Introduction

Breast cancer is the most common malignancy among women
in the United States and many other parts of the world. Genetic
factors play an important role in the etiology of breast cancer.
Only a very small fraction of cases in the general population,
however, can be explained by high-penetrance breast cancer
susceptibility genes, such as BRCAI and BRCA2. Recent genome-
wide association (GWA) studies [1-8], including our own study
among Chinese women in Shanghai [6], have identified multiple
common genetic susceptibility loci for breast cancer. Each of the
common genetic factors identified thus far confer only a small to
moderate risk for breast cancer. With the exception of our study,
all other reported GWA studies have been conducted among
women of European ancestry. GWA studies conducted in other
populations could identify not only additional novel genetic
variants for breast cancer but also help to fine map causal variants
for regions reported from previous GWA studies.

In early 2009, we reported a novel genetic susceptibility locus at
6q25.1 for breast cancer risk in a fast-track replication of promising
SNPs selected from a GWA scan of 1,505 cases and 1,522 controls
recruited in the Shanghai Breast Cancer Study (SBCS) [6]. We have
since increased the sample size for the initial GWA scan to 2,073
cases and 2,084 controls to increase the statistical power to identify
novel genetic risk variants for breast cancer. We have recently
completed the second fast-track replication using data and
biological samples collected from 13,395 cases and 10,917 controls
recruited in 12 studies of Asian and European ancestry. SNP
rs4784227, located at 16q12.1, a region identified from a previous
GWA study conducted in Europeans [1,3], was found to be a risk
variant for breast cancer in Asian women independent of SNPs
reported from the previous study [1,3]. Jn vitro experimental results
provide strong support for the functional significance of this SNP
and suggest that this SNP may explain the association observed for
breast cancer in this locus. Herein, we report findings from this large
genetic study of breast cancer.

Methods

Ethics statement
Approval was granted from relevant review boards in all study
sites; all included subjects gave informed consent.

Study population

Included in this consortium project were 15,468 cases and
13,001 controls from 12 studies (Table 1). Detailed descriptions of
these participating studies and demographic characteristics of
study participants are provided in the supplement Text S1 and
Table S1. Briefly, the consortium included 19,796 Chinese women
from seven studies conducted in Shanghai [6,9] (three studies,
n=10,497), Tianjin [10] (n = 3,115), Nanjing [11,12] (n = 2,885),
Taiwan [13] (n=2,131), and Hong Kong [14] (n=1,168); 3,214
Japanese women from three studies conducted in Hawaii [15]
(n=1,120), Nagoya [16] (n=1,288), and Nagano (n=806) [17];
and 5,459 European Americans from the Nashville Breast Health
Study (NBHS, n=3,172) and the Nurses’ Health Study (NHS,
n=2,287, included as part of the Cancer Genetic Markers of
Susceptibility Project - CGEMS). All cases and controls recruited
in the Shanghai studies were included in Stages I and II, and
subjects from the remaining Asian studies were included in Stage
III. Data from CGEMS were used for help to select SNPs for
Stage II. Cases and controls recruited in NBHS and the NHS
(CGEMS) were included in the final stage to evaluate the
generalizability of the findings.
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Table 1. Characteristics of study participants and number of
SNPs analyzed in each stage.

Controls

Cases

Stage |l (53 SNPs)
Stagelitotal - 44

Shanghai -SBCS (Chinese) V 1,001
 Shanghai - SBCSS (Chiriese) BagEios

Shanghai - SECS {Chinése) 914 54985
Stage Il (4 SNP9E - 1wl
Stage Il total

 Tianjin (Chinese)
Nanjing (Chinese)
 Taiwan (Chinese) -

Hong Kong (Chinese)
Nagoya - Jaj : 09
Nagano - Japan (Japanese) 53.9%10.2
,“,Hé i ——

European Americans

CGEMS

1,145
Towl: | 05468 5252107 13000 stas102
Chinesé 11,059 51.8%£103 8737 50.4*10.
European Americans 2,797

a Selected from SNPs included in the Affymetrix 6.0 SNP array with MAF=1%,
call rate=95%, and QC consistency.

b With the exception of studies in Nanjing (2 SNPs), Tianjin (3 SNPs) and Nagoya
Japan (1 SNP), NBHS (3 SNPs), CGEMS (2 SNPs genotyped and 2 SNPs imputed),
four SNPs were analyzed in all other studies.

