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Abstract. Extensive evidence suggests that the genetic etiolo-
gies of breast cancer (BC) and ovarian cancer (OC) show a
certain degree of similarity. This study aimed to find out
whether the single nucleotide polymorphisms (SNPs) of genes
SNAII and TWISTI may affect BC and OC susceptibility. A
total of 7 tagging-SNPs (tSNPs) were directly genotyped in
1,161 BC cases, 286 OC cases and 1,273 cancer-free controls
among Chinese Han women. Twenty-eight variants in these
2 genes were genotyped by ‘in silico’ genotype imputation.
Logistic regression (LR) revealed that tSNPs SNAIJ rs6125849,
TWISTI rs4721746 and TWISTI rs4721745 were protec-
tive genetic variants for BC/OC. Allelic association tests of
gene-wide SNPs demonstrated that the minor alleles of SNAII
rs6125849, TWISTI rs4721745 and TWISTI rs11973396 were
strongly associated with BC/OC susceptibility. Multivariate
LR presented that SNAII rs6125849, TWISTI rs4721745,
154721746 and rs11973396 affected BC/OC susceptibility
independently, and women harboring all four protective
genoytpes had the lowest risk. Multifactor dimensionality
reduction analysis further showed that SNAII rs6125849 and
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TWISTI rs4721745 had the strongest synergistic interaction.
Functional annotation predicted that the minor alleles of
SNAII 156125849 and TWISTI rs4721745 altered their binding
affinities with transcription factors E2F6 and TCF11-MafG
respectively. These results indicate that genetic variants in
SNAII and TWISTI, most probably SNAII rs6125849 and
TWISTI rs4721745, may modulate BC and OC susceptibility.

Introduction

Breast cancer (BC) has become the most common malignancy
among women worldwide (1), and ovarian cancer (OC) is the
most lethal gynecological malignancy (2). Extensive evidence
has shown that the etiologies of BC and OC are multifactorial
involving hormonal, reproductive, environmental and genetic
factors, and they may share certain genetic factors (3-5).
Genetic variants that influence the risk of BC and OC
are divided into 3 categories: High-penetrant gene muta-
tions, intermediate-penetrant gene mutations or variants, and
low-penetrant variants (6). Approximately 20-30% of BC
and OC cases exhibit familial aggregation, most of which
are driven by low-frequency high-penetrant gene mutations,
such as BRCAI, BRCA2, PTEN and TP53 (7,8). BRCAI
and BRCA?2 are involved in the homologous recombination
pathway for double-strand DNA repair, maintaining genome
stability (9). The PTEN gene encodes a phosphatase that nega-
tively regulates the AKT/PKB signaling pathway, inducing
cell cycle arrest, apoptosis and senescence (10). P53 is a
tumor-suppressor gene involved in DNA repair, cell cycle arrest
and apoptosis (11). Both family-based and population-based
studies indicate that low-frequency genetic variants of DNA
repair genes CHEK2, ATM, BRIP and PALB?2 are associated
with a moderate risk of breast cancer (12). In particular, the
high-frequency low-penetrance genetic variants such as single
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nucleotide polymorphisms (SNPs) are more often associated
with sporadic BC and OC (13).

Although the effect of a single SNP is generally small,
several relevant SNPs may additively or synergistically
contribute to increased breast cancer risk. On average, there is
about one SNP for every 500 nucleotides in the human genome
and each gene is covered by 52 SNPs (14), thus it is costly to
genotype all these known SNPs in the target gene. Fortunately,
based on linkage disequilibrium (LD), applying a much smaller
subset of informative SNPs called haplotype-tagging SNPs
(htSNPs) or tagging SNPs (tSNPs) can capture gene-wide
common variations (15). Remarkably, by using these directly
genotyped data of htSNP or tSNPs, many other variants that
are not directly genotyped in laboratoriess can be genotyped
on computer, an approach called genotype imputation (16). It
predicts the individual genotypes at un-typed loci by comparing
this individual to other individuals who shared a common
haplotype or haplotypes, usually employing HapMap data as a
reference (17). Therefore, htSNPs or tSNPs genotype analysis
is a cost-effective strategy to pinpoint the polymorphisms of
susceptibility genes in population association studies (18).

