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Abstract Although the implication of genetic factors in
cervical cancer development remains to be elucidated, ac-
cumulative epidemiological evidence suggests that poly-
morphisms of cytokine genes may be involved in the
etiology of cervical carcinoma. Tumor necrosis factor alpha
(TNF-α) and interleukin-10 (IL-10) are two multifunctional
cytokines implicated in inflammation, immunity, and cellu-
lar organization, and were proposed to play important roles
in cancer biology. In order to determine whether IL-10 -
1082 (G/A) and TNF-α -238 (G/A) and -308 (G/A) poly-
morphisms are associated with susceptibility to cervical
cancer, a case–control study of 122 cancer patients and
176 healthy controls was conducted. Cervical samples were
genotyped for both TNF-α polymorphisms by PCR-RFLP
assay. SNP-1082 from IL-10 gene was genotyped using pyro-
sequencing technology. The association between cervical can-
cer risk and the studied SNPs was evaluated by logistic
regression. Under univariate analysis, none of these polymor-
phisms appeared associated with susceptibility of cervical
cancer development or HPV infection. However, individuals
carrying heterozygous genotype for TNF-α -238 polymor-
phism seem to be at lower risk for cervical cancer develop-
ment, with borderline significance (OR00.42, P00.069), as
well as those carrying heterozygous genotypes for IL-10 and
TNF-α -238 (OR00.40, P00.08). In conclusion, these results
suggest a potential effect of TNF-α -238 G/A in the reduction
of cervical cancer risk in Argentine women, but not TNF-α -

308 or IL-10. Larger studies are needed to fully understand the
genetic predisposition for the development of cervical cancer.
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Introduction

Cervical cancer is the second most common cancer among
women, with about 500,000 new cases and 250,000 deaths
each year worldwide [1]. Moreover, in developing countries
cervical cancer is the main cancer affecting women, repre-
senting 80 % of total cervical cancer cases worldwide [2].

Invasive cervical cancer arises as the result of a combination
between host and environmental factors, where persistent in-
fection with high-risk human papilloma virus (HPV) plays a
key role in the development and progression of cervical intra-
epithelial neoplasia and squamous cell carcinoma of the cervix
[3]. Most genital HPV infections regress within 2 years, and
only a minority of women develop persistent HPV infection
that could eventually cause cervical intraepithelial neoplasia
(CIN). Consequently, it is expectable that host genetic differ-
ences influencing the host response against viral infection may
determine those people who are at highest risk for developing
cervical lesions and progressing to invasive carcinoma. In this
way, genetic polymorphisms present in genes related to viral
infection, immune response, DNA repair systems, and tumor
suppressor genes may influence and determine the excessive
risk to develop cervical cancer [4, 5].

Chronic inflammation has been shown to be an important
risk factor for a variety of epithelial cancers. In cervical
cancer, a number of previous reports suggested that chronic
inflammation is associated with precancerous and cancerous
lesions. Cytokines, as the products of host response to
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inflammation, play an important role in the defense against
viral infections, modulating viral replication and polarizing
the immune response to a Th1 (cellular) or Th2 (humoral)
pattern [6]. Th1 cells are immuno-stimulatory and are asso-
ciated with the clearance of HPV infection and regression of
CIN; Th2 cells are immuno-inhibitory and are capable of
stimulating tumor growth [7, 8]. It has been observed that a
pronounced shift from a Th1 (proinflammatory) cytokine
production to Th2 (anti-inflammatory) cytokine production
has occurred in CIN patients with extensive HPV infection
[8], suggesting that the cytokine response to HPV infection
may be influential in determining disease outcome. In addi-
tion, there is evidence that reduced Th1 [9] and increased
Th2 [10] cytokine levels are associated with poor prognosis
in cervical cancer.

Tumor necrosis factor alpha (TNF-α) and interleukin-10
(IL-10) are two multifunctional cytokines. TNF-α is a Th1
proinflammatory cytokine, predominantly secreted by mono-
cytes/macrophages, involved in inflammation, immunity, and
cellular organization. It has effects on several functions, in-
cluding endothelial function, coagulation, lipids, and insulin
[11, 12].The specific role of TNF-α in cancer progression
remains to be solved, given that different results with several
tumor types have shown that this proinflammatory cytokine
may present both tumor necrotic [13] and tumor-promoting
behavior [14].

