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Effect of Glutathione-S-Transferase M1 and T1 Allelic
Polymorphisms on HPV-induced Cervical Precancer Formation
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Abstract. Aim: The effect of GSTM1 and GSTTI allelic
polymorphisms was studied on the HPV-induced cervical
carcinogenesis. Patients and Methods: Two hundred and
fifty-three women with persistent high-risk HPV infection
were involved in the study; 117 of them developed cervical
high-grade dysplasia and/or cervical intraepithelial
neoplasia grade Il during the 7-year follow-up period.
Occurrence of GSTMI and GSTTI null genotypes was
compared between women with and without dysplasia.
Results: Presence of GSTM1 (OR=1.78, 95% CI=1.06-2.97;
p=0.028) and GSTTI (OR=1.89, 95% CI=1.10-3.26;
p=0.022) null genotypes was statistically significantly more
frequent among women with cervical dysplasia than in the
group without dysplasia. Participants with dual null
genotype had an even more elevated risk of precancerous
lesion (OR=2.35,95% CI=1.17-4.73; p=0.017). Conclusion:
Our study demonstrated the role of both GSTM1 and T1 null
genotypes in the development of high-grade cervical
dysplasia in a Caucasian population.

During recent decades the mortality from cervical cancer has
decreased in developed countries, but the incidence is still
high, as it that of precancerous lesions (1). Human
papillomavirus (HPV) infection has been identified as being
the strongest risk factor in cervical carcinogenesis (2-4).
Intensive research has led to the identification of high-risk
strains of HPV (e.g. 16, 18, 31, 45), (5-6). The risk of cervical
cancer or dysplasia in women with persistent high-risk HPV
infection is between 10-40% (7-9). Several other external risk
factors have also been described to have an influence on
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cervical cancer/precancerous lesion formation, e.g. smoking,
use of oral contraceptives, certain lifestyle factors (10-12).
The role of different genetic risk modifiers has also been
extensively studied. Allelic polymorphism of carcinogen-
metabolizing enzymes has been found to influence the risk of
cervical cancer, or formation of precancerous lesions in
certain populations (13-16). In spite of the numerous studies
in this field, there are still several open questions concerning
the effect of these polymorphisms on the cervical
carcinogenesis. The glutathione-S-transferases (GSTs) form
one of the most important groups of phase II metabolizing
enzymes: these enzymes conjugate carcinogenic compounds
with glutathione, thus inactivating and making them more
water soluble (17-19). The most frequently studied members
of this enzyme superfamily are the GSTM1 and GSTTI
enzymes. The genes for both of these exhibit an
insertion/deletion polymorphism, resulting in null (O,
homozygous deletion) and + (with at least one functional
allele) genotypes. GSTM1 and/or GSTTI O genotypes have
been found in some studies to increase the risk of cervical
cancer or precancer (20-23). There was, however, an
inconsistency between the results, primarily caused by
heterogeneous study designs, non-comparable enrollment
criteria, and different HPV status or genetic background of
the study populations. Two recent meta-analyses have also
been published, indicating the need for further research on
this field, particularly in relation to the difference between
Asian and Caucasian populations, and concerning the joint
effect of the two polymorphisms (24-25).

In the present study we investigated the effect of GSTMI
and GSTT! polymorphisms on the risk of precancerous
cervical lesion formation in a Hungarian population with
persistent high-risk HPV infection.

Patients and Methods
Two hundred and fifty-three women, with a persistent high-risk

HPV positivity, were involved in the study. The participants were
selected from women attending gynecological screening at the Fejér
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County Szent Gyorgy Hospital or at the Didsgy6r Hospital,
Hungary. They had no cervical cancer or dysplasia at the beginning
of the observation period. Informed consent was collected from the
participants at their enrollment in the study. Occurrence of
precancerous cervical lesion (high-grade dysplasia or cervical
intraepithelial neoplasia grade III) was registered during a 7-year
follow-up period (with annual gynecological examination, cervix
cytology, or biopsy if needed).