Snaill (encoded by gene SNAII) and Twistl (encoded
by gene TWISTI) are 2 key inducers of epithelial-mesen-
chymal transition (EMT). The SNAII gene is located on
chr20:48,599,513-48,605,420 (human genome hgl9 as
reference) and its locus is 20q13.13. TWISTI is located on
¢chr7:19,155,091-19,157,295 (human genome hgl9 as reference)
and its locus is 7p21.1. Evidence indicates that Snaill confers
tumor cells with cancer stem cell-like traits, and promotes tumor
recurrence, metastasis and drug resistance (19). It has been
demonstrated that Snaill plays a critical role in tumor growth
and metastasis of breast and ovarian carcinoma by regulating
MMP activity (20,21). Twistl is reported to be overexpressed
in malignant and metastatic breast cancer (22) and ovarian
cancer (23,24). The positive expression of Twistl was found to
be associated with poor progression-free survival and overall
survival in epithelial ovarian carcinoma (24). Matsusaka et al
analyzed associations between 7 functional SNPs in EM T-related
genes (TWISTI, ZEBI, SNAII and E-cadherin) and outcomes in
metastatic colorectal cancer patients. They found that female
patients who carried the minor allele G of TWIST/ rs2285682
and TWIST]I rs2285681 had improved survival (25). However,
little is known concerning the association between genetic poly-
morphisms of these 2 genes and BC/OC susceptibility.

In the present study, we genotyped 7 tagging SNPs,
representatives of all SNPs within the SNAII and TWISTI
genes, in 1,161 BC cases, 286 OC cases and 1,273 cancer-free
female controls, and then performed a comprehensive correla-
tion analysis between genotypes and cancer susceptibility. To
fine-map the potential causal variants, genotype imputation was
conducted to identify more SNPs that contribute to the suscep-
tibility of the diseases in these two genes. Functional annotation
predicted that SNAII rs6125849 and TWIST] rs4721745 could
be causal SNPs, which modulate BC and OC susceptibility.

Materials and methods
Study population and DNA isolation. This study included

1,161 BC cases and 978 cancer-free female controls, and
286 ovarian cancer cases and 295 cancer-free female controls.
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All 1,447 cancer cases were recruited from Beijing Cancer
Hospital, Peking University Third Hospital and Beijing Hospital
between 1995 and 2010, and were pathologically diagnosed
with breast invasive ductal carcinoma or ovarian serous carci-
nomas. The epidemiological information was extracted from
their clinical records. The 978 cancer-free female controls and
295 cancer-free female controls, age-matched to BC and OC
cases by 5-year age groups respectively, were selected from
a community-based screening program for non-infectious
diseases in Beijing. The epidemiological information of the
controls was collected from the questionnaire. Age, height,
weight, age at menarche and/or menopause, age at the first
full-term pregnancy (FFTP) as well as family history of BC,
OC or other cancers in first-degree relatives and other epide-
miologic data were collected for all patients and controls.

For the 1,161 BC cases and all the 1,273 cancer-free
female controls, genomic DNA was extracted from blood
leukocytes as described by Grimberg et al (26). Briefly,
2 ml of whole blood was mixed with 8 ml of ice cold Triton
lysis buffer (0.32 M sucrose, 10 mM Tris-HCI pH 7.6, 5 mM
MgCl,, 1% Triton X-100). After centrifugation, the nuclear
pellet was resuspended in 500 ul of proteinase K buffer
(1 mg/ml proteinase K, 10 mM Tris-HCI pH 8.0, 10 mM NaCl,
10 mM EDTA) and incubated for 2 h at 65°C. Genomic DNA
was subsequently separated from proteins by saturated phenol,
and then with phenol:chloroform:isoamyl alcohol (25:24:1)
procedure. DNA in the supernatant fluid was precipitated by
ethanol and dissolved in 400 pl of TE buffer. DNA concentra-
tion was determined using NanoDrop 2000C (Thermo Fisher
Scientific, Inc., Waltham, MA, USA) at 260 nm.

For the 286 OC cases, genomic DNAs were extracted
from archived formalin-fixed paraffin-embedded (FFPE)
non-tumor tissues as described by Pikor et al (27). Briefly, for
each case, 3 pieces of 10-ym-thick paraffin-embedded tissue
sections were incubated in xylene to remove paraffin from the
tissues, and then incubated in proteinase K buffer (5 mg/ml
proteinase K, 10 mM Tris-HCI pH 8.0, 10 mM NaCl and
10 mM EDTA) for 2 days until the tissues were fully dissolved.
The DNAs were purified by phenol/chloroform DNA extrac-
tion method, and then precipitated by ethanol and dissolved
in TE buffer. The DNA concentration was determined using
NanoDrop 2000C at 260 nm.

Selection of tagging-SNPs. To ensure good marker coverage of
the entire genes and increase the analytic efficiency, tagging
SNPs (tSNPs) were selected by Haploview v.4.2 software
program based on the information of candidate genes in the
HapMap database [HapMap Data Release #27; Chinese Beijing
population (CHB)] (www.hapmap.org). The tSNPs met the
following requirements: A 0.8-r* threshold and a minor allele
frequency (MAF) >0.05, and spanning from 2 kb upstream to
2 kb downstream for SNAII and TWISTI genes, so that these
tSNPs could capture all known common genetic variants
within the entire gene. In the end, the following tSNPs were
chosen, 3 tSNPs in SNAII (rs6125849, rs4647959, rs6020178)
and 4 tSNPs in TWIST] (rs2285682, 152285681, rs4721746 and
rs4721745).