¢ Mean * SD.

doi:10.1371/journal.pgen.1001002.t001

Genotyping and quality control procedures

Genotyping for Stage I has been described previously [6].
Briefly, the initial 300 subjects were genotyped using the
Affymetrix GeneChip Mapping 500 K Array Set and the
remaining 3,918 subjects were genotyped using the Affymetrix
Genome-Wide Human SNP Array 6.0. We included one negative
control and three positive quality control (QC) samples from the
Coriell Cell Repositories (http://ccr.coriell.org/) in each of the 96-
well plates for Affymetrix SNP Array 6.0 genotyping. A total of
127 positive QC samples were successfully genotyped and the
average concordance rate was 99.9% with a median value of
100%. The sex of all study samples was confirmed to be female.
The identity-by-descent analysis based on identity-by-state was
conducted to detect first-degree cryptic relationships using
PLINK, version 1.06. All samples with a call rate <95% were
excluded. The SNPs were excluded if: (i) minor allele frequency
(MAF) <1%, (i1) call rate <95%, or (iii) genotyping concordance
rate <95% in quality control samples. The final dataset included
2,073 cases and 2,084 controls for 684,457 markers.

Genotyping for Stage II was completed using the iPLEX
Sequenom MassArray platform. Included in each 96-well plate as
QC samples were two negative controls (water), two blinded
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duplicates, and two samples from the HapMap project. To
compare the consistency between the Affymetrix and Sequenom
platforms, we also included 124 samples from Stage I that were
genotyped by Affymetrix SNP 6.0. The mean concordance rate
was 99.7% for the blind duplicates, 98.8% for HapMap samples,
and 98.6% between Sequenom and Affymetrix 6.0 genotyping.

Genotyping for Stage III and NBHS was performed using
TaqMan at five different centers. The genotyping assay protocol
was developed and validated at the Vanderbilt Molecular
Epidemiology Laboratory, and TagMan genotyping assay re-
agents were provided to investigators from the Tianjin study
(Tianjin Cancer Institute and Hospital), Nanjing study (Nanjing
Medical University), Multiethnic Cohort Study (MEC, University
of Southern California), and Nagano Breast Cancer study (Japan
National Cancer Center), who conducted the genotyping assays at
their own laboratories. Samples from the four other studies (Hong
Kong, Taiwan, Nagoya, and Nashville) were genotyped at the
Vanderbilt Molecular Epidemiology Laboratory. During the
genotyping, two negative controls were included in each 96-well
plate, along with 30 unrelated European and 45 Chinese samples
from the HapMap project genotyped together with each study for
QC purposes. The consistency rate was 100.0% for the HapMap
samples comparing genotyping data obtained from the current
study with data obtained in the HapMap project. Each of the non-
Vanderbilt laboratories was asked to genotype a trial plate
containing DNA from 70 Chinese samples before genotyping
study samples. The consistency rate across all centers for these trial
samples was 100% compared with genotypes previously deter-
mined at Vanderbilt. In addition, replicate samples comparing 3~
7% of all study samples were dispersed among the genotyping
plates at all centers.