Single base polymorphisms occur within the promoter
region of TNF-α gene, appearing to be biologically impor-
tant. The G to A transition at position -308 of the TNF-α
gene increases in vitro transcription [15, 16] and may affect
disease susceptibility. A second G to A transition at position
-238 is associated with various diseases, including endome-
trial carcinoma [17, 18] but has not been directly linked with
in vitro protein expression. Although the regulated release
of TNF may exert normal physiologic effects, the uncon-
trolled production of TNF may lead to organ dysfunction
and death [19]. It was also demonstrated that blood level of
TNF-α is increased in solid tumors [20].

As a Th2-cytokine with both immunosuppressive and anti-
angiogenic functions, IL-10 may have both tumor-promoting
and tumor-inhibiting properties. It has been reported that
several important polymorphic sites in the IL-10 gene, includ-
ing three in the promoter region (-1082 A/G, -819 T/C, and -
592 A/C) may influence the transcription levels of IL-10
messenger RNA and the expression of IL-10 protein in vitro
[21] and consequently play a role in susceptibility to cancer
[22]. In particular, the association of IL-10 -1082 alleles G and
A with low (AA), high (GG), and medium (GA) cytokine
production were shown in vitro and in vivo [21].

In the present study, a genetic analysis of SNPs located in
the promoter regions of TNF-α (-308 G/A and -238 G/A)
and IL-10 (-1082 G/A) genes was undertaken in a series of
cervical carcinoma and normal cervical samples obtained

from Argentine women in order to assess the effect of these
polymorphisms in the development of squamous cervical
cancer.

Materials and methods

A total of 298 cervical samples obtained from an anonymous
cervical specimen data bank in La Plata, Argentina were used
in this study. Samples were obtained considering all bioethical
issues, and the study design was evaluated and approved by
the committee from the Faculty of Medicine, National Uni-
versity of La Plata, Argentina, as part of a thesis plan. The
normal cytologies (obtained from women attending screen-
ing) comprised 176 samples; meanwhile 122 samples corre-
sponded to histologically diagnosed squamous cervical
carcinomas. The mean age for the control group was 37 years
old (SD±11) and 44 years old (SD±11) for the case group.
Cervical specimens include exfoliated cells from the ecto-
endocervix, freshly frozen tissue biopsies, and formalin-
fixed and paraffin-embedded tissue biopsies.

DNA extraction

Paraffin-embedded samples were washed twice with xylol
and finally with 100 % ethanol, resuspended in 250 μl of
digestion buffer (50 mM Tris–ClH pH 8.5; 1 mM EDTA;
1 % Triton X100; and 0.5 % Tween 20) with 250 mg/ml
proteinase K (Genbiotech, Buenos Aires, Argentina) and
incubated for 24 h at 56 °C. Cervical exfoliated cell pellets
and freshly frozen biopsies were suspended and washed
twice with 1 ml of PBS and incubated for 24 h at 56 °C in
400 of digestion buffer (50 mM Tris–ClH pH 8.5; 1 mM
EDTA; 1 % Triton X100; and 0.5 % Tween 20) containing
250 mg/ml of proteinase K (Genbiotech, Buenos Aires,
Argentina). After protease digestion, all samples were kept
for 10 min at 100 °C for enzyme inactivation. DNA purifi-
cation was done by the salting-out procedure as described
by Miller [23]. Finally, the DNAwas suspended in distillate
water at a final concentration of 1 ng/μl and stored at 20 °C
until used.

Human papillomavirus DNA detection and genotyping

Human papillomavirus DNAwas detected in cervical tissues
using a nested PCR approach with MY09/11 as external
primers and GP5+/6+ as internal ones according to the
methods previously described by Ting and Manos [24] and
Evander et al. [25]. These two primer pairs are the most
widely used for the detection of genital HPVs. A negative
control containing only digestion buffer was included every
five samples in order to prevent and detect carry-over be-
tween samples. After an initial amplification with the
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primers My9 and My11, 5 μl of the amplicon was subjected
to a second nested PCR reaction. This nested PCR was
performed using the Gp5+ primer and a 5′ biotynilated
Gp6+ oligonucleotide. The biotynilated amplicons were
analyzed in 2 % agarose gels stained with Safer Green™
and visualized using a blue light transilluminator (450 nm).

