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Introduction

Polymorphisms are structural DNA modifications of a
certain gene, inherited and transmitted to a part of the pop-
ulation. Repetitions of microsatellites, insertion, inversion
and deletion of small segments may occur. The simple
exchange of a nucleotide for another, called single
nucleotide polymorphism (SNP) is the most frequent
occurrence [1]. Variations of p53 and of the metabolizing
glutathione-S-transferase M1 and T1 (GSTM1 and
GSTT1) are examples of polymorphisms [2, 3]. Protein
p53 is a phosphoprotein whose function is related to block-
ade of cell cycle progression and to the start of the apop-
tosis chain. In humans polymorphism at codon 72 occurs
with substitution of the amino acid proline (PRO) for argi-
nine (ARG). Both alleles may be functionally homozygous
or heterozygous [4, 5]. Women with ARG homozygosis
when infected by human papillomavirus of high oncogenic
risk have a seven-fold higher risk of developing squamous
cell carcinoma of the uterine cervix than the others [2].

Glutathione-S-transferases (GST) are part of a phase II
superfamily of metabolizing enzymes [6]. Their funda-
mental role is due to the detoxification of endogenous
and exogenous compounds, forming non-toxic and more
soluble derivatives ready to be excreted or transported
and stocked by phase III metabolism transporters. In
humans there are seven cytosol GST superfamilies.
Among them the GSTM and GSTT superfamilies should
be pointed out [7, 8].

The GST-M family has five isoforms or subfamilies
GSTM1 to GSTM5. The GSTM1 gene, localized in
1p13.3, has three alleles, GSTM1*A, GSTM1*B and
GSTM1*0. The first two differ regarding substitution of
the guanine for cytosine in nucleotide 534 of exon 7, so
that, in position 172 of the enzyme there is substitution
of one lysine (GSTM1*A) for asparagine (GSTM1*B).
The third allele (GSTM1*0) is the result of an unequal
exchange between GSTM1 and GSTM2 loci which are
physically near and share 99% of the nucleotide
sequence, with the occurrence of a 15 kb deletion which
contains the whole GSTM1 gene [9].

The GST-T family, instead, has two isoforms or sub-
families, GSTT`and SGTT2, separated by 50 kb. The
GST1 gene is localized in 22q11-2, and presents three
alleles, GSTT1*A, GSTT1*B and GSTT1*0 or null
allele. The two first result from an exchange of the argi-
nine for cytosine in nucleotide 310 of exon 3, which
exchanges the threonine (GSTT1*A) of residue 104 for
proline (GSTT1*B). GSTT1 is located in a region of
extensive homology and is flanked by two 18 kb regions
called HA3 and HA5 which each have in their central
region 403 bp with 100% identity. Recombination of 403
bp to the right with those to the left results in a 54 kb
deletion containing the whole GSTT1 gene; as a result
allele GSTT1*0 or null allele emerges [9].

Several authors demonstrate or refute the association of
the null alleles with higher susceptibility to develop
intraepithelial neoplasias and squamous cell carcinoma of
the uterine cervix associated or not with p53 polymor-
phisms [10-15].

Summary

Objective: To analyze the participation of glutathione-S-transferase (GST) M1 and T1 polymorphisms associated or not with
protein p53 polymorphism at codon 72 and in the presence of HPV in the carcinogenesis of uterine cervix adenocarcinoma.
Methods: Forty-three samples of uterine cervix adenocarcinoma were studied and 86 samples of endocervical cells of women
without tumors formed the control group. The presence of HPV was determined in order to genotype the isoforms of p53 at codon
72, GSTM1, GSTM1*0, GSTT1 and GSTT1*0 which were evaluated by the PCR method. Results: HPV was present in 97.67% of
the adenocarcinoma cases and in 31.40% of the control group. Statistical analysis showed differences (p = 0.001) and an OR of
113.3 (CI 95%: 13.67-947.14). GSTT1 and GSTT1*0 analysis showed a significant difference between the groups (p = 0.001) with
an OR of 4.58 (CI 95%: 2.041-10.28) (p < 0.001) for the presence of GSTT1*0. When it was associated with HPV OR was 6.6 (CI
95%: 0.04-0.50). Analyses of p53 and GSTM1 and GSTM1*0 either alone or associated with HPV were not significant. Conclu-
sion: The presence of GSTT1*0 increased the risk for uterine cervix adenocarcinoma development while the allele GSTT1 had a
protective action. The other isoforms did not appear to participate in the carcinogenesis of uterine cervix adenocarcinoma. 
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Epidemiologic studies confirmed that HPV is the
causal factor of uterine cervix cancer associated with
several cofactors, being found in 95% of adenocarcino-
mas of the uterine cervix.

Uterine cervix adenocarcinomas are little known
tumors when compared to the squamous cell variety.
They have a worse prognosis and are more resistant to the
immunologic reaction of the host body when compared
to the cell variety [20-23].

