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Abstract
The CCNB1 and CDK1 genes encode the proteins of CyclinB1 and CDK1 respectively, which interact with each other
and are involved in cell cycle regulation, centrosome duplication and chromosome segregation. This study aimed to
investigate whether the genetic variants in these two genes may affect breast cancer (BC) susceptibility, progression,
and survival in Chinese Han population using haplotype-based analysis. A total of ten tSNPs spanning from 2kb
upstream to 2kb downstream of these genes were genotyped in 1204 cases and 1204 age-matched cancer-free
controls. The haplotype blocks were determined according to our genotyping data and linkage disequilibrium (LD)
status of these SNPs. For CCNB1, rs2069429 was significantly associated with increased BC susceptibility under
recessive model (OR=2.352, 95%CI=1.480-3.737), so was the diplotype TAGT/TAGT (OR=1.947
95%CI=1.154-3.284, P=0.013). In addition, rs164390 was associated with Her2-negative BC. For CDK1, rs2448343
and rs1871446 were significantly associated with decreased BC risk under dominant models, so was the haplotype
ATATT. These two SNPs also showed a dose-dependent effect on BC susceptibility. Using stratified association
analysis, we found that women with the heterozygotes or minor allele homozygotes of rs2448343 had much less BC
susceptibility among women with BMI<23. In CDK1, three closely located SNPs, rs2448343, rs3213048 and
rs3213067, were significantly associated with tumor’s PR status: the heterozygotes of rs2448343 were associated
with PR-positive tumors, while the minor allele homozygotes of rs3213048 and heterozygotes of rs3213067 were
associated with PR-negative BC tumors. In survival analysis, rs1871446 was associated with unfavorable event-free
survival under recessive model, so was the CDK1 diplotype ATATG/ATATG, which carried the minor allele
homozygote of rs1871446. Our study indicates that genetic polymorphisms of CCNB1 and CDK1 are related to BC
susceptibility, progression, and survival in Chinese Han women. Further studies need to be performed in other
populations as an independent replication to verify these results.
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Introduction

frequency, low-penetrance genetic variation according to the
“common disease, common variants” hypothesis [3].
Single nucleotide polymorphisms (SNPs), which amount to
approximately 15 million in human genome [4], denote sites
where the genomes of different people vary by a single base.
Based on linkage disequilibrium (LD) theory [5], a set of
informative SNPs (tag SNPs) can capture the contribution of
the whole SNPs in a region of a chromosome. Therefore, it is
cost-effective to genotype tSNPs. A set of associated SNP
alleles in a region of a chromosome is identified as a
“haplotype”, while a pair of haplotypes forms a “diplotype”.

Breast cancer (BC) has become the most common cancer
affecting women all around the world; its incidence also ranks
first among female cancers in China [1]. Several breast cancer
predisposition genes have been identified such as lowfrequency, high-penetrance genes BRCA1, BRCA2, PTEN and
p53, as well as low-frequency, intermediate-penetrance genes
CHEK2, ATM and PALB2 [2]. However, these mutations
explain only a small proportion of the total genetic risk of BC.
As a common complex disease, BC is also interpreted by high-
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Over the past ten years, several genome-wide association
studies (GWASs) reported BC susceptibility variants at multiple
loci in different populations [5-10].
CyclinB1 and CDK1, which are two crucial regulatory
proteins of centrosome, can form a complex (M-phase
promoting factor, MPF) and regulate the entry into mitosis [11],
enhance chromosome condensation and nuclear envelope
breakdown [12,13]. The overexpression of CyclinB1 has been
found in brain astrocytoma, cervical carcinoma, lung cancer,
and many other cancers [14,15]. CCNB1 amplification was also
reported in colorectal adenocarcinomas [16]. One study found
that docetaxel could suppress the expression of CCNB1 in
non-small cell lung cancer NCI-H460 cells [17]. Hui Cai and
colleagues found that rs2069433 in CCNB1 was related to a
reduction in endometrial cancer risk [18]. H Ma and colleagues
reported that rs2069429 in CCNB1 was associated with nonsmall cell lung cancer survival [19]. CDK1 overexpression has
been found in human gliomas [20]. Previous research in our lab
found that CyclinB1 and CDK1 were highly expressed in BC
and associated with patients’ overall survival (unpublished
data).
Based on the previous studies, we proposed the hypothesis
that genetic variants in CCNB1 and CDK1 contributed to BC’s
susceptibility, progression and patients’ survival. To examine
this hypothesis, we selected 4 and 6 tSNPs to represent these
two genes respectively, spanning from 2kb upstream to 2kb
downstream
of
CCNB1
and
CDK1
(chromosome
5:68,496,669...68,511,822
for
CCNB1;
chromosome
10:62,206,242…62,225,930 for CDK1). In this study, we
comprehensively investigated the associations of tSNPs,
haplotypes, and diplotypes in CCNB1 and CDK1 with BC
susceptibility, clinicopathological parameters and event-free
survival in Chinese Han population\.

surgery, 20 cases died of unknown causes, and 131 cases
were lost to follow-up. Therefore, 1005 cases remained in the
event-free survival analysis.
The 1204 cancer-free female individuals were selected from
a community-based screening program for non-infectious
diseases conducted in Beijing. The controls were age-matched
to cases by 5-year age groups. All the epidemiological
information was collected from the questionnaire they
completed.
This study was approved by the Peking University IRB
(reference No. IRB00001052-11029). Breast Cancer samples
were collected initially for research purposes in the tissue/blood
biobank. Written consents were collected from the BC patients
who can read and write. Verbal consents were obtained from
the BC patients who cannot read and write, however, for these
cases, written consent was signed by her next of kin. Written
consents were obtained from all control samples. The IRB
approved the written consent procedure. The data/samples
were used anonymously. PKU IRB approved our application to
waive informed re-consent for the already collected BC
samples in the tissue/blood biobank. This study only used this
part of samples.

SNPs selection
All SNPs in CCNB1 and CDK1 genes were selected
according to the public HapMap database (HapMap Data
Release 27; Chinese Beijing population) and the NCBI dbSNP
database (dbSNP b126; Chinese Beijing population) (Website:
http://hapmap.ncbi.nlm.nih.gov/) [22]. HapMap database is a
public database and all the data they provided is anonymous.
For CCNB1, a total of 14 common SNPs, with a minor allele
frequency >0.05 , were selected, spanned from 2kb upstream
to 2kb downstream of CCNB1 gene (chromosome
5:68,496,669...68,511,822). For CDK1, 41 common SNPs were
selected (chromosome 10:62,206,242...62,225,930). Using the
Tagger algorithm [23] implemented in the HaploView software
4.2 [24], we identified 4 tSNPs in CCNB1 (being rs350104,
rs2069429, rs164390, rs2069433) and 6 tSNPs in CDK1 (being
rs2448343, rs3213048, rs3213067, rs1871446, rs10711,
rs1060373) to best capture the common genetic variations
within the genes.