Genotyping assay and quality control. Tagging-SNP geno-
typing was performed using TaqgMan Assay® (Applied
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Biosystems, Foster City, CA, USA) using the ABI Step One® or
ABI 7900HT® Real-Time PCR System (Applied Biosystems).
Primers and probes (FAM- and VIC-labeled) were supplied
directly by Applied Biosystems as Assays-by-Design and
Assays-on-Demand products. Briefly, all assays were carried
out in 48-well or 384-well plates with positive and negative
controls in each genotyping plate. Plates were sealed and heated
at 95°C for 5 min, and then were subjected to 45-50 cycles of
92°C for 15 sec and 60°C for 1 min. As for quality control, we
repeated the genotyping on 3% of the samples. The concor-
dance rate between duplicates was higher than 99%.

Univariate and multivariate analyses. The distribution of
categorical variables and continuous variables between cases
and control groups was compared by Pearson's %* test and
Student's t-test, respectively. For each SNP, Hardy-Weinberg
equilibrium was evaluated using a one-degree of freedom
goodness-of-fit y* test to compare the observed with the
expected frequency of genotypes among the female controls.
LD plots of the D' values for these SNPs were produced using
the Haploview program (28). The most probable haplotypes of
each participant were estimated using the expectation-maximi-
zation (EM) algorithm. For SNP analysis, we tested 3 different
genetic models, namely dominant model, recessive model and
codominant model, to identify the best-fitting one with the
smallest P-value (29). Two-sided chi-square test was also used
to investigate the differences in the distributions of genotypes
between cases and controls. To analyze the associations of an
individual SNP with BC and OC risk, univariate and multi-
variate logistic regression models were used to estimate the
odds ratios (ORs) and 95% confidence intervals (Cls). The
above statistical analyses were performed by Statistic Analysis
System software (SAS v9.1; SAS Institute, Cary, NC, USA).

False-positive report probability and statistical power. We
calculated the false-positive report probability (FPRP) values
for the statistically significant associations. We set 0.2 as the
FPRP threshold and adopted a prior probability of 0.1 to detect
OR of 1.50/0.67 (risk/protective effects) as described previ-
ously (30,31). The association that reached the FPRP threshold
of <0.2 was considered noteworthy.

Genotype imputation. Genotype imputation is used to predict
the genotypes at the variants that are not directly assayed in
the study sample (32). In this study, we used MACH software
(http://csg.sph.umich.edu/abecasis/M ACH/tour/imputation.html)
to complete genotype imputation. To obtain more reliable
results, we constructed reference haplotypes from the CHB
population according to 1000 Genomes datasets. What's more,
the module of imputation helper in GenGen software tool
(http://gengen.openbioinformatics.org) was used to facilitate
the analysis of high-throughput genomics datasets. Imputed
variants that had an R-square measure <0.3 were excluded.
Well-imputed variants were then genotyped and used to
analyze the associations between the variants and BC/OC
susceptibility.

Multifactor dimensionality reduction (MDR) analysis. MDR
analysis was conducted to identify higher-order interactions
that were associated with cancer risk using MDR software
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(v.2.0 beta 8.4) (http://sourceforge.net/projects/mdr/). MDR
analysis collapsed multi-dimensional data into a single inde-
pendent dimensional variable with two levels (high and low
risk) using the ratio of the number of cases to the number of
controls, and thereby reduced multiple dimensional data into
one dimension and permitted detection of interactions in rela-
tively small sample sizes (33). MDR was also performed in
cross-validation and permutation test to classify and predict
disease status. The best candidate interaction model was
selected to maximize testing accuracy and cross-validation
consistency (CVC) (34).

Functional annotation tools. To explore the functional rele-
vance of the selected SNPs, we annotated each variant using
publicly available bioinformatics data and existing functional
annotation software. HaploReg (http://www.broadinstitute.
org/mammals/haploreg/haploreg.php) and RegulomeDB
(http://regulome.stanford.edu/) provide annotation for
variations, including the ENCODE project data, DNase hyper-
sensitivity data, histone modification data, transcription factor
ChIP-seq data, and eQTL datasets. Furthermore, we analyzed
the ENCODE project (https:/www.encodeproject.org/) data
very closely in the breast cancer cell lines (HMEC and MCF-7)
by using the UCSC Genome Browser (http:/genome.ucsc.edu),
which may indicate similar roles in ovarian cancer.

Ethics statement. This study was approved by the Peking
University IRB (reference no. IRB00001052-11029). We
obtained written informed consents from all BC cases and
control women. Because we could not obtain the contact
information of ovarian cancer patients treated before 2011,
PKU IRB approved our application to waive informed consent
for the archived samples collected before April 2011. This
study only used these samples. We used all the data/samples
anonymously.