Plasmid constructs and luciferase reporter assays

A 3.0kb DNA fragment containing major allele (C) of
rs4784227 was PCR amplified by using forward primer 5'-
GATCAGCTAGCCATAGTGTGGTAGCTAGTTG-3'  and
backward primer 5'-GATCA CTCGAGCTGCTGGGCT-
TAGCTACAAG-3'. This fragment was subcloned into luciferase
reporter vector, pGL3 basic, pGL3 promoter, and pGL3 enhancer
(Promega, WI) between Mel and Xhol restriction sites, respec-
tively. The minor allele (T) sequence was generated by using
QuickChange Site-Directed Mutagenesis Kit (Strategene, La Jolla,
CA) with the following pair of oligonucleotides, 5'- GAGTATT-
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TACATCACAATAATCAGCAAACACTACAAATTGGGAC-
3'and 5'- GTCCCAATTTGTAGTGTTTGCTGATTATTGT-
GATGTAAATACTC-3'. All DNA constructs were verified by
sequencing analyses. Transfection was performed with the use of
FuGene 6 Transfection Reagent (Roche Diagnostics, Indianapolis,
IN) in triplicate for each of the constructs. Briefly, 1—2x10 cells
of HEK 293, MCF-7, MCF10A, and MDA-231 cells were seeded
in 24-well plates and co-transfected with pGL4.73, a Renilla
expressing vector which served as a reference for transfection
efficiency. Thirty-six to 48 hours later the cells were lysed with
Passive Lysis Buffer, and luminescence (relative light units) was
measured using the Dual-Luciferase Assay System (Promega, WI).
The rs4784227 regulatory activity was measured as a ratio of
firefly luciferase activity to renilla luciferase activity, and the mean
from four independent experiments are presented.

Electrophoretic mobility shift assay

Biotin-labeled, double stranded oligonucleotide probes 5'-
ATTTGTAGTGTTTGCCGATTATTGTGATGT-3' and 5'-
ACATCACAATAATCGGCAAACACTACAAAT-3', and 5'-A-
TTTGTAGTGTTTGCIGATTATTGTGATGT-3'and 5'- A-
CATCACAATAATCAGCAAACACTACAAAT-3'  containing
the major and minor allele sequence of rs4784227 were
synthesized. The probes were incubated with nuclear protein
extracts from MCF10A, MCF7, and MDA-MB-231 cells, in the
presence or absence of competitors, i.e. unlabelled probes. Protein-
DNA complexes were resolved by polyacrylamide gel electropho-
resis and detected using a LightShift Chemiluminescent EMSA kit
(Pierce Biotechnology, Rockford, IL).

Statistical analyses

In Stage I, PLINK version 1.06 was used to analyze genome-
wide data. Population structure was investigated by using the
principal component analysis implemented in EIGENSTRAT
[18] (http://genepath.med.harvard.edu/ ~reich/Software.htm). A
set of 12,533 SNPs with MAF=5% in Chinese and a distance
=25 kb between two adjacent SNPs was selected to evaluate the
population structure. The first two principal components were
included in logistic regression models for adjustment of population
structures. Odds ratios (OR) and 95% confidence intervals (Cls)
were estimated by logistic regression analysis. ORs were also
estimated for the variant allele based on a log-additive model. Age
was adjusted for in the analyses of Stages I and II data. In Stage
I, individual data were obtained from each study for a pooled
analysis. ORs from multiple studies were adjusted for age and
study site. Heterogeneity across studies and between ethnicities
was assessed with likelihood ratio tests. Stratified analyses by
ethnicity, menopausal status, and estrogen receptor (ER) status
were carried out. P-values based on 2-tailed tests are presented.

Individual genotyping data from the Cancer Genetic Markers of
Susceptibility (CGEMS, http://cgems.cancer.gov/data/) study
were obtained through an approved data request application in
order to perform meta-analyses of GWA scan data from both the
Shanghai studies and the CGEMS project. Program MACH
(http://www.sph.umich.edu/csg/abecasis/ MACH/) was used for
genotype imputation that determines the probability distribution
of missing genotypes conditional on a set of known haplotypes
while simultaneously estimating the fine-scale recombination map.
For the Shanghai studies, imputation was based on 660,118
autosomal SNPs genotyped in Stage I that had a MAF>1% and
passed the QC procedure, using the phased Asian data from
HapMap Phase II (release 22) as the reference. A total of
2,272,352 SNPs showed an imputation quality score =0.90. The
CGEMS GWA scan data were genotyped using Illumina
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HumanHap550 for 1,142 breast cancer cases and 1,145 controls
nested within the Nurses’ Health Study cohort. For CGEMS,
genotypes were imputed based on 513,602 autosomal SNPs with
MAF>1%, using phased CEU data from HapMap Phase II
(release 22) as the reference. A total of 2,168,847 SNPs showed an
imputation quality score =0.90. To evaluate associations between
imputed SNP data and breast cancer risk, logistic regression
(additive model) was used, in which SNPs were represented by the
expected allele count, an approach that takes into account the
degree of uncertainty in the genotype imputation.

