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Identification of novel susceptibility markers for the
risk of overall breast cancer as well as subtypes defined
by hormone receptor status in the Chinese population

Zhiping Deng!?, Hua Yang?, Qiufang Liu?, Zhouquan Wang!, Tian Feng’, Yongri Ouyang?, Tianbo Jin?

and Hong Ren'

Genome-wide association studies (GWAS) have identified common variants associated with breast cancer (BC) risk at multiple
genetic loci. Above all, accumulated evidence suggests that inherited risk variants may vary in BC subtypes defined by estrogen
receptor (ER) or progesterone receptor (PR) status. However, the underlying susceptibility of some variants for BC subtypes has
not been well investigated in the Chinese population. Our objective was to explore the association among 23 GWAS-identified
single-nucleotide polymorphisms (SNPs) and overall BC incidence, as well as its subtypes, in Chinese women. An extensive
association analysis using the Sequenom MassARRAY® platform was conducted in a case—control study, including 551 BC
patients and 577 healthy controls. Using the chi-squared (4?) test and genetic model analysis, we found an association with BC
for four SNPs (rs616488 (1p36.22/PEX14), rs6678914 (1q32.1/LGR6), rs17530068 (6ql4/unknown) and rs6001930
(22q13.1/MKL1)) at a 5% level. Stratified analyses under this genetic model determined that rs616488 and rs6001930 were
specific to ER positive and PR positive, rs17530068 was specific to ER positive and PR negative, rs3817198 (11p15.5/LSP1)
was specific to ER negative and rs4784227 (16q12.1/CASC16) was specific to PR positive. Our study provides powerful new

evidence for the relationship between SNPs and BC susceptibility.
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INTRODUCTION

Breast cancer (BC), a substantial global public health concern, is one
of the most common malignancies diagnosed in women, with an
estimated 1.4 million new cases and over 450 000 deaths annually
worldwide.! BC is primarily a hormone-dependent disease that can be
regulated by the status of steroid hormones such as estrogen and
progesterone.” BC can be divided into five subtypes, which vary in
their treatment options and survival outcomes based on gene
expression profiles.> Among the five subtypes of BC, estrogen
receptor (ER)-positive and progesterone receptor (PR)-positive
tumors account for ~70% of all cases.®”

Genetic factors have an important role in the etiology of both
sporadic and familial BC.%° High-penetrance BC susceptibility genes,
such as BRCAI and BRCA2, account for only a small proportion of BC
in the general population because of their low mutation rates.!® To
date, genome-wide association studies (GWAS) in European, African-
American and East-Asian descendants have identified common
variants associated with BC risk at multiple genetic loci.!!""!8 Above
all, accumulated epidemiologic data suggest substantial heterogeneity
in breast tumor subtypes, defined by hormone receptor status, for
association with gene polymorphisms.!>1>1719-22 Therefore, detailed

stratification of tumors may deepen our understanding of BC etiology,
facilitate the discovery of novel risk factors and potentially enable risk
prediction for specific tumor types. Although all observations indicate
that inherited risk variants may vary in diverse BC subtypes, the
underlying susceptibility of some variants for BC subtype has not been
well investigated in the Chinese population.

In this study, we selected 23 GWAS-identified single-nucleotide
polymorphisms (SNPs) to investigate and verify their putative
association with BC and specific tumor subtypes defined by ER and
PR status in Chinese women. We conducted an association analysis in
a case—control study in women from the northwest of China (Shaanxi
province). Our data provided considerable evidence for the association
among common SNPs and the overall risk of BC as well as tumor
subtypes. These results may eventually further improve prevention,
early detection and treatment of BC.

SUBJECTS AND METHODS

Subjects

In this case—control study, all participants were Chinese women. A total of 551
unrelated subjects with BC (mean age, 49 + 11) were recruited from the First
Affiliated Hospital of the Medical College of Xi'an Jiao tong University from
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January 2011 to November 2014. Within BC cases, there were 292 patients with
ER-positive tumor, and 136 patients with ER-negative tumor; additionally,
there were 247 patients with PR-positive tumors and 180 patients with PR-
negative tumors. BC was defined according to the patient’s surgical and
pathological symptoms, and their disease information was obtained from their
medical files.

