang and
Hildesheim 2003).

This genetic susceptibility can be attributed to the single
nucleotide polymorphisms (SNPs) in the immunomodulatory
TNF-LTA locus. TNF and LTA polymorphisms are reported to be
associated with a wide range of inflammatory and
immunomodulatory diseases including cancer (Wilson et al.
1997; Kaluza et al. 2000; Gonzalez et al. 2003; Ozaki et al. 2002;
Deshpande et al. 2005). Much evidence supported that TNF/LTA
polymorphisms were involved in the modulation of gene
expression that affected the carcinogenesis (Wilson et al. 1997;
Kaluza et al. 2000; Gonzalez et al. 2003; Ozaki et al. 2002;
Deshpande et al. 2005; Hagihara et al. 1995). Variability in host
immunogenetic background in the form of inherited



polymorphisms in immunomodulatory genes may be an
important determinant for conferring cell mediated immunity
(CMI) to HPV mediated cervical cancer.

Therefore, in the current study we have evaluated the role of
SNPs in TNF-LTA locus and their functional implications in
cervical cancer among North Indian women. Although the current
study is an extension of previous study (Kohaar et al. 2007), we
report for the first time the association of TNF haplotypes and
genotypes with HPV mediated cervical cancer and its prognosis
in the Indian population.

Data on polymorphisms in TNF-LTA locus revealed that
significant association was established, individually, for TNFA -
308 G/A (rs1800629) and LTA +252 A/G (rs909253) SNPs with



respect to total cases and invasive cervical cancer cases in
comparison to controls. Therefore, TNFA -308 A and LTA +252 G
alleles can be labelled as major susceptibility alleles for the
development of cervical cancer with 2.89 and 1.6 folds increased
risk among Indian women respectively.

Additionally, TNFA -308 G/A (rs1800629) and LTA +252 A/G
(rs909253) polymorphisms were found to be an increased risk
with respect to HPV infection. Interestingly, TNFA -1031 T/C SNP
(rs1799964) was specifically related with HPV positive cervical
cases in comparison to HPV negative cases. Conversely, TNFA -
857 C/T SNP (rs1799724) was found to be associated with 54%
reduced risk to the development of cervical cancer, thereby
exhibiting a protective effect.



To further strengthen our findings on the role of SNPs in TNF-
LTA locus, six locus haplotypes were constructed and their
distribution was compared with respect to disease severity as
well as HPV infection status. AGGCCT haplotype showed a
protective association with respect to total cases and invasive
cervical cancer group in comparison to controls. Similar
protective association was established for AGGCCT haplotype in
relation to HPV positive cervical cases. Hence, it can be inferred
that AGGCCT haplotype might play an important role in
enhancing the resolution of primary HPV infection or of cervical
precancerous lesions. However, AGGCCC and GGACCT haplotypes
emerged as important ‘risk/susceptibility haplotypes’ for total
cervical cases and invasive cancer cases in comparison to
controls with approximately 3 folds increased risk for both. On
the same line, AGGCCC haplotype showed positive association for



HPV infection in the Indian population; however GGACCT
haplotype revealed significant association with HPV negative
cases than controls.

Our study is in concordance with the studies on the Portuguese
population (Duarte et al. 2005) in relation to -308 G/A
polymorphism (rs1800629) and that on Korean population
which revealed an increase of -308 A allele in cancer cases,
although it was statistically insignificant (Jang et al. 2001).
However, no significant difference was observed for -308 G/A
polymorphism on the South African population (Black and Mixed
race ethnic groups) (Govan et al. 2006), the U.S. population,
(Calhoun et al. 2002) the Zimbabwean population (Stanczuk et al.
2003), and the Swedish population (Ghaderi et al. 2001). On the
contrary, a report from the UK population showed that -308 G/A



SNP was significantly under-represented in CIN patients
(Kirkpatrick et al. 2004).

Similar to our previous findings, no significant association was
observed for -238 G/A polymorphism (rs361525) and cervical
cancer risk, although the frequency of heterozygotes was higher
in controls, which is in line with a study on the Hispanic race of
the US population (Wang and Hildesheim 2003). However, -238
SNP (rs361525) seemed to have a protective effect with respect
to cervical cancer in the Korean (Jang et al. 2001) and US
population (Calhoun et al. 2002).

Contradictory to our findings for -308 locus and in consensus
with our results for -238 locus, no correlation was found for -238
G/A (rs361525) and -308 G/A (rs1800629) SNPs in relation to



HPV status in the UK35 and US populations (Deshpande et al.
2005).

In line with our results, -857 C/T SNP (rs1799724) was also
found to be significantly under-represented in HPV 16 positive
cervical cases than controls in the Hispanic ethnic group (US).
However, unlike our findings, -863 C/A SNP (rs1800630) also
exhibited significant protective association in cases than controls
in the Hispanic population (US) (Deshpande et al. 2005).

No prior studies are available to account for -1031T/C SNP
(rs1799964) in TNFA promoter region and +252 A/G SNP
(rs909253) in LTA gene with respect to cervical cancer. Ours is
the only study in the context of the Indian population which
extensively analyzed the SNPs in TNF-LTA locus, individually as



well as in haplotypic association, in HPV associated cervical
cancer. No other study except one by Deshpande et al on the
Hispanic population (US) (Deshpande et al. 2005) has taken into
consideration such an extensive mapping of TNF locus in relation
to HPV infection and cervical cancer.

