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Abstract

Background CYP3A4 is a major enzyme catalyzing the metabolism of endogenous steroids that play an important role in
the etiology of carcinogenesis. This study was designed to investigate the contribution of CYP3A4 polymorphism to breast
cancer in Chinese Han female population.

Methods To examine whether variants of CYP3A4 contribute to breast cancer, 5 single-nucleotide polymorphisms (SNPs)
of CYP3A4 were genotyped by Sequenom MassARRAY in 267 breast cancer patients and 302 healthy controls. Odds ratio
(OR) and 95% confidence intervals (CIs) were calculated by unconditional logistic regression adjusted for age.

Results We found that the TT genotype of CYP3A4*1G (rs2242480) polymorphism was associated with increased risk of
breast cancer using the fixed effects model (recessive model: OR =2.34, p=0.018). Stratified according to age, CYP3A4*1G
increased the risk of breast cancer especially in less than 50-year-old group (codominant model OR =3.68, p=0.041; reces-
sive model: OR=3.55, p=0.012). Furthermore, TT genotype of rs2242480 was associated with Cerb-B2 positive (recessive
model: OR=2.47, p=0.025) and stage I/II (recessive model: OR =2.32, p=0.041). However, no statistically significant
associations in other polymorphisms and haploview analysis were observed.

Conclusions This study provides an evidence for polymorphism of CYP3A4 gene associated with the development of breast
cancer, also a new insight into etiology of breast cancer. However, the underlying mechanism of the CYP3A4 gene in breast
cancer is necessary for further study.
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Breast cancer is the most frequently diagnosed cancer and
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thousand deaths worldwide annually, which accounted for
25.2% and 14.7% of all female malignant tumor incidences
and mortality, respectively [1]. In China, breast cancer is the
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most common cancer and is the sixth main cause of death
among Chinese women [2]. It is known that breast cancer
is a disease with unknown etiology which involves multiple
risk factors, including the sex hormone, environment, life-
style, and the genetic background [3]. There is a high degree
of inter-individual variance in susceptibility, clinical out-
come, and therapeutic response to breast cancer, highlight-
ing the importance of genetic alterations [4]. Clearly, muta-
tions in breast cancer susceptibility genes (BRCA genes 1
and 2) may increase the risk for developing hereditary breast
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cancer during the lifetime [5]. Besides, there are a number of
common variants (SNPs) associated with the development
of breast cancer [6-8].

Cytochrome P450s (CYPs) are a group of complex and
structurally related enzymes, which are essential role for
metabolizing many physiologic compounds including ster-
oids such as estrogen and progesterone [9, 10]. One of the
physiological functions of CYP epoxygenases is metaboliz-
ing arachidonic acid (AA) to biologically active epoxyei-
cosatrienoic acids (EETs), which has been reported to play
a critical role in the tumorigenesis of diverse cancers [11].
The CYP3A4 gene is part of a cluster of cytochrome P450
genes on chromosome 7q21.1, which has an important role
in the development and progression of breast cancer [12,
13]. As known, CYP3A4 participates in synthesizing EETs,
which promotes the proliferation of estrogen receptor (ER)-
positive breast cancer cells, in part, through EET-mediated
Stat3 activation [14]. In addition, it has been reported that
CYP3A4 is involved in the oxidative metabolites of estrone,
which is considered a crucial factor in the development and
evolution of breast cancer [15, 16]. Many polymorphisms
have been identified in the CYP3A4 gene, which impact the
expression and activity of CYP3A4 and may be associated
with the carcinogenic process [17, 18].

In the present study, we devised a case—control study to
investigate the frequencies distribution of CYP3A4 SNPs in
healthy population and breast cancer cohort and the potential
association with breast cancer susceptibility in Han Chinese
population.

Materials and methods
Study participants

Using a case—control design, a total of 569 female partici-
pants including 267 patients with newly diagnosed breast
cancer and 302 healthy controls were recruited. All of blood
samples of patients were collected by the Second Affiliated
Hospital of Xi'an Jiaotong University. None of the patients
had received radiotherapy, chemotherapy, or endocrine
therapy before blood collection. All included patients had
recently diagnosed and histopathologically confirmed as
breast cancer. Patients with breast cancer were selected
from the Department of Oncology. The exclusion criteria for
patients were: patients who had any history of cancer or with
complicated blood diseases, metabolic, cardiovascular dis-
ease or other systemic inflammatory diseases were excluded
from this study. The controls were healthy volunteers from
the medical examination of the Second Affiliated Hospital of
Xi'an Jiaotong University during the same period. All of the
healthy controls were ascertained to be no evidence of mam-
mary tumors proved by recent physical and mammograph
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examination (within past 2 years from sample collection),
no self-reported history of cancer, family history of breast
cancer or sexually transmitted diseases. All subjects were
genetically unrelated Chinese Han women.