Materials and Methods
Study Population
This study included 1204 female BC patients and 1204
cancer-free unrelated female individuals. All the 1204 patients
were pathologically diagnosed with primary invasive ductal
breast carcinoma from 1995 to 2007 in Beijing Cancer Hospital.
Their epidemiological information was obtained from their
clinical records, including age at diagnosis, height, weight, age
at menarche and/or menopause, menopause status, age at
first full-term pregnancy and family history of cancer in firstdegree relatives. Body mass index (BMI) was calculated by
weight and height, and was used to quantify obesity (BMI≥23
as overweight; BMI<23 as normal) [21]. All the
clinicopathological parameters, including ER, PR, Her2, tumor
size, lymph node status, and clinical stage (based on the 6th
edition of TNM staging of the American Joint Committee on
Cancer system), were also collected from their clinical records.
The event-free survival time was defined as the time from the
surgery to the breast events such as breast carcinoma
recurrence, metastasis, and death caused by BC. Cases were
censored if the patients were still alive or voluntarily withdrew
or died of a cause other than BC before the latest follow-up
(August 31, 2010). Of the 1204 cases, 48 cases had no
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DNA isolation, genotyping assays, and quality control
Genomic DNA was isolated from blood leukocytes by
proteinase K digestion followed by phenol-chloroform
extraction and isopropanol precipitation. SNP genotyping was
performed by Taqman Assay® (Appplied Biosystems,
FosterCity, California) using the ABI Step One® Real-Time
PCR System (Applied Biosystems, FosterCity, California).
Primers and probes (FAM- and VIC- labeled) were directly
supplied by Applied Biosystems as Assays-by-DesignTM or
Assays-on-DemandTM products. The PCR conditions were as
same as that described by Yuan Ruan and colleagues [25].
Positive and negative controls were run together in every
genotyping assay. At least 1% of samples were duplicated
randomly in each SNP assay, and the concordance between
duplicates was more than 99%.
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LD block determination and haplotype construction

control population, and thus the 4-SNP haplotype block was
chosen (rs350104, rs2069429, rs164390, and rs2069433).
However, in CDK1, the rs3213048 and rs 10711 were in strong
LD in controls, but in weak LD in cases. Therefore, we chose
the 5-SNP haplotype block for CDK1 according to our
genotyping data in controls (rs2448343, rs3213048,
rs3213067, rs1871446, rs10711).

The most probable haplotypes for each participant were
estimated using the SAS9.1 PROC HAPLOTYPE procedure.
According to the genotyping results of the tSNPs, Linkage
Disequilibrium (LD) measured by Lewontin coefficient (D’) and
squared correlation coefficient (r2) between the genotyped
SNPs was calculated [24]. Then haplotype blocks in cases,
controls, and all the participants were respectively
reconstructed with the HaploView 4.2 software.

Associations of genotypes, haplotypes, and diplotypes
with BC susceptibility
Two-sided chi-square test indicated significant differences
both in allele frequencies and in genotype frequencies of
rs2069429 (CCNB1), rs2448343 (CDK1), and rs1871446
(CDK1) (Table 1). In CCNB1, both univariate and multivariate
logistic regression showed that rs2069429 (G>A) could
increase the BC risk under recessive model (OR=2.352, 95%
CI=1.480-3.737). In CDK1, the heterozygotes and minor allele
homozygotes of both rs2448343 (G>A) and rs1871446 (C>T)
could decrease the BC risk compared with the common
homozygotes (Table 1). Multiple logistic regression analyses
including these 2 SNPs in the full model was performed in
order to select the more important SNPs associated with BC
susceptibility. The result indicated that the statistical
significance of rs2448343 disappeared with P=0.379
(OR=0.935, 95% CI=0.804-1.086), while the OR value for
rs1871446 decreased a little (OR=0.763, 95% CI=0.644-0.904,
P=0.002). The joint effects of these two protective loci in CDK1
were also examined (Table 2). A dose-dependent effect of
rs2448343 and rs1871446 in CDK1 was observed with
Ptrend=0.0002. In other words, women harboring two protective
loci of rs2448343 and rs1871446 showed lower risk of BC than
those harboring one protective locus.
Given that age at menarche, number of births, age at first
full-term pregnancy, family history of cancer and BMI were well
known clinical risk factors of BC (Table S1), we then assessed
whether the interactions between these clinical risk factors and
the genetic variants would jointly affect BC susceptibility. We
conducted stratified association analysis of genetic variants in
CDK1 by the above clinical risk factors. The result indicated
that the association between AG or AA genotype of rs2448343
and decreased breast cancer risk was only significant among
subjects with BMI<23 status (adjusted OR=0.579, 95%
CI=0.465-0.720) (Table 3). Compared with women with AG or
AA genotype of rs2448343 (adjusted OR=0.796, 95%
CI=0.708-0.895) (Table 1) or BMI<23 status (adjusted
OR=0.806, 95% CI=0.713-0.912) alone, women with both AG
or AA genotype of rs2448343 and BMI<23 status had less BC
susceptibility. No other significant association was observed in
our study.
As haplotype and diplotype analysis may provide more
power to detect association than single marker analyses alone
[29], we also detected the associations of haplotypes and
diplotypes in CCNB1 and CDK1 with breast cancer risk. The 4SNP haplotype in CCNB1 had no significant association with
BC susceptibility (Table S3). However, in CCNB1, the 4-SNP
haplotype pairs (diplotype) TAGT/TAGT (rs350104, rs2069429,
rs164390, and rs2069433), which carried the minor allele
homozygotes of the risk SNP rs2069429, could increase about

Statistical analysis
For each tSNP, Hardy-Weinberg Equilibrium in control
subjects was examined. Two-sided t test (for continuous
variables) and chi-square (χ2) test (for categorical variables)
were performed to determine the differences between cases
and controls. Each tSNP was evaluated according to
codominant, dominant, and recessive models [26]. Two-sided
chi-square test was also used to investigate the differences in
the distributions of genotypes between cases and controls, and
to evaluate the association of alleles or genotypes with the
clinical parameters. The effects of alleles or genotypes on
breast carcinoma risk and progression were determined by
odds ratios (OR) and 95% Confidence Intervals (95% CI) using
both univariate and multivariate Logistical Regression models
[25,27,28]. For gene-gene and gene-environment interaction
analysis, we conducted stratified association analysis. KaplanMeier curves were generated for event-free survival, and logrank statistics were also used to verify the survival curves. Both
univariant and multivariant Cox’s proportional hazard model
were used to determine the hazard ratio (HR) and the
corresponding 95% CI. A two-sided P value<0.05 was
considered statistically significant. All analyses were performed
using Statistic Analysis System software (SAS v9.1, SAS
Institute, Cary, NC).

Results
Characteristics of the population
The demographic data were analyzed by chi-square test (for
categorical variables) and two-sided t test (for continuous
variables) (Table S1). The cases and controls appeared to be
adequately matched on age (P=0.437). As expected, the cases
had a much younger age at menarche (P<0.0001), fewer
number of births (P<0.0001) and an elder age at first full-term
pregnancy (P<0.0001) than the controls. In addition, cases
were more likely to have a family history of cancer (P=0.045)
and a high BMI (P=0.015), and have been breastfeeding less
than 6 months (P<0.0001).

LD degree between SNPs
The 10 tSNPs were all in agreement with Hardy-Weinberg
equilibrium (P>0.1) in the controls (Table S2). Table 1
illustrated the frequency distributions of alleles and genotypes
for the ten tSNPs among cases and controls. The LD degree of
all tSNPs in case population, control population, and total
subjects (cases plus controls) were shown in Figure 1. The
haplotype block of CCNB1 in cases was consistent with that in
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Table 1. Allele and genotype frequencies of the selected tSNPs in CCNB1 and CDK1 and the association with risk of breast
cancer.

