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ABSTRACT

Aims: Breast cancer is the most common cancer in women worldwide, being exposure
to estrogens the acknowledged main risk factor. CYP17, CYP19 and NQO1 are
enzymes involved in the estrogen metabolism, so their polymorphisms may be involved
in breast carcinogenesis. The aim of this study was to determine the magnitude of the
association between CYP17 MspAl, CYP19 Arg®®*Cys, and NQO1 C®®T polymorphisms
and breast cancer in young women.

Methods: This is a hospital-based case-control study carried out in Rio de Janeiro.
Cases were 270 women with age range 18-35 years and a histopathological diagnosis of
breast cancer between 1999-2009. Controls were 270 women without cancer at the
same age range.

Results: An association between CYP17 MspAl or CYP19 ArngyS polymorphisms
and breast cancer were not observed (OR = 1.02, 95% CI 0.72-1.44 for CYP17
genotypes TC/CC and OR = 0.85, 95% CIl 0.48-1.49 for CYP19 genotypes CT/TT).
However, a statistically significant increased risk estimate was identified in women who
had at least one NQO1 polymorphic allele (T), OR= 1.96, 95% CI 1.13-3.40 following
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adjustment for selected confounders.
Conclusion: This study suggests that the NQO1 ™ T polymorphism may be a risk factor
for breast carcinogenesis in women less than 36 years in Brazil.
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1. INTRODUCTION

Breast cancer (BC) is the most incident cancer among women worldwide [1]. Although the
highest BC incidence occurs in women 50 years or older; an increase in its incidence and
mortality in young women has been increasingly reported [2-4]. This rise might be explained
either by an improvement of cases notification, or as a result of a change in the pattern of
exposure to different environmental risks factors, which possibly turned this group of young
women more susceptible to develop BC at an early age [5]. Hence, changes in women
lifestyle and reproductive history occurring in the last decades could have modified the
prevalence of known BC risk factors [6]. These factors include early menarche, delayed age
at first pregnancy, nulliparity or reduced parity, reduced breastfeeding length, sedentary
lifestyle, obesity, and increased alcohol consumption [7-8]. All these risk factors generate
excessive estrogen exposure during a woman's life [9]. Another pathway of exposure to
estrogens is the adoption of hormonal contraception, despite the fact that the association
between hormonal contraceptives use and BC remains unclear [10-12].

Cytochrome P450cl7a (CYP17) and aromatase (CYP19) are important enzymes in the
biosynthesis of estrogen [13]. While CYP17 controls two successive early steps of
endogenous estrogen biosynthesis by converting pregnenolone and progesterone to
precursors of androgen and estrogen [14], aromatase catalyzes the conversion of androgens
to estrogens [15].

CYP17 gene contains a single base pair polymorphism in the promoter region, which
increases transcriptional activity (MspAl polymorphism) [16], and some studies have found
an association between such polymorphism and BC [17-19]. However, other studies have
not found such association, especially when pre and postmenopausal women were analyzed
together [20-26].

CYP19 gene contains Arngys polymorphism [27], but its association with BC remains
controversial [25,28-30].

Estrogens stimulate breast cell proliferation, which may leave cells more susceptible to
genetic mistakes during DNA replication [31]. However, there is other mechanism by which
estrogen may affect the risk of developing BC. Estrogens are first oxidized in the breast to
catechols, and then to quinones that react with DNA to form adducts, which lead to
mutations associated with BC [9,32-33]. NAD(P)H:quinone oxidoreductase 1 (NQO1) is an
enzyme involved in the metabolism of endogenous and exogenous quinines and in other
protective mechanisms against carcinogenesis [34]. This enzyme reduces quinones
generated during estrogen metabolism back to catechols, and thus may be protective
against BC [35].

NQO1 is a polymorphic enzyme, and studies showed that co1 (Pr0187Ser) variant was a
poor reducer of estrogen quinones, which cause increased formation of estrogen-DNA
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adduct [36,37], thus increasing BC risk. Some molecular epidemiological studies were
conducted to evaluate the association between NQO1 C**°T polymorphism and BC risk in
diverse populations, but their results remain conflictive [38-41].

Considering the suggestive evidence on the increasing BC incidence rates among young
women in different populations, and the relatively scarce data on single genetic
polymorphisms involved in breast carcinogenesis at an early age, the goal of this study was
to determine the magnitude of the association between CYP17 MspAl (rs743572), CYP19
Arg®®Cys (rs700519) and NQO1 C®®T (rs1800566) polymorphisms and BC under 36 years
of age in women in Brazil.

2. METHODS
2.1 Study Population and Design

This is a hospital-based case-control study conducted in Rio de Janeiro, Brazil. The study
population is composed of women at age range 18-35 years, living in the Metropolitan
Region of Rio de Janeiro (Brazil). Cases were 270 women with a histopathological confirmed
diagnosis of BC (ICD 10 50.0-50.9) at age range 18-35 years and referred to the Brazilian
National Cancer Institute (INCA), the Oncology Reference Centre settled in the city of Rio de
Janeiro, between 1999-2009. Controls were 270 women, at the same age range, enrolled
among hospitalized patients with no-neoplastic diseases and also their visitants, in three
public hospitals, Pro-Matre Hospital (Gynecological and Obstetric Center), Institute of
Trauma Orthopedics (INTO), and the Lagoa Federal Hospital; all of them offering free care in
Rio de Janeiro.