The epithelial cells of the cervix have been implicated in mucosal
immune responses, for example by their ability to produce and
secrete cytokines (Woodworth and Simpson 1993). Both TNF and
LTA have been reported to exhibit cytostatic and cytotoxic effects
on certain tumors (Aggarwal 2003; Mocellin and Nitti 2008;
Vassalli 1992). The levels of the cytokines in circulation could
affect the disease susceptibility and risk to HPV infection. TNFA
and LTA bind to the same receptors i.e. TNF-R1 and R-2 receptors
and share many biological activities (Pfeffer 2003). Additionally,



at the genetic level, different LTA gene haplotypes have been
associated with variations in the in vitro levels of TNFA
production by inflammatory cells, probably due to extended
linkage with the haplotypes in the TNFA gene (Koss et al. 2000).
Thus, LTA indirectly mediates its effect by influencing TNFA
levels.

In our study, higher circulating levels of both TNF and LTA are
found in total cases vs. controls including cancer and precancer
subjects. The plasma levels were also found to be significantly
associated with precancer for LTA in comparison to controls.
Regardless of HPV infection status, both TNF and LTA plasma
levels were increased in cases than controls, which is in line with
a previous study where no association was found between TNFA
and HPV 16 (Ahmed et al. 2001). However, HPV 18 has been



found to be associated with decreased intralesional TNFA levels
(Fernandes et al. 2005). Our results are inconsistent with
increased in-situ expression (Nicol et al. 2006) and elevated
levels of TNFA in cervico-vaginal washings (Ahmed et al. 2001)
and genital secretions (Passmore et al. 2007) of HPV mediated
cancer of uterine cervix. On the same line, Chopra et al 1998, too,
established an association for elevated circulating serum levels of
both TNF and LTA cytokines with the progression of cervical
cancer (Chopra et al. 1998). This is in agreement with a variety of
studies, where plasma levels of TNFA or LTA have been shown to
be associated with the outcome of cervical cancer and certain
solid and haematological malignancies (Jang et al. 2001; Calhoun
etal. 2002; Chopra et al. 1998; Song et al. 2007). On the other
hand, our results are inconsistent with the study by Fernandes et



al (Fernandes et al. 2005) and Song et al, 2007 (Song et al. 2007)
with respect to TNF-a levels and cervical cancer.

Modifications of TNFA expression by variation in the TNFA
promoter might interfere with viral clearance or promotes viral
persistence that is a key factor underlying the phenomenon of
cervical carcinogenesis. It is also noteworthy that a functional
correlation was established between TNF -308 G/A
polymorphism (rs1800629) and elevated plasma TNF levels in
cases (P=0.03 for GG vs. GA/AA). This is supportive of prior
studies relating -308 A allele with higher inducible levels of gene
transcription (Kroeger et al. 1997; Wilson et al. 1997) and TNFA
protein production (Stuber et al. 1996; Davies et al. 2000). This
SNP is located within a consensus sequence of transcription
factor AP-2 and -308 A allele of the SNP has been associated with



higher degree of transcription (Wilson et al. 1997). However, few
studies showed no change either on TNF transcription or
production (Stuber et al. 1996; Brinkman et al. 1995). However,
no genotype-level association was established for other SNPs in
TNFA promoter (rs361525, rs1799724, rs1800630, rs1799964)
and rs909253 SNP in LTA.

Also, LTA +252 A/G SNP (rs909253) was found to be associated
with increased TNFA secretary capacity as well as higher
circulating levels of TNFA (Stuber et al. 1996). Even at the level of
haplotypes, no association was achieved with respect to TNF-LTA
levels, however few previous studies revealed positive
association for the same (Davies et al. 2000).



Different results are obtained in different populations with
different genetic backgrounds. The study may help in the future
to understand the role of ethnic and geographical factors in
disease pathogenesis as variable results are observed in different
populations.

In summary, the present study revealed the potential role of
genetic variations in immuno-modulatory TNF-LTA locus with
HPV associated cervical cancer in the Indian population. Here, we
report risk association for TNFA -308 (rs1800629) and LTA +252
SNP (rs909253) and the protective effect for TNFA -857
polymorphism (rs1799724) with the susceptibility to cervical
cancer and HPV infection. Haplotype analysis revealed AGGCCC
and GGACCT haplotypes as important ‘risk/susceptibility
haplotypes’ and AGGCCT haplotype as a ‘protective haplotype’ for



cervical cancer risk. Plasma levels were found to be elevated in
both precancer and cancer subjects for TNF, while they were
significantly associated with precancer for LTA. Genotype-level
association revealed a functional correlation between TNF -308
G/A polymorphism (rs1800629) and elevated plasma TNF levels
in the cases. However, in future replication studies, independent
studies from various ethnic groups and further functional
analysis are required to validate our findings. Inclusion of
cytological normal but HPV positive individuals as controls will
also strengthen the study.
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