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1. Background

ABSTRACT

Background: Human papillomavirus (HPV) plays a central role in cervical cancer development. However,
only a small fraction of infected women develop the disease. Additional risk factors, including SNPs in
immune system and cytokine genes, are likely to be important determinants.
Objective: We investigated the potential role of cytokine TNF-a promoter SNPs (TNFa-375A, TNFa-307A,
TNFa-243A, and TNFa-237A) in the development of high-grade cervical lesions and cancer in urban
women from Posadas (Misiones, Argentina).
Study design: Fifty-six cases (CINIII and invasive carcinoma) and 113 age-matched controls were included
in the study. HPV genotype detection was conducted by PCR. TNFa SNP genotyping was conducted
through PCR amplification and direct sequencing of genomic DNA.
Results: We observed differences in the allelic distribution of TNFa-307A and TNFa-375A SNPs among
cases and controls (p <0.05). The TNFa-307A variant was associated with cervical cancer at an OR 2.4
(CI95% 1.1-5.4), while the TNFa-375A SNP was identified in 8.8% of the controls and none of the cases.
Moreover, the TNFa-375A always occurred in association with the TNFa-237A SNP, indicating linkage
disequilibrium between them.
Conclusion: Our study suggests that the presence of the high producer allele TNFa-307A is associated with
an increased risk for the development of cervical cancer in the Posadas population. We also speculate
that the “protective effect” of the TNFa-375A/-237A haplotype, which was restricted to controls, may be
related to HLA genes linked on chromosome 6. These findings contribute to our understanding of immune
gene variation in an Argentinean population, and its role in disease susceptibility.

© 2011 Elsevier B.V. All rights reserved.

HR).23 However, epidemiological studies have shown that only a
small fraction of women infected with HPV-HR will develop high-

The relationship between genital infection by certain types of
human papillomavirus (HPV) and the development of cervical can-
cer is firmly established.! These clinically important HPVs belong
to the Papillomaviridae family, Alpha-Papillomavirus Genus, species
A6, A7 and A9, and are generally identify as High-Risk Types (HPV-

Abbreviations: HPV, human papillomavirus; TNFa, Tumor Necrosis Factor-
alpha; SNPs, single nucleotide polymorphisms; CIN-3, cervical intraepithelial
neoplasia grade 3; H-SIL, high-grade squamous intraepithelial lesion; ISCC, invasive
squamous cell carcinoma; HLAs, Human Leukocyte Antigens.
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grade lesions and invasive cancer. Therefore, other factors acting
in conjunction with HPV infection likely influence this transition
to cancer. Along with environmental and lifestyle factors,* human
genetic markers are likely to be involved in this process.®

The Tumor Necrosis Factor-alpha (TNFa) is a multifunctional
cytokine that plays a central role in the human immune response
against a wide range of pathogens, including HPV. Despite its ben-
eficial functions, the systemic excessive production of TNFo can
also contribute to the development of autoimmune and malignant
diseases.5” Moreover, increased levels of serum TNFa have been
described in cervical cancer patients, and are associated with a poor
disease outcome.? This effect has been explained by its ability to
induce angiogenesis.>10 Overall, the dual role of TNFa, which acts
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as an agent of both innate immunity and inflammatory and malig-
nant pathology, poses a considerable challenge for understanding
the genetic regulation of its production.

The human TNFa gene has been mapped to human chromosome
6 (6p21.3) in the Human Leukocyte Antigen (HLA) region between
the Class I HLA-B and the Class Il HLA-DR loci.!! The analysis of
genetic variation in the TNFa promoter resulted in the discov-
ery of single nucleotide polymorphisms (SNPs) located at positions
—-1030, —862, —856, —574, —375, —307, —243, and —237 from the
transcription start point.'2-16 Furthermore, studies indicated that
certain SNPs were in linkage disequilibrium with neighboring HLA
genes,12-1416.17 occurred in distinct patterns in different ethnic
groups,!” and influenced TNFa transcription.!8:19