For HPV genotyping, an enzyme immuno assay (EIA)
procedure was performed using the biotynilated PCR product.
The PCR–EIA assay was done according to the method
described by Söderlund-Strand et al. [26], with some modifi-
cations. Briefly, 5 μl of the amplicons was captured on
streptavidin-coated Maxi Sorp wells (Nunc, Thermo Fisher
Scientific, Rochester, NY, USA). The biotynilated Gp was
denatured with OHNa, washed three times with wash solution
(SSC 0.25X, 20 % Tween-20) and hybridized with 5′fluores-
cein-labeled oligoprobes corresponding to HPV-6, -11, -16, -
18, -31, -33, -35, -39, -45, -51, -52, -56, -58, and -66. Hybrid-
ization was carried out at 60 °C for 20 min, using 5 pmol of
each probe in a final volume of 100 μl of hybridization
solution (5X SSC, 20 % Tween 20). After hybridization, the
wells were washed three times with 300 μl of wash solution at
room temperature. After the washing steps, samples were
incubated for 30 min with an antifluorescein monoclonal
antibody (Millipore, MA, USA). After two additional wash-
ings, the reactions were revealed using 1-Step™ Turbo TMB-
ELISA (Pierce Biotechnology, Rockford, IL, USA). The color
reaction was stopped after 10 min of development with 100 μl
of 1 M sulfuric acid and read in a microplate reader using a
404-nm filter.

TNF-α and IL-10 fragment amplification

PCR oligonucleotides for polymorphisms amplification
were designed according to the human TNF-α and IL-10
genes sequences rs1800629 (TNF-308), rs361525 (TNF-
238), and rs1800896 (IL-10 1082) using the software
FastPCR™ version 5.4.6. (University of Helsinsky,
Finland).

The PCR oligonucleotides for the TNF-α -238 polymor-
phism were 5′-GAA GAC CCC CCT CGG AAC C-3′ and 5′-
GTA GTG GGC CCT GCA CCT TCT G-3′ for forward and
reverse primers, respectively. There were two mismatched
positions on the forward primer. The first one corresponded
to the -244 SNP, and the second one created a cutting site for
MspI enzyme (Genbiotech, Argentina). Primers defined a
region of 137 base pairs. The reaction mixture was performed
in a final volume of 25 μl: 5 μl of genomic DNA; 0.5 pmol/μl
of each primer; 0.2 mM of each deoxynucleoside triphos-
phate; PCR buffer 1X (50 mM KCl and 10 mM Tris–HCl at
pH 8.3) and 0.1 % Triton X-100; 1.5 mM of MgCl2; and
0.75 u of Taq DNA polymerase. The amplification reaction
was carried out under the following conditions: an initial
melting step of 92 °C for 3 min followed by 35 cycles of

30 min at 92 °C, 40 min at 62 °C, and 40 min at 72 °C, with a
final elongation step of 72 °C for 5 min.

The primers for TNF-α -308 amplification were 5′-AAA
AGA AAT GGA GGC AATAGG TTT TGA GGG GCC TG-
3′ and 5′-CTT CTG GGC CAC TGA CTG ATT TGT GTG
TAG GAC AC -3′ for forward and reverse primers, respective-
ly. The mismatched position on the forward primer created a
cutting site for BstNI enzyme (Genbiotech, Argentina).This
pair of primers defined a 90-base pairs fragment. The PCR
reaction mixture (25 μl) consisted of 5 μl of genomic DNA,
0.75 pmol/μl of each primer, 0.2 mM of deoxynucleotide
triphosphate, 1X PCR buffer (50 mM KCl and 10 mM Tris-
HCl, pH 8.3), 1.35 mMMgCl2, and 0.75 u of Taq polymerase .
The conditions for the amplification reaction included an initial
melting step of 92 °C for 3min followed by 35 cycles of 30min
at 92 °C, 40 min at 65 °C, and 30 min at 72 °C, and a final
extension step of 72 °C for 5 min.