Gene

SNPs

Genotype

Cases (%)

Controls (%)

P*

CCNB1

rs350104

TT

607 (50.42%)

586 (48.67%)

0.287

CT

481 (39.95%)

516 (42.86%)

0.900 (0.761-1.065)

0.900 (0.753-1.076)

CC

116 (9.63%)

102 (8.47%)

1.098 (0.822-1.466)

0.976 (0.717-1.330)

C allele frequency

0.296

0.299

(CC+CT) vs. TT (dominant model)

0.933 (0.795-1.094)

0.913 (0.771-1.082)

CC vs. (CT+TT) (recessive model)

1.152 (0.871-1.522)

1.025 (0.761-1.380)

rs2069429

rs164390

rs2069433

CDK1

rs2448343

rs3213048

rs3213067

rs1871446

rs10711

P**

Ptrend OR (95%CI)

aOR (95%CI)***

0.826

0.825

GG

823 (68.36%)

857 (71.18%)

AG

320 (26.58%)

320 (26.58%)

1.041 (0.868-1.249)

1.035 (0.853-1.255)

AA

61 (5.07%)

27 (2.24%)

2.352 (1.480-3.737)

2.359 (1.449-3.840)

A allele frequency

0.184

0.155

(AA+AG) vs. GG (dominant model)

1.143 (0.961-1.361)

1.139 (0.947-1.370)

AA vs. (AG+GG) (recessive model)

2.326 (1.468-3.685)

2.338 (1.440-3.794)

0.001

0.011

0.009

GG

346 (28.74%)

308 (25.58%)

0.176

0.285

TG

552 (45.85%)

590 (49.00%)

0.833 (0.687-1.010)

0.917 (0.748-1.124)

TT

306 (25.42%)

306 (25.42%)

0.890 (0.714-1110)

0.937 (0.741-1.184)

T allele frequency

0.483

0.499

(TT+TG) vs. GG (dominant model)

0.853 (0.712-1.021)

0.924 (0.764-1.118)

TT vs. (TG+GG) (recessive model)

1.000 (0.832-1.201)

0.990 (0.815-1.203)

0.273

TT

1029 (85.47%)

1002 (83.22%)

0.198

0.089

CT

167 (13.87%)

188 (15.61%)

0.865 (0.690-1.084)

0.826 (0.652-1.045)

CC

8 (0.66%)

14 (1.16%)

0.556 (0.232-1.332)

0.556 (0.219-1.412)

C allele frequency

0.076

0.090

(CC+CT) vs. TT (dominant model)

0.844 (0.677-1.052)

0.808 (0.642-1.017)

CC vs. (CT+TT) (recessive model)

0.569 (0.238-1.360)

0.571 (0.225-1.450)

0.085

GG

790 (65.61%)

726 (60.30%)

AG

375 (31.15%)

419 (34.80%)

0.822 (0.728-0.929)

0.832 (0.736-0.940)

AA

39 (3.24%)

59 (4.90%)

0.607 (0.452-0.816)

0.614 (0.456-0.825)

A allele frequency

0.188

0.223

(AA+AG) vs. GG (dominant model)

0.796 (0.708-0.895)

0.805 (0.715-0.905)

AA vs. (AG+GG) (recessive model)

0.650 (0.485-0.870)

0.654 (0.488-0.876)

<0.0001

0.016

0.003

TT

483 (40.12%)

520 (43.19%)

0.215

0.080

CT

549 (45.60%)

534 (44.35%)

1.107 (0.932-1.314)

1.084 (0.903-1.300)

CC

172 (14.29%)

150 (12.46%)

1.234 (0.960-1.587)

1.196 (0.916-1.562)

C allele frequency

0.371

0.346

(CC+CT) vs. TT (dominant model)

1.135 (0.965-1.335)

1.108 (0.933-1.216)

CC vs. (CT+TT) (recessive model)

1.171 (0.925-1.481)

1.147 (0.894-1.471)

0.076

AA

862 (71.59%)

880 (73.09%)

0.423

0.272

GA

302 (25.08%)

294 (24.42%)

1.049 (0.871-1.263)

1.023 (0.840-1.245)

GG

40 (3.32%)

30 (2.49%)

1.361 (0.840-2.205)

1.628 (0.953-2.779)

G allele frequency

0.159

0.147

(GG+GA) vs. AA (dominant model)

1.078 (0.901-1.288)

1.070 (0.886-1.293)

GG vs. (GA+AA) (recessive model)

1.345 (0.832-2.174)

1.618 (0.950-2.757)

0.262

CC

946 (78.57%)

875 (72.67%)

TC

242 (20.10%)

288 (23.92%)

0.777 (0.678-0.892)

0.784 (0.683-0.900)

TT

16 (1.33%)

41 (3.41%)

0.361 (0.239-0.546)

0.343 (0.226-0.520)

T allele frequency

0.114

0.154

(TT+TC) vs. CC (dominant model)

0.725 (0.635-0.828)

0.728 (0.637-0.831)

TT vs. (TC+CC) (recessive model)

0.382 (0.253-0.578)

0.362 (0.239-0.548)

0.001

0.011

<0.0001

GG

485 (40.28%)

481 (39.95%)

TG

527 (43.77%)

547 (45.43%)

0.955 (0.803-1.137)

0.890 (0.740-1.069)

TT

192 (15.95%)

176 (14.62%)

1.082 (0.851-1.376)

1.019 (0.786-1.320)

T allele frequency

0.378

0.373

0.986 (0.838-1.161)

0.920 (0.774-1.093)

(TT+TG) vs. GG (dominant model)
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Table 1 (continued).

Gene

SNPs

Cases (%)

Controls (%)

P*

GG

958 (79.57%)

989 (82.14%)

0.272

AG

235 (19.52%)

AA

11 (0.91%)

A allele frequency

0.107

0.093

Genotype

P**

Ptrend OR (95%CI)

TT vs. (TG+GG) (recessive model)
rs1060343

aOR (95%CI)***

1.108 (0.887-1.384)

1.082 (0.851-1.377)

206 (17.11%)

1.177 (0.957-1.448)

1.158 (0.931-1.441)

9 (0.75%)

1.261 (0.520-3.056)

0.991 (0.380-2.586)

(AA+AG) vs. GG (dominant model)

1.181 (0.964-1.447)

1.151 (0.929-1.427)

AA vs. (AG+GG) (recessive model)

1.223 (0.505-2.963)

0.964 (0.370-2.514)

0.109

0.113

* Two-sided chi-square test for difference in frequency distribution of genotypes between cases and controls.
** Two-sided chi-square test for difference in frequency distribution of alleles between cases and controls.
*** Adjusted for age, BMI, age at menarche, age at first full-term pregnancy, menopause status, and family history of cancer in first-degree relatives.

Bold values indicate a statistical significance at 0.05 level.
doi: 10.1371/journal.pone.0084489.t001

Figure 1. LD maps of the analyzed ten SNPs in controls and BC cases. The values shown in each diamond are the D’*100 (10
means 0.10, 1 means 0.01). Dark grey diamonds without a number indicate that the value of D’ is 1. The dark grey-to-white gradient
reflects higher to lower LD values.
doi: 10.1371/journal.pone.0084489.g001

Table 2. Risk of breast cancer associated with the combination of 2 susceptible tSNPs in CDK1.