After DNA isolation (26) from samples taken for cervical
cytology, a simultaneous genotyping of GSTM1 and GSTTI was
performed (27) by polymerase chain reaction (PCR). The
amplification took place in the presence of an internal control (a
268 bp fragment of the P-globin gene), in 15 ul total volume
containing 0.5 U Taqg DNA polymerase (Go Taq, Promega, Madison,
WI, USA), 1X Buffer (Promega), 2 ul DNA template, 200 uM
dNTP and 1.5 mM MgCl,, 30-30 pmol GSTTI-F and GSTTI-R
primers, 50-50 pmol GSTMI-F and GSTMI-R primers, 20-20 pmol
[-globin-F and (3-globin-R primers. The primer sequences were as
follows: GSTMI-F: GAACTCCCTGAAAAGCTAAAGC, GSTMI-
R: GTTGGGCTCAAATATACGGTGG, GSTTI-F: TTCCTTACT
GGTCCTCACATCTC, GSTTI-R: TCACCGGATCATGGCC
AGCA, B-globin-F: CAACTTCATCCACGTTCACC, f3-globin-R:
GAAGAGCCAAGGACAGGTAC. After a 7 min denaturation at
94°C, 35 PCR cycles were performed: 60 sec at 94°C, 60 sec at
60°C, 60 sec at 72°C, followed by 5 min at 72°C. The PCR products
were visualized by electrophoresis in 2% agarose gel. The
amplification resulted in a 215 bp fragment for the GSTM1+
genotypes and a 480 bp fragment in case of GSTT1+ individuals.
Lack of the appropriate band indicated the O (null) genotype for the
given polymorphism. Occurrence of 0 and + genotypes were
compared between participants with and without cervical
precancerous lesions.

The demographic characteristics of the groups were compared
by Student’s 7-test for independent samples or Pearson’s chi-square
test. Occurrence of the genotypes was compared by multivariate
logistic regression analysis. Odds ratios (ORs) with 95%
confidence intervals (CIs) were calculated, and chi-square analysis
was performed to describe the association between GST genotypes
and cervical dysplasia. The ORs were adjusted for age, age at
menarche, age at first intercourse, parity, and number of abortions.
P<0.05 was used as a level of statistical significance throughout
the analysis. The statistical analysis was performed using the IBM
SPSS Statistics software package version 19 (SPSS Inc., Chicago,
IL, USA).

Results

Over the 7-year follow-up period, high-grade dysplasia or
CIN grade III developed in 117 participants, while 136 had
no such abnormalities. The main demographic characteristics
of these women are shown in Table I. The demographic
characteristics of the two groups did not differ statistically
significantly from each other. The presence of the GSTM1
(OR: 1.78, 95% CI: 1.06-2.97; p=0.028) and GSTT1
(OR=1.89, 95% CI=1.10-3.26; p=0.022) 0 genotype was
statistically significantly more frequent among women with
precancerous lesions than in the healthy group. The
association was even stronger for those individuals who
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belonged to the dual high-risk genotype (OR=2.35, 95%
CI=1.17-4.73; p=0.017; Table II). These results demonstrate
a risk-increasing effect of the null genotypes, particularly in
combination with each other.

Discussion

Undoubtedly the most important factor in cervical
carcinogenesis is persistent infection with a high-risk strain of
HPV. This does not necessarily lead to cancer or formation of
a precancerous lesion, but, particularly in case of HPV 16, the
incidence of precancerous states can reach 40% (7-9) among
persistent HPV carriers. In order to refine the present risk
assessment possibilities, identification of HPV-infected women
with very high probability of developing precancerous lesions
would be essential. Beside external factors, genetic components
also modify HPV-induced cervical carcinogenesis.
Carcinogenic-metabolizing enzymes have been found to be
important risk modifiers in human carcinogenesis (28). Phase I
enzymes, such as like members of the cytochrome P450
superfamily, activate procarcinogens, while the reactive
intermediate products are inactivated by phase II metabolizing
enzymes (17-19). In contrast to the majority of metabolizing
enzymes, where the typical form of the allelic variability is the
single nucleotide polymorphism, the GSTMI and GSTTI genes
possess an insertion/deletion polymorphism (19, 29). These
polymorphisms have been suspected to affect the risk of
different types of human cancer, since individuals with the null
genotype have a somewhat reduced overall detoxifying
capacity (17,30, 31). Because of the huge overlap between the
substrates of the GST enzymes, loss of GSTM1 or GSTT1
function will not cause serious problems in the metabolism of
carcinogenic compounds, but it may lead to a decreased rate in
the removal of carcinogenic compounds from the body.