In sum, 577 healthy blood donors (mean age of 49 + 8) were recruited from
Han origin women living in the city of Xi’an and its surrounding areas. The
control group was matched for age and ethnicity with patients, without a
history of cancer. Additionally, we selected patients with a body mass index
(BMI = weight (kg)/height (m?)) in the normal range of 18.5-24.9 in both the
case and control groups.

Body size is an important modifiable risk factor for BC. The participants
were not genetically related within three generations. Written informed consent
was obtained from all participants, and the study protocol was approved by the
Ethical Committee of the Medical College, Xi’an Jiaotong University.

SNP selection and genotyping

In all, 23 SNPs with minor allele frequencies greater than 0.05 were selected
from GWAS based on a review of published literature and a search of HapMap
and dbSNP (Han Chinese population).!121623-29 Table 2 lists the 23 SNPs
that were selected and outlines other relevant characteristics. Genomic DNA
was extracted from peripheral blood using the Qiagen Blood Kit (Qiagen,
Chatsworth, CA, USA) according to the manufacturer’s protocol. Amplification
and extension primers were designed using MassARRAY® Assay Design 3.0
software (Sequenom, San Diego, CA, USA). SNP genotyping was performed
using matrix-assisted laser desorption ionization-time of flight (MassARRAY
system, Sequenom Inc.) mass spectrometry. Genotype calling was performed in
real time with the MassARRAY RT software version 3.0.0.4 and analyzed using
the MassARRAY Typer software version 3.4 (Sequenom). The experimenters
were blinded to the case/control status of the samples.

Statistical analysis

Differences among cases and controls in demographic characteristics, including
age and BMI, were evaluated by the Student’s t-test. The allele and genotype
frequencies for each SNP were compared, and Hardy—Weinberg equilibrium
was evaluated using the Chi-squared (5?) test among the controls. Associations
between SNPs and BC were assessed by the Pearson y? test or the Fisher’s exact
test. The four genetic models (codominant, dominant, recessive and additive)
were applied by PLINK software (http://pngu.mgh.harvard.edu/purcell/plink/)
to assess the association of each locus with the risk of BC. Akaike’s Information
Criterion (AIC) and Bayesian Information Criterion (BIC) were used to
determine the best-fitting model for each SNP .These measures can weigh
the estimated complexity of the model and the goodness of fit to the data. The
model with the smallest AIC or BIC value should be selected. In stratified
analyses, case patients were classified into subgroups of ER-positive, ER-

Table 1 Basic characteristics of the cases and controls

negative, PR-positive and PR-negative tumor types. We further assessed the
association of the genotypes of these SNPs with the risk of tumor subtypes
under four different genetic models (codominant, dominant, recessive and
additive models). Unconditional logistic regression with adjustments for age
and BMI was used to calculate the odds ratio (OR) and 95% confidence interval
(CI) in independent association between each SNP and the overall BC risk as
well as subtypes. In this study, all P-values were two-sided and P < 0.05 was the
standard for statistical significance. Statistical analyses were performed using
Microsoft Excel and SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).

RESULTS

Subject characteristics

Basic characteristics of the 551 case patients and 577 healthy controls
were presented in Table 1. Age (age at diagnosis for cases and age at
recruitment for controls) was equally distributed among BC cases
(overall BC and subtype defined by ER/PR status) and controls.
However, comparing with controls, overall cases, ER-positive cases
and PR-positive cases, respectively, showed distribution differences in
terms of BMI using Student’s t-test, while no significant distribution
differences of BMI were found between remaining cases and controls.

Association between SNPs and overall BC risk
In the current study, 23 SNPs were genotyped, and the average SNP
call rate was 99.78% (98.16-100%) in both cases and controls. Among
them, SNPs rs13281615 and rs2380205 deviated from Hardy—Wein-
berg equilibrium test with a P-value of <0.05 (Table 2). We analyzed
the association of SNP genotypes and the overall susceptibility to BC
by 4* test, finding four significant SNPs (rs616488, rs6678914,
rs17530068 and rs6001930) at a 5% level. The frequency of the C
allele in rs616488 (P=0.0003, odds ratio (OR)=0.722, 95% con-
fidence interval (CI)=0.605-0.861) and the A allele in rs6678914
(P=0.029, OR=0.796, 95% CI=0.648-0.977) in BC cases was
significantly lower than that in controls (Table 2). The rs17530068
C allele frequency (P=0.009, OR=1.289, 95% CI=1.064-1.561) and
the rs6001930 C allele frequency (P=0.041, OR=1.209, 95%
CI=1.008-1.450) in BC cases were significantly higher than that in
the controls (Table 2). Seventeen additional SNPs yielded negative
results (Table 2). To reduce the potential of spurious findings due to
multiple testings, a strict Bonferroni correction analysis was applied;
we found that one SNP (rs616488) was significant, while SNPs
rs678914, rs6001930 and rs17530068 were not significant (Table 2).
We then analyzed the genotype effects of these SNPs by uncondi-
tional logistic regression analysis with adjustments for age and BMI