Genotype

Cases (%)

Controls (%)

OR (95%CI)

P value

aOR (95% CI)*

P value*

combinations of rs2448343 with rs1871446**
0 susceptible locus

769 (63.87%)

689 (57.23%)

1 susceptible locus

198 (16.45%)

223 (18.52%)

0.796 (0.682-0.928)

0.0035

0.806 (0.691-0.941)

0.0063

2 susceptible locus

237 (19.68%)

292 (24.25%)

0.727 (0.631-0.838)

<0.0001

0.732 (0.636-0.844)

<0.0001

Ptrend=0.0002
* Adjusted for age, BMI, age at menarche, age at first full-term pregnancy, menopause status, and family history of cancer in first-degree relatives.
** Susceptible loci are defined as heterozygotes and homozygotes of minor allele of the 2 protective tSNPs.

Bold values indicate a statistical significance at 0.05 level.
doi: 10.1371/journal.pone.0084489.t002
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more likely to develop PR-positive BC compared with those
carrying common haplotype GCACG (Table S9). Besides,
compared to women carrying common diplotype GCACG/
GTACG, patients harboring GTACG/ATATT diplotype were
more likely to have less aggressive tumors such as negative
lymph nodes (OR=0.455, 95%CI=0.274-0.753, P=0.002),
size≤2cm tumors (OR=0.613, 95% CI=0.385-0.975, P=0.039)
and clinical stage 0-I tumors (OR=0.390, 95% CI=0.227-0.671,
P=0.0007). Furthermore, the GTGCT/ATACT diplotype was
found to be associated with ER-positive tumors (OR=0.121,
95% CI=0.029-0.506, P=0.004) and PR-positive tumors
(OR=0.224, 95% CI=0.078-0.638, P=0.005).

Table 3. Stratified analyses between rs2448343 of CDK1
and breast cancer risk by BMI status.

rs2448343BMI<23

BMI≥23

case (%)/control
(%)

case (%)/control
aOR (95% CI)*

236
GG

(69.41%)/222
104
(30.59%)/173
(43.80%)

aOR (95% CI)*

554
reference

(56.20%)
AG+AA

(%)
(64.12%)/504

reference

(62.30%)
0.579
(0.465-0.720)

310
(35.88%)/305
(37.70%)

0.994
(0.815-1.094)

Associations of genotypes, haplotypes, and diplotypes
with event-free survival

* Adjusted for age, age at menarche, age at first full-term pregnancy, menopause

status, and family history of cancer in first-degree relatives.

First of all, the association of the clinicopathological
parameters with event-free survival was analyzed. As
expected, aggressive clinicopathological parameters, such as
PR-negative status, Her2-positive status, tumor size >2cm,
lymph node metastasis and clinical stage II-IV, were all
associated with worse survival in both Kaplan-Meier log-rank
analysis and the Cox’s proportional hazard model analysis
(Table 4).
Then, we analyzed the associations of genotypes,
haplotypes and diplotypes with event-free survival. In CCNB1
gene, no tSNPs, haplotypes and diplotypes were associated
with event-free survival (data not shown). In CDK1 gene, the
minor allele homozygotes of rs1871446 (C>T) were correlated
with an unfavorable event-free survival (HR=4.323, 95%
CI=1.763-10.599, P=0.001, Table 5). Figure 2A showed the
survival curve of rs1871446 genotypes, and Figure 2B
demonstrated the survival curve of rs1871446 under recessive
model. Patients harboring the diplotype ATATT/ATATT, which
carried the minor allele homozygotes of rs1871446, had a
worse event-free survival compared with the common diplotype
GCACG/GTACG (HR=3.022, 95% CI=1.309-6.975, P=0.009,
Table 5). Diplotype analysis also indicated that patients with
GTACG/ATATT, which has significant association with less
aggressive tumors previously (including negative lymph nodes,
size ≤2cm tumors, and clinical stage 0-I tumors), had a
favorable event-free survival when compared with common
diplotype (HR=0.471, 95% CI=0.242-0.917, P=0.027, Table 5).
In addition, patients harboring diplotype GTGCT/ATACT, which
was associated with ER-positive and PR-positive tumors, also
had a better event-free survival (HR=0.205, 95%
CI=0.050-0.838, P=0.027, Table 5). The survival curves of
these three diplotypes were shown in Figure 3.

Bold values indicate a statistical significance at 0.05 level.
doi: 10.1371/journal.pone.0084489.t003

1.95-fold of BC risk (OR=1.947 95% CI=1.154-3.284, P=0.013,
Table S3) compared with common diplotype TGTT/CGGT.
In CDK1, women harboring the 5-SNP haplotype ATATT
(rs2448343, rs3213048, rs3213067, rs1871446, and rs10711),
which carried 2 low-risk alleles of rs2448343 and rs1871446,
had only 78.6% of BC risk compared with those harboring
common haplotype GCACG (OR=0.786, 95% CI=0.646-0.957,
P=0.017, Table S3). When it came to the diplotype, GCACG/
GTGCT could increase the risk of BC (Table S4).

Association of genotypes, haplotypes, and diplotypes
with clinicopathological parameters
The associations of genotype, haplotype and diplotype with
chinicopathological parameters (including ER status, PR
status, Her2 status, tumor size, lymph node status, and clinical
stage) were also examined in our study.
In CCNB1, we found that patients harboring TT genotype of
rs164390 (G>T) were less likely to have Her2-positive tumors
(OR=0.573, 95% CI=0.379-0.868, P=0.009, shown in Table
S5). Patients harboring the 4-SNP haplotypes CGGT and
TAGT, which both carried the major allele of rs164390, were
more likely to have Her2-positive BC compared with patients
harboring common haplotype TGTT (CGGT: OR=1.346, 95%
CI=1.039-1.744,
P=0.025;
TAGT:
OR=1.424,
95%
CI=1.059-1.391, P=0.019; Table S6). Diplotype analysis
indicated that TGTT/TGTT, which carried the minor allele
homozygotes of rs164390, was more likely to develop Her2negative BC (OR=0.577, 95% CI=0.402-0.828, P=0.003, Table
S7).
In CDK1, patients with heterozygotes of rs2448343 (G>A)
were less likely to develop tumors with PR-negative status
(OR=0.710, 95% CI=0.521-0.969, P=0.031), while patients with
CC genotype of rs3213048 (T>C) or AG genotype of
rs3213067 (A>G) were more likely to have PR-negative tumors
compared with those carrying corresponding common
genotypes (rs3213048: OR=1.619, 95% CI=1.068-2.455,
P=0.023; rs3213067: OR=1.410, 95% CI=1.031-1.930,
P=0.032) (Table S8). Haplotype analysis also indicated that
patients with GTACG, ATACT, and GTATT haplotype were

PLOS ONE | www.plosone.org

Discussion
Chinese Han population is the largest ethnic group and
constitutes about 92% of the population of the People’s
Republic of China. Many studies investigated the associations
between SNPs and breast cancer susceptibility among
Chinese Han population. Some SNPs in DNA repair related
genes, such as APE1, XRCC1, ERCC1 and XPF [30-32] were
found to be associated with breast cancer susceptibility in
Chinese Han population, so did some SNPs in cell-cycle genes
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Table 4. Association analysis of the clinicopathological parameters in relation to event-free survival of breast cancer patients
(n=1005).

Parameter

No.