Although the last point is still controversial, 202! these SNPs have
been classified based on their functional effect as “high” or “low”
producers and studied in the context of cervical cancer develop-
ment. For example, the TNFa-307 SNP is a transition (G — A) that
reportedly doubled TNFa production in vitro,'® and is considered a
risk factor for cancer.?? On the other hand, the TNFa-237 SNP is a
transition (G — A) that reportedly decreases TNFa production.23 It
has further been associated with a protective genotype for invasive
squamous cell carcinoma development.24

In Argentina, Misiones Province has one of the highest mortality
rates for cervical carcinoma in the country, with values of 10 cases
in 100,000 women compared to 4.5 in 100,000 in Buenos Aires.2>
In addition, epidemiological studies have showed an elevated HPV
genital infection in asymptomatic white urban women (43%) and
Guarani Indian women inhabiting the area (64%).2627 For these
reasons, screening women for cervical cancer remains an impor-
tant health and economic concern throughout the region. However,
investigations designed to delineate the underlying immunological
mechanisms involved in the natural control of HPV infection and
cervical cancer are also needed. Thus, in this study, we evaluate
the potential role of TNFa allelic diversity in cervical cancer in a
population from Posadas.

2. Objective

To investigate the potential role of cytokine TNF-a promoter
SNPs (TNFa-375A, TNFa-307A, TNFa-243A, and TNFa-237A) in the
development of high-grade cervical lesions and cancer in urban
women from Posadas (Misiones Province, Argentina).

3. Study design
3.1. Study design and bioethics

One hundred and sixty nine patients were selected for a
case-control study. Case samples of cervical intraepithelial neo-
plasia grade 3 (CIN-3), which includes high-grade squamous
intraepithelial lesion (H-SIL) and in situ carcinoma, and invasive
squamous cell carcinoma (ISCC) were obtained without identi-
fiers from the Tumor Registry database (years 2005-06) at the
Department of Pathology, Hospital Escuela de Agudos “Dr Ramén
Madariaga”, Posadas, Misiones (Argentina). For each case, two con-
trol subjects were recruited from unrelated women visiting the
Department of Gynecology at the same institution for routine gyne-
cological care between the same periods. All controls gave their
informed consent to participate in the study. The general criteria for
inclusion were (a) normal cytology by Pap smears, (b) age-matched
(5 years range), and (c) the same area of residence and time of
sample collection.

The final study groups comprised 56 cases with histo-
pathologically confirmed high-grade cervical lesions and cancer (27
CIN3 [13 H-SIL and 14 carcinoma in situ] and 29 ISCC), and 113

healthy women (normal cytology). Information on ethnicity was
not collected. However, judging from the usual demographics for
patients at the hospital, we estimated that the patients and con-
trols were similar, and broadly representative of the population of
Posadas (i.e., white-admixed of Amerindian-European descent).

The Research Ethics Committee of the Argentinian institutions
(Comité de Bioética del Departamento de Docencia e Investigacién
del Hospital Escuela de Agudos Dr. Ramén Madariaga) and Institu-
tional Review Board of the University of Pennsylvania approved the
study design. All procedures were carried out in accordance with
the Helsinki Declaration.

3.2. Samples

Genomic DNA was isolated from fresh cervical samples
(endo-ecto-cervical) collected with cytobrush (controls) and 5-10
10-pm sections of archival paraffin-embedded, formaldehyde-
fixed tissue samples (cases) using the QIAGEN Extraction Kit as
recommended by the manufacturer.