Age BMI
Group Statistical number Mean age+ s.d. (years) P-value Statistical number Mean BMI + s.d. (kg m=2) P-value
Controls 577 48.790+8.294 549 22.952+3.214
Cases 551 49.09+11.022 0.506 459 22.52+2.837 0.0272
ER status
Positive 292 49.164+10.781 0.603 292 22.409+2.811 0.0152
Negative 136 49.691+10.145 0.337 136 23.242 +2.815 0.335
Missing 123
PR status
Positive 247 49.077 +£10.773 0.709 247 22.340+2.848 0.0102
Negative 180 49.656+10.341 0.307 180 23.154+2.748 0.449
Missing 124

Abbreviations: BMI, body mass index; ER, estrogen receptor; PR, progesterone receptor.
2Pvalue <0.05 indicates statistical significance.
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Table 3 Relationship between significant SNPs and overall breast cancer risk (adjusted by age+BMI)

SNP ID Model Genotype Control (N, %) Case (N, %) OR (95% ClI) P-value AlC BIC

rs616488 Codominant T 245 (42%) 287 (51.3%) 1.00 0.0015* 1575.6 1590.7
cT 263 (45.1%) 227 (40.6%) 0.74 (0.58-0.94)
cre 75 (12.9%) 45 (8.1%) 0.51 (0.34-0.77)

Dominant T 245 (42%) 287 (51.3%) 1.00 0.0016* 1576.7 1586.8
c/r-cre 338 (58%) 272 (48.7%) 0.69 (0.54-0.87)

Recessive /T-C/'T 508 (87.1%) 514 (92%) 1.00 0.0077* 1579.5 1589.6
cre 75 (12.9%) 45 (8.1%) 0.59 (0.40-0.88)

Log-additive — — — 0.72 (0.61-0.86) 3x10-4* 1573.6 1583.7

rs6678914 Codominant GG 355 (60.9%) 368 (66%) 1.00 0.056 1581.5 1596.6
AG 199 (34.1%) 175 (31.4%) 0.85 (0.66-1.09)
A/A 29 (5%) 15 (2.7%) 0.50 (0.26-0.95)

Dominant GG 355 (60.9%) 368 (66%) 1.00 0.076 1582.1 1592.1
AG-AV/A 228 (39.1%) 190 (34%) 0.80 (0.63-1.02)

Recessive G/G-AG 554 (95%) 543 (97.3%) 1.00 0.043 1581.1 1591.2
A/A 29 (5%) 15 (2.7%) 0.53 (0.28-1.00)

Log-additive — — — 0.79 (0.64-0.98) 0.028* 1580.4 1590.4

rs17530068 Codominant T 348 (59.9%) 297 (563.4%) 1.00 0.026* 1574.4 1589.5
c 208 (35.8%) 219 (39.4%) 1.23 (0.97-1.58)
cre 25 (4.3%) 40 (7.2%) 1.87 (1.11-3.16)

Dominant T 348 (59.9%) 297 (53.4%) 1.00 0.028* 1574.8 1584.9
T/c-c/C 233 (40.1%) 259 (46.6%) 1.30 (1.03-1.65)

Recessive T/T-T/C 556 (95.7%) 516 (92.8%) 1.00 0.035* 1575.2 1585.3
cre 25 (4.3%) 40 (7.2%) 1.72 (1.03-2.88)

Log-additive — — — 1.29 (1.07-1.57) 0.0088* 1572.8 1582.9

rs6001930 Codominant T 318 (54.5%) 271 (48.4%) 1.00 0.11 1585.6 1600.8
Cc/T 220 (37.7%) 237 (42.3%) 1.26 (0.99-1.61)
cre 45 (7.7%) 52 (9.3%) 1.36 (0.88-2.09)

Dominant T 318 (54.5%) 271 (48.4%) 1.00 0.037* 1583.7 1593.8
c/r-cre 265 (45.5%) 289 (561.6%) 1.28 (1.01-1.61)

Recessive /T-C/'T 538 (92.3%) 508 (90.7%) 1.00 0.34 1587.2 1597.3
crec 45 (7.7%) 52 (9.3%) 1.22 (0.81-1.86)

Log-additive — — — 1.20 (1.01-1.44) 0.043* 1584 1594

Abbreviations: AIC, Akaike's Information criterion; BIC, Bayesian Information criterion; BMI, body mass index; Cl, confidence interval; OR, odd ratio; SNPs, single-nucleotide polymorphisms.