The forward and reverse oligonucleotides for IL-10 am-
plification were 5′-GAG CAA CAC TCC TCG CCG CAA-
3′ (IL-10 PiroFBiotin) and 5′-TGG AGG CTG GAT AGG
AGG TCC CTTAC-3′ (IL-10 PiroR), respectively. This pair
of primers defined a fragment of 176 bp. The reaction
mixture was performed in a final volume of 50 μl containing
5 μl of genomic DNA; 0.31 pmol/μl of each primer;
0.14 mM of each deoxynucleoside triphosphate; PCR buffer
1X (50 mM KCl and 10 mM Tris–HCl, pH 8.3) and 0.1 %
Triton X-100; 1 mM of MgCl2; and 1 u of Taq DNA
polymerase. The amplification reaction for IL-10 was car-
ried out using an initial denaturing step of 92 °C for 3 min
followed by 35 cycles of 30 min at 92 °C, 15 min at 64 °C,
and 15 min at 72 °C with a final elongation step of 72 °C for
5 min. The PCR products for both genes were verified on
2 % agarose gels, stained with Safer Green™, and visual-
ized using the Safe Imager ™ (Invitrogen, USA).

SNPs genotyping

Genotyping of both polymorphisms of TNF-α gene was
assessed by restriction enzyme digestion. PCR products were
digested overnight at 37 °C with 5 u per sample of MspI and
BstNI for TNF-α -238 and -308 polymorphims, respectively.
The obtained fragments were resolved on 10 % poliacryla-
mide gels, stained with Sybr Safe™, and visualized with blue
light. The homozygous TNF-α -238 A allele yields a unique
137-bp band while the homozygous for the G allele yields two
bands of 118 and 19 bp. The heterozygous AG genotype is
determined by the presence of 137, 118, and 19 bp bands
although 19 bp is too small to be clearly appreciated in the gel.
On the other hand, TNF-α -308 digestion yields 55 and 35 bp
bands for the homozygous GG genotype, while the homozy-
gous A allele generates a unique 90-bp band. The heterozy-
gous AG genotype is determined by the presence of three
bands at 90, 55, and 35 bp. In order to avoid misclassification,
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a randomly selected subset of 20 % of the samples was
redigested for genotype confirmation.

SNP-1082 from IL-10 gene was genotyped using Pyro-
sequencing TM technology on a Biotage PSQ 96MA Pyro-
sequencer. The relative levels of each allele for the analyzed
SNP were evaluated with the PSQ96MA SNP analysis
software (Biotage AB, Uppsala, Sweden).

Briefly, pyrosequencing was performed in a volume of
50 μl, at 25 °C. Twenty microliters of biotinylated PCR
products was resuspended in binding buffer, captured on
streptavidin-coated beads, denaturated, and prepared for
pyrosequencing using the recommended protocol for the
vacuum prep tool (Biotage AB, Uppsala, Sweden). For each
reaction, purified PCR products were incorporated in 45 μl
of annealing buffer containing 0.3 μM of sequencing primer
(5′-TATCCCTACTTCCCC-3′). Single-stranded DNA with
annealed sequencing primer was added to the pyrosequenc-
ing reaction mixture containing 10 u of exonuclease-
deficient (exo-) Klenow DNA polymerase (Amersham Phar-
macia Biotech, Uppsala, Sweden), 40 mU of apyrase (Sigma
Chemical Co., St. Louis, MO), 4 μg of purified luciferase/
ml (BioThema, Dalaro, Sweden), 15 mU of recombinant
ATP sulfurylase, 0.1 M Tris–acetate (pH 7.75), 0.5 mM
EDTA, 5 mM Mg–acetate, 0.1 % (w/v) bovine serum albu-
min (BioThema), 1 mM dithiothreitol, 10 μM adenosine 5′-
phosphosulfate, 0.4 mg of poly(vinylpyrrolidone)/ml, and
100 μg of D-luciferin/ml (BioThema). The sequencing pro-
cedure was carried out by stepwise elongation of the primer
strand upon sequential addition of the different deoxynu-
cleoside triphosphates. Degradation of excess nucleotides
by apyrase was carried out simultaneously.

Statistical analysis

Descriptive statistics were analyzed using the SPSS™ soft-
ware version 15.0. Pearson's chi-square test was conducted
to examine the Hardy–Weinberg equilibrium and the inde-
pendence of genotype frequencies between cases and con-
trols. In order to determine the polymorphisms risk
estimation, unconditional logistic regression was used to
calculate crude and age adjusted odd ratios (ORs) and their
relative 95 % confidence intervals. Finally, potential inter-
action between polymorphisms was also examined using
logistic regression considering two variables (polymor-
phisms) at a time. Significant associations were defined by
a P value below 0.05 in all cases.