3.3. HPV detection and typing

HPV detection was performed with L1 consensus primers
MY09-MY11.28 The typing of HPV DNA positive samples was per-
formed by E6-Nested Multiplex PCR (E6-NMPX) with cocktails of
primers C-1 (HPV-HR 16, 18, 31, 45, and 59) and C-2 (HPV-HR 33,
56, 52, 58 and HPV low Risk 6 and 11).29 Samples which could not
be typed by E6-NMPX PCR were subjected to RFLP analysis.28

3.4. TNFa promoter SNPs

We developed two pair of primers for this study (Table 1). The
target is shorter in the PCR protocol for the case group, since the
amplification of large genomic sections was difficult in archival tis-
sue, probably due to DNA degradation. PCR reactions were carried
out in 75 pl of solution containing 100 ng of template DNA, 50 mM
KCl, 20mM Tris-HCl (pH 8.4), 1.5mM MgCl,, 200 uM of each
dNTPs, 1 wM of each primer and 2U of Taq polymerase. Positive
(human DNA) and negative (no template) controls were included
in all amplifications. Amplification conditions for each protocol are
detailed in Table 1. Ten .l of PCR products were run in 1.5% agarose
gels and visualized through ethidium bromide staining.

The remaining sample was purified and subjected to sequencing
using the amplification primers with Big Dye Terminator Pre-Mix
v3.1 kits (Applied Biosystems) as described in 30, 31. All sequences
were read on an ABI 3130xl Gene Analyzer, and the resulting
sequence data aligned and analyzed using Codon Code aligner soft-
ware v 3.0.1 (CodonCode Corporation). In order to test the accuracy
of genotyping, we randomly repeated 40 sequences (24.1%), and
obtained identical results.

3.5. Statistical analysis

Allele and genotype frequencies were calculated by direct
counting. Genotype proportions for the controls were tested for
Hardy-Weinberg equilibrium using Arlequin 3.1.32 Haplotypes
were computationally inferred from sequence data for linkage dis-
equilibrium analysis (DNAsp version 5.00.04).33 The distribution of
genotypes among cases and controls were compared by x2 or two-
tailed Fisher exact test. Logistic regression was used to estimate the
odds ratio (OR) and 95% confidence intervals (CIs).
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Table 1
Primers and PCR profiles.
Primers Primer position? Product PCR profile®
Controls
5'-CCAGCATTATGAGTCTCCG-3’ —678 to —660 722bp 40 cycles of 95°C, 1 min
(denaturation); 61°C, 1 min
(annealing); 72 °C, 1 min (extension)
5-TAGCTGGTCCTCTGCTGTC-3' +31 to +49
Cases
5'-CACAGGCCTCAGGACTCAAC-3’ —490 to —471 363bp 45 cycles of 94°C, 1 min
(denaturation); 62 °C, 1 min
(annealing); 72°C, 1 min (extension)
5'-ACCTTCTGTCTCGGTTTCTTC-3' —128 to —148

2 Positions are indicated as minus (—) or plus (+) to indicate their position relative to the transcription start point in the TNF-o human gene.
b The PCR profile includes an initial denaturation step of 95 °C for 3 min and a final extension of 72 °C for 5 min.

4. Results
4.1. Study population profile

The mean age of the 56 patients included in this study was 44.4
years (SD=11.2; range 23-71; median 43.0). This age distribution
was not different (median test p=0.11) from that of the 113 healthy
controls, whose mean age was 41.9 years (SD = 10.4; range 28-70;
median 40).

4.2. HPV detection and typing

HPV DNA was detected in 31.0% of control women and 80.4% of
cases. Fourteen patients presented co-infections and twelve could
not be typed. Details on HPV type specific frequencies are shown in
Table 2. In agreement with worldwide data, infection with HPV-
16 and -18 was higher in the case group compared to controls
(57.1% vs. 5.3%). Based on these findings, the associated risk for
HPV-16/18 infection and cervical cancer was estimated at an OR of
23.8 (8.9-63.2).

4.3. Genotyping of TNFa promoter SNPs

The allele frequencies of TNFa promoter SNPs are shown in
Table 3. The frequency of the TNFa-237A allele was similar between
cases and controls (0.053 and 0.079, respectively; p>0.05). We
found only two carriers for the TNFa-243A polymorphism and they
occurred in the case group (0.018). In addition, the frequency of the
TNFa-307A allele was 0.125 in the cases and 0.053 in the controls,
a difference that was statistically significant (p <0.05). The allele
TNFa-375A was found only in controls (0.044), which also reached
statistical significance (p <0.05).