Between the eligible BC cases contacted by telephone and asked to come to the hospital to
participate in the study, 49% were included at the final sample of 270 cases, 14.3% died
subsequent to diagnosis at an advanced stage, 22.8% could not be contacted because of
address or telephone number change, 6.7% did not show up in for the scheduled interview,
4.5% were not available as a consequence of ongoing treatment and 2.7% were not willing
to participate or to donate a blood sample. Between controls approximately 66% of the
invited women agreed to participate in the study.

After signing an informed consent, participants were in-person interviewed by trained
interviewers, using a standardized questionnaire designed for the study, which included
socio-demographic, lifestyle and medical antecedents [5]. Peripheral blood samples were
collected in EDTA Vacutainer tubes and used for genomic DNA extraction following a
standard protocol [42].

2.2 Genetic Analysis

Genetic polymorphisms were assessed as previously described PCR-RFLP protocols [43-
45] with minor modifications. In brief, the amplification of target DNA was achieved by PCR
optimized conditions as follows: a final reaction volume of 25 uL was composed of 100-200
ng of DNA, 0.2 mM of each dTNP (Invitrogen), 3 mM of MgCl,, 0.75 U of Platinum Tag DNA
polymerase (Invitrogen), 1x PCR buffer (Invitrogen), and 10 pmol of each primer of one pair,
forward and reverse (CYP17: forward 5’cattcgcacctctgg3’ and reverse 5'ggctcttggggtact3’.
CYP19: forward 5 cgctagatgtctaaa3d’ and reverse 5’ catatgtggcaatggg 3'. NQO1: forward
5’cctctetgtgctttetgtatce3’ and reverse 5’'gatggacttgcccaagtgatg3’). The reaction conditions
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used were a pre-denaturation at 94°C for 5 min followed by 35 or 40 (NQO1) cycles with
three steps each: 94°C for 40 s, 62°C or 60°C (NQO1) for 40 s, and 72°C for 30 s or 45 s
(CYP19 and NQOZ1); and a cycle of 7 min at 72°C. Negative controls were included in every
run, and the success of amplification was confirmed in agarose 1.5% gels, stained with Gel
Red (Biotium), and visualized under ultraviolet light. Endonuclease digestions of CYP17
were performed as follows: a final reaction volume of 20 yL composed of 3uL of CYP17
PCR products, 5U of MspAll restriction enzyme (BioLabs), 1x reaction buffer (BioLabs) and
Bovine serum albumin (BSA - 100 pg/mL), using overnight 37°C incubation conditions.
Endonuclease digestions conditions of CYP19 were: a final reaction volume of 20 pL
composed of 5uL of CYP19 PCR products, 5U of Lwel restriction enzyme (Fermentas) and
1x reaction buffer (Fermentas), incubated overnight at 37°C. Endonuclease digestions of
NQO1 were performed as follows: a final reaction volume of 20 yL composed of 3pL of
NQO1 PCR products, 5U of Hinfl restriction enzyme (Fermentas), and 1x reaction buffer R
(Fermentas), using overnight 37°C incubation conditions. Determination of genotypes was
performed in agarose 3% gels, visualized under ultraviolet light. Goodness-of-fit of genotype
distribution to Hardy-Weinberg equilibrium was ascertained for controls, using R 2.15.2
software. As genotype distribution of CYP19 polymorphism was not in Hardy-Weinberg
equilibrium; the efficiency of our genotyping technique was confirmed in a sample of 94
patients by sequencing of the PCR products by the FIOCRZ Network Technology Platforms
that includes a 48-capillary 3730 DNA Sequence Analyzer (Applied Biosystems).

2.3 Statistical Analysis

Continuous variables were expressed as means + standard deviation (SD) and differences
between them were analyzed using the Student t test. Categorical variables were expressed
as percentages and Pearson chi-square was used to analyze differences between them.

Unconditional logistic regression models were used to calculate unadjusted and adjusted
odds ratios (OR) and their 95% confidence intervals (95% CI) to estimate the magnitude of
association between BC and CYP17, CYP19 and NQO1 polymorphisms using STATA 10.0
software. A P-value <0.05 was used to ascertain the occurrence of statistical significance. All
the confounders (age, skin color, education, pregnancy, age at menarche, hormonal
contraceptives use and family history of breast and/or ovary cancer of first degree relatives)
was tested in the logistic regression, and those that do not modify the association of BC and
the genetic polymorphisms were eliminated of the final model.

With a sample size of 270 cases and 270 controls, considering a 95% significance level and
a population prevalence of exposure to CYP19 Arg***Cys polymorphism of 10%, this study
has a power of 80% to detect an OR = 2.4 between such polymorphism and BC. According
to CYP17 polymorphism, a study with the sample size, a 95% confidence interval and a
prevalence of 63% of CYP17 MspAl, the study has a power of 95% to detect an OR = 2.0
between such pola/morphism and BC. This power remains the same for the association
between NQO1 C®¥°T polymorphism (prevalence of 42%) and BC.