Results

Characteristics of the study population. This study included
1,161 BC cases and 978 cancer-free female controls,
286 ovarian cancer cases and 295 cancer-free female controls.
Since the etiology of BC and OC has similarity, we merged
the BC cases and OC cases (designated as BC/OC) as well
as control groups to increase the sample size. As shown in
Table I, the 1,447 BC/OC patients and 1273 controls appeared
to be adequately matched in age (P=0.1673). The patients
had a much younger age at menarche (P<0.0001) and an
elder age at first full-term pregnancy (P<0.0001) compared
with the controls. In addition, a higher proportion of women
were in pre-menopause status in the case group than that
noted in the controls. For other characteristics such as body
mass index (BMI), age at menopause and family history of
cancer in first-degree relatives, no statistically differences
were found (P>0.05). These variables were further used in
multivariate logistic regression to adjust for any possible
confounding effect on BC/OC risk.

Similarly, the selected characteristics were separately
analyzed in the BC and OC cases. The mean ages of the
1,161 BC cases at diagnosis and the 978 cancer-free female
controls were 49.28+10.53 and 48.61+8.25, respectively. They
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Table I. Characteristics of the BC/OC patients and cancer-free controls

Variable Case, n=1,447 Control, n=1,273 P-value
Age, years (mean + SD) 50.33£11.00 49.79+9 .05 0.1673
Age,n (%), years 0.0742
<50 753 (52.04) 706 (55.46)
=50 694 (47.96) 567 (44.54)
Body mass index (BMI), 24.48+3.32 24.65+3.49 0.1915
(mean + SD)
Age at menarche, years 14.58+1.88 15.12+1 .91 <0.0001
(mean = SD)
Age at menopause, years 49.28+4.20 49.22+3.80 0.8150
(mean + SD)
Age of first full-term pregnancy 26.03+2 .91 25.40+£2.79 <0.0001
(FFTP), years (mean + SD)
Menopause status, n (%) 0.0001
Premenopause 827 (57.75) 633 (50.36)
Postmenopause 605 (42.25) 624 (49.64)
Family history of cancer in 0.1374
first-degree relatives, n (%)
Yes 310 (21.47) 244 (19.17)
No 1134 (78.53) 1029 (80.83)

Bold numbers indicate a statistical significance at the 0.05 level. BC, breast cancer; OC, ovarian cancer.
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Figure 1. Representative genotyping results of TWISTI rs4721745 (C>G) by
using ABIHT7900 and a 384-well plate. Probe detecting C allele was labeled
with FAM, and probe detecting G allele was labeled with VIC. Blue squares
denote DNA samples with homozygous CC genotype, red squares denote
DNA samples with homozygous GG genotype, and green square denoted
DNA samples with heterozygous CG genotype. NTC, negative control.

were adequately matched in age (P=0.1037). BC patients had a
much younger age at menarche (P<0.0001) and an elder age at
primiparity (P<0.0001) compared with controls.

The mean ages of the 286 BC cases at diagnosis and
the 295 cancer-free female controls were 54.57+11.85 and
53.71+10.40, respectively. They were adequately matched in
age (P=0.3517). The OC cases had a lower BMI (P=0.0309),

younger age at menarche (P=0.0020) and higher proportion of
post-menopausal individuals (P<0.0001) than controls.

Association of individual tSNPs in SNAII and TWISTI with
BC and OC risk. SNPs were genotyped by TagMan Assay®
(Applied Biosystems) using the Real-Time PCR System
ABI Step One (48-well plate) or ABI 7900HT (384-well
plates) (Fig. 1).

The 7 tSNPs in SNAII and TWISTI were all in agreement
with Hardy-Weinberg equilibrium (HWE) in the control
population (P>0.05).

As shown in Table II, there were significant differences
in genotype distribution between BC/OC cases and controls
in polymorphisms SNAII rs6125849 (G>A) and TWISTI
rs4721745 (C>G) by * test (P=0.0128 and 0.0007 respectively).
Multivariate logistic regression showed that SNAIJ rs6125849,
TWISTI rs4721746 and TWISTI rs4721745 were all associ-
ated with decreased BC/OC risk in the dominant model after
adjusting for body mass index (BMI), age at menarche, age
of first full-term pregnancy and menopause status (adjusted
odds ratio, aOR =0.77, P=0.0087; aOR=0.83, P=0.0434;
aOR=0.73, P=0.0002, respectively). Moreover, the cancer risk
was further decreased with the increase in minor allele dose
for the 3 tagging SNPs (P,.,,=0.0038, 0.0492 and 0.0006,
respectively), which suggested those loci were strongly associ-
ated with BC/OC susceptibility. The other tSNPs did not show
statistical significance in the multivariate logistic analysis.