The genotype distribution and potential association in the
healthy controls and cancer patients is shown in Table 4. Geno-
type frequencies for TNFa-307, —237 and —375 were found to be
in Hardy-Weinberg equilibrium. TNFa-307A was associated with
cervical cancer development with an OR of 2.4 (1.1-5.4).

4.4. Haplotype analysis

Haplotypes inferred from genotype data are shown in Table 5.
Haplotype analysis also indicated linkage disequilibrium between

Table 2

HPV types in the control and case groups.
HPV types Controls Cases

n % n %

High risk
HPV-16 2 1.8 25 44.5
HPV-18 - - 2 3.6
HPV-33 8 7.1 1 1.8
HPV-45 - - 1 1.8
HPV-52 3 2.6 - -
HPV-56 5 4.4 - -
HPV-31 1 0.9 - -
HPV-58 1 0.9 -
HPV-61 2 1.8 - -
Low risk?
HPV-6/11 1 0.9 2 3.6
Mixed infections
HPV-16 + HPV-18 + HPV-6/11 1 0.9 - -
HPV-16 + HPV-6/11 3 2.6 1 1.8
HPV-33 + HPV-56 1 0.9 - -
HPV-33 +HPV-52 1 0.9 - -
HPV-31+HPV-45 1 0.9 - -
HPV-56 + HPV-6/11 1 0.9 1 1.8
HPV-16 + HPV-52 - - 1 1.8
HPV-16 + HPV-33 - - 2 3.6
HPV-16 + HPV-18 - - 1 1.8
Positive undetermined 4 3.5 8 143
Negative 78 69.0 11 19.6
Total 113 100.0 56 100.0

a HPV-6 and HPV-11 are indicated as a combined prevalence (HPV-6/11), according to Sotlar et al.??
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Table 3
Allele frequencies of TNFa promoter SNPs in cases and controls.
SNPs Allele Control (n=226) Cases (n=112) p-Value
-375 G 0.956 (216) 1.000 (112) 0.03
A 0.044 (10) 0.000 (0)
-307 G 0.947 (214) 0.875(98) 0.03
A 0.053(12) 0.125(14)
—243 G 1.000 (226) 0.982 (110) 0.1
A 0.000 (0) 0.018 (2)
—237 G 0.921 (208) 0.947 (106) 0.5
A 0.079 (18) 0.053 (6)

The number of allele counted is noted in parentheses.
The p-values that are statistically significant are indicated in bold (p <0.05).

Table 4

Genotype frequencies (%) of TNFa promoter SNPs and potential associations between case and control subjects.

SNPs Genotype Control (n=113) Cases (n=56) OR (CI 95%) or
p-value?
-375 G/G 91.2(103) 100 (56) 0.03
G/A 8.8(10) 0(0)
-307 G/G 89.4(101) 78.6 (44) 1 (Ref)
G/A 10.6 (12) 17.8(10) 24(1.1-54)
AJA 0(0) 3.6(2)
—243 G/G 100(113) 96.4 (54) 0.6
G/A 0(0) 3.6(2)
-237 G/G 84.9 (96) 89.3(50) 0.11
G/A 14.2 (16) 10.7 (6)
AJA 0.9(1) 0(0)

2 x? or two-tailed Fisher exact test.

The frequency of each genotype is followed by the total number of individuals counted which is noted in parentheses.

the TNFa-237A and TNFa-375A SNPs (coefficient of linkage dise-
quilibrium, D’ = 1; p=0.000). The overall distribution of haplotypes
was significantly different between case subjects and control sub-
jects. Haplotype #2, defined by the TNFx-237A and TNFa-375A
SNPs, was present in only control subjects (p=0.03), whereas
haplotype #3, defined by the TNFa-307A SNP, was present at a
significantly higher frequency in case subjects compared to control
subjects (p=0.03).