Data collection

Information on demographic data of subjects and the clinical
characteristics of patients was collected by trained personnel
using a structured questionnaire. The clinical information
of patients included estrogen receptor (ER), progesterone
receptor (PR) and Cerb-B2 status, menopausal status, tumor
status, stage, and lymph nodes metastasis. Subsequently,
5 mL of peripheral blood from each participant was col-
lected by a specialized technician and stored into tubes con-
taining ethylenediamine tetraacetic acid (EDTA) for anti-
coagulation in a freezer, at —20 °C. Genomic DNA was
extracted from blood samples of subjects using the Whole
Blood Genomic DNA Extraction Kit (Tiangen Biotech, Bei-
jing, China) following the manufacturer’s protocol, and then
stored at —80 °C until analysis. All of the subjects were well
informed of the purpose of our study and all of them signed
a written informed consent form prior to biological material
collection in this study. All procedures in the present study
were carried out with the approval of the Research Ethics
Committee of the Second Affiliated Hospital of Xi'an Jiao-
tong University and the Peking University Shenzhen Hos-
pital, and in compliance with the Declaration of Helsinki.

SNPs genotyping

This study focused on the relationship between CYP3A4
SNPs and breast cancer in Chinese Han population. The
selection of candidate SNPs in the CYP3A4 gene was based
on the International HapMap Project (http://www.hapma
p.org), dbSNP (http://www.ncbi.nlm.nih.gov/projects/
SNP/) and UCSC (http://genome.ucsc.edu/) databases. The
minor allele frequency (MAF) value with > 0.05 in Chinese
Han population was also applied to select candidate SNPs.
Five SNPs (rs12333983, rs3735451, rs2242480, rs4646437,
and rs2246709) in CYP3A4 were ultimately identified for
the present case—control study (Table 1). Genotyping of
variants was performed by two laboratory personnel in a
double-blinded fashion using the Agena MassARRAY
system (Agena, San Diego, CA, U.S.A.), which have been
reported in the previous study [19, 20]. To verify genotyping
accuracy, marker and sample genotyping efficiencies were
examined along with performance of positive and negative
controls. In addition, about 10% of the total samples were
randomly selected to repeat genotyping and the reproduc-
ibility was 100%.
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Table 1 Comparison of basic characteristics between cases and con-
trols

Characteristics Cases Controls
Number 267 302
Age (mean + SD) 50.64+11.71 49.60+8.72

Menopausal status

Premenopausal 105 (39.3%)
Postmenopausal 156 (58.4%)
Unavailable 6 (2.2%)
ER status
Negative 75 (28.1%)
Positive 157 (58.8%)
Unavailable 35 (13.1%)
PR status
Negative 104 (39.0%)
Positive 127 (47.6%)
Unavailable 36 (13.5%)
Cerb-B2 status
Negative 64 (24.0%)
Positive 162 (60.7%)
Unavailable 41 (15.4%)

Lymph nodes metastasis

Negative 115 (43.1%)

Positive 114 (42.7%)

Unavailable 38 (14.2%)
T stage

T1 80 (30%)

T2+ T3+T4 130 (56.1%)

Unavailable 37 (13.9)
TNM stage

I+1I 162 (60.7%)

m+1v 69 (25.8%)

Unavailable 36 (13.5%)

ER estrogen receptor, RP progesterone receptor

Data analyses

The differences in demographic and clinical characteristics
of study participants were evaluated using the Pearson's
4 test for categorical variables and independent sample
Student's ¢ test for continuous variables. Deviation from
Hardy—Weinberg equilibrium (HWE) was assessed using the
Chi-square test to compare the observed and expected geno-
type frequencies among the control subjects. The polymor-
phisms were excluded if they deviated from the HWE or if
missing data comprised more than 10% of the total data. The
allelic and genotype frequencies were compared between
patients with breast cancer and controls using Pearson Chi-
squared test or Fisher’s exact test. Odds ratios (ORs) and
95% confidence intervals (CIs) were calculated to estimate
the association between polymorphisms in the CYP3A4 gene