2.4 Ethical Aspects

All proceedings were approved by the Ethics Research Committees of all involved
institutions (INCA, Pro-Matre Hospital, INTO, Lagoa Federal Hospital and ENSP). All
participants signed a declaration manifesting their agreement to participate in the
investigation.
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3. RESULTS

Data of estrogen and progesterone receptor status of the tumor were collected from a
sample of 132 of the 270 study cases. For these, 37.1% express estrogen and progesterone
receptors, 25.0% express only estrogen receptor, 6.1% express only progesterone receptor
and 31.8% do not express these hormonal receptors.

The distribution of BC cases and controls according to selected variables (age, skin color,
education, pregnancy (yes or no), age at menarche, hormonal contraceptives use and family
history of breast and/or ovary cancer of first degree relatives) are presented at Table 1. Age
of BC cases was significantly higher than age of controls (P value <0.001). Regarding skin
color, whites accounted for 30.0% of cases and 32.2% of controls, P = 0.58. Controls used
to have a higher education than cases, and 61.8% of the former had studied more than 8
years, comparatively to 28.9% of the latter, P < 0.001. Pregnancy was significantly more
frequent in controls than in BC cases (P = 0.02), and the mean age at menarche was 12.7
+2.1 years among cases and 12.7 +1.7 years among controls (P = 0.78). The mean time of
hormonal contraceptives use was 5.5 +4.5 years among cases and 5.3 5.1 years among
controls (P = 0.61). Family histories of breast and/or ovary cancer, in first degree relatives
(mother and sisters), were reported by 22.2% of cases and 12.2% of controls, P = 0.001.

The associations between CYP17 MspAl, CYP19 Arngys, and NQO1 C®®T
polymorphisms and BC are presented at Table 2. Data analysis did not show an association
between the presence of at least one CYP17 polymorphic allele (genotypes TC and CC) and
BC in young women (OR = 1.02, 95% CI = 0.72-1.44). The adjusted OR for selected
confounders revealed: OR = 1.09, 95% CI = 0.74-1.61 when adjusted for age, education,
pregnancy (yes or no) and CYP19 Arg®®*Cys polymorphism (data not showed); and OR =
1.02, 95% CI = 0.70-1.48 when adjusted for CYP19 Arg”®’Cys and NQO1 C°®T
polymorphisms, education (categorical), time of hormonal contraceptives use in months, and
interaction between NQO1 and time length of hormonal contraceptives use.

CYP19 Arngys polymorphism (genotypes CT and TT) also was not associated to BC in
young women according to the crude (OR = 0.85, 95% CI = 0.48-1.49) or adjusted ORs
(OR =0.89, 95% CI = 0.48-1.64, after adjustment for age, education, pregnancy, and CYP17
MspA1l polymorphism, data not shown; OR = 0.85, 95% CI = 0.47-1.56, after adjustment by
CYP17 MspAl and NQO1 C°®®T polymorphisms, education, time length of hormonal
contraceptives use in months and interaction between NQO1 and time length of hormonal
contraceptives use). Although, genotype distribution of CYP19 polymorphism was not in
Hardy-Weinberg equilibrium; the sequencing of a sample of PCR products confirmed that
there were no methodology errors.

In relation to NQO1, the crude OR did not show an increase in risk of BC among women less
than 36 years who had NQO1 °®T allele (OR = 1.15, 95% Cl = 0.82-1.61 for CT or TT
genotypes). However, the adjusted OR for selected confounders (time of hormonal
contraceptives use, interaction between NQO1 and hormonal contraceptives use time
length, and education) revealed a statistically significant increase in risk of BC among
women who had at least one NQO1 polymorphic allele (T), (OR = 1.94, 95% Cl = 1.12-3.36 -
data not showed). Result of the final model is shown in Table 2 with the same variables and
CYP17 MspAl and CYP19 Arg*®*Cys polymorphisms (OR = 1.96, 95% CI = 1.13-3.40). In
this model, the association between BC and the factor of interaction between NQO1 C°®°T
polymorphism and time of hormonal contraceptives use showed an OR = 0.99 (P = 0.02;
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adjusted for NQO1 C®*T, CYP17 MspAl and CYP19 ArgZB“Cys polymorphisms, education
and time of hormonal contraceptives use).

Table 1. Distribution of breast cancer cases (N =2
to selected variables, Rio de Janeiro, Brazil, 1999 -2012.