5. Discussion

The role of host genetic variation in determining susceptibility to
cervical cancer development is the focus of much research around
the world.>3435 In Argentina, human genetic factors analyzed dur-
ing the last few years include polymorphisms in the oncogene ras
and the tumor suppressor gene p53.36-3% However, information
about variation in immune system genes (HLA, cytokines) is still
scarce.39

In this work, our association study shows that individuals car-
rying TNFa-307A allele were more frequently members of the case
group (21.5%) than the control group (10.6%), at an OR value of 2.4

Table 5
TNFa promoter haplotypes among cases and controls.

(CI 95% 1.1-5.4). This is an important finding, as the TNFa-307A
polymorphism has been associated with invasive cervical cancer
in European (Portuguese) and Indian women,*0#! but not those
from Africa.*243 TNFa SNPs have also been reported to occur at
different frequencies within different ethnic groups.!” These differ-
ences may be due to endogamy, population stratification, selection
or symptoms of disease association. The Misiones province from
which the study populations were drawn is ethnically diverse, with
the white population (Amerindian-European admixed) living in
rural and urban areas and Amerindians of the Guarani tribe inhab-
iting the rainforest of the region. In this regard, it is interesting
to note that, within Misiones, the TNFa-307A is absent in Guarani
Indians.*4

As a final point, we detected a haplotype defined by the TNFa-
375A and TNFa-237A SNPs that was restricted to controls, and
hypothesize that this haplotype may confer a “protective effect”
to individuals having it. However, the TNFa gene is particularly
difficult to study in isolation because, in being part of the MHC
class III cluster, it is an integral component of this HLA gene com-
plex. Thus, previous studies have shown an association between
the —375, —307, —237 and -243 variants and extended HLA

Haplotype/SNPs -375 -307 —243 -237 Controls (n=226) Cases (n=112) p-Value
H1 G G G G 196 91 0.2

H22 A G G A 10 0 0.03
H3 G A G G 12 14 0.03
H4 G G A G 0 1 0.3

H5 G G G A 8 5 0.6

H6 G G A A 0 1 0.3

Haplotypes statistically inferred by DNAsp for the TNFa promoter region.

2 Haplotype analysis also indicated linkage disequilibrium between TNF-237A and TNF-375A (coefficient of linkage disequilibrium, D’ =1; p=0.000).
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haplotypes.’®17 For example, the polymorphism at TNFa-307 is
linked with the HLA A1-B8-DR3-DQ2,'6 and within this haplo-
type HLA-DR3 has been specifically linked with cervical cancer.*>
Studies of HLA distributions in Argentinean women show that
HLA-DRB1*04 and HLA-DQB1*0302 are risk factors for malig-
nant progression, whereas HLADRB1*13 and HLA-DQB1*02 have a
protective effect.3® Based on these observations, it will be neces-
sary to extend our study to the evaluation of HLA alleles in linkage
disequilibrium with the described TNF-o SNPs.

This paper is the first report of TNFa SNP variation in Misiones,
and will contribute to the characterization of immunological
genetic markers in Argentina. In this respect, we are aware that
small population studies have low power to detect statistically sig-
nificant associations. Therefore, future pooling efforts are needed
to confirm the patterns of genetic diversity and disease association
observed in this project.

Funding

This research was supported by grants from the Agencia
Nacional de Promocién Cientifica y Tecnolégica (ANPCyT) Grant
number: PICT Red 311; the Comité Ejecutivo de Desarrollo e
Innovacién Tecnolégica (CEDIT); and the International Society for
Infectious Diseases (ISID). Quintero and Stietz were recipients of
Undergraduate Fellowships from CEDIT. Badano was recipient of a
PhD fellowship from ANPCyT (2005-2007) and ISID (2008).

Competing interests

The Funding Agencies have not been involved in the study
design, data collection, analysis, and paper writing and submission.
The authors have no conflicts of interest to declare.