The present aim was to analyze an eventual association
of polymorphisms present in the p53 gene, as well as the
metabolizing enzymes GST1/GSTM1*0 and
GSTT1/GSTT1*0 with the emergence of cervical adeno-
carcinoma.

Materials and Methods

The study group consisted of tumor fragments obtained from
44 women with uterine cervix adenocarcinoma at any clinical
stage, proven by histopathologic examination and still without
treatment. The fragments were processed histologically with a
final diagnosis of adenocarcinoma.

The control group consisted of 100 samples of endocervical
scrapings obtained with a brush. Smears were made on a slide
for the cytopathologic examination and the remainder dispersed
in a cytosolic Tris EDTA solution. Absence of any intraepithe-
lial and inferior genital tract invading neoplasia was proven by
cytologic and colposcopic examination.

Biomolecular analyses were performed in the Laboratory of
Molecular Gynecology of the Department of Gynecology,
UNIFESP-EPM. After paraffin removal from the histopatho-
logic sections of both the study and control groups, DNA was
extracted [25], presence of HPV was searched [26], polymor-
phism at codon 72 of the TP53 gene was analyzed [27] and
alleles of GSTM1 and GSTT1 families was studied [28] using
polymerase chain reaction (PCR).

Statistical analysis was performed using the following tests:
Student’s t-test to compare age between groups; chi-square test to
compare presence of HPV in the study and control groups to
verify the participation of the polymorphic varieties of GSTM1
and GST1 families in the two groups; Fisher’s exact test for the
analysis of p53 isoforms in the study and control groups; analy-
sis of the association of HPV with p53 protein isoforms and with
GMST1 and GSTT1 enzyme alleles in the genesis of uterine
cervix adenocarcinoma, as well as analysis of the association of
p53 isoforms with alleles of the GSTM1 and GSTT1 families;
analysis of maximum likelihood estimation to evaluate the asso-
ciation of GSTM1 with the T1 enzyme family in the carcinogen-
esis of uterine cervix. In all performed and applicable tests rejec-
tion of the null hypothesis was equal to or less than 5% (0.05).

Results

Of the 44 selected specimens for the study group one
case was excluded because of non-amplification of DNA,
so that 43 samples remained. In the control group 14 cases
were excluded for the same reason so that this group con-
sisted of 86 DNA samples of endocervical cells. The age
range of the study group varied from 23 to 86 years, with
a mean of 52.48 years and median of 45 years. The analy-
sis of the groups using the Student’s t-test showed that they
were homogeneous (p = 0.1402) (CI 95%).

Presence of HPV in the study and control groups is
shown in Table 1. The statistical analysis by the chi-
square test showed a significant difference between the
two groups (p = 0.001). Analysis of maximum likelihood
estimation, odds ratio (OR) with 95% confidence interval
(CI) showed a 113.79-fold risk (CI 95%: 13.67 - 947.14)
for adenocarcinoma development in the presence of HPV.

The p53 polymorphism at codon 72 in the two groups
was evaluated by Fisher’s exact test and there was no sta-
tistical difference (p = 0.397) (CI 95%). Association
between the presence of virus and the different p53 iso-
forms also did not show any statistical difference (p =
653; CI 95%).

Similarly the distribution of GSTM1 and GSMT1*0
alleles did not show a statistically significant difference
by the chi-square test (p = 0.374; CI 95%). The presence
of HPV associated with the GSTM1 family, verified by
Fisher’s exact test, did not show any significant differ-
ence (p = 0.256; CI 95%). Association of the p53 iso-
forms with the family of the GSTM1 enzymes, analyzed
by Fisher’s exact test also did not show significant differ-
ences (p = 1.000; CI 95%).

Evaluation of enzyme GSTT1 with alleles GSTT1 and
GSTT1*0 (Table 2) evidenced a difference between the
study and control groups by the chi-square test (p =
0.001; CI 95%). Analysis of maximum likelihood estima-

Table 1. — Distribution of 129 women with and without uterine
cervix adenocarcinoma according to groups, presence of HPV
and statistical evaluation.

Study Control Total
n % n % n %

HPV+ 42 97.67 27 31.40 69 100.0
HPV- 1 2.33 59 68.60 60 100.0
Total 43 100.0 86 100.0 129 100.0
Chi-square test p = 0.01(CI 95%); n = number of cases; HPV+ = presence of human
papillomavirus; HPV- = absence of human papillomavirus.

Table 2. — Distribution of 129 women with and without uterine
cervix adenocarcinoma according to groups, isoforms of
GSTT1 and statistical analysis.

Study Control Total
n % n % n %

GSTT1 21 48.84 70 81.40 91 100.0
GSTT1*0 22 51.16 16 18.60 38 100.0
Total 43 100.0 86 100.0 129 100.0
Chi-square test p = 0.01 (CI 95%); n = number of cases; GSTT1 = glutathione-S-
transferase isoform T1; GSTT1*0 = glutathione-S-transferase isoform null T1.