*P-value < 0.05 indicates statistical significance; ORs in bold indicate statistical significance.

under four different genetic models (codominant, dominant, recessive
and additive). Four significant SNPs (rs616488, rs6678914, rs17530068
and rs6001930) were shown in Table 3. The SNP rs616488 C allele
provided a protective effect against BC (P=0.0015 for codominant
model, P=0.0016 for dominant model, P=0.0077 for recessive model
and P=3x10"* for additive model). As for SNP rs6678914, the A
allele also conferred a protective effect for tumor (P=0.028 for
additive model). On the contrary, the SNP rs17530068 C allele
increased BC risk (P=0.026 for codominant model, P=0.028 for
dominant model, P=0.035 for recessive model and P=0.009 for
additive model). Likewise, the SNP 1rs6001930 C allele increased
disease risk (P=0.037 for dominant model and P=0.043 for additive
model).

Associations among SNPs and the risk of tumor defined ER status
As listed in Table 4, 292 patients exhibited ER-positive tumors, 136
patients exhibited ER-negative tumors and 3 SNPs (rs616488,
rs17530068 and rs6001930) exhibited significant associations with
ER-positive tumor risk. The SNP rs616488 C allele (P=0.014 for
codominant model, P=0.007 for dominant model and P=0.003 for
additive model) decreased the ER-positive risk; the SNP rs17530068 C
allele (P=0.039 for additive model) and rs6001930 C allele (P=0.016
for dominant model and P=0.019 for additive model) increased the

Journal of Human Genetics

ER-positive risk. At the same time, only one SNP (rs3817198)
exhibited a significant association with ER-negative tumor risk. The
SNP rs3817198 C allele (P=0.024 for recessive model) increased the
ER-negative tumor risk.

Associations between SNPs and the risk of tumor defined PR status
Table 5 illustrates that 247 patients had PR-positive tumor, and 177
patients had PR-negative tumors and 3 SNPs (rs616488, rs4784227
and rs6001930) had significant association with PR-positive tumor
risk. The SNP rs616488 C allele (P=0.015 for codominant model,
P=0.013 for dominant model, P=0.026 for recessive model and
P=0.004 for additive model) decreased risk, whereas the SNP
rs4784227 T allele (P=0.037 for dominant model) and rs6001930
C allele (P=0.011 for codominant model, P=0.003 for dominant
model and P=0.004 for additive model) increased risk. In contrast,
only one SNP (rs17530068) exhibited significant association with PR-
negative tumor risk. The rs17530068 C allele (P=0.024 for dominant
model and P=0.018 for additive model) increased the risk.

DISCUSSION

In this study, we conducted a thorough association analysis among 23
GWAS-identified SNPs and BC as well as its subtypes in Chinese
women by using matrix-assisted laser desorption ionization-time of
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Table 4 Relationship between significant SNPs and ER status tumor risk (adjusted by age + BMI)