The possible role of these enzymes has also been studied
in cervical carcinogenesis. Certain publications have found
a statistically significant association between GSTM I and/or
GSTTI 0 genotype and an increased risk of cervical cancer
or precancerous lesions (32, 33), but other studies did not
confirm this correlation (34, 35). Unfortunately the
distribution of 0/+ genotypes may differ between certain
populations, most importantly in Caucasians compared to
Asians (24), which makes it difficult to compare the results
of such studies. Recently two meta-analyses have been
published on the association between GSTM1/GSTTI and
cervical cancer (24, 25). Wang et al. concluded that GSTM 1
0 genotype was associated with the risk of cervical cancer in
Asians (OR=1.47,95% CI=1.11-1.94), but not in Caucasians
(OR=0.96, 95% CI1=0.73-1.27). However, according to the
other meta-analysis by Economopoulos et al., GSTMI 0
genotype was a risk factor in the non-Chinese population
(OR=1.392, 95% CI=1.003-1.932), and had no statistically
significant effect in Chinese women (OR=1.08, 95%



Cseh et al: Effect of GSTM1 and GSTT! Polymorphisms on Cervical Dysplasia

Table 1. Characteristics of study participants.

With high-grade dysplasia

Without high-grade dysplasia

Age (years)
At the beginning of follow-up (SD)

40.56 (13.61)

4254 (13.21)

At menarche (SD) 13.11 (1.05) 13.01 (1.00)

At first intercourse (SD) 17.88 (1.65) 17.63 (1.80)
Parity

0-1 75 (64.1%) 80 (58.8%)

>2 42 (35.9%) 56 (41.2%)

Number of abortions
0-1

106 (90.6%)
=2 11 (9.4%)

121 (89.0%)
15 (11.0%)

Table II. Distribution of GSTM1 and GSTTI genotypes among women with persistent high-risk HPV infection.

Genotype With dysplasia Without dysplasia OR (95% CI) p-Value
GSTM1 + 54 (46.2%) 83 (61.0%) 1.00 (reference) -

0 63 (53.8%) 53 (39.0%) 1.78 (1.06-2.97) 0.028
GSTT! + 70 (59.8%) 101 (74.3 %) 1.00 (reference) -

0 47 (40.2%) 35 (25.7%) 1.89 (1.10-3.26) 0.022
GSTM1 and/or GSTT1 + 90 (76.9%) 121 (89.0 %) 1.00 (reference) -
Both 0 27 (23.1%) 15 (11.0%) 2.35(1.17-4.73) 0.017

CI=0.87-1.34) (25). No statistically significant association
was found between the GSTTI O genotype and cervical
cancer, with the exception of Latinos, where quite a strong
association was identified (OR=4.58, 95% CI=2.04-10.28).
Wang et al. (24) also found an interaction between
GSTM1/T1 O genotypes in Asian studies: individuals with
dual null genotypes had an elevated risk (OR=1.77, 95%
CI=1.14-2.75), higher than women with either GSTM1 or
GSTTI 0O genotype alone. The comparability of the studies
was limited by differences in the categorization of HPV
infections, outcome (cancer and/or various precancerous
stages), and confounders.

One of the major issues is that most of the previous
studies compared the HPV status of the participants at the
time of the diagnosis of the cancer/precancerous lesion, and
there was no information on the length of its persistence. The
duration of a persisting high-risk HPV infection is, however,
critical in the risk assessment, since it is definitively
associated with the risk of cancer. The other crucial problem
is the use of different outcomes, i.e. in certain papers cervical
cancer (33-35), in some publications precancerous lesions
(36, 37), and in other articles, cancer or precancerous lesions
(in mixed groups) (16, 21) were used as outcome. The main
goal of our study was to address these problems, and to
analyze the effect of GST null genotypes in relation to these

important factors. In order to eliminate the possibility of
error concerning the unknown length of HPV persistence,
only women with a high-risk HPV infection persistent for at
least 7 years were included in the study. In our study, high-
grade cervical dysplasia or CIN grade III were chosen as
outcomes, since the immediate precancerous state is
probably the best marker for risk measurement. This
approach is also useful from a practical point of view, since,
according to the present guidelines, women with a
precancerous lesion receive therapy, and there is no waiting
for a spontaneous regression. The further conversion to
cervical cancer depends on several prognostic factors as well,
S0 it is not a clean and direct risk measure.