and the risk of breast cancer using logistic regression analy-
sis by adjusting covariates such as age. The wild-type allele
was used as a reference. The association between SNPs in
CYP3A4 and breast cancer risk was estimated using mul-
tiple inheritance model analyses (codominant, dominant,
recessive and log-additive) adjusted for age by SNPstats
software (http://bioinfo.iconcologia.net/snpstats/start.htm).
Furthermore, we calculated stratification factors using age
(<50 and > 50 years) to adjust for possible cofounders.
Association between CYP3A4 polymorphisms and clinical
parameters in patients with breast cancer was investigated.
Finally, the pairwise linkage disequilibrium (LD), haplotype
construction, and genetic association of polymorphism loci
were assessed using the Haploview software package (ver-
sion 4.2) and the SHEsis software (http://analysis.bio-x.cn/
myAnalysis.php). To avoid false-positive results, permuta-
tion testing was performed (n=10,000) for multiple test-
ing correction of the haplotype analysis. Statistical analyses
were performed in IBM® SPSS Statistics software version
22 (IBM®, Armonk, New York City, NY, USA). All p values
of statistical tests were two-sided, and p <0.05 was regarded
as statistically significant.

Results

This case—control study included 267 patients with breast
cancer and 302 healthy controls. The mean age and stand-
ard deviation were 50.64 +11.71 years for cases and
49.60 + 8.72 years for controls. The demographic and clini-
cal information about the cases and the controls enrolled
in the present study is summarized in Table 1. The basic
information on the five SNPs in CYP3A4 regarding chro-
mosomal position, role, MAF of cases and controls, HWE
test results and call rate, were demonstrated in Table 1. Five
SNPs in CYP3A4 gene were successfully genotyped for fur-
ther analysis, and the call rate for all SNPs was >99% among
the breast cancer cases and the controls. Distribution of
genotype frequencies of all SNPs in the control groups was
no deviation from the HWE (p > 0.05). The differences in
allele frequency between cases and controls were compared
by Chi-squared test and ORs to evaluate the associations
with the risk of developing breast cancer. The minor allele
of each SNP as a risk factor was compared to the wild-type
(major) allele. However, no significant differences in allele
frequencies were observed for patients compare with healthy
controls, and these SNPs were not significantly associated
with the risk of breast cancer in the allele model (Table 2).
Furthermore, multiple inheritance models (dominant,
recessive, additive, and codominant models) were applied
for analyzing the association between each SNP and breast
cancer risk by unconditional logistic regression analysis
adjusted for age (Table 3). The “TT” genotype distribution
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Table 2 Basic Information about CYP3A4 candidate SNPs and association with risk of breast cancer in allele model
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p value®

}{2

HWE®  OR (95% CI)

MATF (case/con-

Case® Control® Call rate (%)
trols)

Alleles

Chr Position Role

SNP ID

(minor/
major)

0.791

1.034 (0.805-1.329) 0.070

0.2837
0.2314
0.1976
0.8135
0.2222

0.313

0.320
0.322
0.278

189/415 100

189/413

171/363
172/362
148/384
80/454

A/T
C/T
T/C

7q22.1 99354114  Downstream

rs12333983
rs3735451

0.769
0.103

0.623
0.500

0.087

0314 1.038 (0.808-1.333)

99.82
99.3

99355975 Intron

7q22.1

2.660
0.242

1.249 (0.956-1.632)

0.236

141/457
84/518

7q22.1 99361466  Intron

r$2242480
rs4646437

1.087 (0.780-1.513)
0.920 (0.723-1.171)

0.140
0.381

0.150
0.361

99.82

AIG
G/A

99365083 Intron

7922.1

0.455

100

230/374

193/341

7q22.1 99365719  Intron

182246709

SNP single-nucleotide polymorphism, MAF minor allele frequency, HWE Hardy—Weinberg equilibrium, OR odds ratio, 95% CI 95% confidence interval

#The frequencies of minor/major allele between cases and controls

5p values for the Hardy—Weinberger equilibrium (HWE) test

°p values were calculated with Pearson's y? tests. p <0.05 indicates statistical significance

of rs2242480 in controls was 4%, while in patients was 8.7%,
respectively. The frequency of mutant homozygote was
found to be significantly high among the breast cancer group
compared to controls. The result indicated that TT homozy-
gote in rs2242480 had a risk-increasing effects compared
with CC+ CT genotype (OR=2.34, 95% CI: 1.14-4.81,
p=0.018) in recessive model. No significant associations
between breast cancer risk and the remaining four SNPs
(rs12333983, rs3735451, rs4646437 and rs2246709) were
found.