Noevent (%)

Log-rank P value

≤50y

521

86 (16.51%)

0.173

>50y

484

67 (13.84%)

positive

556

68 (12.23%)

negative

225

37 (16.44%)

positive

511

57 (11.15%)

negative

266

48 (18.05%)

negative

576

68 (11.81%)

positive

202

37 (18.32%)

negative

406

49 (12.07)

positive

279

82 (29.39%)

<=2cm

338

31 (9.17%)

>2cm

464

84 (18.10%)

0-I

113

9 (7.96%)

II-IV

581

107 (18.42%)

HR (95%CI)

P value

aHR (95%CI)*

P value*

0.801 (0.582-1.103)

0.174

0.809 (0.582-1.126)

0.210

1.342 (0.896-2.011)

0.154

1.468 (0.977-2.207)

0.065

1.716 (1.167-2.524)

0.006

1.898 (1.287-2.798)

0.001

1.526 (1.020-2.281)

0.039

1.519 (1.016-2.271)

0.042

2.785 (1.953-3.973)

<0.0001

2.425 (1.686-3.486)

<0.0001

1.998 (1.322-3.019)

0.001

1.913 (1.265-2.892)

0.002

2.590 (1.311-5.114)

0.006

2.278 (1.150-4.510)

0.018

age

ER
0.153

PR
0.006

Her2
0.038

Lymoph node metastasis
<0.0001

Size
0.0008

Clinical stage
0.004

* Adjusted for age, BMI, age at menarche, age at first full-term pregnancy, menopause status, and family history of cancer in first-degree relatives.

Bold values indicate a statistical significance at 0.05 level.
doi: 10.1371/journal.pone.0084489.t004

such as CCNE1 and CDK2 [33]. Also, some meta-analysis
studies found that SNPs in genes MDR, MTR, SLC4A7, ATR
and CHEK1 were significantly associated with breast cancer
susceptibility [34-37]. However, as far as we know, this is the
first study to comprehensively evaluate the association of
germline variation in CCNB1 and CDK1, two essential
centrosome-regulating genes in cell cycle, with BC risk,
progression and survival in Chinese Han population.
CCNB1 and CDK1 genes encode CyclinB1 and CDK1, which
are two critical proteins and interact with each other in cell
cycle. Accumulating evidence demonstrated that both the
CyclinB1 and CDK1 overexpression could contribute to cancer
risk and progressions [14,15,20]. In this study, we
hypothesized that the genetic variation in CCNB1 and CDK1
had great impact on susceptibility, progression and survival of
breast cancer. With a case-control study including 1204 breast
cancer patients and 1204 age-matched controls, we genotyped
10 tSNPs of these two genes.
For CCNB1, 4 tSNPs including rs350104, rs2069429,
rs164390 and rs2069433 were analyzed, and these 4 SNPs
formed a 4-SNP haplotype block according to our control
population data. The result revealed that rs2069429 was
significantly associated with high BC susceptibility under
recessive model. Diplotype analysis in CCNB1 showed that the
diplotype TAGT/TAGT, which carried the minor allele
homozygotes of rs2069429, was more likely to have BC than
the common diplotypes. The SNP rs2069429 is located in 0.1
kbp upstream of CCNB1 and may be the regulatory region of

PLOS ONE | www.plosone.org

the CCNB1 transcription. Notably, Hui Cai and colleagues
genotyped 3 tagging SNPs of CCNB1 in 1449 newly diagnosed
endometrial cases from Shanghai Cancer Registry in China,
and found that rs2069433 was related to a reduction in
endometrial cancer risk [18], however, no significant
association was observed between rs2069433 and breast
carcinoma susceptibility in our study. Four SNPs of CCNB1
(rs352626, rs350104, rs2069429, rs164390) were genotyped
by H Ma and colleagues in 828 non-small cell lung cancer
cases, and rs2069429 was found to be associated with NSCLC
survival with a log-rank P<0.1 under recessive model [19]. In
our survival analysis, no significant association in CCNB1 was
observed. The difference between our result and H Ma’s result
can be explained as follows. Firstly, our cases were 1204
breast carcinomas while their cases were 828 NSCLC patients.
Secondly, a two-sided P value<0.05 was considered
statistically significant in our study instead of P<0.1. Our results
also demonstrated that TT of rs164390 in CCNB1 was
associated with Her2-negative tumors, consistent with the
result that the haplotypes of CGGT and TAGT were associated
with Her2-positive tumors and diplotype TGTT/TGTT were
associated with Her2-negative tumors. No previous research
has analyzed the association of rs164390 with Her2 status in
any tumor. The SNP rs164390 is located in the 5’-UTR of the
gene CCNB1. 5’-UTR has been mainly implicated in
translational control, affecting all post-transcriptional stages
such as mRNA stability, folding, and interactions with the
ribosomal machinery [38,39]. Nevertheless, there is also the
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Table 5. Association analysis of the selected tSNPs, diplotypes in CDK1 in relation to event-free survival of breast cancer
patients (n=1005).

Parameter

No.

Noevent (%)

Log-rank P value

HR (95%CI)

P value aHR (95%CI)*

P value*

GG

665

107 (16.09%)

0.241

AG

305

39 (12.79%)

AA

35

0.762 (0.528-1.100)

0.147

0.760 (0.523-1.106)

0.152

7 (20.00%)

1.293 (0.602-2.778)

0.510

1.262 (0.585-2.719)

0.553

(AA+AG) vs. GG (dominant model)

0.813 (0.576-1.149)

0.241

0.811 (0.570-1.153)

0.243

AA vs. (AG+GG) (recessive model)

1.399 (0.655-2.987)

0.386

1.370 (0.640-2.9330

0.417

CDK1 tSNPs
rs2448343

rs3213048
TT

404

53 (13.12%)

CT

460

83 (18.04%)

0.072
1.429 (1.013-2.018)

0.042

1.450 (1.019-2.063)

0.039

CC

141

17 (12.06%)

0.954 (0.552-1.647)

0.865

0.863 (0.485-1.536)

0.617

(CC+CT) vs. TT (dominant model)

1.318 (0.944-1.839)

0.104

1.307 (0.929-1.839)

0.124

CC vs. (CT+TT) (recessive model)

0.779 (0.471-1.290)

0.332

0.701 (0.410-1.197)

0.193

rs3213067
AA

715

109 (15.24%)

GA

254

39 (15.35%)

0.963
1.030 (0.715-1.485)

0.873

1.047 (0.718-1.525)

0.813

GG

36

5 (13.89%)

0.909 (0.371-2.229)

0.835

0.970 (0.395-2.381)

0.946

(GG+GA) vs. AA (dominant model)

1.015 (0.715-1.440)

0.934

1.037 (0.724-1.485)

0.844

GG vs. (GA+AA) (recessive model)

0.902 (0.370-2.200)

0.821

0.958 (0.392-2.342)

0.926

rs1871446
CC

789

121 (15.34%)

TC

205

27 (13.17%)

0.831 (0.547-1.261)

0.384

0.777 (0.507-1.190)

0.246

TT

11

5 (45.45%)

4.323 (1.763-10.599)

0.001

5.795 (2.317-14.492)

0.0002

(TT+TC) vs. CC (dominant model)

0.951 (0.644-1.404)

0.064

0.905 (0.608-1.348)

0.623

TT vs. (TC+CC) (recessive model)

4.482 (1.834-10.954)

0.001

5.087 (2.071-12.497)