Similarly, we analyzed the associations of individual
tSNPs in SNAII and TWISTI with BC and OC susceptibility
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Table III. Multivariate logistic analysis of the BC/OC cases to identify independently related SNPs.

Gene SNPs Genotype Cases (%) Controls (%) aOR* (95% CI) P-value®

SNAII rs6125849 GG 457 (31.58) 337 (26.47)
AG 703 (48.58) 657 (51.61) 0.80 (0.66-0.96) 0.0140
AA 287 (19.83) 279 (21.92) 0.77 (0.62-0.96) 0.0200
AG/AA vs. GG 0.79 (0.66-0.94) 0.0065
(dominant model)
AA vs. GG/AG 0.89 (0.74-1.07) 0.2183
(recessive model)

TWISTI 154721746 CC 1106 (76.43) 933 (73.29)
AC 307 (21.22) 310 (24.35) 0.79 (0.65-0.96) 0.0150
AA 34 (2.35) 30 (2.36) 0.75 (0.44-1.26) 0.2796
AC/AA vs.CC 0.79 (0.65-0.95) 0.0107
(dominant model)
AAvs. CC/AC 1.04 (0.61-1.75) 0.8971
(recessive model)

TWISTI rs4721745 CcC 558 (38.56) 402 (31.58)
CG 650 (44.92) 638 (50.12) 0.72 (0.61-0.86) 0.0002
GG 239 (16.52) 233 (18.30) 0.73 (0.58-0.91) 0.0060
CG/GG vs. CC 0.73 (0.62-0.85) 0.0001
(dominant model)
GG vs. GG/CC 0.88 (0.71-1.07) 0.2004
(recessive model)

TWISTI rs11973396 AA 799 (55.22) 641 (50.35)
AT 526 (36.35) 518 (40.69) 0.97 (0.79-1.20) 0.7918
TT 122 (8.43) 114 (8.96) 1.17 (0.79-1.73) 0.4264
AT/TT vs. AA 0.78 (0.67-0.92) 0.0024
(dominant model)
TT vs. AA/AT 1.21 (0.88-1.67) 0.2473

(recessive model)

2a0R, adjusted odds ratio, adjusted for age at menarche and age of first full-term pregnancy and other 3 candidate SNPs; *P-values adjusted
for age at menarche and age of first full-term pregnancy and other 3 candidate SNPs; Bold numbers indicate a statistical significance at the
0.05 level; BC, breast cancer; OC, ovarian cancer; SNPs, single nucleotide polymorphisms; OR, odds ratio; CI, confidence interval.

respectively. The three variants (SNAII rs6125849, TWISTI
154721746, TWISTI rs4721745) were strongly associated with
decreased breast cancer risk (P<0.05). For ovarian cancer, no
SNP reached statistical significance.

Fine-scale genetic mapping by genotype imputation.
Based on the 1000 Genomes dataset, there are
44 variants (MAF>5%) in SNAII and 13 variants (MAF>5%)
in TWISTI in the Chinese Han Beijing population. Using our
directly genotyped 7 tSNPs data, 28 variants (22 variants
in SNAII and 6 variants in TWISTI) were well-imputed in
cases and controls by ‘in silico’ genotype imputation. Then,
we examined the 35 variants for their allelic associations
with BC/OC susceptibility using allelic association tests in
PLINK software (http://www.cog-genomics.org/plink2/). As
shown in Fig. 2, three variants (SNAII rs6125849, TWISTI
154721745 and TWISTI rs11973396) demonstrated strong
allelic associations with BC/OC susceptibility (OR=0.87,

P=0.0079; OR=0.83, P=0.0011; OR=0.87, P=0.0270,
respectively).

For breast cancer alone, SNAII rs6125849 and TWISTI1
rs4721745 were associated with decreased BC risk (OR=0.86,
P=0.0132; OR=0.83, P=0.0029). For ovarian cancer, however,
no SNP reached statistical significance in the gene-wide asso-
ciation study.

Multivariate logistic analysis to identify independently
related SNPs. As previously shown in the BC/OC
case-control study, we identified four protective SNPs by
tSNP direct genotyping and genotype imputation, these
being SNAII rs6125849, TWISTI rs4721746, TWISTI
rs4721745 and TWISTI rs11973396. Here, we performed
multivariate logistic regression analysis to identify which
SNPs are related with BC/OC cancer risk independently. As
shown in Table III, all 4 SNPs decreased the BC/OC risk
independently.
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Figure 2. Association of genetic variants in SNAII and TWISTI with risk of BC/OC. Manhattan plots show that rs6125849 in SNAII (A) and rs4721745
and rs11973396 in TWISTI (B) are associated with BC/OC susceptibility. All P-values were calculated using allelic association tests in PLINK software to
examine the associations of genetic variants with BC/OC risk. SNPs, single nucleotide polymorphisms; BC, breast cancer; OC, ovarian cancer; LD, linkage

disequilibrium.
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Figure 3. Interaction dendrogram for BC/OC. The loci that strongly interact
with each other appear close together at the branches of the tree (green
line), whereas the loci with weak interaction appear distant from one
another (tawny line). As is shown in the dendrogram, SNAI/ rs6125849 and
TWISTI rs4721745 display the strongest synergistic interaction. BC, breast
cancer; OC, ovarian cancer.