Meta-analyses of GWA scan data for SBCS and CGEMS were
conducted for 1,968,549 SNPs with a MAF =1% in both
populations and imputation quality scores =0.90. Meta-analyses
were performed using a weighted z-statistics method, where
weights were proportional to the square root of the number of
individuals in each sample and standardized such that the weights
added up to one. The z-statistic summarizes the magnitude and
direction of the effect relative to the reference allele. An overall z-
statistic and p value were then calculated from the weighted
average of the individual statistics. Calculations were implem-
ented in the METAL package (http://www.sph.umich.edu/csg/
abecasis/Metal).

SNP selection for validation in Stage II. In the present
study, we selected 59 promising SNPs for fast-track replication in
Stage 11, including 4,425 cases and 1,915 controls recruited in the
Shanghai studies. Only SNPs included in the Affymetrix 6.0 SNP
arrays were selected for Stage II evaluation. Selection criteria for
these SNPs were: (i) MAF=5%, (ii) very clear genotyping clusters,
(iii) not in strong LD (r*<0.5) with any of the previously confirmed
breast cancer genetic risk variants in CHB/JPT, (iv) consistent
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with HWE with P>0.01 in controls, (v) P<0.001 in the meta-
analyses of CGEMS and SBCS GWA scan data for SNPs on
Affymetrix 6.0 array, having the same direction of association in
both studies, and P<0.01 for SBCS GWA scan data.