Results

In this study, IL-10 -1082 and TNF-α -238 and -308 poly-
morphisms were successfully genotyped in all samples. The
specimens were also tested for the presence of human

papillomavirus (HPV) infection. In the control group, the
prevalence of HPV infection was 39 %. Among the cervical
carcinomas specimens, 80. 3 % appeared as HPV-DNA
positive. Whereas high-risk HPV-DNA was found in 73 %
of the control group infected samples and 84.3 % of the case
group infected samples, the remaining infected samples
were positive for low-risk HPV genotypes. The HPV-16
was found more frequently than other viral genotype, com-
prising 50.7 and 71.8 % of the analyzed infected samples in
the control and case groups, respectively. Multiple infec-
tions were less frequent than single infection. Table 1 shows
details on HPV type-specific frequencies.

Allele frequencies of TNF-α -308 G > A, TNF-α -238 G >
A, and IL-10 -1082 G > A polymorphisms were uniformly
distributed among cases and controls, showing no statistically
significant differences (P>0.05). Table 2 shows allele distri-
butions of these three SNPs.

The observed genotype distributions did not deviate from
those predicted by the Hardy–Weinberg equilibrium. Table 3
shows the genotype frequencies of IL-10 and both TNF-α
polymorphisms in women with cervical carcinoma and con-
trol subjects. No significant differences were found between
cases patients and control subjects (P>0.05). In addition,
when grouping the population considering individuals as

Table 1 Frequencies of HPV types in the case and control groups

HPV types Controls N (%) Cases N (%)

High risk

HPV-16 24 (13.6) 59 (48.3)

HPV-18 12 (6.8) 4 (3.3)

HPV-42 1 (0.5) –

HPV-31 1 (0.5) 3 (2.4)

HPV-33 – 3 (2.4)

HPV-51 – 2 (1.6)

Low risk

HPV-6 3 (1.7) –

HPV-11 5 (2.8) 3 (2.4)

Multiple infections

HPV-16/HPV-18 4 (2.3) 5 (4.1)

HPV-16/HPV-52 1 (0.5) –

HPV-16/HPV-11 1 (0.5) 1 (0.8)

HPV-6/HPV-18 3 (1.7) –

HPV-6/HPV-16 2 (1.1) 1 (0.8)

HPV-31/HPV-16 1 (0.5) 2 (1.6)

HPV18/HPV-6/HPV-16 1 (0.5) –

HPV18/HPV-31/HPV-16 – 1 (0.8)

HPV33/HPV-11/HPV-16 1 (0.5) –

Positive undetermined 9 (5.1) 14 (11.5)

Negative 107 (60.8) 24 (19.7)

Total 176 (100) 122 (100)
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being carriers or not carriers of a specific allele, no differences
were found between patients and control subjects (P>0.05).

Moreover, TNF-α and IL-10 genotypes were uniformly
distributed among HPV-positive and HPV-negative women
in the control group (P>0.05). In addition, no significant
association was found between these polymorphisms and
high-risk HPV infection in the control group. In this sense,
none of the studied polymorphisms was found to provide a
higher risk of virus infection.

Conversely, TNF-α -238 showed a higher prevalence of
women carrying heterozygous AG genotype in controls
(15.3 %) than in cases (7.4 %), resulting in an odds ratio of
0.42 when compared to homozygous GG genotype. However,
this result did not reach statistical significance (P00.069).

Polymorphisms interaction

All potential combinations of polymorphisms were assessed
for cervical cancer risk. A codominant model (three-level
variable) was hypothesized for a two factor analysis of
interaction (TNF-α -238/TNF-α -308; TNF-α -238/IL-10;
and TNF-α -308/IL-10). The odds ratios for cervical cancer
in a specific polymorphism did not differ significantly with-
in genotypes of other markers (P>0.05), indicating that no

interaction between genes was detected. However, individ-
uals carrying both heterozygous genotypes for IL-10 -1082
and TNF-α -238 showed a trend toward protective effect for
cervical cancer (OR00.40, IC00.14–1.13, and P00.08)
when compared to those carrying IL-10-1082 AA/TNF-α -
238 GG genotypes.