Ethical approval

This study has been approved by the Comité de Bioética del
Departamento de Docencia e Investigacion del Hospital Escuela de
Agudos Dr. Ramén Madariaga, Posadas, Misiones, Argentina, and
the Institutional Review Board at the University of Pennsylvania.

Acknowledgement

This work was conducted in the memory of Sergio Tonon.

References

1. zur Hausen H. Papillomavirus infections - a major cause of human cancers.
Biochim Biophys Acta 1996;1288:F55-78.

2. de Villiers EM, Fauquet C, Broker TR, Bernard HU, zur Hausen H. Classification
of papillomaviruses. Virology 2004;324:17-27.

3. Munoz N, Bosch FX, de Sanjose S, Herrero R, Castellsague X, Shah KV, et al.
Epidemiologic classification of human papillomavirus types associated with
cervical cancer. N Engl | Med 2003;348:518-27.

4. Castellsague X, Bosch FX, Munoz N. Environmental co-factors in HPV carcino-
genesis. Virus Res 2002;89:191-9.

5. Hildesheim A, Wang SS. Host and viral genetics and risk of cervical cancer: a
review. Virus Res 2002;89:229-40.

6. Abrahamsson J, Carlsson B, Mellander L. Tumor necrosis factor-alpha in malig-
nant disease. Am J Pediatr Hematol Oncol 1993;15:364-9.

7. Hajeer AH, Hutchinson IV. Influence of TNF-alpha gene polymorphisms on
TNFalpha production and disease. Hum Immunol 2001;62:1191-9.

8. Chopra V, Dinh TV, Hannigan EV. Circulating serum levels of cytokines
and angiogenic factors in patients with cervical cancer. Cancer Invest
1998;16:152-9.

9. Ardizzoia A, Lissoni P, Brivio F, Tisi E, Perego MS, Grassi MG, et al. Tumor necrosis
factor in solid tumors: increased blood levels in the metastatic disease. J Biol
Regul Homeost Agents 1992;6:103-7.

10. OroszP,Kruger A, Hubbe M, Ruschoff], Von HP, Mannel DN. Promotion of exper-
imental liver metastasis by tumor necrosis factor. Int ] Cancer 1995;60:867-71.
11. 0Old LJ. Tumor necrosis factor (TNF). Science 1985;230:630-2.

12. Uglialoro AM, Turbay D, Pesavento PA, Delgado JC, McKenzie FE, Gribben ]G,
etal. Identification of three new single nucleotide polymorphisms in the human
tumor necrosis factor-alpha gene promoter. Tissue Antigens 1998;52:359-67.

13. HiguchiT, Seki N, Kamizono S, Yamada A, Kimura A, Kato H, et al. Polymorphism
of the 5'-flanking region of the human tumor necrosis factor (TNF)-alpha gene
in Japanese. Tissue Antigens 1998;51:605-12.

14. D’Alfonso S, Richiardi PM. A polymorphic variation in a putative regulation box
of the TNFA promoter region. Immunogenetics 1994;39:150-4.

15. Zimmerman PA, Guderian RH, Nutman TB. A new TNFA promoter allele iden-
tified in South American Blacks. Immunogenetics 1996;44:485-6.

16. Wilson AG, de VN, Pociot F, di Giovine FS, van der Putte LB, Duff GW. An
allelic polymorphism within the human tumor necrosis factor alpha promoter
region is strongly associated with HLA A1, B8, and DR3 alleles. ] Exp Med
1993;177:557-60.

17. Baena A, Leung JY, Sullivan AD, Landires I, Vasquez-Luna N, Quinones-Berrocal
J, et al. TNF-alpha promoter single nucleotide polymorphisms are markers of
human ancestry. Genes Immun 2002;3:482-7.

18. Wilson AG, Symons JA, McDowell TL, McDevitt HO, Duff GW. Effects of a
polymorphism in the human tumor necrosis factor alpha promoter on tran-
scriptional activation. Proc Natl Acad Sci U S A 1997;94:3195-9.