Furthermore, interaction analysis between age and
CYP3A4 gene polymorphisms was carried out, and the
results (Table 4) showed that CYP3A4 152242480 polymor-
phisms were associated with the increased risk of breast can-
cer at age <50 years under a codominant model (TT vs CC:
OR=3.68,95% CI: 10.25-10.78, p=0.041) and a recessive
model (TT vs CC+CT: OR=3.55, 95% CI: 1.23-10.22,
p=0.012). However, we still did not find any other SNPs
were associated with breast cancer in age stratification (data
not shown).

We also investigated the relationship of CYP3A4 SNPs
with clinical and histological features of breast cancer,
including tumor status, stage, lymph node metastasis, and
the statuses of ER, PR, and Cerb-B2. Multiple inherit-
ance models analysis showed that clinical parameter such
as tumor status, stage, and the statuses of ER was signifi-
cantly associated with rs2242480 polymorphism. As for
1s2242480, we found that the TT genotype might be related
to a higher incidence of ER-positive breast cancer (TT vs.
CC: OR=2.36,95% CI: 1.02-5.46), but this difference was
not statistically significant (p =0.13). This finding indicates
a possible association of 152242480 with the risk of ER-posi-
tive breast cancer. The TT genotype of 152242480 associates
with a higher Cerb-B2 positive rate compared with CC+CT
genotypes (recessive model: OR=2.47,95% CI: 1.12-5.48,
p=0.025) (Table 5). Moreover, the homozygote mutant-
type TT genotype was predominant in Stages I-1I (TT vs.
CC-CT: OR=2.32,95% CI: 1.04-5.18, p=0.025). No sig-
nificant association exists between the other four polymor-
phisms (rs12333983, rs3735451, rs4646437 and rs2246709)
and any of the clinical parameters (data not shown).

Finally, linkage disequilibrium (LD) and haplotype
analyses of the SNPs were further studied. The LD block
in CYP3A4 gene was comprised of four SNPs including
rs12333983, rs3735451, rs2242480, and rs4646437, as
shown in Fig. 1. The frequencies’ distribution of haplotypes
in case and control group is presented in Table 6. The most
represented haplotype in the whole cohort of controls and
cases was TTCG, followed by ACTA and ACTGB, ACCG,
and TTTG. To examine the effect of haplotypes on the risk
of breast cancer, the haplotype-based logistic regression
method adjusted by age was carried out within the case—con-
trol cohort. Out of the haplotypes obtained, the TTCG was
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Table 3 Relationship between CYP3A4 gene polymorphisms and risk of breast cancer under multiple models of inheritance