Discussion

A number of genetic polymorphisms have been associated
with increased risk for cervical cancer. In this study, the impact
of IL-10 and TNF-α polymorphisms was evaluated in 298
samples corresponding to 122 cervical cancer cases and 176
healthy tissues obtained from white Argentine women. Under
univariate analysis, none of these polymorphisms appeared
associated with susceptibility of cervical cancer development
or HPV infection. However, individuals heterozygous for
TNF-α -238 polymorphism seem to be at lower risk for
cervical cancer development, with borderline significance, as
well as those carrying heterozygous genotypes for IL-10 and
TNF-α -238. Moreover, this is the first study performed in the
Argentine population of La Plata analyzing the association
between polymorphisms within the promoter region of TNF-

Table 2 Allele frequencies of
TNF-α and IL-10 polymor-
phisms in cases (N0244) and
controls (N0352)

SNPs Allele frequency Controls N (%) Cases N (%) P value

TNF-α -238 G/A G 325 (92.3) 229 (93.8)

A 27 (7.7) 15 (6.2) 0.581

TNF-α -308 G/A G 298 (84.7) 206 (84.4)

A 54 (15.3) 38 (15.6) 0.913

IL-10 -1082 G/A A 241 (68.8) 161 (66.0)

G 111 (31.2) 83 (34.0) 0.762

Table 3 Frequency distribution
of the TNF-α -238, TNF-α -308,
and IL-10 -1082 genotypes
among Cases (N0122) and con-
trols (N0176), and risk analysis
for cervical carcinoma

SNPs Genotype Controls N (%) Cases N (%) Adjusted OR (age) (95 % CI) P value

TNF-α -238 G/
A

GG 149 (84.7) 110 (90.2) 1.00 (reference)

GA 27 (15.3) 9 (7.4) 0.42 (CI00.16–1.07) 0.069

AA 0 (0.0) 3 (2.5) 0.00 (CI00.00) 0.999

GG 149 (84.7) 110 (90.2) 1.00 (reference)

Carrier A 27(15.3) 12(9. 8) 0.60 (CI00.29–1.24) 0.23

TNF-α -308 G/
A

GG 126 (71.6) 87 (71.3) 1.00 (reference)

GA 46 (26.1) 32 (26.2) 0.89 (CI00.47–1.70) 0.739

AA 4 (2.3) 3 (2.5) 0.00 (CI00.00) 0.999

GG 126 (71.6) 87 (71.3) 1.00 (reference)

Carrier A 50 (28.4) 35 (28.7) 1.01 (CI00.61–1.69) 0.94

IL10 -1082 G/A AA 79 (44.9) 50 (41.0) 1.00 (reference)

GA 83 (47.2) 61 (50.0) 1.10 (CI00.62–1.97) 0.737

GG 14 (8.0) 11 (9.0) 0.56 (CI00.17–1.82) 0.338

AA 79 (44.9) 50 (41.0) 1.00 (reference)

Carrier G 97 (55.1) 72 (59.0) 1.17 (CI00.73–1.87) 0.58
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α (-308 G/A, -238 G/A) and IL-10 (-1082 G/A) genes and the
development of cervical carcinoma.

Experimental studies have shown the importance of func-
tional polymorphisms occurring in cytokine genes [27, 28].
In this sense, Wilson et al. [16] indicated that the rare allele
TNF-α -308 A (TNF2) carries a sevenfold increased risk of
death from malaria, and it is a much stronger transcriptional
activator than TNF1 (TNF-α -308 G). In addition, Kroeger
et al. [15] found that TNF-α -308 A allele binds differently
to a nuclear transcription protein giving rise to a twofold
increase in the level of transcription of the TNF-α gene in
PMA-induced immortalized T cells. Since then, several
studies have explored the relationship between this poly-
morphism and cancer susceptibility. Regarding cervical dis-
ease, Kirkpatrick et al. [29] reported that the frequency of
the TNF-α -308 low-secretor genotype was significantly
increased among all categories of SIL patients, particularly
in those presenting LG-SIL.