Table 3. — Distribution of the association of presence of
human papillomavirus with GSTT1 and GSTT1*0 with or
without adenocarcinoma according to groups and statistical
evaluation.

Study Control Total
GSTT1 GSTT1*0 GSTT1 GSTT1*0

n % n % n % n % n %

HPV+ 20 46.51 22 51.16 24 27.91 3 3.49 69 100
HPV- 1 2.33 0 0.00 46 53.48 13 15.11 60 100
Total 21 48.84 22 51.16 70 81.40 16 18.60 129 100
Fisher test p < 0.001 (CI de 95%); n = number of cases; HPV+ = presence of human
papillomavirus; HPV- = absence of human papillomavirus; GSTT1 = allele T1 of glutathione-
S-transferase; GSTT1*0 = null allele of glutathione-S-transferase.
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tion, OR with 95% CI showed a 4.58-fold risk (CI 95%:
2.041-10.28) (p = 0.001) for acquiring uterine cervix ade-
nocarcinoma with GSTT1*0. Analysis of HPV-associated
with enzymes GSTT1 and GSTT1*0 (Table 3) revealed a
significant difference between the two groups (p = 0.001;
CI 95%) using Fisher’s exact test. Analysis of maximum
likelihood estimation, OR with CI 95% showed a 6.6-fold
risk (CI 95%: 1.99-22.17; p < 0.001) of the association
HPV with GSTT1*0 and 0.15 times (CI 95%: 0.04-0.50;
p = 0.0021) for the association HPV with GSTT1.
The association of the protein p53 isoforms with the
GSTT1 enzyme family did not show significance by
Fisher’s exact test (p = 0.56; CI 95%).

Evaluation of the association between GSTM1 and
GSTT1 families was performed using a logistic regres-
sion model. This fact allowed us to conclude that the
GSTM family is not a prognostic factor for uterine cervix
cancer either alone or associated with the GSTT1 family.

Discussion
In this study, the mean age of patients with adenocar-

cinoma was 52.48 years, superior to the reports by Pirog
et al. [17] and Bulk et al. [29], but was similar to those
by Lea et al. [30] and Baalbergen et al. [31].

The significant difference of HPV presence (p = 0.001)
in the study and control groups and the 113.8-fold risk (p
< 0.001) of developing adenocarcinoma agree with Pirog
et al. [17] and Castellsagué et al. [19].

The lack of statistical significance between the study
and control groups suggests the lack of participation of
p53 polymorphism at codon 72 in the generation of
uterine cervix adenocarcinoma in the presence of HPV in
the studied population. These findings agree with the
results obtained by Hildesheim et al. [32] and Gustafsson
et al. [33] and are at variance with those obtained by
other authors [34, 35].

In the studied population, phase II metabolizing
enzymes GSTM1 and their null allele GSTM1*0 did not
participate in adenocarcinoma genesis. Analyses of the
association of these enzymes with HPV and with p53 iso-
forms were also not significant.

In contrast the risk of a woman with the GSTT1*0
genotype of developing uterine cervix adenocarcinoma
was 4.6 times higher compared to those with GSTT1. The
risk of women with HPV infection associated with geno-
type GSTT1*0 of developing adenocarcinoma was 6.6
higher than for women with the GSTT1 isoform. In the
face of a HPV infection the presence of the metabolizing
enzyme GSTT1 would exert a protecting function
according to what the applied statistical tests revealed.

The trend toward participation of the p53 Arg/Arg
isoform associated with the alleles GSTT1 and GSTT1*0
in the genesis of adenocarcinomas was noted in this
study, however confirming trials are needed. It seems that
only the GSTT1 family would have a prognostic value for
adenocarcinomas.

Our results are similar to those described by Ueda et al.
[27] although the histological type analyzed by those
authors was squamous type.

Association studies between complex genic traits and
common diseases, although popular, are marked by lack
of reproducibility. The possible causes would include a
false-positive association which corrected, would not be
replicated; true association which would fail on replica-
tion in a low statistical power study, constituting a false-
negative study; true association in a certain population
would not occur in another due to genetic heterogeneity
or environmental variables [36].

In our research it was not possible to establish real
comparisons regarding reproducibility. Although focus-
ing on uterine cervix carcinoma, the comparisons of the
associations were performed with the squamous variety
in spite of the fact that up to now the correct identifica-
tion of the differences or similarities between both vari-
eties of the cervical neoplasia is lacking.

This study is the first to analyze the association
between HPV and the isoforms of the metabolizing
enzymes GSTM1 and GSTT1 in uterine cervix adenocar-
cinoma. Other studies should be performed to confirm or
refute the data reported in this research.
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