SNP ID Model Genotype Control Case Crude analysis Adjusted by age and gender
OR (95% CI) p value OR (95% CI) p value
rs12333983 Codominant T/T 138 (45.7%) 125 (46.8%) 1.00 0.48 1.00 0.44
A/T 139 (46%) 113 (42.3%) 0.90 (0.63-1.27) 0.89 (0.63-1.26)
A/A 25 (8.3%) 29 (10.9%) 1.28 (0.71-2.30) 1.29 (0.72-2.33)
Dominant T/T 138 (45.7%) 125 (46.8%) 1.00 0.79 1.00 0.76
A/T-A/A 164 (54.3%) 142 (53.2%) 0.96 (0.69-1.33) 0.95 (0.68-1.32)
Recessive T/T-A/T 277 91.7%) 238 (89.1%) 1.00 0.29 1.00 0.27
A/A 25 (8.3%) 29 (10.9%) 1.35(0.77-2.37) 1.37 (0.78-2.41)
Log-additive — — - - 1.04 (0.80-1.33) 0.79 1.03 (0.80-1.33) 0.79
rs3735451 Codominant T/T 137 (45.5%) 126 (47.2%) 1.00 0.29 1.00 0.27
C/T 139 (46.2%) 110 (41.2%) 0.86 (0.61-1.22) 0.85 (0.60-1.21)
C/IC 25 (8.3%) 31 (11.6%) 1.35(0.76-2.41) 1.35(0.76-2.42)
Dominant T/T 137 (45.5%) 126 (47.2%) 1.00 0.69 1.00 0.66
C/T-C/C 164 (54.5%) 141 (52.8%) 0.93 (0.67-1.30) 0.93 (0.67-1.29)
Recessive T/T-C/T 276 (91.7%) 236 (88.4%) 1.00 0.19 1.00 0.18
C/C 25 (8.3%) 31 (11.6%) 1.45 (0.83-2.53) 1.46 (0.84-2.54)
Log-additive =~ — - - 1.04 (0.81-1.34) 0.77 1.04 (0.81-1.33) 0.78
152242480 Codominant C/C 170 (56.9%) 141 (53%) 1.00 0.07 1.00 0.058
C/T 117 (39.1%) 102 (38.4%) 1.05 (0.74-1.49) 1.05 (0.74-1.48)
T/T 12 (4%) 23 (8.7%) 2.31 (1.11-4.81) 2.38 (1.14-4.97)
Dominant C/IC 170 (56.9%) 141 (53%) 1.00 0.36 1.00 0.35
C/T-T/T 129 (43.1%) 125 (47%) 1.17 (0.84-1.63) 1.17 (0.84-1.63)
Recessive C/C-C/T 287 (96%) 243 (91.3%) 1.00 0.022* 1.00 0.018*
T/T 12 (4%) 23 (8.7%) 2.26 (1.10-4.64) 2.34 (1.14-4.81)
Log-additive ~ — - - 1.26 (0.96-1.65) 0.1 1.26 (0.96-1.66) 0.093
rs4646437 Codominant G/G 222 (73.8%) 192 (71.9%) 1.00 0.88 1.00 0.86
G/A 74 (24.6%) 70 (26.2%) 1.09 (0.75-1.60) 1.10 (0.75-1.61)
A/A 5(1.7%) 5(1.9%) 1.16 (0.33-4.05) 1.22 (0.35-4.29)
Dominant G/G 222 (73.8%) 192 (71.9%) 1.00 0.62 1.00 0.6
G/A-A/A 79 (26.2%) 75 (28.1%) 1.10 (0.76-1.59) 1.11 (0.76-1.60)
Recessive G/G-G/A 296 (98.3%) 262 (98.1%) 1.00 0.85 1.00 0.79
A/A 5(1.7%) 5(1.9%) 1.13 (0.32-3.95) 1.19 (0.34-4.17)
Log-additive ~ — - - 1.09 (0.78-1.52) 0.62 1.10 (0.79-1.54) 0.58
12246709 Codominant A/A 121 (40.1%) 107 (40.1%) 1.00 0.38 1.00 0.39
G/A 132 (43.7%) 127 (47.6%) 1.09 (0.76-1.55) 1.10 (0.77-1.58)
G/G 49 (16.2%) 33 (12.4%) 0.76 (0.46-1.27) 0.78 (0.46-1.30)
Dominant A/A 121 (40.1%) 107 (40.1%) 1.00 0.99 1.00 0.93
G/A-G/G 181 (59.9%) 160 (59.9%) 1.00 (0.71-1.40) 1.01 (0.72-1.42)
Recessive A/A-G/A 253 (83.8%) 234 (87.6%) 1.00 0.19 1.00 0.2
G/G 49 (16.2%) 33 (12.4%) 0.73 (0.45-1.17) 0.74 (0.46-1.18)
Log-additive =~ — - - 0.92 (0.73-1.17) 0.5 0.93 (0.73-1.18) 0.56

Bold values are statistically significant

p values were calculated by unconditional logistic regression analysis with adjustments for age

OR odd ratio, 95% CI 95% confidence interval

* indicates statistical significance (p <0.05)

considered as a reference according to which is the most
commonly found haplotype. The results did not reveal a
significant association between common haplotypes and

the risk of breast cancer (p >0.05, Table 5). Interestingly,
we found that rare haplotype in the block was associated
with an increased risk for breast cancer under before and
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Table 4 Relationship of CYP3A4 rs2242480 polymorphisms with breast cancer stratified by age