70) and controls (N = 270) according

Variables Controls Cases Odds Ratio (95% P value
N (%) N (%) Confidence
interval)
Age (yr.):
mean + SD 29.9+4.5 31.543.4 - <0.001*
range:
18-23 32 (11.8) 7 (2.6) 1.00
24-29 65 (24.1) 59 (21.8) 4.15 (1.70-10.11)
30-35 173 (64.1) 204 (75.6) 5.39 (2.32-12.52)  <0.001**
Skin color:
White 87 (32.2) 81 (30.0) 1.00
Non-White 183 (67.8) 189 (70.0) 1.11 (0.77-1.60) 0.577**
Education (yr.):
>8 167 (61.8) 78 (28.9) 1.00
8 58 (21.5) 102 (37.8) 3.77 (2.48-5.73)
<8 45 (16.7) 90 (33.3) 4.28 (2.74-6.70) <0.001**
Pregnancy:
No 41 (15.2) 62 (23.0) 1.00
Yes 229 (84.8) 208 (77.0) 0.60 (0.39-0.93) 0.021**
Age at menarche (yr.):
mean + SD 12.7+¢1.7 12.7+2.1 - 0.784*
range:
>12 62 (23.0) 66 (24.5) 1.00
12-14 172 (63.7) 167 (61.8) 0.91 (0.61-1.37)
<14 36 (13.3) 37 (13.7) 0.97 (0.54-1.72) 0.899**
Contraceptives use (yr.):
mean + SD 5.315.1 5.5+4.5 - 0.609*
range:
0-1 86 (31.8) 67 (24.8) 1.00
>1-5 68 (25.2) 81 (30.0) 1.53 (0.97-2.41)
>5 116 (43.0) 122 (45.2) 1.35 (0.90-2.03) 0.162**
Family history of breast/ovary
cancer of first degree relatives:
No 237 (87.8) 210 (77.8) 1.00
Yes 33 (12.2) 60 (22.2) 2.05 (1.29-3.26) 0.001**

* Student t test; ** x° test
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70) and controls (N = 270) according

to CYP17, CYP19 and NQO1 genotypes, Rio de Janeiro, Brazil, 1999-2012.

Variables  Controls Cases Crude odds Adjusted odds P* value
N (%) N (%) ratio (95% ratio
confidence (95% confidence
interval) interval)
CYP17
TT 98 (36.30) 97 (35.93) 1.00 1.00
TC 128 (47.41) 144 (53.33) 1.14 (0.79-1.64) 1.18(0.79-1.75)°
CC 44 (16.30) 29(10.74) 0.67 (0.39-1.15) 0.62(0.35-1.11)* 0.133
TC/ICC 172 (63.70) 173 (64.07) 1.02(0.72-1.44) 1.02 (0.70-1.48)% 0.929
CYP19
CC 241 (89.26) 245 (90.74) 1.00 1.00
CT 22 (8.15) 23 (8.52) 1.03 (0.56-1.90) 1.02 (0.54-1.95)"
TT 7 (2.59) 2 (0.74) 0.28 (0.06-1.37) 0.30 (0.06-1.57)°  0.243
CT/TT 29 (10.74) 25(9.26) 0.85 (0.48-1.49) 0.85 (0.47-1.56)°  0.566
NQO1
CcC 156 (57.78) 147 (54.44) 1.00 1.00
CT 95(35.19) 111 (41.11) 1.24(0.87-1.77) 2.16(1.21-3.85)°
TT 19 (7.04) 12 (4.44) 0.67 (0.32-1.43) 1.27(0.38-4.30)°  0.213
CT/TT 114 (42.22) 123 (45.56) 1.15(0.82-1.61) 1.96 (1.13-3.40)° 0.435

* ¥ test
Hardy-Weinberg: CYP17 P = 0.91; CYP19 P < 0.001; NQO1 P = 0.47
2 Adjusted for CYP19 Arg®®*Cys and NQO1 C®*°T polymorphisms, education, time of hormonal

contraceptives use in months, and interaction factor of NQO1 and time of hormonal contraceptives

use.
® Adjusted for CYP17 MspA1l and NQO1 C**T polymorphisms, education, time of hormonal

contraceptives use in months, and interaction factor of NQO1 and time of hormonal contraceptives
use.

¢ Adjusted for CYP17 MspA1 and CYP19 Arg264Cys polymorphisms, education, time of hormonal

contraceptives use in months, and interaction factor of NQO1 and time of hormonal contraceptives
use.

4. DISCUSSION

Estrogen exposure represents the major known risk factor for development of BC in women
[9]. Estrogens metabolism and biosynthesis involve a series of enzymatic steps regulated by
genes for which some involved genetic polymorphisms have been described, that may be
associated with BC risk. Among them are included CYP17 and CYP19, involved in estrogen
synthesis [46], and NQO1 involved in the metabolism of exogenous quinones or quinines
generated during estrogen metabolism and in other cancer protection mechanisms [34].

CYP17 MspAl polymorphism is a transition from T to C (T"**C), which creates an additional
Sp-1 binding site (CCACC boxes) in the promoter region [47]. This results in an increased
expression of CYP17 enzyme and consequently an increase in estrogen plasma
concentrations [48]. So CYP17 MspAl polymorphism can hypothetically be associated with
an increased BC risk. However, in this study CYP17 MspALl polymorphism is not associated
with BC risk in young women. Similarly; other studies did not find an association between
CYP17 MspAl polymorphism and BC, but all of them have combined pre and
postmenopausal women in the analysis [20-26].
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In a case-control study with women under 37 years old, Bergman-Jungestrém and
coworkers [19] found an association between CYP17 MspAl polymorphism and the BC risk
(OR = 2.0, 95% CI = 1.1-3.5, for TC/CC genotypes). Others studies in premenopausal
women also found a statistically significant association between CYP17 MspAl
polymorphism and BC, one in nulliparous women, homozygous for this polymorphism (OR =
2.12, 95% CI = 1.04-4.32) [18], and other only in heterozygous women (OR = 1.62, 95% ClI
= 1.02-2.58) [17]. As a whole, these studies seem to suggest that CYP17 MspAl
polymorphism may have an influence in breast carcinogenesis in young women.
Nevertheless, we could not find this association in our study, which is in agreement with
Samson et al who did not find a statistically significant association between this
polymorphism and the risk of developing BC in premenopausal women [49].