SNP ID Model Genotype Control (N, %) Case (N, %) OR (95%Cl) P-value AlC BIC
ER positive
rs616488 Codominant T 245 (42%) 151 (51.7%) 1.00 0.014* 1111.8 1126.1
cT 263 (45.1%) 116 (39.7%) 0.72 (0.53-0.96)
c/e 75 (12.9%) 25 (8.6%) 0.54 (0.33-0.89)
Dominant T 245 (42%) 151 (51.7%) 1.00 0.0067* 1111 1120.6
c/T-ce 338 (58%) 141 (48.3%) 0.68 (0.51-0.90)
Recessive T/T-C/T 508 (87.1%) 267 (91.4%) 1.00 0.054 1114.6 1124.2
cre 75 (12.9%) 25 (8.6%) 0.63 (0.39-1.02)
Log-additive — — — 0.73 (0.59-0.90) 0.0034* 1109.8 11194
rs17530068 Codominant T 348 (59.9%) 156 (53.6%) 1.00 0.11 1112.1 1126.4
c 208 (35.8%) 115 (39.5%) 1.23 (0.92-1.66)
cre 25 (4.3%) 20 (6.9%) 1.78 (0.96-3.31)
Dominant T 348 (59.9%) 156 (53.6%) 1.00 0.077 1111.4 1121
T/Cc-c/C 233 (40.1%) 135 (46.4%) 1.29 (0.97-1.72)
Recessive /T-T/C 556 (95.7%) 271 (93.1%) 1.00 0.11 1112 1121.6
c/C 25 (4.3%) 20 (6.9%) 1.64 (0.90-3.01)
Log-additive — — — 1.28 (1.01-1.62) 0.039* 1110.3 1119.8
rs6001930 Codominant T 318 (54.5%) 134 (45.9%) 1.00 0.051 1114.4 1128.7
CT 220 (37.7%) 129 (44.2%) 1.39(1.03-1.87)
cre 45 (7.7%) 29 (9.9%) 1.563 (0.92-2.54)
Dominant T 318 (54.5%) 134 (45.9%) 1.00 0.016* 11125 1122.1
c/T-ce 265 (45.5%) 158 (54.1%) 1.41 (1.07-1.88)
Recessive T/T-C/T 538 (92.3%) 263 (90.1%) 1.00 0.27 1117.2 1126.7
cre 45 (7.7%) 29 (9.9%) 1.32 (0.81-2.15)
Log-additive — — — 1.30 (1.04-1.61) 0.019* 1112.9 1122.4
ER negative
rs3817198 Codominant T 455 (78%) 103 (75.7%) 1.00 0.078 698.3 712.1
CcT 121 (20.8%) 27 (19.9%) 0.99 (0.62-1.58)
c/c 7 (1.2%) 6 (4.4%) 3.79 (1.25-11.50)
Dominant T 455 (78%) 103 (75.7%) 1.00 0.56 701.1 710.2
c/T-ce 128 (22%) 33 (24.3%) 1.14 (0.73-1.77)
Recessive T/T-C/'T 576 (98.8%) 130 (95.6%) 1.00 0.024* 696.3 705.5
cre 7 (1.2%) 6 (4.4%) 3.80(1.26-11.49)
Log-additive — — — 1.27 (0.87-1.85) 0.22 699.9 709.1

Abbreviations: AIC, Akaike's Information criterion; BIC, Bayesian Information criterion; BMI, body mass index; Cl, confidence interval; ER, estrogen receptor; OR, odd ratio; SNPs, single-nucleotide

polymorphisms.
*P-value < 0.05 indicates statistical significance; ORs in bold indicate statistical significance.

flight mass spectrometry. Among 23 SNPs, 4 SNPs (rs616488,
1rs6678914, rs17530068 and rs6001930) were identified to be signifi-
cantly associated with overall BC risk. Stratified analyses identified that
rs616488 and rs6001930 were specific to ER positive and PR positive,
rs17530068 was specific to ER positive and PR negative, rs3817198 was
specific to ER negative and rs4784227 was specific to PR positive.
Overall, these findings provided strong evidence of genetic suscept-
ibility to overall BC and BC subtypes.

The C allele of rs616488 (1p36.22/PEX14) and the A allele of
rs6678914 (1q32.1/LGR6) were protective factors for BC in the current
study. PEX14 is one of ~ 15-20 genes implicated in the biogenesis of
mammalian peroxisomes. Peroxisomes are part of several metabolic
pathways; they perform oxidative reactions catalyzed by amino-acid
oxidases and catalases, most notably the f-oxidation of very long chain
fatty acids, which are then fully degraded in mitochondria.®3! The
PEX gene fragment codes for the degradation of the C-terminus of
matrix metalloproteinase-2, and studies have shown that this fragment
can inhibit matrix metalloproteinase-2 extracellular matrix degrada-
tion and tumor angiogenesis.>?> Extracellular matrix degradation and
tumor angiogenesis have a vital role in tumor cell growth, invasion