19. Kroeger KM, Carville KS, Abraham LJ. The —308 tumor necrosis factor-alpha
promoter polymorphism effects transcription. Mol Immunol 1997;34:391-9.

20. Brinkman BM, Zuijdeest D, Kaijzel EL, Breedveld FC, Verweij CL. Relevance of
the tumor necrosis factor alpha (TNF alpha) —308 promoter polymorphism in
TNF alpha gene regulation. J Inflamm 1995;46:32-41.

21. Bayley JP, de RH, van den Elsen PJ, Huizinga TW, Verweij CL. Functional analysis
of linker-scan mutants spanning the —376, —308, —244, and —238 polymorphic
sites of the TNF-alpha promoter. Cytokine 2001;14:316-23.

22. Liu L, Yang X, Chen X, Kan T, Shen Y, Chen Z, et al. Association between TNF-a
polymorphisms and cervical cancer risk: a meta-analysis. Mol Biol Rep 2011,
doi:10.1007/s11033-011-1022-9 [Epub ahead of print].

23. Kaluza W, Reuss E, Grossmann S, Hug R, Schopf RE, Galle PR, et al. Differ-
ent transcriptional activity and in vitro TNF-alpha production in psoriasis
patients carrying the TNF-alpha 238A promoter polymorphism. J Invest Der-
matol 2000;114:1180-3.

24. Jang WH, Yang YI, Yea SS, Lee Y], Chun JH, Kim HI, et al. The —238 tumor
necrosis factor-alpha promoter polymorphism is associated with decreased
susceptibility to cancers. Cancer Lett 2001;166:41-6.

25. Matos E, Loria D, Zengarini N, Fernandez MM, Guebel CG, Marconi E, et al.
Atlas de Mortalidad por cdncer en Argentina 1997-2001. Argentina: Ministerio
de Salud de la Nacién; 2003.

26. Tonon SA, Picconi MA, Zinovich JB, Liotta D], Bos PD, Galuppo JA, et al. Human
papillomavirus cervical infection and associated risk factors in a region of
Argentina with a high incidence of cervical carcinoma. Infect Dis Obstet Gynecol
1999;7:237-43.

27. Tonon SA, Picconi MA, Zinovich ]B, Nardari W, Mampaey M, Badano I, et al.
Human papillomavirus cervical infection in Guarani Indians from the rainforest
of Misiones, Argentina. Int | Infect Dis 2004;8:13-9.

28. Bernard HU, Chan SY, Manos MM, Ong CK, Villa LL, Delius H, et al. Iden-
tification and assessment of known and novel human papillomaviruses by
polymerase chain reaction amplification, restriction fragment length poly-
morphisms, nucleotide sequence, and phylogenetic algorithms. J Infect Dis
1994;170:1077-85.

29. Sotlar K, Diemer D, Dethleffs A, Hack Y, Stubner A, Vollmer N, et al. Detection
and typing of human papillomavirus by E6 nested multiplex PCR. ] Clin Microbiol
2004;42:3176-84.

30. Gokcumen O, Dulik MC, Pai AA, Zhadanov SI, Osipova LP, Andreenkov O, et al.
Genetic variation in the enigmatic Altaian Kazakhs of South-Central Russia:
insights into Turkic population history. Am J Phys Anthropol 2008;136:278-93.

31. Rubinstein S, Dulik MC, Gokcumen O, Zhadanov SI, Osipova LP, Mehta N, et al.
Russian Old Believers: genetic consequences of their persecution and exile, as
shown by mitochondrial DNA evidence. Hum Biol 2008;80:203-38.

32. Excoffier L, Laval G, Schneider S. Arlequin (version 3.0): an integrated soft-
ware package for population genetics data analysis. Evol Bioinform Online
2005;1:47-50.