Model Genotype > 50 years <50 years
Control Case OR (95% CI) P Control Case OR (95% CI) P
Codominant C/C 73 (52.9%) 74 (53.6%) 1.00 098 97(60.2%) 67 (52.3%) 1.00 0.041*
C/T 58 (42%) 56 (40.6%)  0.97 (0.59-1.61) 59 (36.6%) 46 (359%)  1.09 (0.66-1.81)
T/T 7(5.1%) 8 (5.8%) 1.09 (0.36-3.28) 53.1%) 15(11.7%)  3.68 (1.25-10.78)
Dominant C/C 73 (52.9%) 74 (53.6%) 1.00 095 97(602%) 67 (52.3%) 1.00 0.28
C/T-T/IT  65(47.1%) 64 (46.4%)  0.98 (0.60-1.60) 64 (39.8%)  61(47.7%)  1.30(0.81-2.10)
Recessive C/C-C/T 131 (949%) 130(94.2%) 1.00 0.86 156(96.9%) 113 (88.3%) 1.00 0.012*
T/T 7(5.1%) 8 (5.8%) 1.10 (0.37-3.24) 53.1%) 15(11.7%)  3.55 (1.23-10.22)
Log-additive — - - 1.00 (0.67-1.51) 0.99 - - 1.44 (0.98-2.12)  0.062

Bold values are statistically significant

p values were calculated by unconditional logistic regression analysis with adjustments for age

OR odds ratio, 95% CI 95% confidence interval
* indicates statistical significance (p <0.05)

after the adjustment for age (OR=2.93, 95% CI: 1.08-7.95,
p=0.036).

Discussion

With the general understanding that breast cancer occurs
by the interaction of gene with gene or environment, gene
variants are likely to be involved in the etiology of breast
cancer. Some studies have focused on CYPs gene polymor-
phisms which participate in the metabolism of steroids such
as estrogen and progesterone. There is a paucity of studies
on CYP3A4 gene polymorphism associated with breast can-
cer susceptibility in Chinese Han population. This study was
designed to investigate the contribution of genetic variation
in the CYP3A4 gene to breast cancer risk in a Chinese Han
population. Allele, genotype, and haplotype frequencies of
five SNPs (rs12333983, rs3735451, rs2242480, rs4646437,
and rs2246709) in the CYP3A4 gene between breast cancer
patients and healthy controls were compared and stratifica-
tion analyses by age were conducted. To our knowledge,
this is the first study to evaluate the association these SNPs
with the risk of breast cancer in Chinese Han population.
Our study found that the genotype frequency distribution of
rs2242480 was significantly different in patients and con-
trols, and this variant was a susceptibility locus of breast
cancer, which increased the risk in Chinese women popula-
tion. Stratified analysis indicated that this association was
especially remarkable in case subjects who were diagnosed
at or before age 50 years. We also found that clinical param-
eter such as stage, and the status of ER and Cerb-B2 was
significantly associated with rs2242480 polymorphism.
These findings provide some support for our hypothesis that
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genetic variation in CYP3A4 may contribute to the etiology
of breast cancer.