0.0004

0.001

rs10711
GG

408

59 (14.46%)

TG

441

70 (15.87%)

0.981
1.035 (0.731-1.465)

0.846

1.098 (0.768-1.570)

0.608

TT

156

24 (15.38%)

1.011 (0.628-1.627)

0.965

1.193 (0.734-1.940)

0.477

(TT+TG) vs. GG (dominant model)

1.029 (0.742-1.426)

0.865

1.121 (0.802-1.568)

0.503

TT vs. (TG+GG) (recessive model)

0.992 (0.641-1.535)

0.972

1.136 (0.727-1.774)

0.577

rs1060373
GG

807

124 (15.37%)

AG

192

28 (14.58%)

0.923
0.974 (0.646-1.468)

0.900

0.944 (0.621-1.434)

0.787

AA

6

1 (16.67%)

1.460 (0.204-10.431)

0.706

1.427 (0.199-10.245)

0.724

(AA+AG) vs. GG (dominant model)

0.985 (0.658-1.476)

0.943

0.955 (0.632-1.443)

0.828

AA vs. (AG+GG) (recessive model)

1.467 (0.206-10.468)

0.702

1.443 (0.201-10.344)

0.715

CDK1 diplotypes
GCACG/GTACG

181

33 (18.23%)

\

GCACG/GCACG

113

13 (11.50%)

\

0.601 (0.316-1.143)

0.121

0.496 (0.250-0.986)

0.046

GCACG/ATATT

98

22 (22.45%)

\

1.188 (0.811-1.741)

0.377

1.194 (0.814-1.752)

0.345

GTACG/GTGCT

73

10 (13.70%)

\

0.663 (0.402-1.094)

0.108

0.710 (0.430-1.172)

0.180

GCACG/GTGCT

68

8 (11.76%)

\

0.598 (0.276-1.295)

0.192

0.664 (0.305-1.444)

0.301

GTACG/GTACG

66

8 (12.12%)

\

0.548 (0.253-1.187)

0.127

0.556 (0.255-1.213)

0.140

GTACG/ATATT

51

5 (9.80%)

\

0.471 (0.242-0.917)

0.027

0.470 (0.241-0.915)

0.026

GCACG/ATACT

47

7 (14.89%)

\

0.678 (0.380-1.208)

0.187

0.644 (0.361-1.151)

0.138

GTACG/ATACT

42

9 (21.43%)

\

1.139 (0.676-1.918)

0.625

1.011 (0.599-1.705)

0.968

GTGCT/ATATT

30

4 (13.33%)

\

0.715 (0.343-1.490)

0.371

0.641 (0.307-1.333)

0.236

GTGCT/ATACT

27

3 (11.11%)

\

0.524 (0.227-1.210)

0.131

0.501 (0.217-1.157)

0.106

GTGCT/GTGCT

25

1 (4.00%)

\

0.205 (0.050-0.838)

0.027

0.192 (0.047-0.785)

0.022

ATATT/ATACT

13

2 (15.38%)

\

0.800 (0.292-2.196)

0.665

0.805 (0.293-2.213)

0.675

ATATT/ATATT

7

3 (42.86%)

\

3.022 (1.309-6.975)

0.009

3.988 (1.712-9.290)

0.001

else

164

25 (15.24%)

\

0.810 (0.560-1.171)

0.262

0.770 (0.532-1.114)

0.165
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Table 5 (continued).

* Adjusted for age, BMI, age at menarche, age at first full-term pregnancy, menopause status, and family history of cancer in first-degree relatives.

Bold values indicate a statistical significance at 0.05 level.
doi: 10.1371/journal.pone.0084489.t005

Figure 2. Kaplan-Meier estimates of event-free survival according to rs1871446 genotypes.
doi: 10.1371/journal.pone.0084489.g002

possibility that rs2069429 and rs164390 are only the tags of
the causal variants. Therefore, fine-mapping to this region and
further functional experiments are warranted in order to
determine whether these tSNPs are the causal variants.
For CDK1, 6 tSNPs were genotyped, being rs2448343,
rs3213048, rs3213067, rs1871446, rs10711 and rs1060373.
The first five SNPs were constructed as a 5-SNP haplotype
block in our control population. We found that the minor alleles
in rs2448343 and rs1871446 were significantly associated with

PLOS ONE | www.plosone.org

low BC risk. Multiple logistic regression analysis including
these 2 SNPs in the full model indicated that rs1871446 had a
stronger effect on reducing BC risk than rs2448343. These 2
SNP showed a dose-dependent effect on the BC risk
(Ptrend=0.0002). Haplotype analysis also indicated that ATATT,
which contained two minor alleles of both rs2448343 and
rs1871446, showed significant association with low BC
susceptibility. For the gene-gene and gene-environment
interaction analysis, some previous studies used the method of
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Figure 3. Kaplan-Meier estimates of event-free survival according to CDK1 diplotypes.
doi: 10.1371/journal.pone.0084489.g003
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populations. Functional studies are also needed to determine
how these SNPs influence the BC susceptibility and event-free
survival.

multifactor dimensionality reduction (MDR) [40,41]. The method
of MDR is a non-parametric, genetic model-free method for
overcoming the limitation of small sample size. As we had
enough samples in our study, the stratified association analysis
was used to test the interaction between tSNPs and clinical
parameters on BC risk. We observed a significant joint effect of
rs2448343 and BMI status on BC susceptibility: compared with
women with AG or AA genotype of rs2448343 or BMI<23
status alone, women with both AG or AA genotype of
rs2448343 and BMI<23 status had less BC susceptibility. The
SNP rs2448343 is located in intron region of CDK1, which may
influence the disease risk by affecting mRNA expression levels,
alternative splicing, mRNA structure and mRNA stability
[42,43]. The SNP rs1871446 is located in the 3’-UTR of CDK1,
which is essential in mRNA stability [44,45] and localization
[46]. 3’-UTR may also be the binding site of miRNA. Our result
also indicated that three closely located SNPs, rs2448343,
rs3213048 and rs3213067, were significantly associated with
tumor’s PR status: the heterozygotes of rs2448343 were
associated with PR-positive tumors, while minor allele
homozygotes of rs3213048 and heterozygotes of rs3213067
were associated with PR-negative BC tumors. Haplotype
analysis indicated that patients with GTACG, ATACT, and
GTATT were more likely to develop PR-positive BC tumors
compared with common haplotype GCACG. Besides, diplotype
analysis indicated that GTACG/ATATT were associated with
less aggressive tumors such as negative lymph nodes, size
≤2cm tumors, and clinical stage 0-I tumors; while GTGCT/
ATACT was found to be associated with less aggressive
tumors such as ER positive-tumors or PR-positive tumors
compared to the common diplotype GCACG/GTACG, which is
consistent with the survival analysis results in which the
patients harboring diplotypes of GTACG/ATATT and GTGCT/
ATACT had a favorable event-free survival. In survival
analysis, H Ma and colleague genotyped 3 SNPs of CDK1
including rs2127355, rs2170006 and rs1871446, but no
significant association between these SNPs and NSCLC
survival was observed [19]. In our study, the minor allele
homozygotes TT of rs1871446 had an unfavorable breast
carcinoma survival under recessive model. Diplotype analysis
also proved that ATATT/ATATT, which carried the minor allele
homozygotes of rs1871446, had a negative impact on eventfree survival.
In summary, in CCNB1, rs2069429 and diplotype TAGT/
TAGT were associated with increased BC susceptibility. In
CDK1, rs2448343 and rs1871446 were associated with
decreased BC risk, so was the CDK1 haplotype ATATT. These
two SNPs also showed a dose-dependent effect on the BC
susceptibility. Notably, the minor allele homozygote of
rs1871446 was associated with unfavorable event-free
survival, so was the diplotype ATATT/ATATT in CDK1.
Nevertheless, these results need to be verified in other