Similarly, multivariate logistic regression was used to
analyze whether the three aforementioned protective SNPs
for breast cancer (SNAII rs6125849, TWISTI rs4721745
and TWISTI rs4721746) could affect breast cancer risk
independently. It was demonstrated that SNAII rs6125849
and TWISTI rs4721745 were still strongly associated with
breast cancer susceptibility between the 1,161 BC cases and
978 controls, whereas TWISTI rs4721746 was not further
associated with BC susceptibility.

Gene-gene interactions between genetic variants. In the
above analyses, the four SNPs, SNAII rs6125849, TWISTI

rs4721746, TWISTI rs4721745 and TWISTI rs11973396, were
demonstrated to be independent genetic variants associated
with decreased BC/OC risk. Therefore, we performed logistic
regression analyses to assess their joint effects on BC/OC
susceptibility. When all the women carrying none of the
4 protective genotypes at the 4 loci were pooled together to
serve as a reference, those harboring three protective geno-
types showed significantly lower risk (aOR=0.69, P=0.0061),
and those harboring 4 protective genotypes demonstrated the
lowest risk (aOR=0.62, P=0.0220) (Table IV). In subsequent
trend test analysis, the dose-dependent effect of the four
protective loci was observed with P,,.,,<0.0001, indicating a
synergistic effect of the four loci on BC/OC susceptibility.

Similarly, logistic regression demonstrated that SNA/IJ
1s6125849 and TWISTI rs4721745 could jointly affect breast
cancer susceptibility as well. Those harboring 2 protective
genotypes of SNAII rs6125849 and TWISTI rs4721745 showed
the lowest risk (aOR=0.60, P=0.0011). In subsequent trend
test analysis, the dose-dependent effect of the two loci was
observed with P,,,,<0.0001.

Association of high-order interactions with cancer risk by
MDR analysis. MDR is a nonparametric and genetic model-free
alternative to traditional logistic regression analysis. Since the
7 tSNPs can cover the genetic variants in SNAII and TWISTI
gene, we analyzed the interactions among these SNPs by
MDR. Table V shows the best interaction model by MDR
analysis for BC/OC. The best one-factor model for predicting
cancer risk was TWISTI rs4721745 (C>G). It yielded a high
testing accuracy of 0.5349 and CVC of 10/10 with permutation
P=0.035, suggesting that this SNP is the primary factor that
contributes to BC/OC susceptibility compared with the other
genetic factors. The best three-factor model for predicting
cancer risk included SNAII rs6125849, TWISTI rs4721745 and
TWISTI 1s2285682 (Table V). The interaction dendrogram
showed that SNAII rs6125849 and TWISTI rs4721745 had the
strongest synergistic interaction (Fig. 3).
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Table IV. Combination effects of rs6125849, rs4721746, rs4721745 and rs11973396 in the dominant model on BC/OC
susceptibility.

Number of protective

genotypes® Cases (%) Controls (%) Piend OR (95% CI) P-value aOR" (95% CI) P-value®
0 162 (11.20) 115 (9.03) <0001 Reference Reference

1 392 (27.09) 281 (22.07) 099 (0.75-1.32) 09463 1.03(0.78-1.38) 0.8204
2 269 (18.59) 210 (16.50) 091 (0.67-1.23) 0.5339 0.92(0.68-1.25) 0.6051
3 558 (38.56) 590 (46.35) 0.67 (0.52-0.88) 0.0033 0.69 (0.52-0.90) 0.0061
4 66 (4.56) 77 (6.05) 0.61 (0.41-091) 0.0166 0.62 (0.41-0.93) 0.0220

*The genetic variants of rs6125849, rs4721746, rs4721745 and rs11973396 were considered as protective genotypes; *aOR, adjusted odds ratio,
adjusted for body mass index (BMI), age at menarche, age of first full-term pregnancy and menopause status; “P-values adjusted for body mass
index (BMI), age at menarche, age of first full-term pregnancy and menopause status; Bold numbers indicate a statistical significance at the
0.05 level; BC, breast cancer; OC, ovarian cancer.

Table V. Association of higher-order gene-gene interactions with BC/OC risk by MDR analysis.