In our study 46.2% of women developed a precancerous
cervical lesion during the observation period, which is also
an important result, since the previous studies — giving
incidences up to 40% — relied on shorter follow-up periods.
The length of the persistence of the HPV infection seems to
be in a correlation with the risk of a precancerous lesion. In
such a situation, the GSTMI or T1 0 genotypes seem to be
important risk-modifying factors. In order to ensure an
adequate size of the groups we did not use matching for
smoking or other possible confounders. It would probably
have been unnecessary anyway, since the vast majority of the
previous studies did not find any interaction between
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smoking habits and the polymorphisms of GSTMI or GSTT!
genes (16, 21, 35, 38, 39).

We found lower parity and less abortions among
participants with a precancerous lesion than in the group of
women without dysplasia, but this difference was not
statistically significant. These factors have already been
found to be in correlation with the risk of cervical cancer (3,
40-42). Our findings underline the importance of the long-
standing persistence of HPV infection, which seems to be
stronger than the possible risk-modifying effect of the
studied demographic variables.

This study demonstrated the effect of GSTM1 and GSTTI
polymorphisms on the risk of HPV-induced -cervical
dysplasia/CIN. In the case of women with long-standing
persistent high-risk HPV infection, the null genotype for
both enzymes proved to be a statistically significant risk
factor. The dual null genotype further increased the risk of
high-grade dysplasia, thus demonstrating an interaction
between the two studied polymorphisms. The results
demonstrate that neither the association between null
genotypes and risk of precancerous lesions, nor the
interaction between the two GST polymorphisms is limited
to Asian populations. In cases of persistent HPV infection,
both of these genetic risk factors should be included in the
risk assessment in Caucasian populations as well in Asians.

References

1 Jemal A, Siegel R, Xu J and Ward E: Cancer statistics, 2010. CA
Cancer J Clin 60(5): 277-300, 2010.

2 Bosch FX, Lorincz A, Munoz N, Meijer CJ and Shah KV: The
causal relation between human papillomavirus and cervical
cancer. J Clin Pathol 55: 244-265, 2002.

3 Munoz N, Castellsague X, de Gonzalez AB and Gissmann L:
Chapter 1: HPV in the etiology of human cancer. Vaccine 24:
S1-10, 2006.

4 Schiffman M, Castle PE, Jeronimo J, Rodriguez AC and
Wacholder S: Human papillomavirus and cervical cancer. Lancet
370: 890-907, 2007.

5 Tornesello ML, Losito S, Benincasa G, Fulciniti F, Botti G,
Greggi S, Buonaguro L and Buonaguro FM: Human
papillomavirus (HPV) genotypes and HPV16 variants and risk
of adenocarcinoma and squamous cell carcinoma of the cervix.
Gynecol Oncol 121(1): 32-42,2011.

6 Elfgren K, Kalantari M, Moberger B, Hagmar B and Dillner J: A
population-based five-year follow-up study of cervical human
papillomavirus infection. Am J Obstet Gynecol /83(3): 561-567,
2000.

7 Schiffman M, Herrero R, Desalle R, Hildesheim A, Wacholder
S, Rodriguez AC, Bratti MC, Sherman ME, Morales J, Guillen
D, Alfaro M, Hutchinson M, Wright TC, Solomon D, Chen Z,
Schussler J, Castle PE and Burk RD: The carcinogenicity of
human papillomavirus types reflects viral evolution. Virology
337: 76-84, 2005.

8 Khan MJ, Castle PE, Lorincz AT, Wacholder S, Sherman M,
Scott DR Rush BB, Glass AG and Schiffman M: The elevated

3054

10-year risk of cervical precancer and cancer in women with
human papillomavirus (HPV) type 16 or 18 and the possible
utility of type-specific HPV testing in clinical practice. J Natl
Cancer Inst 97: 1072-1079, 2005.

9 Castle PE, Solomon D, Schiffman M and Wheeler CM: Human
papillomavirus type 16 infections and 2-year absolute risk of
cervical precancer in women with equivocal or mild cytologic
abnormalities. J Natl Cancer Inst 97: 1066-1071, 2005.

10 Gadducci A, Barsotti C, Cosio S, Domenici L and Riccardo
Genazzani A: Smoking habit, immune suppression, oral
contraceptive use, and hormone replacement therapy use and
cervical carcinogenesis: a review of the literature. Gynecol
Endocrinol. 2011 Mar 25. [Epub ahead of print]

11 Waggoner SE, Darcy KM, Tian C and Lanciano R: Smoking
behavior in women with locally advanced cervical carcinoma: a
Gynecologic Oncology Group study. Am J Obstet Gynecol
202(3): 283.e1-7,2010.

