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Abstract To date, many loci associated with breast cancer
have been identified through genome-wide association studies;
most of these studies were conducted using populations of
European descent. Thus, it is not clear whether these suscep-
tibility loci are also risk factors for Chinese populations. We
selected and genotyped 32 single nucleotide polymorphisms
(SNPs) using the Sequenom iPLEX platform in a female
Chinese cohort of 3036 breast cancer cases and 3036 healthy
controls. A total of 23 SNPs passed the quality control test. The
associations of these SNPs with disease susceptibility were
assessed using logistic regression, adjusting for age. The
Bonferroni correction was used to conservatively account for
multiple testing, and the threshold for statistical significance
was P <2.17 x 1073 (0.05/23). We confirmed ten risk-as-
sociated variants within three reported breast cancer suscep-
tibility loci in a Chinese Han population: 5q11.2 (rs16886181,
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P =529 x107% OR = 1.19; 151017226, P = 5.24 x
1074, OR = 1.22; rs16886034, P =2.00 x10~°, OR =
1.21;1s16886113, P = 1.24 x 107>,0R = 1.20; rs16886364,
P=920 x 107%, OR =121; 1516886397, P = 1.17
x 107°, OR = 1.20; rs16886448, P = 1.62 x 107"OR =
1.20; and rs2229882, P = 5.14 x 107, OR = 1.31), 5q14.3
(rs421379, P =2.83 x 107"%, OR = 1.83), and 10q26.1
(1s35054928, P = 7.73 x 107°, OR = 1.18). The 10q26.1
locus was found to be a susceptibility locus for breast cancer in
Chinese Han women in our previous studies. 5q11.2 and 5q14.3
are confirmed here for the first time as susceptibility loci for
breast cancer in Chinese Han women. This study reports three
breast cancer susceptibility loci that were previously identified
in European populations and are also risk factors for Chinese
populations. This study may extend the genetic basis of breast
cancer in Chinese Han women and highlight the contribution of
multiple variants of modest effect.

Keywords Breast cancer - Single nucleotide
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Introduction

Breast cancer is the most invasive malignant tumor dis-
ease in women worldwide [1]. The morbidity and mor-
tality of breast cancer have grown rapidly in both urban
and rural areas of China. Breast cancer has become the
leading cause of malignancy in Chinese females [2]. 2012
GLOBOCAN data show that in China, the incidence of
breast cancer has reached 22.1/100 thousand, and the
mortality rate is 5.4/100 thousand [1]. The pathogenesis
of breast cancer is complicated, suggesting that genetic
factors play a significant role [3, 4]. Recent genome-wide
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association studies (GWAS) have discovered numerous
risk-associated variants more than 90 common genetic
susceptibility genes/loci for breast cancer, as reported in
the National Human Genome Research Institute catalog
(NHGRI GWAS Catalog, available at:www.genome.gov/
gwastudies). However, fewer than 30 loci have been
validated in the Chinese Han population [5-10]. Most
GWAS have been conducted among women of European
ancestry. However, these novel loci in women of Euro-
pean descent tend to be weakly associated with breast
cancer in women of Chinese descent [5] or have not been
determined in Chinese Han populations. Because of the
genetic architecture difference between two ethnic pop-
ulations, additional validation studies in Chinese Han
population are of great interest [11].

We have previously performed three validation studies
in Chinese Han women [5, 12, 13] and, in total, have
evaluated 84 SNPs that were discovered before 2013 in 47
genes/loci and confirmed nine reported breast cancer sus-
ceptibility loci, including SIAH2, INHBB-GLI2,TGFBR2,
ADAM?29, FTO, DUSP4-MIR3148, ESRI, FGFR2, and
TOX3. For the novel susceptibility loci/genes in Europeans
after 2013, in this study, we evaluated these SNPs in
Chinese Han women [14-23].

Materials and methods
Subjects

A total of 3036 patients suffering from breast cancer and 3036
healthy controls (female only) were recruited through col-
laborations with the No. 1 Hospital and No. 2 Hospital of
Anhui Medical University in the province of Anhui. The basic
breast cancer characteristics are shown in (Table 1). The
diagnosis of each case was confirmed by at least two oncol-
ogists. All of the enrolled patients were newly diagnosed. All
of the Chinese controls were clinically confirmed to be free of
breast cancer, other neoplastic diseases, systemic disorders,
and a family history of neoplastic diseases (including first-,
second-, and third-degree relatives). Uniform criteria were
used to recruit patients and controls. The same questionnaire
was used to collect the clinical and demographic information
of each participant. After written informed consent was
obtained, a peripheral blood sample was collected from each
participant. This study was approved by the Institutional
Ethical Committee of each hospital and was conducted in
accordance with the Declaration of Helsinki.