In a recent meta-analysis, Liu et al. [30] pooled data from
12 case–control studies and observed that TNF-α -308 AA
genotype caused a slightly increased overall susceptibility to
cervical cancer (OR01.39). After stratified by ethnicity, the
association between TNF-α -308 AA genotype and risk of
cervical cancer was higher in Asians. On the other hand,
subjects with African ethnicity carrying TNF-α -308 AA
genotype showed some protection against cervical cancer
development, while no significant association was observed
among Caucasian women. The authors concluded that dis-
cordant effects of homozygous AA genotype among differ-
ent populations may arise from different genetic
backgrounds, as indicated by the difference of A allele
frequency in controls [30]. In a recent study, Badano et al.
[31] evaluated the potential role of TNF-α promoter SNPs
in cervical cancer in a population from Posadas, Argentina.
They reported that the frequency of the TNF-α -308 high-
secretor A allele was significantly associated with an in-
creased risk for cervical cancer development. In our study,
allele frequencies for TNF-α -308 polymorphism differed
from that reported by Badano et al. [31], and the lack of
association between TNF-α -308 G/A polymorphism and
cervical cancer was in accordance with previous reports
from African [32, 33] and Caucasian ethnicity [34, 35].

Another TNF-α polymorphism that has drawn researchers'
attention is a G to A change inside the promoter region at
position -238. This polymorphism is frequently associated with
genetic susceptibility for psoriasis vulgaris and other autoim-
mune diseases [36, 37], although it has not been directly
associated with change of gene expression level. It is worth
noting that there have been a set of case–control studies in
which TNF-α -238 showed an underrepresentation of hetero-
zygous genotypes in cervical cancer subjects [18, 28, 35, 38].
The present study gave similar results than those obtained in
those studies: the GA genotype was more frequent in controls

than cases, although the difference was not statistical significant
(P00.08). In the meta-analysis performed by Liu et al. [30], six
case–control studies on TNF-α-238 were examined. The
authors found that both GA and GA + AA genotypes gave
significantly protective effect compared to GG genotype. Be-
sides, Badano et al. [31] detected a haplotype defined by the
TNF-α -375A and TNF-α -237A SNPs that was restricted to
controls and hypothesized that this haplotype may confer a
protective effect to individuals having it. These results raise
an intriguing question about the role of TNF-α -238 and
whether this SNP somehow has a role or not in affecting
transcription levels. However, there exists evidence that this
sequence location may be placed within a putative repressor
recognition sequence, the transcription repression site [39] that
spans a 25-bp stretch between positions -230 and -250 in the
promoter region. Further evidence of a potential site was given
by Kaluza et al. [40] who found that peripheral blood mononu-
clear cells from psoriasis patients and controls, who were hetero-
zygous for the TNF-α -238 polymorphism, showed a decrease in
TNF alpha production after stimulation with different mitogens
and antigens. To the best of our knowledge, there have not been
more reports about a transcriptional regulator in this sequence.

The results of previous studies on the effects of the IL-10 -
1082 polymorphism and the risk of cervical cancer are con-
troversial. This polymorphism has been found to be associated
with the risk of cervical cancer development in populations
from Zimbabwe and Japan [27, 41], while studies in The
Netherlands [42], South Africa [43], and Hungary [44] did
not find any association. In Japanese population, IL-10 -1082
genotypes corresponding to high production of interleukin
(GA and GG) were significantly associated with cervical
disease severity [41]. As pointed out by the authors, the
discrepancy of reported results among studies may be
explained by the frequency of the G allele in healthy controls:
0.09 in Japan [41], 0.16 in Zimbabwe [27], 0.75 in Hungary
[44], and 0.78 in The Netherlands [42]. Evidently, the allele
frequencies of this polymorphism appeared to differ widely
according to ethnicity. In the UK, the frequency of G allele
was 0.52 in South East England [45] and 0.49 in Manchester
[46]. In contrast, Chinese populations have the lowest fre-
quencies for this allele [47], with a frequency as low as 0.06.
As expected, the G alelle frequency obtained in this study
(0.32) was similar to that reported for Italy (0.37) [48], show-
ing no relation with cervical cancer risk.

Finally, although we found that the effect of TNF-α -238
heterozygous genotype was different among the groups of
IL-10, suggesting a potential interaction, this difference was
not statistically significant (P00.08). In conclusion, the
present evidence supports the consideration of a potential
effect of TNF-α -238 A/G in the reduction of cervical cancer
risk in Argentine women, but not TNF-α -308 or IL-10.
Larger studies are needed to fully understand the genetic
predisposition for the development of cervical cancer.
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