12 Reiche EMV, Nunes SOV and Morimoto HK: Stress, depression,
the immune system, and cancer. Lancet Oncol 5: 617-625, 2004.

13 Wajid S, Naqvi SH, Juneja A, Bharadwaj M and Mitra AB:
Allelic variations in CYP2D6 gene and susceptibility to cervical
cancer. Drug Metab Lett /(4): 276-280, 2007.

14 Sierra-Torres CH, Au WW, Arrastia CD, Cajas-Salazar N,
Robazetti SC, Payne DA and Tyring SK: Polymorphisms for
chemical metabolizing genes and risk for cervical neoplasia.
Environ Mol Mutagen 47(1): 69-76, 2003.

15 Joseph T, Chacko P, Wesley R, Jayaprakash PG, James FV and
Pillai MR: Germline genetic polymorphisms of CYPIAI,
GSTM1 and GSTT1 genes in Indian cervical cancer: associations
with tumor progression, age and human papillomavirus
infection. Gynecol Oncol 7101(3): 411-417, 2006.

16 Nishino K, Sekine M, Kodama S, Sudo N, Aoki Y, Seki N and
Tanaka K: Cigarette smoking and glutathione S-transferase M1
polymorphism associated with risk for uterine cervical cancer. J
Obstet Gynaecol Res 34(6): 994-1001, 2008.

17 Armstrong RN: Structure, catalytic mechanism, and evolution of
the glutathione transferases. Chem Res Toxicol 70: 2-18, 1997.

18 Wilce MCJ and Parker MW: Structure and function of glutathione
S-transferases. Biochim Biophys Acta 7205: 1-18, 1994.

19 Ketterer B, Taylor J, Meyer D, Pemble S, Coles B, ChuLin X
and Spencer S: Some function of glutathione transferases. In:
Structure and Function of Glutathione Transferases. Tew K,
Mannervik B, Mantle TJ, Pickett CB and Hayes JD (eds.) CRC
Press, Boca Raton, Florida, pp. 15-27, 1993.

20 de Carvalho CR, da Silva ID, Pereira JS, de Souza NC, Focchi
GR and Ribalta JC: Polymorphisms of p53, GSTMI and GSTT1,
and HPV in uterine cervix adenocarcinoma. Eur J Gynaecol
Oncol 29(6): 590-593, 2008.

21 Palma S, Novelli F, Padua L, Venuti A, Prignano G, Mariani L,
Cozzi R, Tirindelli D and Testa A: Interaction between
glutathione-S-transferase polymorphisms, smoking habit, and
HPV infection in cervical cancer risk. J Cancer Res Clin Oncol
136(7): 1101-1109, 2010.

22 Sharma A, Sharma JK, Murthy NS and Mitra AB:
Polymorphisms at GSTMI and GSTTI! gene loci and
susceptibility to cervical cancer in Indian population. Neoplasma
51(1): 12-16, 2004.

23 Kim JW, Lee CG, Park YG, Kim KS, Kim IK, Sohn YW, Min
HK, Lee JM and Namkoong SE: Combined analysis of germline
polymorphisms of p53, GSTM1, GSTT1, CYPIAI, and CYP2EI:



Cseh et al: Effect of GSTM1 and GSTT! Polymorphisms on Cervical Dysplasia

relation to the incidence rate of cervical carcinoma. Cancer
88(9): 2082-2091, 2000.

24 Wang D, Wang B, Zhai JX, Liu DW and Sun GG: Glutathione S-
transferase M1 and T1 polymorphisms and cervical cancer risk:
A meta-analysis. Neoplasma 58(4): 352-359, 2011.

25 Economopoulos KP, Choussein S, Vlahos NF and Sergentanis
TN: GSTM1 polymorphism, GSTT! polymorphism, and cervical
cancer risk: a meta-analysis. Int J Gynecol Cancer 20(9): 1576-
1580, 2010.

26 Blin N and Stafford DW: A general method for isolation of high
molecular weight DNA from eucaryotes. Nucleic Acids Res 3:
2303-2308, 1976.