SNP selection

For this study, we choose 32 candidate SNPs that were
discovered from other populations after 2013. Most of
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Table 1 The basic breast cancer characteristics

Characteristics Sample
Cases
Sample size 3036
Mean age (years) at onset 52.6 &+ 10.6
Mean age (years) 519 £11.2
Familial history of breast cancer
Familial (%) 7.87 %
Sporadic (%) 92.13 %

ER status

No. of ER-positive cases (%) 2030 (66.9 %)
No. of ER-negative cases (%) 1006 (33.1 %)
PR status
1898(62.5 %)

1138(37.5 %)

No. of PR-positive cases (%)
No. of PR-negative cases (%)
HER-2 status
HER-2 positive cases (%)
HER-2 negative cases (%)
Controls
Sample size 3036
474 + 9.8

953(31.3 %)
2083(68.7 %)

Mean age (years)

these studies were conducted on women of European
descent. These 32 SNPs represent 22 independent loci that
are present in either genes or intergenic regions (Table 2)
[14-23].

Genotyping and quality controls

Genotyping analyses were conducted using the Sequenom
Mass Array system at the State Key Laboratory Incubation
Base of Dermatology, Ministry of National Science and
Technology, Hefei, Anhui, China. Genomic DNA was
extracted from whole-blood or buffy-coat samples using
FlexiGene® DNA Kits (QIAGEN, Hilden, Germany). The
DNA quality of all of the samples was analyzed using a
Nanodrop Spectrophotometer ND-2000 (Thermo Scientific,
Wilmington, USA), and agarose gel electrophoresis was
performed to ensure the genomic integrity of the samples.
Approximately 15 ng of genomic DNA was used to genotype
each sample. Locus-specific PCR and detection primers were
designed using MassARRAY Assay Design 3.0 software
(Sequenom, San Diego, USA). Following the manufacturer’s
instructions, the DNA samples were amplified by multiplex
PCR reactions, and the PCR products were then used for
locus-specific single-base extension reactions. The resulting
products were desalted and transferred to a 384-element
SpectroCHIP array. Allele detection was performed using
matrix-assisted laser desorption ionization time-of-flight
mass spectroscopy (MALDI-TOF MS). The mass
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Table 2 The 32 candidate SNPs from other population
CHR SNP Position Alleles® MAF OR (eported previously Gene of interest  References
(hg18) CEU® CHB® 95 % CI)
1 rs72755295 242034263 NA NA NA 1.82 x 1078 1.19 (1.03-1.39) EXO1 kyriaki
michailidou
[21]
1 rs2290854 204516025 T/G 0.31 0.344 27 x 1078 1.14(1.09-1.20) MDM4 Fergus J. Couch
[15]
1 rs2774307 114670969 T/C 0.2 0.144 8.0 x 107° 1.30(1.16-1.47) SYT6 Sajjad Rafiq [23]
2 rs4442975 217920769 G/T 0.375 0.133 1.7 x 107 0.85 (0.84-0.87) LOC101928278  Maya
Ghoussaini
[18]
3 rs6796502 46866866 NA NA NA 1.84 x 1078 0.92 (0.87-0.98) PRSS4-PRSS42  kyriaki
michailidou
[21]
5 rs13162653 16187528 NA NA NA 1.08 x 107'°  0.92 (0.88-0.95) LOC401176 kyriaki
michailidou
[21]
5 rs7707921 81538046 NA NA NA 5.00 x 107" 0.94 (0.90-0.98) ATG10 kyriaki
michailidou
[21]
5 rs2229882 56168712 NA NA NA 3.63 x 1077 1.45(1.32-1.6) MAP3K1 Habibul Ahsan
[14]
5 rs16886181 56029243 T/C 0.192 0.3 572 x 1074 1.26(1.18-1.34) MAP3K1 Habibul Ahsan
[14]
5 rs16886448 56170813 C/G 0.075  0.067 521 x 107° 1.37 (1.25-1.49) MAP3K1 Habibul Ahsan
[14]
5 rs16886397 56134276 A/G 0.068  0.068 8.05 x 107° 1.36 (1.25-1.49) MAP3K1 Habibul Ahsan
[14]
5 rs16886364 56122344 A/G 0.075  0.067 1.03 x 1073 1.36 (1.25-1.48) MAP3K1 Habibul Ahsan
[14]
5 rs16886113 55995035 T/G 0.058  0.089 171 x 107 1.35 (1.23-1.47) MAP3K1 Habibul Ahsan
[14]
5 rs1017226 56153392 T/C 0.075  0.067 257 x 1073 1.33 (1.22-1.45) MAP3K1 Habibul Ahsan
[14]
5 rs7726354 56256483 C/T 0.05 0.033 49 x 107 1.37 (1.24-1.50) MIER3 - GPBP1 Habibul Ahsan
[14]
5 rs16886034 55983856 T/C 0.058  0.078 7 x 107° 1.36 (1.23-1.51) MAP3K1 Habibul Ahsan
[14]
rs421379 91275313 TI/C 0.075  0.022 1.0 x 107° 1.61(1.33-1.96) ARRDC3 Sajjad Rafiq [23]
rs140068132 151954834 NA NA NA 9.0 x 107" 0.60(0.53-0.67) LOC105378058  Laura Fejerman
[16]
7 rs4593472 130667121 C/T 0.267 0.122 1.83 x 107° 0.92 (0.88-0.96) LINC-PINT kyriaki
michailidou
[21]
8 rs13365225 36858483 A/G 0.177  0.356 1.06 x 1078 0.89 (0.85-0.93) PRL26P25- kyriaki
SMARCEIP4 michailidou
[21]
8 rs13267382 117209548 NA NA NA 172 x 1078 1.07 (1.03-1.12) LINCO00536 kyriaki
michailidou
[21]
9 rs676256 110895353 C/T 0.407  0.129 1.58 x 107%°  0.90 (0.88-0.92) LOC105376214  Nick Orr [22]
9 rs10816625 110837073 A/G 0.1 0.467 7.89 x 107 1.12 (1.08-1.17) LOC105376214  Nick Orr [22]
10 1s35054928 123340432 NA NA NA 6.8 x 107131 1.27 (1.24-1.29) FGFR2 Kerstin B.
Meyer [20]
10 rs45631563 123349324 NA NA NA 3.8 x 107" 0.8(0.76-0.85) FGFR2 Kerstin B.
Meyer [20]
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Table 2 continued