PLOS ONE | www.plosone.org

Supporting Information
Table S1.
controls.
(DOC)

The characteristics data of the cases and

Table S2.
tSNPs.
(DOC)

The Hardy-Weinberg equilibrium of the 10

Table S3. The association between the haplotypes and
breast cancer risk.
(DOC)
Table S4. The association between the diplotypes and
breast cancer risk.
(DOC)
Table S5. The association analysis of the genotype in
CCNB1 in relation to Her2 status.
(DOC)
Table S6. The association between the haplotypes in
CCNB1 and Her2 status.
(DOC)
Table S7. The association between the diplotype in
CCNB1 and Her2 status.
(DOC)
Table S8. The association between the haplotypes in
CDK1 and PR status.
(DOC)
Table S9. The association between the haplotypes in
CDK1 and PR status.
(DOC)

Author Contributions
Conceived and designed the experiments: XXT WGF YTX.
Performed the experiments: YL YLC LYZ JYH. Analyzed the
data: YL YLC. Contributed reagents/materials/analysis tools:
YTX HW. Wrote the manuscript: YL. Revised the paper: XXT
WGF.

11

December 2013 | Volume 8 | Issue 12 | e84489

Association of CCNB1 and CDK1 with Breast Cancer

References
1. Chen W, Zheng R, Zhang S, Zhao P, Li G et al. (2013) The incidences
and mortalities of major cancers in China, 2009. Chin J Cancer 32:
106-112. doi:10.5732/cjc.013.10018. PubMed: 23452393.
2. Turnbull C, Rahman N (2008) Genetic predisposition to breast cancer:
past, present, and future. Annu Rev Genomics Hum Genet 9: 321-345.
doi:10.1146/annurev.genom.9.081307.164339. PubMed: 18544032.
3. Schork NJ, Murray SS, Frazer KA, Topol EJ (2009) Common vs. rare
allele hypotheses for complex diseases. Curr Opin Genet Dev 19:
212-219. doi:10.1016/j.gde.2009.04.010. PubMed: 19481926.
4. Genomes Project C, Abecasis GR, Altshuler D, Auton A, Brooks LD et
al. (2010) A map of human genome variation from population-scale
sequencing. Nature 467: 1061-1073. doi:10.1038/nature09534.
PubMed: 20981092.
5. Wall JD, Pritchard JK (2003) Haplotype blocks and linkage
disequilibrium in the human genome. Nat Rev Genet 4: 587-597. doi:
10.1038/nrg1123. PubMed: 12897771.
6. Easton DF, Pooley KA, Dunning AM, Pharoah PD, Thompson D et al.
(2007) Genome-wide association study identifies novel breast cancer
susceptibility loci. Nature 447: 1087-1093. doi:10.1038/nature05887.
PubMed: 17529967.
7. Narod SA (2011) Genetic variants associated with breast-cancer risk.
Lancet Oncol 12: 415-416. doi:10.1016/S1470-2045(11)70084-5.
PubMed: 21514220.
8. Gold B, Kirchhoff T, Stefanov S, Lautenberger J, Viale A et al. (2008)
Genome-wide association study provides evidence for a breast cancer
risk locus at 6q22.33. Proc Natl Acad Sci U S A 105: 4340-4345. doi:
10.1073/pnas.0800441105. PubMed: 18326623.
9. Ghoussaini M, Pharoah PD (2009) Polygenic susceptibility to breast
cancer: current state-of-the-art. Future Oncol 5: 689-701. doi:10.2217/
fon.09.29. PubMed: 19519208.
10. Sehrawat B, Sridharan M, Ghosh S, Robson P, Cass CE et al. (2011)
Potential novel candidate polymorphisms identified in genome-wide
association study for breast cancer susceptibility. Hum Genet 130:
529-537. doi:10.1007/s00439-011-0973-1. PubMed: 21424380.
11. Hagting A, Jackman M, Simpson K, Pines J (1999) Translocation of
cyclin B1 to the nucleus at prophase requires a phosphorylationdependent nuclear import signal. Curr Biol 9: 680-689. doi:10.1016/
S0960-9822(99)80438-2. PubMed: 10395539.
12. Jackman M, Lindon C, Nigg EA, Pines J (2003) Active cyclin B1-Cdk1
first appears on centrosomes in prophase. Nat Cell Biol 5: 143-148. doi:
10.1038/ncb918. PubMed: 12524548.
13. Li J, Meyer AN, Donoghue DJ (1997) Nuclear localization of cyclin B1
mediates its biological activity and is regulated by phosphorylation.
Proc Natl Acad Sci U S A 94: 502-507. doi:10.1073/pnas.94.2.502.
PubMed: 9012813.
14. Zempolich K, Fuhrman C, Milash B, Flinner R, Greven K et al. (2008)
Changes in gene expression induced by chemoradiation in advanced
cervical carcinoma: a microarray study of RTOG C-0128. Gynecol
Oncol 109: 275-279. doi:10.1016/j.ygyno.2008.01.027. PubMed:
18299147.
15. Gomathinayagam R, Sowmyalakshmi S, Mardhatillah F, Kumar R,
Akbarsha MA et al. (2008) Anticancer mechanism of plumbagin, a
natural compound, on non-small cell lung cancer cells. Anticancer Res
28: 785-792. PubMed: 18507021.
16. Aamodt R, Jonsdottir K, Andersen SN, Bondi J, Bukholm G, et al.
(2009) Differences in protein expression and gene amplification of
cyclins between colon and rectal adenocarcinomas. Gastroenterol Res
Pract 2009: 285830.
17. Che CL, Zhang YM, Zhang HH, Sang YL, Lu B, et al. (2013) DNA
microarray reveals different pathways responding to paclitaxel and
docetaxel in non-small cell lung cancer cell line. Int J Clin Exp Pathol 6:
1538-1548.
18. Cai H, Xiang YB, Qu S, Long J, Cai Q et al. (2011) Association of
genetic polymorphisms in cell-cycle control genes and susceptibility to
endometrial cancer among Chinese women. Am J Epidemiol 173:
1263-1271. doi:10.1093/aje/kwr002. PubMed: 21454826.
19. Ma H, Chen J, Pan S, Dai J, Jin G et al. (2011) Potentially functional
polymorphisms in cell cycle genes and the survival of non-small cell
lung cancer in a Chinese population. Lung Cancer 73: 32-37. doi:
10.1016/j.lungcan.2010.11.001. PubMed: 21145615.
20. Chen H, Huang Q, Dong J, Zhai DZ, Wang AD et al. (2008)
Overexpression of CDC2/CyclinB1 in gliomas, and CDC2 depletion
inhibits proliferation of human glioma cells in vitro and in vivo. BMC
Cancer 8: 29. doi:10.1186/1471-2407-8-29. PubMed: 18230152.
21. Consultation WHOE (2004) Appropriate body-mass index for Asian
populations and its implications for policy and intervention strategies.
Lancet 363: 157-163.