and metastasis. PEX gene in vivo can inhibit tumor cell growth. The
rs6678914, on chromosome 1q32.1 is located in intron 1 of the LGR6
gene, which is expressed in breast tumors along with several other
genes in this region, including UBE2T and PTPN7.3* Previous studies
have reported that the SNP rs616488 has statistically significant
association with BC risk in European'? and East-Asian'® descendants
but not in African-American women,* which indicated that there are
large differences in genetic architecture between the African-ancestry
genome and genomes of Asians and Europeans. Interestingly, our
subtype analyses showed that the C allele of this locus was a protective
factor for both ER-positive and PR-positive cancers. However, Zheng
et al.'8 found that this SNP had no statistically significant association
with BC defined ER status in East-Asian descendants. This contra-
diction requires further investigation and validation in a larger
population. As for rs6678914, Garcia-Closas et al'? confirmed that
this SNP was associated with ER-negative but not ER-positive BC in
populations of European ancestry. Subsequently, Sawyer et al>*
suggested that rs6678914 was more strongly associated with lobular
carcinoma in situ than with invasive lobular breast cancer. Along with
our findings, these reports contribute to an association between LGR6
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Table 5 Relationship between significant SNPs and PR status tumor risk (adjusted by age + BMI)

SNP ID Model Genotype Control (N, %) Case (N, %) OR (95% Cl) P-value AlC BIC
PR positive
rs616488 Codominant T 245 (42%) 127 (561.4%) 1.00 0.015* 1008.2 1022.3
cT 263 (45.1%) 101 (40.9%) 0.74 (0.54-1.01)
cre 75 (12.9%) 19 (7.7%) 0.49 (0.28-0.84)
Dominant T 245 (42%) 127 (561.4%) 1.00 0.013* 1008.5 1017.9
c/r-cre 338 (58%) 120 (48.6%) 0.68 (0.51-0.92)
Recessive T/T-CT 508 (87.1%) 228 (92.3%) 1.00 0.026* 1009.7 1019.1
cre 75 (12.9%) 19 (7.7%) 0.56 (0.33-0.96)
Log-additive — — — 0.72 (0.57-0.90) 0.0038* 1006.3 1015.7
14784227 Codominant c/e 340 (58.5%) 123 (50.6%) 1.00 0.11 1001.2 1015.3
Cc 205 (35.3%) 102 (42%) 1.38 (1.00-1.88)
T 36 (6.2%) 18 (7.4%) 1.38 (0.76-2.52)
Dominant cre 340 (58.5%) 123 (50.6%) 1.00 0.037* 999.2 1008.6
T/C-T/T 241 (41.5%) 120 (49.4%) 1.38 (1.02-1.86)
Recessive Cc/C-TIC 545 (93.8%) 225 (92.6%) 1.00 0.53 1003.1 1012.5
T 36 (6.2%) 18 (7.4%) 1.21 (0.67-2.18)
Log-additive — — — 1.26 (1.00-1.60) 0.055 999.8 1009.2
rs6001930 Codominant T 318 (54.5%) 107 (43.3%) 1.00 0.011* 1007.5 1021.7
cT 220 (37.7%) 113 (45.8%) 1.53 (1.11-2.09)
cre 45 (7.7%) 27 (10.9%) 1.78 (1.05-3.01)
Dominant T 318 (54.5%) 107 (43.3%) 1.00 0.0031* 1005.9 1015.3
c/r-cre 265 (45.5%) 140 (56.7%) 1.57 (1.16-2.12)
Recessive T/T-C/T 538 (92.3%) 220 (89.1%) 1.00 0.14 1012.4 1021.9
cre 45 (7.7%) 27 (10.9%) 1.47 (0.89-2.42)
Log-additive — — — 1.40 (1.12-1.76) 0.0035* 1006.1 1015.5
PR negative
rs17530068 Codominant T 348 (59.9%) 89 (50.3%) 1.00 0.06 824.3 838.2
c 208 (35.8%) 76 (42.9%) 1.43 (1.01-2.03)
c/c 25 (4.3%) 12 (6.8%) 1.88 (0.91-3.88)
Dominant T 348 (59.9%) 89 (50.3%) 1.00 0.024* 822.8 832.1
T/c-c/C 233 (40.1%) 88 (49.7%) 1.48 (1.05-2.07)
Recessive T/T-T/C 556 (95.7%) 165 (93.2%) 1.00 0.2 826.3 835.5
cre 25 (4.3%) 12 (6.8%) 1.62 (0.80-3.29)
Log-additive — — — 1.40 (1.06-1.85) 0.018* 822.3 831.6