CHR SNP Position Alleles® MAF P OR (eported previously Gene of interest  References
(hg18) CEU® CHB® 95 % CI)
11 rs1047739 61919693 NA NA NA 0.0002 1.06 (1.02-1.10) INCENP Maria Kabisch
[19]
11 rs554219 69331642 G/C 0.119 0.012 1.0 x 107%  1.33(1.28-1.37) LOC101928292-  Juliet D. French
CCND1 [17]
11 rs75915166 69379161 NA NA NA 27 x 1074 1.38(1.32-1.44) LOC101928292-  Juliet D. French
CCNDI1 [17]
11 rs537626 69307695 C/G 0.0167 0 374 x 107 1.29 (1.21-1.37) LOC101928292  Habibul Ahsan
[14]
17 rs745570 77781725 TIG 0492  0.356 140 x 107 0.94 (0.91-0.98) CBX8-CBX4 kyriaki
michailidou
[21]
17 rs3785982 9090224 C/T 0.092 0.2 8.0 x 107° 1.40(1.21-1.62) NTNI Sajjad Rafiq [23]
18 rs6507583 42399590 A/G 0.058 0.167 3.20 x 1078 0.91 (0.85-0.98) SETBP1 kyriaki
michailidou

[21]

* Minor allele/Major allele

 Mean minor allele frequency over all European controls in these articles

¢ Mean minor allele frequency in Chinese Han from Beijing (CHB) obtained from HapMap

spectrograms were analyzed by MassARRAY Typer soft-
ware (Sequenom). The exclusion criteria for the genotyped
SNPs included a call rate of <95 % and deviation from
Hardy—Weinberg equilibrium (HWE, P < 0.05/32) in the
controls. In total, 23 SNPs passed the quality control test and
were subjected to statistical analysis.

Statistical analysis

The association between the SNPs and breast cancer sus-
ceptibility was assessed using logistic regression, adjusting
for age. The strength of the association was estimated by
calculating the odds ratio (OR) with a 95 % confidence
interval (CI). The Hardy—Weinberg equilibrium was
assessed using the Chi-square test. All of the statistics were
analyzed using the SPSS 13.0 and Plink 1.07 software
packages. In total, 23 SNPs were subjected to statistical
analysis. Conservatively accounting for multiple compar-
isons by Bonferroni correction, the threshold for statistical
significance was P < 2.17 x 107 (0.05/23).