CYP19 gene has four non-synonymous single nucleotide polymorphisms, however, in most
populations, Arg”®’Cys (C to T substitution in exon 7) is the most prevalent [27]. The
presence of at least one allele of this polymorphism was associated with an increased BC
risk in Korean women, OR = 1.5, 95% CI = 1.1-2.2 [30]. However, in this study CYP19
Arngys polymorphism could not be associated with BC risk in young women. This result is

in agreement with other studies that also did not find such association [17,25,28-29].

NQO1 C®®T polymorphism results in the substitution of a proline to a serine at codon 187 of
NQO1 protein (Pr01878er) [37]. According to in vitro tests, this variant results in an extremely
low or undetectable enzyme activity in homozygous (TT) cells, and a twofold lower activity in
heterozygote (CT) cells, compared to the wild type (CC) [50]. These differences can be
partly due to a lower expression of polymorphic protein [50]. In our study NQO1 c®1
polymorphism was statistically associated with BC risk in young women, when OR was
adjusted for time length of hormonal contraceptives use in months, the interaction between
NQO1 and hormonal contraceptives use time, and education. Others studies, performed in
Caucasian, have found an association between the homozygous for the %91 allele and risk
of BC. One of these studies found an OR = 3.68 (95% CI = 1.41-9.62) [39], and other
investigation found an OR = 3.80 (95% CI 1.73-8.34) [39]. However, two studies conducted
in China [41,51] and one studg in north Indian [52] did not find a statistically significant
association between NQO1 C®®T polymorphism and the risk of BC. A nested case-control
study carried out with post-menopausal North-American women also did not find an
association [38]. Yuan and coworkers [53] conducted a meta-analysis on 3177 BC cases
and 4038 controls from seven published case-control studies, and showed that the °%°T
allele was not associated with a significantly increased BC risk for all combined groups.
However, in the stratified analysis, NQO1 co1 polymorphism was associated with
increased BC risk in Caucasians women (OR = 1.15, 95% CI = 1.01-1.30, for genotypes
CT/TT).

In our investigation, the crude OR did not show an increase in BC risk among women who
had NQO1 °®T allele. This risk could only be verified by the OR adjusted for time of
hormonal contraceptives use, in months, interaction factor of NQO1 and hormonal
contraceptives use time and education.

The association between hormonal contraceptives use and BC is controversial [10-12]. In
the current study, women reporting hormonal contraceptives use have shown a higher risk
estimate of developing BC than nonusers or those that did it less than one year.
Nevertheless, these estimates were of reduced magnitude, being of borderline statistical
significance for hormonal contraceptives use > 1-5 year, or no statistically significant for their
use > 5 years. As occurring with endogenous estrogens, the exogenous estrogens
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metabolism also generates quinines that may react with DNA and form adducts [9]. NQO1
metabolizes these quinines, protecting against DNA damage [35]. In a case-control study,
Fowke and coworkers [41], despite finding not statistically significant results, suggested that
the association between oral contraceptive use and BC risk in premenopausal women could
depend on NQOZ1 genotype. In their study, the use of oral contraceptives for more than 18
months was a BC risk factor (OR = 2.34, 95% CI = 0.92-5.99) in women with the CC
genotype, and a protective factor in women with at least one polymorphic allele (genotype
CT /TT; OR = 0.69, 95% CI = 0.38-1.25). The authors suggested that the metabolism of
endogenous estrogens would generate more quinones than the metabolism of synthetic
estrogens. Synthetic estrogens partially suppress endogenous estrogens release from the
ovary and the metabolism of synthetic estrogens would produce less quinones than
endogenous estrogens metabolism. So, women using hormonal contraceptives probably
would produce less quinones than nonusers. This could represent a protection for breast
carcinogenesis. However, this protection is most evident in women with polymorphic NQO1,
because in women with the wild type genotype, NQO1 metabolism would be enough to
eliminate this quinones excess. For this reason, the protective effect of the interaction
between NQO1 C®®T polymorphism and the use of hormonal contraceptives is needed, to
analyze the effect of NQOL1 on breast carcinogenesis.

In relation to education (schooling years analyzed as a categorical variable), it probably
modify the association between NQO1 C®®T polymorphism and BC in an indirect way. In our
study, many of the participants had low educational level and have worked in unskilled
manual jobs (maids and others), thus with a higher chance to have been occupationally
exposed to several chemical substances, and/or previously migrated from rural areas, often
exposed to pesticides. The degradation of some chemicals such as pesticides also
generates quinones that are degraded by NQO1 [54]. However, the measurement of
chemical exposure only through a personal interview is usually more imprecise, generating
biases such as recall bias, than collecting data on participants’ education.

Although a great effort was done in collecting patients of this age group, the limitation of our
study is the sample size, so the role of chance cannot be excluded.

5. CONCLUSION

This study suggests that CYP17 MspAl and CYP19 Arg*®’Cys polymorphisms are not
associated with the risk of BC in young women. However, NQO1 °**T polymorphism may be
a risk factor for BC development in young women when others risk factors like hormonal
contraceptive use are considered.