27 Pool-Zobel BL, Bub A, Liegibel UM, Treptow van Lishaut S and
Rechkemmer G: Mechanism by which vegetable consumption
reduces genetic damage in humans. Cancer Epid Biom Prev 7:
891-899, 1998.

28 Sheweita SA: Drug-metabolizing enzymes: mechanisms and
functions. Curr Drug Metab /(2): 107-132, 2000.

29 Strange RC, Faulder CG, Davis BA, Brown JAH, Hopkinson DA
and Cotton W: The human glutathione S-transferases: studies on
the tissue distribution and genetic variation of the GST1, GST2
and GST3 isoenzymes. Ann Hum Genet 48: 11-20, 1984.

30 Mannervik B and Danielson UH: Glutathione transferases —
structure and catalytic activity. CRC Crit Rev Biochem 23(3):
283-337, 1988.

31 Salinas AE and Wong MG: Glutathione S-transferases — a
review. Curr Med Chem 6(4): 279-309, 1999.

32 Ueda M, Toji E, Nunobiki O, Sato N, Izuma S, Torii K,
Okamoto Y and Noda S: Germline polymorphisms of
glutathione-S-transferase GSTM1, GSTT1 and p53 codon 72 in
cervical carcinogenesis. Hum Cell 23(4): 119-125, 2010.

33 Singh H, Sachan R, Devi S, Pandey SN and Mittal B.
Association of GSTMI1, GSTTI, and GSTM3 gene
polymorphisms and susceptibility to cervical cancer in a North
Indian population. Am J Obstet Gynecol /98(3): 303.e1-6, 2008.

34 Kiran B, Karkucak M, Ozan H, Yakut T, Ozerkan K, Sag S and
Ture M: GST (GSTM1, GSTT1, and GSTP1) polymorphisms in
the genetic susceptibility of Turkish patients to cervical cancer.
J Gynecol Oncol 21(3): 169-173, 2010.

35 Settheetham-Ishida W, Yuenyao P, Kularbkaew C, Settheetham
D and Ishida T: Glutathione S-transferase (GSTM1 and GSTT1)
polymorphisms in cervical cancer in Northeastern Thailand.
Asian Pac J Cancer Prev 10(3): 365-368, 2009.

36 Sierra-Torres CH, Arboleda-Moreno YY and Orejuela-
Aristizabal L: Exposure to wood smoke, HPV infection, and
genetic susceptibility for cervical neoplasia among women in
Colombia. Environ Mol Mutagen 47(7): 553-561, 2006.

37 Ueda M, Hung YC, Terai Y, Saito J, Nunobiki O, Noda S and
Ueki M: Glutathione-S-transferase and p53 polymorphisms in
cervical carcinogenesis. Gynecol Oncol 96(3): 736-740, 2005.

38 Goodman MT, McDuffie K, Hernandez B, Bertram CC, Wilkens
LR, Guo C, Seifried A, Killeen J and Le Marchand L: CYPIAI,
GSTM1, and GSTTI polymorphisms and the risk of cervical
squamous intraepithelial lesions in a multiethnic population.
Gynecol Oncol 8/(2): 263-269, 2001.

39 Agorastos T, Papadopoulos N, Lambropoulos AF, Chrisafi S,
Mikos T, Goulis DG, Constantinidis TC, Kotsis A and Bontis
JN: Glutathione-S-transferase M1 and T1 and cytochrome P1A1
genetic  polymorphisms and susceptibility to cervical
intraepithelial neoplasia in Greek women. Eur J Cancer Prev
16(6): 498-504, 2007.

40 Castellsagué X and Mufoz N: Chapter 3: Cofactors in human
papillomavirus carcinogenesis role of parity, oral contraceptives,
and tobacco smoking. J Natl Cancer Inst Monogr 3/: 20-28,
2003.

41 Karimi Zarchi M, Akhavan A, Gholami H, Dehghani A, Naghshi
M and Mohseni F: Evaluation of cervical cancer riskfactors in
women referred to Yazd-Iran hospitals from 2002 to 2009. Asian
Pac J Cancer Prev 71(2): 537-538, 2010.

42 Almonte M, Albero G, Molano M, Carcamo C, Garcia PJ and
Pérez G: Risk factors for human papillomavirus exposure and
co-factors for cervical cancer in Latin America and the
Caribbean. Vaccine 26(Suppl 11): 1L16-36, 2008.

Received May 26, 2011
Revised July 6, 2011
Accepted July 7, 2011

3055