Results

To identify additional susceptibility loci associated with
breast cancer in the Han Chinese population, we selected
32 SNPs from studies of breast cancer susceptibility genes/
loci that were published after 2013 for a validation study
(Table 2). Of the 32 SNPs, 9 were excluded from further
analyses because they did not pass the quality control tests.
Of the remaining 23 SNPs (Table 3), 10 SNPs were
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significantly associated with breast cancer in Chinese
women. For 5q11.2, eight reported SNPs were replicated
(rs16886181, P =529 x 107° OR = 1.19; rs1017226,
P =524 x 107%, OR = 1.22; 1516886034, P = 2.00 x
1077, OR = 1.21; 516886113, P = 1.24 x 107>, OR =
1.20; 1516886364, P = 9.20 x 107*, OR = 1.21; 1516886
397, P=1.17 x 1073, OR = 1.20; rs16886448, P =
1.62 x 1072, OR = 1.20; and rs2229882, P = 5.14 x
10_4, OR = 1.31). For 5ql14.3, one reported SNP was
replicated (rs421379, P = 2.83 x 10~"%, OR = 1.83). For
10g26.1, one reported SNP was replicated (rs35054928,
P =773 x 107 OR = 1.18). 5q11.2 and 5q14.3 are first
confirmed here as susceptibility loci for breast cancer in
Chinese Han women. 10q26.1 has been confirmed in our
previous studies as a susceptibility locus for breast cancer
in Chinese Han women [5].

Discussion

We could not confirm all of the SNPs that we selected,
which were confirmed in other populations. Such SNPs
were in linkage disequilibrium (LD), with the functional
variant potentially being located somewhere in particular
chromosomal regions. Because of differences in LD pat-
terns according to genetic ancestry, SNPs identified in
studies including individuals of other population may not
be in high LD with the functional variant in Chinese Han
women [24, 25]. Genetic interactions with other SNPs that
differ in frequency between populations could also mani-
fest as effect heterogeneity [11].
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CT;l";fr3;uiil"ti°é?lti‘t"y“igf£?a“ CHR SNP Alleles MAF® P OR (95 % CI)  p-hwe® Call rate

Chinese population with 23 Case Control

SNPs previously identified by

GWAS 1 rs2290854  A/G 0.3225 03252 7.55 x 107" 0.99 (0.92-1.07) 0.02 0.99
1 rs2774307  A/G 0.1161 0.1197 545 x 107" 0.97 (0.86-1.08) 0.86 0.99
2 rs4442975  G/T 0.1117 0.1106 839 x 107"  1.01 (0.90-1.13) 0.85 0.99
3 rs6796502  A/G 0.1469 0.1600 4.62 x 1072 0.90 (0.82-1.00) 1.00 0.99
5 rs1017226  C/T 0.1269 0.1066 5.24 x 107* 122 (1.09-1.36) 0.50 0.99
5 rs16886034 C/T 0.1103 0.0933 2.00 x 107> 1.21 (1.07-1.36) 1.00 0.99
5 rs16886113 G/T 0.1311 0.1117 124 x 10 1.20 (1.07-1.34) 0.85 0.98
5 rs16886181 C/T 0.3567 03174 529 x 107 1.19 (1.11-1.29) 0.18 0.99
5 rs16886364 G/A 0.1268 0.1074 920 x 107* 121 (1.08-1.35) 0.63 0.99
5 rs16886397 G/A 0.1250 0.1061 1.17 x 107> 1.20 (1.08-1.35) 0.63 0.99
5 rs16886448 G/C 0.1224 0.1042  1.62 x 107> 120 (1.07-1.34) 0.38 0.99
5 rs2229882  T/C 0.0660 0.0511 5.14 x 107* 131 (1.13-1.53) 0.85 0.99
5 rs421379 T/C 0.0689 0.0388 2.83 x 107" 1.83 (1.55-2.16) 0.13 0.99
5 rs7726354  T/C 0.0655 0.0527 291 x 107*  1.26 (1.08-1.47) 0.72 0.99
7 rs4593472  T/C 0.1388 0.1570 4.82 x 107> 0.87 (0.78-0.96) 0.89 0.99
8 rs13267382 G/A 0.4481 04402 3.81 x 107" 1.03 (0.96-1.11) 0.55 0.99
8 rs13365225 G/A 0.3374 03286 3.05 x 107" 1.04 (0.96-1.12) 0.41 0.99
9 rs676256 C/T 0.0399 0.0419 5.86 x 107" 0.95 (0.79-1.14) 1.00 0.98
9 rs10816625 G/A 0.4930 0.4868 4.95 x 107" 1.03 (0.95-1.10) 0.83 0.99
10 rs35054928 C/DEL 04768 04361 7.73 x 10™® 1.18 (1.10-1.27) 0.71 0.99
11 rs1047739  T/C 0.0547 0.0494 191 x 107" 1.11 (0.95-1.31) 0.44 0.99
17 rs3785982  T/C 0.1874 0.1867 9.13 x 107" 1.01 (0.92-1.10) 1.00 0.99
17 rs745570 G/A 0.3738 03939 236 x 1072 0.92 (0.85-0.99) 0.25 0.99

# Minor allele/Major allele
° Minor allele frequency

¢ HWE mean Hardy—Weinberg equilibrium

In the present study, we confirmed for the first time two
breast cancer susceptibility loci in Chinese Han women:
5q11.2 (rs16886181, rs1017226, rs16886034, rs16886113,
rs16886364, rs16886397, rs16886448, and rs2229882) and
5q14.3 (rs421379).