Results

Of the 53 successfully genotyped SNPs in Stage II (Table $2),
highly significant associations with breast cancer risk were found
for rs4784227 (16q12.1) with OR (95% CI) of 1.23 (1.16-1.31)
per T allele (P for trend, 1.3x107%) (Table 2). Three other SNPs
also showed a significant or marginally significant association
with breast cancer risk. These four SNPs were selected for further
validation in Stage III, which included 6,173 cases and 6,340
controls of Asian ancestry from seven studies in the Asia Breast
Cancer Consortium (Methods; Table S1). SNP rs4784227 was
consistently associated with breast cancer risk in all studies
(Figure 1), with an OR of 1.25 (95% CI: 1.20-1.31,
P=32x10"%) in the pooled analysis of Asian samples from all
three stages. No heterogeneity in the association of this SNP with
breast cancer was observed across the studies included in the
consortium. The association of rs4784227 with breast cancer risk
was observed in both pre-menopausal (OR: 1.24 (1.17-1.32) and
P=6.5x10""%), and post-menopausal women (OR: 1.27 (1.19-
1.35) and P=3.0x10" %) (data not shown in tables). The positive
association was stronger in ER(+) breast cancer (per allele OR
=1.29, 95% CI=1.23-1.36, P=3.0x10"%) than in ER(-)
breast cancer (per allele OR =1.19, 95% CI=1.12-1.26,
P=1.3%107%. In case-only analyses, when compared with cases
with ER(—) cancer, ORs associated with ER(+) breast cancer
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Table 2. Results from Stages | to lll for rs4784227 and Stages | and Il for other three SNPs that showed promising associations with
breast cancer risk in Stage II.
OR(95%CI)¢
P an N°°f L . : gy
SNP (chr)  Allele® Stage  cases = ¢ Frequency” - Heter _ Homo .
1510479046  C/T | 2,071 2,083 0.73/0.70 1.22(0.96-1.55) 1.42(1.12-1.80) 1.18(1.07-1.30) 7.2x107%
(5g31.1)
1] 4320 1,854 - 071/0.70 1.07(0.87-1.30) 1.15(0.94-1.40) 1070099117 0
1&1 6,391 3,937 0.72/0.70 1.09(0.94-1.27) 1.22(1.06-1.42) 1.11(1.05-1.18)
13829849 . TIC 0 2067 2,081 0117009 . 131(1.12-1554) 1.15(0,66-1.99) - 1.25(1.08
(9933.3) L ; ' o S e e e
I 4,331 1,871 0.10/0.09 1,19(1.03-1.38) 2.10(1.06-4.18) 1.23(1.08-1.41) 0,003
&Il 6398 3,952 0.11/0.09 ¢ 1.24(1;51«'1;38) 1.34(0.89-201)  122(1.11-1.34) 44%107°
E 2063 2074 015/013 . 128(1.10-148) . 133(086-205) 1:24(1.09-1.40) 78x107%
It 4,351 1,856 0.15/0.14 1.00(0.88-1.14) 2.00(1.28-3.12) 1.10(0.98-1.23) 0.10
, . el 6414 3930 0.15/0.13 112102-123)  160(1119-2.16)  1.16(1.07-126) 40x107%
154784227 T/C I 2,066 2,078 0.29/0.25 1.18(1.04-1.34) 1.43(1.13-1.82) 1.19(1.08-1.31) 42x107%
(16q12.1)
‘ il 4280 1843 028/0.23 1.32(1.18-1.48) 162(129-205)  130(1.19-142) . . 13x10°°
1&1 6,346 3921 0.28/0.24 1.24(1.14-1.35) 1.50(1.28-1.77) 1.23(1.16-1.31) 2.1x107"°
LI&me 12336 - 10140 - - 029/024 1:28(1.21-1.35) 1.52(1.37-1,69) 125(1,20-1.31) 132x107%
a Risk allele/reference allele.
b Risk allele frequency in cases/controls.
¢ In Stage |, adjusted for age and the first two principal components for population structure, in Stage Il adjusted for age.
d SNP rs4784227 was replicated in Stage Il, and combined results from all three stages are presented.
doi:10.1371/journal.pgen.1001002.t002
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Study Site OR (95% CI) P Value

Shanghai - - — 1.23(1.16-1.31)  2.10x107"°
Tianjin — - — 1.28(1.15-1.43)  1.60x10™°
Nanjing — —-— — 1.22(1.09-1.37)  7.80x107*
Taiwan — —S— — 1.34(1.16-1.54) 6.00x10~°
HongKong —— — 1.16(0.96-1.39)  1.30x10™"
Chinese — » — 1.24(1.19-1.30) 2.70x107%®
Nagoya, Japan - . —=— | 1.43(1.19-1.72)  1.10x10™*
Nagano, Japan . ———— 1.59(1.26-2.01) 8.30x107°
MEC - R - 1.08(0.89-1.32)  4.20x 10"
Japanese - - — 1.34(1.19-1.50)  7.30x1077
All Asians — & — 1.25(1.20-1.31)  3.20x107%®
Nashville - . — 1.21(1.07-1.37)  3.20x10°°
CGEMS - —.— — 1.17(1.03-1.34)  1.60x 1072
European Americans e -~ 1.19(1.09-1.31)  1.30x10™
Al - . - 1.24(1.20-1.29)  1.30x 10"

. i ]

0.5 1.0 2.0

Odds Ratios

Figure 1. Per-allele OR for rs4784227 in association with breast cancer risk by study and ethnic groups.

doi:10.1371/journal.pgen.1001002.g001

were found to be 1.09 (95% CI: 1.03-1.16; P for trend,
5.8x107%. None of the other three SNPs that showed a
significant association in Stage II, however, were replicated in
Stage III (Table S3).