Abbreviations: AIC, Akaike's Information criterion; BIC, Bayesian Information criterion; BMI, body mass index; Cl, confidence interval; PR, progesterone receptor; OR, odd ratio; SNPs, single-

nucleotide polymorphisms.
*P-value < 0.05 indicates statistical significance; ORs in bold indicate statistical significance.

rs6678914 and BC susceptibility, our stratified analysis was not
significant in this study because the sample size was relatively small.
In this study, the C alleles in the SNPs rs17530068 (6q14/unknown)
and rs6001930 (22q13.1/MKLI) were risk factors for BC. The SNP
rs17530068 at 6q14 is located in a gene desert with no evidence of an
open/active regulatory region in human microvascular endothelial cells
(HMEC). The closest gene (~262 kb), family with sequence similarity
46, member A (FAM46A/Cé6o1f37), encodes a protein of unknown
function. The FAM46A gene is located at chromosome 614.1 and was
first identified and cloned from human retina tissue as a retinal disease
candidate gene.’> Studies showed that the FAM46A gene is expressed
in ameloblast nuclei of developing teeth and hypothesized that it
might act together with morphogenetic factors involved in cell
proliferation, apoptosis and differentiation activities in tooth buds,
and perhaps in enamel production.®® Data suggest that patients with C
allele of rs17530068 are associated with increased BC. On the basis of
these facts, we hypothesized that the FAM46A gene may be involved in
BC. However, there might be other biological pathways that are not
yet reported, and further functional studies will be necessary to
elucidate the precise role of the FAM46A gene. A previous meta-
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analysis of GWAs, with regard to Japanese, Latino and European
descendants, showed that rs17530068 was associated with BC, and
with both ER-positive and ER-negative diseases.'® In East-Asian
women (Chinese, Korean and Japanese) population, Zheng et al.'8
found that SNP rs6001930 had no statistically significant association
with BC, but subgroup analysis revealed that rs6001930 had a stronger
association with ER-positive than ER-negative cancer. These results
were partially consistent with ours, and to our knowledge, our data
demonstrated the relationship between rs17530068 and PR-negative
risk and between rs6001930 and PR-positive disease risk in the
Chinese population for the first time.

Most intriguingly, although no overall association of BC was found
for rs3817198 (11p15.5/LSPI) and rs4784227 (16q12.1/CASCI6),
analyses by ER/PR status revealed a statistically significant association
between rs3817198 and ER-negative tumors, as well as between
rs4784227 and PR-positive tumors. In contradiction with our results,
rs3817198 showed stronger associations with ER-positive than ER-
negative tumors in populations of European ancestry.'® Located in the
16q12.1,% 154784227 has been predicted to interfere with the affinity
of FOXAL, an essential component of ESRa signaling,?” to its binding



site.3® Tts position in a regulatory region that interacts with the TOX3
promoter enables it to disrupt the expression of this gene, which in
turn alters chromatin structure and DNA-protein binding patterns
essential for cell survival.?® Although rs4784227 had a statistically
significant association with BC risk in European and Asian women,
Lin et al*® did not find a correlation between rs4784227 and PR-
positive tumors in a stratified interaction analysis of the Chinese
population. Although the evidence for these associations was not very
strong, additional analyses, involving a much larger number of BC
patients, are needed to independently confirm these associations and
assess whether their risks vary by tumor subtype.

Population stratification is an important factor to consider when
conducting human genetic surveys.* In the current study, cases and
controls were matched for ethnicity by enrolling subjects from a
homogeneous population. In addition, our results were in line with
the hypothesis that ‘different biological mechanisms underlie diverse
BC subtypes’, and indicated that tumor stratification might help in the
identification of novel susceptibility markers for diverse BC subtype.*!
Our results eventually help improve BC prevention, early detection
and treatment. However, our analysis data for ER and PR were
available for only a portion of the subjects. Therefore, the statistical
power of our study was limited in the stratified analyses because of the
small sample sizes. Some of the null associations observed in this study
could be due to inadequate statistical power.

In summary, our study provided powerful new evidence for the
relationship among SNPs and the risk of overall BC as well as the
subtypes defined by ER and PR status in Chinese women. Our results
shed light on the heterogeneity of different tumor subtypes according
to protein expression of ER and PR, and the SNPs we detected can be
applied in clinical diagnosis. However, the exact biological mechanism
of how the polymorphisms regulate overall as well as tumor subtypes
needs subsequent functional studies.
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