PLOS ONE | www.plosone.org

22. International HapMap C, Frazer KA, Ballinger DG, Cox DR, Hinds DA
et al. (2007) A second generation human haplotype map of over 3.1
million SNPs. Nature 449: 851-861. doi:10.1038/nature06258. PubMed:
17943122. Available online at: doi:10.1038/nature06258 Available
online at: PubMed: 17943122
23. de Bakker PI, Yelensky R, Pe'er I, Gabriel SB, Daly MJ et al. (2005)
Efficiency and power in genetic association studies. Nat Genet 37:
1217-1223. doi:10.1038/ng1669. PubMed: 16244653.
24. Barrett JC, Fry B, Maller J, Daly MJ (2005) Haploview: analysis and
visualization of LD and haplotype maps. Bioinformatics 21: 263-265.
doi:10.1093/bioinformatics/bth457. PubMed: 15297300.
25. Ruan Y, Song AP, Wang H, Xie YT, Han JY et al. (2011) Genetic
polymorphisms in AURKA and BRCA1 are associated with breast
cancer susceptibility in a Chinese Han population. J Pathol 225:
535-543. doi:10.1002/path.2902. PubMed: 21598251.
26. Lewis CM (2002) Genetic association studies: design, analysis and
interpretation. Brief Bioinform 3: 146-153. doi:10.1093/bib/3.2.146.
PubMed: 12139434.
27. Ding SL, Yu JC, Chen ST, Hsu GC, Kuo SJ et al. (2009) Genetic
variants of BLM interact with RAD51 to increase breast cancer
susceptibility. Carcinogenesis 30: 43-49. PubMed: 18974064.
28. Han J-Y, Wang H, Xie Y-T, Li Y, Zheng L-Y et al. (2012) Association of
Germline Variation in CCNE1 and CDK2 with Breast Cancer Risk,
Progression and Survival among Chinese Han Women. PLOS ONE 7:
e49296. doi:10.1371/journal.pone.0049296. PubMed: 23185313.
29. Newton-Cheh C, Hirschhorn JN (2005) Genetic association studies of
complex traits: design and analysis issues. Mutat Res 573: 54-69. doi:
10.1016/j.mrfmmm.2005.01.006. PubMed: 15829237.
30. Yang Z, Fang X, Pei X, Li H (2013) Polymorphisms in the ERCC1 and
XPF genes and risk of breast cancer in a Chinese population. Genet
Test Mol Biomarkers 17: 700-706. doi:10.1089/gtmb.2013.0122.
PubMed: 23909490.
31. Liu L, Yuan P, Liu L, Wu C, Zhang X et al. (2011) A functional -77T>C
polymorphism in XRCC1 is associated with risk of breast cancer.
Breast Cancer Res Treat 125: 479-487. doi:10.1007/s10549-010-0959z. PubMed: 20549339.
32. Kang H, Dai Z, Ma X, Ma L, Jin Y et al. (2013) A genetic variant in the
promoter of APE1 gene (-656 T>G) is associated with breast cancer
risk and progression in a Chinese population. Gene 531: 97-100. doi:
10.1016/j.gene.2013.08.052. PubMed: 23994194.
33. Han JY, Wang H, Xie YT, Li Y, Zheng LY et al. (2012) Association of
germline variation in CCNE1 and CDK2 with breast cancer risk,
progression and survival among Chinese Han women. PLOS ONE 7:
e49296. doi:10.1371/journal.pone.0049296. PubMed: 23185313.
34. Chen W, Zhong R, Ming J, Zou L, Zhu B et al. (2012) The SLC4A7
variant rs4973768 is associated with breast cancer risk: evidence from
a case-control study and a meta-analysis. Breast Cancer Res Treat
136: 847-857. doi:10.1007/s10549-012-2309-9. PubMed: 23117855.
35. Wang Z, Wang T, Bian J (2013) Association between MDR1 C3435T
polymorphism and risk of breast cancer. Gene 532: 94-99. doi:10.1016/
j.gene.2013.09.050. PubMed: 24070710.
36. Zhong S, Xu J, Li W, Chen Z, Ma T et al. (2013) Methionine synthase
A2756G polymorphism and breast cancer risk: an up-to-date metaanalysis. Gene 527: 510-515. doi:10.1016/j.gene.2013.06.054.
PubMed: 23845785.
37. Lin WY, Brock IW, Connley D, Cramp H, Tucker R et al. (2013)
Associations of ATR and CHEK1 single nucleotide polymorphisms with
breast cancer. PLOS ONE 8: e68578. doi:10.1371/journal.pone.
0068578. PubMed: 23844225.
38. Thireos G, Penn MD, Greer H (1984) 5' untranslated sequences are
required for the translational control of a yeast regulatory gene. Proc
Natl Acad Sci U S A 81: 5096-5100. doi:10.1073/pnas.81.16.5096.
PubMed: 6433345.
39. Mignone F, Gissi C, Liuni S, Pesole G (2002) Untranslated regions of
mRNAs. Genome Biol 3: REVIEWS0004. PubMed: 11897027.
40. Liu L, Wu C, Wang Y, Zhong R, Wang F et al. (2011) Association of
candidate genetic variations with gastric cardia adenocarcinoma in
Chinese population: a multiple interaction analysis. Carcinogenesis 32:
336-342. doi:10.1093/carcin/bgq264. PubMed: 21148629.
41. Zhong R, Liu L, Zou L, Sheng W, Zhu B et al. (2013) Genetic variations
in the TGFbeta signaling pathway, smoking and risk of colorectal
cancer in a Chinese population. Carcinogenesis 34: 936-942. doi:
10.1093/carcin/bgs395. PubMed: 23275154.
42. Berulava T, Horsthemke B (2010) The obesity-associated SNPs in
intron 1 of the FTO gene affect primary transcript levels. Eur J Hum
Genet 18: 1054-1056. doi:10.1038/ejhg.2010.71. PubMed: 20512162.

12

December 2013 | Volume 8 | Issue 12 | e84489

Association of CCNB1 and CDK1 with Breast Cancer

43. Sauna ZE, Kimchi-Sarfaty C, Ambudkar SV, Gottesman MM (2007)
Silent polymorphisms speak: how they affect pharmacogenomics and
the treatment of cancer. Cancer Res 67: 9609-9612. doi:
10.1158/0008-5472.CAN-07-2377. PubMed: 17942888.
44. Grzybowska EA, Wilczynska A, Siedlecki JA (2001) Regulatory
functions of 3'UTRs. Biochem Biophys Res Commun 288: 291-295.
doi:10.1006/bbrc.2001.5738. PubMed: 11606041.
45. Qi C, Pekala PH (1999) The influence of mRNA stability on glucose
transporter (GLUT1). Gene Expression - Biochem Biophys Res
Commun 263: 265-269. doi:10.1006/bbrc.1999.1328.

PLOS ONE | www.plosone.org

46. Corral-Debrinski M, Blugeon C, Jacq C (2000) In yeast, the 3'
untranslated region or the presequence of ATM1 is required for the
exclusive localization of its mRNA to the vicinity of mitochondria. Mol
Cell Biol 20: 7881-7892. doi:10.1128/MCB.20.21.7881-7892.2000.
PubMed: 11027259.

13

December 2013 | Volume 8 | Issue 12 | e84489