SNP rs4784227 is located in 16ql2.1, a region where three
genetic risk variants for breast cancer (rs8051542, rs12443621, and
1s3803662) were reported previously in a study conducted among
women of European ancestry [1]. Of these three previously
reported SNPs, the closest (rs3803662) is approximately 12.8 Kb
away from rs4784227. The linkage disequilibrium (LD) pattern of
this region in Asians is very different from the pattern found in
European descendents (Figure 2 and Table 3). In Stage I and II
samples, SNP rs4784227 is in low LD with previously-reported
SNPs, with r° being 0.07, 0.14, and 0.37 for rs12443621,
13803662, and rs8051542, respectively (Table 3). In European
Americans included in the HapMap project, however, SNP
154784227 is in strong LD with SNP rs3803662 (r*=0.86) but
weakly correlates with the other two SNPs. SNPs rs8051542 and
153803662 each showed a significant association with breast cancer
risk (P=2.0x107% and P=1.7x107" in a combined analysis of
data from Stages I and II (Table 4). However, after adjusting for
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rs4784227 the association with rs8051542 disappeared. Although
the positive association with rs3803662 remained, it was of only
borderline significance (P=0.12). SNP rs12443621, however,
showed no association with breast cancer risk, which is consistent
with results reported by the initial study of Asian women [1]. The
association of rs4784227 with breast cancer risk remained highly
significant after adjusting for these three previously-reported
SNPs, individually or in combination (Table 4). Haplotype
analyses of these four SNPs showed that all haplotypes containing
the T allele of rs4784227 were associated with an increased risk of
breast cancer, although not all point estimates were statistically
significant at P<0.05 due to a small sample size for several
haplotypes (Table S4).

In studies conducted in European Americans, SNP rs4784227
also showed a significant association with a per allele OR (95%
CI) of 1.17 (1.03-1.34) in CGEMS and 1.21 (1.07-1.37) in
NBHS (Table 5). A significant (NBHS) or marginally significant
(CGEMS) association was observed for rs3803662, a previously
reported SNP, but not for two other previously-reported SNPs.
After adjusting for rs4784227, no association with rs3803662 was
seen. On the other hand, the positive association with rs4784227
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Figure 2. SNP association at 16q12 with breast cancer risk. In SBCS (A) and CGEMS (B). Top panel: Results (-logioP) are shown for the
associations of breast cancer risk with directly genotyped (diamonds) and imputed (circles) SNPs located in the TOX3 and LOC643714 genes. P-values
for rs4784227 are shown in red for Stage | data and in blue for the combined data. The three previously-reported SNPs (rs8051542, rs12443621, and
rs3803662) are highlighted in black. Middle panel: Genomic view at 16q12.1. Gene locations are from the March 2006 UCSC genome browser
assembly. Bottom panel: Estimates of pairwise LD (%) for common SNPs (with MAF=5%) from HapMap release 23a in the region from 10 kb

downstream of rs8051542 to 10 kb upstream of rs4784227.
doi:10.1371/journal.pgen.1001002.g002

remained after adjusting for rs3803662 or the other two SNPs,
although the association was no longer statistically significant at
P<0.05.

To evaluate whether SNP rs4784227 has any intrinsic
regulatory function, we conducted an in witro luciferase assay in

Table 3. Linkage disequilibrium patterns among rs4784227
and the three previously-reported SNPs in 16q12.1.

SNPs rs8051542 rs12443621 rs3803662 rs4784227
Chinese  rs8051542. 01 0,08 037
1512443621 0.7 0.04 007
k3803662 081 025 0.14
154784227  0.76 052 0.87
Caucasians
158051542 0,01 043 S 002
1512443621 013 03 03
153803662 052 092 086
154784227 054 1 1

D’: Lower left triangle.

r2: Upper right triangle.

Caucasians: European samples included in the HapMap project.
Chinese: subjects in Stages | and II.
doi:10.1371/journal.pgen.1001002.t003
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four cell lines including metastatic breast cancer cell MDA231,
non-metastatic breast cancer cell MCF-7, breast epithelial cell
MCF10A, and HEK293. Luciferase reporter constructs containing
a 3 kb DNA fragment with the reference allele C and the risk allele
T of rs4784227, respectively, were generated and transiently
transfected into these cells. By comparing to the respective empty
vectors, no luciferase activity change was observed in pGL3 basic
and pGL3 enhancer vectors that harbor rs4784227 fragments,
which indicate that rs4784227 fragments do not have intrinsic
promoter activity (data not shown). In contrast, in the pGL3
promoter vector, fragments containing rs4784227 reduced lucif-
erase activity, and the reduction was more apparent in fragments
containing risk allele T than the reference allele C (Figure 3A).
With the exception of the MCF7 cells, the difference between the
T and C allele was statistically significant at P<0.05.