CONSENT
All authors declare that ‘written informed consent was obtained from all the patients.

ETHICAL APPROVAL

All authors declare that all experiments have been examined and approved by the
appropriate ethics committee and have therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki.

76



British Journal of Medicine & Medical Research, 4(1): 68-80, 2014

ACKNOWLEDGEMENTS

Sabrina S. Santos is a PhD student at the Environment and Public Health Post-graduation
Program, National School of Public Health, Oswaldo Cruz Foundation, and supported with a
fellowship from the Brazilian Ministry of Education Post-graduation Board (CAPES).
Rosalina J. Koifman and Sergio Koifman have their research activity supported by the
Brazilian National Research Council- CNPq, INCT Controle do Cancer (CNPq), and the
State of Rio de Janeiro Research Foundation - FAPERJ. The authors are thankful to the
Brazilian National Cancer Institute (INCA), Pro-Matre Hospital, Institute of Trauma
Orthopedics (INTO) and the Lagoa Federal Hospital, patients and health personnel for their
kind support and collaboration which enabled this study execution.

COMPETING INTERESTS
Authors have declared that no competing interests exist.
REFERENCES

1. Boyle P, Levin B, (Eds). World Cancer Report 2008. IARC Press. Lyon; 2008.

2. Johnson RH, Chien FL, Bleyer A. Incidence of breast cancer with distant involvement
among women in the United States, 1976 to 2009. JAMA. 2013;309(8):800-5.

3. Wu QJ, Vogtmann E, Zhang W, Xie L, Yang WS, Tan YT, Gao J, Xiang YB. Cancer
incidence among adolescents and young adults in urban Shanghai, 1973-2005. PLoS
One. 2012;7(8):e42607.

4. Cardona D, Agudelo HB. Tendencias de mortalidad en poblacion adulta, Medellin,
1994-2003. Biomedica. 2007;27(3):352-63. Spanish.

5. Ortega Jacome GP, Koifman RJ, Rego Monteiro GT, Koifman S. Environmental
exposure and breast cancer among young women in Rio de Janeiro, Brazil. J Toxicol
Environ Health A. 2010;73(13-14):858-65.

6. Chu K, Tarone R, Kessler L. Recent trends in breast cancer incidence, survival, and
mortality rates. J Natl Cancer Inst. 1996;88:1571-79.

7. Schindler AE. Benefits and risks of ovarian function and reproduction for cancer
development and prevention. Gynecol Endocrinol. 2011;27(12):1043-7.

8. Key T, Verkasalo P, Banks E. Epidemiology of breast cancer. Lancet Oncol.
2001;2:133-40.
9. Yager JD. Endogenous estrogens as carcinogens through metabolic activation. J Natl

Cancer Inst Monogr. 2000;(27):67-73.

10. Urban M, Banks E, Egger S, Canfell K, O'Connell D, Beral V, Sitas F. Injectable and
oral contraceptive use and cancers of the breast, cervix, ovary, and endometrium in
black South African women: case-control study. PLoS Med. 2012;9(3):€1001182.

11. Parkin DM. 10. Cancers attributable to exposure to hormones in the UK in 2010. Br J
Cancer. 2011;105(Suppl 2):S42-8.

12. Zhu H, Lei X, Feng J, Wang Y. Oral contraceptive use and risk of breast cancer: a
meta-analysis of prospective cohort studies. Eur J Contracept Reprod Health Care.
2012;17(6):402-14.

13. Bruno RD, Njar VC. Targeting cytochrome P450 enzymes: a new approach in anti-
cancer drug development. Bioorg Med Chem. 2007;15(15):5047-60.

14. Kristensen VN, Borresen-Dale AL. Molecular epidemiology of breast cancer: genetic
variation in steroid hormone metabolism. Mutat Res. 2000;462(2-3):323-33.

77



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

British Journal of Medicine & Medical Research, 4(1): 68-80, 2014

Miyoshi Y, Noguchi S. Polymorphisms of estrogen synthesizing and metabolizing
genes and breast cancer risk in Japanese women. Biomed Pharmacother.
2003;57(10):471-81.

Sharp L, Cardy AH, Cotton SC, Little J. CYP17 gene polymorphisms: prevalence and
associations with hormone levels and related factors. a HUGE review. Am J Epidemiol.
2004;160(8):729-40.

Sangrajrang S, Sato Y, Sakamoto H, Ohnami S, Laird NM, Khuhaprema T, Brennan
P, Boffetta P, Yoshida T. Genetic polymorphisms of estrogen metabolizing enzyme
and breast cancer risk in Thai women. Int J Cancer. 2009;125(4):837-43.

Verla-Tebit E, Wang-Gohrke S, Chang-Claude J. CYP17 5-UTR MspAl
polymorphism and the risk of premenopausal breast cancer in a German population-
based case-control study. Breast Cancer Res. 2005;7(4):R455-64.
Bergman-Jungestrom M, Gentile M, Lundin AC, Wingren S. Association between
CYP17 gene polymorphism and risk of breast cancer in young women. Int J Cancer.
1999;84(4):350-3.