The previous studies suggest that genetic variation in
CYPs enzyme activities such as CYP3A4 may alter circu-
lating estradiol and progesterone levels, and/or rate of forma-
tion of reactive compounds and/or rates of detoxification of
steroid hormone metabolites, thus leading to differing risks
of developing breast cancer [21, 22]. Besides, it has been
reported that CYP3A4 is overexpressed in breast cancer cells
and plays an important role in cell proliferation, angiogen-
esis, and migration, in part through 11,12-EET biosynthe-
sis [23]. Given the central role of CYP3A4 enzyme in the
metabolism of endogenous hormones and the progression of
breast cancer, polymorphisms in CYP3A4 gene, especially
those that may potentially alter the activity or inducibility
and relative to the common alleles, may influence breast
cancer risk [24]. Genetic variation found in the flanking,
intronic, and exonic regions of the CYP3A4 gene may influ-
ence the level or function of the CYP3A4 protein [25]. The
CYP3A4*1G (g.20230G>A, 152242480), a single-nucleo-
tide polymorphism present in intron 10 of CYP3A4, is the
most frequent SNP of CYP3A4 in Chinese population. The
mutant allele T frequency in the study was 23.6%, similar
to Healthy Han Chinese and Asian [26], but significantly
different from Caucasian (7.34%) and African (85.71%).
Polymorphisms in noncoding sequences may influence
gene function by altering the level, location, stability, or
timing of gene expression [27]. CYP3A4 rs2242480 located
in the noncoding regions of CYP3A4 could be as a possi-
ble enhancer and promoter activity to increase the activity
of CYP3A4 [28, 29]. The CYP3A4*1G polymorphism has
been identified as being associated with specific types of
cancers, including prostate cancer, breast cancer, and ovarian
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Table 5 rs2242480 polymorphisms that were associated with clinicopathological characteristics
ER status ER positive ER negative
Model Genotype Controls, N (%) Case, N (%) OR (95%) p Case, N (%) OR (95%) P
Codominant C/IC 170 (56.9%) 80 (51.3%) 1.00 0.13 43 (57.3%) 1.00 0.63
C/T 117 (39.1%) 63 (40.4%) 1.14 (0.75-1.71) 27 (36%) 0.91 (0.53-1.55)
T/T 12 (4%) 13 (8.3%) 2.36 (1.02-5.46) 5(6.7%) 1.59 (0.53-4.78)
Dominant C/C 170 (56.9%) 80 (51.3%) 1.00 0.27 43 (57.3%) 1.00 0.91
C/T-T/T 129 (43.1%) 76 (48.7%) 1.25 (0.84-1.85) 32 (42.7%) 0.97 (0.58-1.62)
Recessive C/C-CIT 287 (96%) 143 (91.7%) 1.00 0.056 70 (93.3%) 1.00 0.38
T/T 12 (4%) 13 (8.3%) 2.23 (0.98-5.08) 5(6.7%) 1.66 (0.56-4.87)
Log-additive - - - 1.31 (0.95-1.82) 0.098 - 1.05 (0.68-1.62) 0.81
Cerb-B status Cerb-B2 positive Cerb-B2 negative
Model Genotype Controls, N (%) Case, N (%) OR (95%) P Case, N (%) OR (95%) P
Codominant C/IC 170 (56.9%) 80 (49.7%) 1.00 0.062 39 (60.9%) 1.00 0.78
C/T 117 (39.1%) 66 (41%) 1.17 (0.78-1.76) 22 (34.4%) 0.82 (0.46-1.46)
T/T 12 (4%) 15 (9.3%) 2.65 (1.17-5.97) 3 (4.7%) 1.08 (0.29-4.02)
Dominant C/IC 170 (56.9%) 80 (49.7%) 1.00 0.18 39 (60.9%) 1.00 0.55
C/T-T/T 129 (43.1%) 81 (50.3%) 1.31 (0.89-1.93) 25 (39.1%) 0.85 (0.49-1.47)
Recessive C/C-CIT 287 (96%) 146 (90.7%) 1.00 0.025* 61 (95.3%) 1.00 0.82
T/T 12 (4%) 15 (9.3%) 2.47 (1.12-5.48) 3@4.7%) 1.17 (0.32-4.26)
Log-additive - - - 1.38 (1.00-1.89) 0.047 - 0.90 (0.56-1.45) 0.67
Stage Stages I+11 Stages III+1V
Model Genotype Controls, N (%) Case, N (%) OR (95%) p Case, N (%) OR (95%) )4
Codominant Cc/C 170 (56.9%) 86 (53.1%) 1.00 0.12 37 (54.4%) 1.00 0.84
C/T 117 (39.1%) 62 (38.3%) 1.04 (0.69-1.55) 27 (39.7%) 1.06 (0.61-1.84)
T/T 12 (4%) 14 (8.6%) 2.35 (1.03-5.34) 4(5.9%) 1.45 (0.44-4.79)
Dominant C/C 170 (56.9%) 86 (53.1%) 1.00 0.46 37 (54.4%) 1.00 0.73
C/T-T/T 129 (43.1%) 76 (46.9%) 1.16 (0.78-1.70) 31 (45.6%) 1.10 (0.64-1.87)
Recessive C/C-C/T 287 (96%) 148 (91.4%) 1.00 0.041* 64 (94.1%) 1.00 0.57
T/T 12 (4%) 14 (8.6%) 2.32 (1.04-5.18) 4 (5.9%) 1.41 (0.44-4.57)
Log-additive - - - 1.26 (0.91-1.72) 0.16 - 1.12 (0.72-1.75) 0.62

Bold values are statistically significant

p values were calculated by unconditional logistic regression analysis with adjustments for age
OR odds ratio, 95% CI 95% confidence interval

* indicates statistical significance (p <0.05)

cancer [30-32]. Our findings are consistent with at least one
other case—control study of American women in which the
CT-TT genotype was found to be associated with increased
breast cancer incidence compared with the CC genotype
(OR=1.25,95% CI: 1.00-1.56) [33]. However, another
study did not supported an association between breast can-
cer risk and CYP3A4 rs2242480 variants in Western Irish
population [34]. The inconsistencies in these reports may
result from different ethnic, environment, or insufficient
sample size. However, there was no finding that rs2242480
was associated with the risk of breast cancer among Chinese

Han population in previous studies. Therefore, these results
have to be taken with caution, and replication of the studies
with a larger sample size is required to confirm our findings.