P-value for
permutation
No. of loci Best interaction models® Testing accuracy CVvC test
1 TWISTI rs4721745 0.5349 10/10 0.035
2 SNAII 156125849 + TWIST1 rs4721745 0.5340 6/10 0.042
3 SNAII 156125849 + TWIST1 rs2285682 + 0.5440 7/10 0.005
TWISTI rs4721745
4 SNAII 156125849 + SNAII 1s4647959 + 0.5350 5/10 0.035

TWISTI rs4721746 + TWISTI rs4721745

*The model with the maximum testing accuracy and maximum CVC was considered the best model. MDR, multifactor dimensionality reduc-
tion; CVC, cross-validation consistency; BC, breast cancer; OC, ovarian cancer.

Table VI. False-positive report probability (FPRP) values for positive results on associations between tagging-SNPs and BC/OC.

Prior probability
Crude OR Statistical

Gene/SNP (95% CI) P-value® power” 0.25 0.1 0.01 0.001 0.0001
SNAII 156125849 (G>A)

AG vs. GG 0.79 (0.66-0.94) 0.0085 0.9999 0.0249 0.0711 04570 0.8947 0.9884

AAvs. GG 0.76 (0.61-0.94) 0.0124 0.9988 0.0359 0.1005 05514 09254  0.9920

AG/AA vs. GG 0.78 (0.66-0.92) 0.0035 0.8402 0.0123  0.0361 0.2920 0.8063 0.9766
TWISTI rs4721746 (C>A)

AC vs.CC 0.84 (0.70-1.00) 0.0506 0.5917 0.2042 04349 0.8944 09884  0.9988

AC/AA vs.CC 0.85(0.71-1.01) 0.0592 0.4526 0.2818  0.5407 09283 0.9924  0.9992
TWIST] 154721745 (C>G)

CGvs. CC 0.73 (0.62-0.87) 0.0003 0.9890 0.0009  0.0027 0.0292 02326 0.7521

GG vs. CC 0.74 (0.60-0.92) 0.0074 0.9829 0.0221  0.0635 04270 0.8826  0.9869

CG/GG vs. CC 0.74 (0.63-0.86) 0.0001 0.9483 0.0003  0.0009 0.0103 0.0953 0.5132

“Logistic regression was used to calculate the genotype frequency distributions, as shown in Table II; *Statistical power was calculated using
the number of observations in the subgroup and the OR and P-values in this table; Bold numbers indicate a noteworthy finding with an
FPRP value <0.2; SNPs, single nucleotide polymorphisms; BC, breast cancer; OC, ovarian cancer; OR, odds ratio.
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Figure 4. A comprehensive functional annotation of BC/OC susceptibility locus SNAII rs6125849. The vertical blue line indicates the location of SNAII
rs6125849. According to HaploReg and RegulomeDB, SNAII rs6125849 is located in the DNase I hypersensitive site and the histone modification region
in the human mammary epithelial cell line HMEC and breast cancer cell line MCF-7. In addition, this locus binds to many transcription factors, including
E2F6 (upper panel). Moreover, the minor allele A of SNAII rs6125849 (G>A) may decrease its binding affinity with E2F family proteins (lower panel). BC,

breast cancer; OC, ovarian cancer.

Similarly, MDR analysis was performed in BC and OC
separately, and the interaction between SNAI/ rs6125849 and
TWIST]I rs4721745 remained in both breast cancer and ovarian
cancer (data not shown).

False-positive report probability and statistical power anal-
ysis. All the above analyses indicated that SNAII rs6125849,
TWISTI rs4721745 and rs4721746 were strongly associated
with BC/OC susceptibility. To decide whether these findings
deserve attention or are ‘noteworthy’, we calculated false-posi-
tive report probability (FPRP) and statistical power. As shown
in Table VI, at the FPRP threshold of 0.2 and prior probability
level of 0.1, the associations of SNAII rs6125849 and TWIST1
rs4721745 with BC/OC susceptibility remained noteworthy.

Functional annotation. Functional annotations were
conducted for these ‘noteworthy’ SNPs SNAII rs6125849 and
TWISTI rs4721745 using HaploReg (http://www.broadinsti-
tute.org/mammals/haploreg/haploreg.php) and RegulomeDB
(http://regulome.stanford.edu/). In ovarian tissues, breast
cancer cell line MCF-7, and human mammary epithelial cell
line HMEC, SNAII rs6125849 (G>A) is located in the region
with histone methylation, acetylation modifications and many
transcriptional factor binding sites, indicating a role of expres-
sional regulation in this region (Fig. 3). In addition, the minor
allele A of SNAII rs6125849 (G>A) alters its binding affinity
with transcription factor E2F6 based on the HaploReg data-
base (Fig. 4). The TWISTI rs4721745 is located in the region
with histone modifications in human mammary epithelial
cell line HMEC. Using Jaspar database, it predicted that the
minor allele G of TWISTI rs4721745 (C>G) altered its binding

affinity with transcription factor TCF11-MafG. Overall, SNAII
1$6125849 and TWISTI rs4721746 may be functional loci.