Chen Y, Pei J. Factors influencing the association between CYP17 T34C
polymorphism and the risk of breast cancer: meta-regression and subgroup analysis.
Breast Cancer Res Treat. 2010;122(2):471-81.

Mao C, Wang XW, He BF, Qiu LX, Liao RY, Luo RC, Chen Q. Lack of association
between CYP17 MspAl polymorphism and breast cancer risk: a meta-analysis of
22,090 cases and 28,498 controls. Breast Cancer Res Treat. 2010;122(1):259-65.
Antognelli C, Del Buono C, Ludovini V, Gori S, Talesa VN, Crino L, Barberini F, Rulli
A. CYP17, GSTP1, PON1 and GLO1 gene polymorphisms as risk factors for breast
cancer: an ltalian case-control study. BMC Cancer. 2009;9:115.

Sakoda LC, Blackston C, Doherty JA, Ray RM, Lin MG, Stalsberg H, Gao DL, Feng Z,
Thomas DB, Chen C. Polymorphisms in steroid hormone biosynthesis genes and risk
of breast cancer and fibrocystic breast conditions in Chinese women. Cancer
Epidemiol Biomarkers Prev. 2008;17(5):1066-73.

Chang JH, Gertig DM, Chen X, Dite GS, Jenkins MA, Milne RL, Southey MC,
McCredie MR, Giles GG, Chenevix-Trench G, Hopper JL, Spurdle AB. CYP17 genetic
polymorphism, breast cancer, and breast cancer risk factors: Australian Breast Cancer
Family Study. Breast Cancer Res. 2005;7(4):R513-21.

Hefler LA, Tempfer CB, Grimm C, Lebrecht A, Ulbrich E, Heinze G, Leodolter S,
Schneeberger C, Mueller MW, Muendlein A, Koelbl H. Estrogen-metabolizing gene
polymorphisms in the assessment of breast carcinoma risk and fibroadenoma risk in
Caucasian women. Cancer. 2004;101(2):264-9.

Ye Z, Parry JM. The CYP17 MspAl polymorphism and breast cancer risk: a meta-
analysis. Mutagenesis. 2002;17(2):119-26.

Ma CX, Adjei AA, Salavaggione OE, Coronel J, Pelleymounter L, Wang L, Eckloff BW,
Schaid D, Wieben ED, Adjei AA, Weinshilboum RM. Human aromatase: gene
resequencing and functional genomics. Cancer Res. 2005;65(23):11071-82.

Ma X, Qi X, Chen C, Lin H, Xiong H, Li Y, Jiang J. Association between CYP19
polymorphisms and breast cancer risk: results from 10,592 cases and 11,720 controls.
Breast Cancer Res Treat. 2010;122(2):495-501.

Hu Z, Song CG, Lu JS, Luo JM, Shen ZZ, Huang W, Shao ZM. A multigenic study on
breast cancer risk associated with genetic polymorphisms of ER Alpha, COMT and
CYP19 gene in BRCA1/BRCA2 negative Shanghai women with early onset breast
cancer or affected relatives. J Cancer Res Clin Oncol. 2007;133(12):969-78.

78



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

British Journal of Medicine & Medical Research, 4(1): 68-80, 2014

Lee KM, Abel J, Ko Y, Harth V, Park WY, Seo JS, Yoo KY, Choi JY, Shin A, Ahn SH,
Noh DY, Hirvonen A, Kang D. Genetic polymorphisms of cytochrome P450 19 and
1B1, alcohol use, and breast cancer risk in Korean women. Br J Cancer.
2003;88(5):675-8.

Feigelson HS, Henderson BE. Estrogens and breast cancer. Carcinogenesis.
1996;17(11):2279-84.

Yager JD, Davidson NE. Estrogen carcinogenesis in breast cancer. N Engl J Med.
2006;354(3):270-82.

Cavalieri E, Frenkel K, Liehr JG, Rogan E, Roy D. Estrogens as endogenous
genotoxic agents-DNA adducts and mutations. J Natl Cancer Inst Monogr.
2000;(27):75-93.

Nioi P, Hayes JD. Contribution of NAD(P)H:quinone oxidoreductase 1 to protection
against carcinogenesis, and regulation of its gene by the Nrf2 basic-region leucine
zipper and the arylhydrocarbon receptor basic helix-loop-helix transcription factors.
Mutat Res. 2004;555(1-2):149-71.

Ross D, Kepa JK, Winski SL, Beall HD, Anwar A, Siegel D. NAD(P)H:quinone
oxidoreductase 1 (NQO1): chemoprotection, bioactivation, gene regulation and
genetic polymorphisms. Chem Biol Interact. 2000;129(1-2):77-97.

Singh S, Zahid M, Saeed M, Gaikwad NW, Meza JL, Cavalieri EL, Rogan EG,
Chakravarti D. NAD(P)H:quinone oxidoreductase 1 Argl39Trp and Prol87Ser
polymorphisms imbalance estrogen metabolism towards DNA adduct formation |
human mammary epithelial cells. J Steroid Biochem Mol Biol. 2009; 117(1-3):56-66.
Traver RD, Horikoshi T, Danenberg KD, Stadlbauer TH, Danenberg PV, Ross D and
Gibson NW. NAD(P)H:quinone oxidoreductase gene expression in human colon
carcinoma cells: characterization of a mutation which modulates DT-diaphorase
activity and mitomycin sensitivity. Cancer Res. 1992;52:797-802.