Moreover, it is interesting that the CYP3A4 rs2242480
was associated with the increased risk of breast cancer,
especially at age younger than 50 years. Notably, the
median age at diagnosis of breast cancer is between 60
and 70 years in Western countries, whereas the peak age
is between 40 and 50 years in Asian countries [35]. This
finding partly reflects the age—gene interactions among
women with breast cancer, and also implies that breast
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Fig. 1 Haplotype block map for SNPs in the CYP3A4 gene

cancers among younger women tend to maybe have specific
risk factors and molecular characteristics in Chinese Han
population. In addition, we further explored the association
of CYP3A4 polymorphisms and clinical features of breast
cancer. Our results suggested that rs2242480 polymorphism
was associated with stage and the status of ER and Cerb-B2.
Mitra et al. demonstrated that CYP3A4 epoxygenase pro-
motes the growth of estrogen receptor (ER)-positive breast
cancer cells [14]. Our results showed that rs2242480-TT
was potentially associated with the increased risk of breast

cancer in the ER-positive patients. This result implied that
CYP3A4*1G might play an important role in the patho-
genesis of ER-positive breast cancer. Cerb-B2 (also named
HER?2) protooncogene is an indicator of clinical tumor
aggressiveness and poor prognosis [36]. CYP3A4*1G
TT genotype had a risk-increasing effects compared with
CC+CT genotype in the CerbB2-positive patients, which
indicates that CYP3A4 may be associated with prognosis
of breast cancer. Our results also displayed that rs2242480
increased the risk of breast cancer in the in Stage I-II
patients under the recessive model. The underlying mecha-
nisms for this finding are unknown by now, which can be a
promising field for future studies. We also performed strati-
fied analyses by PR status, tumor status, and lymph nodes
metastasis, though there was no significant difference in
the subgroups.

Inevitably, our study has potential limitations that
should be considered during the interpretation of our
results. First, the inherent selecting bias and informa-
tion bias were the unavoidable problems, because all
participants were recruited from the identical hospitals.
Second, the number of cases in our study was not large
and our study population was all Chinese Han people,
which cannot preclude false-negative results and cannot
be extrapolated to other populations. Finally, there is the
unavailability of complete clinical information (including
menopausal status of healthy controls) and the absence of
some environmental exposures factors (such as high-dose
radiation exposure, alcohol consumption). Accordingly,
explicit mechanisms of CYP3A4 SNPs on development
of breast cancer are still bewildered and further research
is needed. Despite the limitations mentioned above, the
results of our present study provided scientific evidence
of CYP3A4 gene with breast cancer in the future studies.

E"(Jl?;j?j%?giigf}?:encies Haplotype Frequency Ve p value Crude analysis Adjusted by age

association with breast cancer Case  Control OR (95% CI) P OR (95% CI) )4

ek TTCG 0.645 0.669 072 0.3961 1.00 - 1.00 -
ACTA 0.138 0.131 0.124 0.7246  1.09 (0.76-1.55) 0.65 1.10 (0.77-1.57) 0.62
ACTG 0.113  0.096 0.859 0.354 1.26 (0.85-1.86) 0.26 1.25(0.85-1.86) 0.26
ACCG 0.058 0.086 3.428 0.0641 0.68(0.42-1.10) 0.12 0.67 (0.41-1.08) 0.1
TTTG 0.017 0.009 1.574 0.2096 1.92(0.65-5.70) 0.24 1.97 (0.66-5.90) 0.22
Rare 2.98 (1.10-8.10) 0.033*  2.93 (1.08-7.95) 0.036*

Bold values are statistically significant

Block comprised of the three closely linked SNPs rs12333983, rs3735451, rs2242480, and rs4646437
OR odds ratio, 95% CI 95% confidence interval

p values were calculated with Pearson's y? tests

* indicates statistical significance (p <0.05)
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In summary, our study provides evidence for a Chinese
population that the potential role of the CYP3A4 variant
in breast cancer risk. Combined with the previous stud-
ies, this association may be a promising starting point for
a functional profile of the CYP3A4 gene and increased
understanding of the biological processes associated with
breast cancer formation and progression. Larger well-
designed epidemiological studies with ethnically diverse
populations and functional evaluations are warranted.
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