Discussion

To the best of our knowledge, this is the first gene-wide
SNP study to comprehensively evaluate the association of
genetic variants in SNAII and TWIST] with the risk of breast
cancer (BC) and ovarian cancer (OC) in Chinese Han women.

In this study, we applied multiple strategies including
tagging-SNP genotyping, genotype imputation, logistic
regression (LR), MDR and functional annotation to system-
atically evaluate the association of BC/OC susceptibility with
germline variants in SNAII/ and TWISTI among Chinese
Han women. By LR, we discovered that three tSNPs (SNAII
16125849, TWISTI rs4721746, and TWISTI rs4721745)
were associated with decreased risks of BC/OC. Since a
fine-mapping study with high-density SNPs within the target
region may be helpful in identifying the causal variants, we
used genotype imputation to analyze more variants among the
2 genes, and revealed an imputed SNP TWISTI rs11973396 to
be associated with decreased BC/OC risk as well. Moreover,
we demonstrated the joint effects of these protective loci by
LR and MDR analyses, and found that women carrying minor
alleles of both SNAII rs6125849 and TWISTI rs4721745 could
decrease their risk of BC/OC by 40%.

According to our single-locus analysis, TWIST] rs4721745
(C>Q), located in the 3' flanking region of the gene, might be
the strongest protective locus against BC/OC in our popula-
tion. A recently published study on endometrial cancer
susceptibility from our laboratory also showed rs4721745 to
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be a protective locus in the CHB population, which is consis-
tent with our results (35). Using web-based software F-SNP
(http://compbio.cs.queensu.ca/F-SNP/) (36), this polymor-
phism is predicted to have transcriptional regulation function
by TFSearch and Consite tools (FS score 0.208). In addition,
by using miRNA prediction module PicTar and TargetScan
from UCSC genome browser, miR-33/381 is predicted to be
the twist-specific target regulatory elements (37). Zhou et al
found that the miR-33a level was negatively correlated with
the Twist level in Saos-2 cells, and inhibition of miR-33a
increased cisplatin-induced cell apoptosis, which was reversed
by knockdown of Twist (38). Our functional annotation also
indicated that rs4721745 was located in a region with histone
methylation modifications such as H3K4me3, a modification
usually associated with active transcription of nearby genes,
suggesting that the variation of this locus may alter TWIST]
expression by influencing its transcription level. Jaspar data-
base predicted that the minor allele G of TWISTI rs4721745
(C>Q) altered its binding affinity with transcription factor
TCF11-MafG. Based on these findings, we predict that this
protective locus may be involved in TWIST! transcription and
alter its biological functions.

SNAII inhibits the expression of epithelial markers and
activates mesenchymal molecules, thus participating in tumor
epithelial-mesenchymal transition and metastasis (39). Our
results showed that SNAII rs6125849 (located near 5' flanking
region) decreased BC risk. The 3DSNP (http://cbportal.
org/3dsnp/) predicted that this locus was located in the loop
between the promoter and enhancer with histone modifica-
tions and many transcriptional factor binding sites. HaploReg
database predicted that the minor allele A of SNAII rs6125849
(G>A) altered its binding affinity with transcription factor
E2F6. We presumed this protective locus might affect
SNAII transcription, thereby inhibiting tumor development.
Regarding SNAII rs4647958 (Valll8Ala), also known as
¢.353T>C, Lei et al genotyped this missense variation in
2,072 lung cancer cases and 2,077 control subjects, and
demonstrated a protective effect of rs4647958 on lung cancer
susceptibility (OR=0.76, 95% CI1=0.65-0.90, P=0.018) (40). In
this study, however, we did not find any association between
rs4647958 and BC/OC risk. It is possible that rs4647958 plays
a different role in lung cancer and BC/OC.

Our study inevitably has limitations. First, we only
analyzed the association of common genetic variants
(MAF =0.05) with BC/OC susceptibility, but did not analyze
the association of low frequency or very low frequency of
genetic variants (MAF <0.05), which might have led to the
omission of important variants. Also, due to the small sample
size of the subgroups, various results may be chance findings,
although we used various statistical methods to control the
false positives.

In summary, this study suggests that genetic variants in
SNAII and TWIST] are associated with BC/OC susceptibility.
Our data also suggest a synergistic effect of those related loci on
BC/OC risk. Nevertheless, further validation studies are needed
for further determination of the truly causal SNPs and their
exact functional mechanisms. These cancer-associated SNPs
have the potential to improve our future ability of personalized
evaluation of BC/OC susceptibility and facilitate the
identification of high-risk subgroups in the general population.
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