At 5ql11.2, eight SNPs were confirmed. These SNPs were
respectively located in the intronic region of the mitogen-
activated protein kinase kinase kinase 1(MAP3KI) gene.
MAP3K] is of particular interest for breast carcinogenesis
among the genes located in the 5q11.2 region. The MAP3K1
gene is involved in the MAPK signaling pathway and plays
a pivotal role in regulating the transcription of important
cancer genes by encoding MAP3KI1, a serine/threonine
kinase protein [26]. MAPKSs include MAP3K1, MAP2K,
and MAPK, which regulate diverse cellular functions by
modulating transcription factor activity to affect gene
expression. Among these, MAP3K1 regulates immune
system development and function, injury repair, vasculature
remodeling, and tumor progression [27, 28]. Recently,
several studies have demonstrated that MAP3K1 is a genetic
susceptibility marker for some tumors, such as breast cancer
and gastric cancer [29-31]. Breast cancer risk alleles, such

as rs62355900 [iICHAV1], rs16886397 [iCHAV2a], and
rs17432750 [iCHAV3], increase MAP3KI1 expression
in vivo and might promote breast cancer cell survival [29].
A recent study investigated the impact of MAP3KI-tar-
geting miRNA on the growth and invasive behavior of
breast cancer in vitro and in vivo by delivering using a
miRNA-expressing lentivirus system an artificial miRNA
(Map3kl amiRNA) that targets MAP3K1 to 4T1 breast
cancer cells; this finding suggests that MAP3K1-targeting
artificial miRNA may have promising therapeutic effects
for the treatment of breast cancer [30]. Another study noted
that the MAP3K1 protein expression level in breast cancer
cells was higher than that in normal mammary gland cells.
MAP3KI1 siRNA transfection can significantly reduce the
expression level of MAP3K1 and enhance paclitaxel-in-
duced cell proliferation inhibition and cell cycle arrest in
breast cancer cells. Targeting MAP3K1 expression through
small RNA interference can promote the therapeutic effects
of paclitaxel on breast cancer [27].

The SNP rs421379 lies upstream of the arrestin domain
containing 3 (ARRDC3) gene on chromosome 5q14.3. The
associated SNP rs421379 is located in the 5’ region of the
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ARRDCS3 gene and might affect a transcription binding site
and ARRDC3 gene expression, permitting the development
of a more aggressive and invasive tumor [23]. The ARRDC3
gene belongs to the arrestin gene family and functions in a
novel regulatory pathway that controls the cell surface
adhesion molecule, b-4 integrin (ITGb4), a protein associ-
ated with aggressive tumor behavior [23, 32]. The upregu-
lation of the ARRDC3 gene in a breast cancer cell line has
been shown to repress cell proliferation, migration, invasion,
and in vivo tumorigenesis [33]. The data indicate that
ARRDCS3 binds directly to a phosphorylated form of ITGb4,
leading to its internalization, ubiquitination, and ultimate
degradation, which identifies the ARRDC3-ITGb4 pathway
as a new therapeutic target in breast cancer and demonstrates
the importance of connecting genetic arrays with mecha-
nistic studies searching for new treatments [33]. A gene
cluster at 5q11-q23 that includes ARRDC3 was deleted in
17 % of breast cancer tumor tissue [34].

Conclusions

In summary, we performed a large-scale case—control study
and for the first time confirmed two reported breast cancer
susceptibility loci (5q11.2 and 5q14.3) in a Chinese Han
population; these loci have already been confirmed in other
populations. We once again confirmed 10g26.1, a suscep-
tibility locus for breast cancer in Chinese Han women.
These data, along with data on other reported susceptibility
loci, collectively demonstrate the complexity of the heri-
table contribution to the pathogenesis of breast cancer and
highlight the contribution of multiple variants of modest
effect. Moreover, further investigation and functional
studies will be required if we are to advance our under-
standing of how the loci confirmed in this study influence
the etiology of breast cancer.
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