33. Rozas ]. DNA sequence polymorphism analysis using DnaSP. Methods Mol Biol
2009;537:337-50.

34. Koushik A, Platt RW, Franco EL. p53 codon 72 polymorphism and cer-
vical neoplasia: a meta-analysis review. Cancer Epidemiol Biomarkers Prev
2004;13:11-22.

35. Madeleine MM, Johnson LG, Smith AG, Hansen JA, Nisperos BB, Li S, et al. Com-
prehensive analysis of HLA-A, HLA-B, HLA-C, HLA-DRB1, and HLA-DQB1 loci
and squamous cell cervical cancer risk. Cancer Res 2008;68:3532-9.

36. Alonio LV, Picconi MA, Dalbert D, Mural ], Bartt O, Bazan G, et al. Ha-ras onco-
gene mutation associated to progression of papillomavirus induced lesions of
uterine cervix. J Clin Virol 2003;27:263-9.

37. Landro ME, Dalbert D, Picconi MA, Cuneo N, Gonzalez ], Vornetti S, et al. Human
papillomavirus and mutated H-ras oncogene in cervical carcinomas and patho-
logical negative pelvic lymph nodes: a retrospective follow-up. ] Med Virol
2008;80:694-701.

38. Abba MC, Villaverde LM, Gomez MA, Dulout FN, Laguens MR, Golijow CD. The
p53 codon 72 genotypes in HPV infection and cervical disease. Eur J Obstet
Gynecol Reprod Biol 2003;109:63-6.

39. Eiguchi K, Tatti S, Alonio LV, Gonzalez ]V, Leiros GJ, Fleider L, et al. Association
of DRB1 and DQB1 HLA class Il polymorphisms in high-grade and neoplastic
cervical lesions of women from Argentina. ] Low Genit Tract Dis 2008;12:262-8.




40.

41.

42.

1. Badano et al. / Journal of Clinical Virology 53 (2012) 54-59 59

Duarte I, Santos A, Sousa H, Catarino R, Pinto D, Matos A, et al. G-308A TNF-
alpha polymorphism is associated with an increased risk of invasive cervical
cancer. Biochem Biophys Res Commun 2005;334:588-92.

Kohaar I, Thakur N, Salhan S, Batra S, Singh V, Sharma A, et al. TNFalpha-308G/A
polymorphism as a risk factor for HPV associated cervical cancer in Indian
population. Cell Oncol 2007;29:249-56.

Stanczuk GA, Sibanda EN, Tswana SA, Bergstrom S. Polymorphism at the —308-
promoter position of the tumor necrosis factor-alpha (TNF-alpha) gene and
cervical cancer. Int | Gynecol Cancer 2003;13:148-53.

43.

44,

45.

Govan VA, Constant D, Hoffman M, Williamson AL. The allelic distribution
of —308 Tumor Necrosis Factor-alpha gene polymorphism in South African
women with cervical cancer and control women. BMC Cancer 2006;6:24.
Badano I. TNF-alpha promoter Single Nucleotide Polymorphisms (SNPs)
and Human Papillomavirus (HPV) cervical infection in Guarani Indian
women inhabiting the rainforest of Misiones, Argentina. ISID News 2008;8:
7-8.

Krul EJ, Schipper RF, Schreuder GM, Fleuren GJ, Kenter GG, Melief CJ. HLA and
susceptibility to cervical neoplasia. Hum Immunol 1999;60:337-42.



	Analysis of TNFα promoter SNPs and the risk of cervical cancer in urban populations of Posadas (Misiones, Argentina)
	1 Background
	2 Objective
	3 Study design
	3.1 Study design and bioethics
	3.2 Samples
	3.3 HPV detection and typing
	3.4 TNFα promoter SNPs
	3.5 Statistical analysis

	4 Results
	4.1 Study population profile
	4.2 HPV detection and typing
	4.3 Genotyping of TNFα promoter SNPs
	4.4 Haplotype analysis

	5 Discussion
	Funding
	Competing interests
	Ethical approval
	Acknowledgement
	References