Hong CC, Ambrosone CB, Ahn J, Choi JY, McCullough ML, Stevens VL, Rodriguez C,
Thun MJ, Calle EE. Genetic variability in iron-related oxidative stress pathways (Nrf2,
NQO1, NOS3, and HO-1), iron intake, and risk of postmenopausal breast cancer.
Cancer Epidemiol Biomarkers Prev. 2007;16(9):1784-94.

Sarmanova J, Susova S, Gut I, Mrhalova M, Kodet R, Adamek J, Roth Z, Soucek P.
Breast cancer: role of polymorphisms in biotransformation enzymes. Eur J Hum
Genet. 2004;12(10):848-54.

Menzel HJ, Sarmanova J, Soucek P, Berberich R, Griinewald K, Haun M, Kraft HG.
Association of NQO1 polymorphism with spontaneous breast cancer in two
independent populations. Br J Cancer. 2004;90(10):1989-94.

Fowke JH, Shu XO, Dai Q, Jin F, Cai Q, Gao YT, Zheng W. Oral contraceptive use
and breast cancer risk: modification by NAD(P)H:quinine oxoreductase (NQO1)
genetic polymorphisms. Cancer Epidemiol Biomarkers Prev. 2004;13(8):1308-15.
Miller AS, Dykes DD, Polesky HF. A simple procedure for extracting DNA from human
nucleated cells. Nucleic Acid Res. 1988;16(3):1215.

Garner El, Stokes EE, Berkowitz RS, Mok SC, Cramer DW. Polymorphisms of the
estrogen-metabolizing genes CYP17 and catechol-O-methyltransferase and risk of
epithelial ovarian cancer. Cancer Res. 2002;62(11):3058-62.

Modugno F, Weissfeld JL, Trump DL, Zmuda JM, Shea P, Cauley JA, Ferrell RE.
Allelic variants of aromatase and the androgen and estrogen receptors: toward a
multigenic model of prostate cancer risk. Clin Cancer Res. 2001;7(10):3092-6.
Eguchi-Ishimae M, Eguchi M, Ishii E, Knight D, Sadakane Y, Isoyama K, Yabe H,
Mizutani S, Greaves M. The association of a distinctive allele of NAD(P)H:quinone
oxidoreductase with pediatric acute lymphoblastic leukemias with MLL fusion genes in
Japan. Haematologica. 2005;90(11):1511-5.

79



46.

47.

48.

49,

50.

51.

52.

53.

54.

British Journal of Medicine & Medical Research, 4(1): 68-80, 2014

Ahsan H, Whittemore AS, Chen Y, Senie RT, Hamilton SP, Wang Q, Gurvich I,
Santella RM. Variants in estrogen-biosynthesis genes CYP17 and CYP19 and breast
cancer risk: a family-based genetic association study. Breast Cancer Res.
2005;7(1):R71-81.

Carey AH, Waterworth D, Patel K, White D, Little J, Novelli P, Franks S, Williamson R.
Polycystic ovaries and premature male pattern baldness are associated with one allele
of the steroid metabolism gene CYP17. Hum Mol Genet. 1994;3(10):1873-6.

Feigelson HS, Shames LS, Pike MC, Coetzee GA, Stanczyk FZ, Henderson BE.
Cytochrome P450cl7alpha gene (CYP17) polymorphism is associated with serum
estrogen and progesterone concentrations. Cancer Res. 1998;58(4):585-7.

Samson M, Rama R, Swaminathan R, Sridevi V, Nancy KN, Rajkumar T.
CYP17(T34C), CYP19 (Trp39Arg), and FGFR2 (C906T) polymorphisms and the risk
of breast cancer in south Indian women. Asian Pac J Cancer Prev. 2009;10(1):111-4.
Misra V, Grondin A, Klamut HJ, Rauth AM. Assessment of the relationship between
genotypic status of a DT-diaphorase point mutation and enzymatic activity. Br J
Cancer. 2000;83:998-1002.

Fowke JH, Chung FL, Jin F, Qi D, Cai Q, Conaway C, Cheng JR, Shu XO, Gao YT,
Zheng W. Urinary isothiocyanate levels, brassica, and human breast cancer. Cancer
Res. 2003;63(14):3980-6.

Singh V, Upadhyay G, Rastogi N, Singh K, Singh MP. Polymorphism of xenobiotic-
metabolizing genes and breast cancer susceptibility in North Indian women. Genet
Test Mol Biomarkers. 2011;15(5):343-9.

Yuan W, Xu L, Chen W, Wang L, Fu Z, Pang D, Li D. Evidence on the association
between NQO1 Prol87Ser polymorphism and breast cancer risk in the current
studies: a meta-analysis. Breast Cancer Res Treat. 2011;125(2):467-72.

Zhang J, Yin L, Liang G, Liu R, Pu Y. Detection of quinone oxidoreductase 1(NQO1)
single-nucleotide polymorphisms (SNP) related to benzene metabolism in
immortalized B lymphocytes from a Chinese Han population. J Toxicol Environ Health
A. 2010;73(7):490-8.

© 2014 Santos et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=215&id=12&aid=2001

80