To investigate whether the DNA sequence containing
34784227 may interact with nuclear proteins and if so, whether
a single nucleotide change in the rs4784227 site may alter the
protein-DNA interactions, we performed electrophoretic mobility
shift assays. In these assays, oligonucleotide probes corresponding
to the reference allele C or the risk allele T were incubated with
nuclear protein extracts from MCF10A, MCF-7, and MDA-231
cells. Compared with reference allele C, risk allele T in rs4784227
resulted in an altered DNA-protein complex intensity in these cells
(B and II) (Figure 3B). In contrast, risk allele T did not alter the
intensity of the nonspecific DNA-protein complex band (I). These
results were unaffected by the presence of large amounts of
unlabeled competitors.
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Table 4. Association of rs4784227 and the three previously-reported SNPs at 16q12with breast cancer risk among Chinese women
in Stages | and Il

OR(95%CI)

154784227 None 6346 3,921 0.28/0.24 1.24(1.14-1.35) 1.50(1.28-1.77) 1.23(1.16-131) 21x1071°
Nome 6158 3658 ©1.1001,01-12) 1360109 -
None 2954 2,997 057/0.57 0.99(0.86-1.14) 1.02(0.88-1.18)

1512443621 1.01(0.94-1.09) 0.78

15380 MNone'i o ves g 1.26(1.10-1.44) ,

rs4784227 rs8051542 1.26(1.16-

4784227 512443621 2920

rs4784227 rsé&bBéﬁZ 6,221 3,749 ‘ 0.28/0.25 1.20(1.11-1.28) 7.0x1077
4784227 all3sNRs 2 264 ]

rs8051542 rs4784227 6,082 3,614 0.20/0.18 0.93(0.84-1.04) 0.97(0.76-1.25) 0.95(0.87-1.05) 0.33

154784227
154784227

095
1.05(0.99-1.13)

0.1

Lo o1
0.12

1.17(1.01-1.35)

153803662 0.68/0.65 1.17(1.03-1.35)

a Risk allele frequency in cases/controls. Risk/reference alleles (based on forward strand) are T/C for rs8051542 and rs4784227 and A/G for rs12443621 and rs3803662.
doi:10.1371/journal.pgen.1001002.t004

Discussion association of rs4784227 with breast cancer remained after
. . adjusting for previously-reported SNPs. In wuitro experiments
In this multi-stage GWA study of over 15,486 cases and 13,001 showed that risk allele 7 reduced luciferase activity and altered
controls, we identified SNP rs4784227 as highly significantly DNA-protein binding patterns. These results implicate rs4784227
associated with breast cancer in both Asians (per allele OR = 1,25, as a functional genetic risk variant for breast cancer, and this SNP
95% CI=1.20-131, P=3.2x10"*) and European Americans may explain, at least partially, the association of breast cancer with
(per allele OR=1.19, 95% CI=1.09-1.31, P=1.3x10"%. SNP  ther SNPs identified in 16q12.1.
rs4784227 is located at 16q12.1, a region reported previously to SNP rs4784227 is located 18.4 kb upstream of the TOX3 gene
harbor breast cancer genetic risk variants among European  and in the evolutionarily-conserved region of intron of the
descendents [1,3]. In Asians, however, this SNP is either not in LOC643714 gene. Several transcription factors are predicted to
LD or only in weak LD with any of the three previously-reported bind to this SNP (http://www.cbrc.jp/research/db/ TFSEARCH.
SNPs in these regions, and adjusting for these SNPs did not alter html). This SNP, however, has not been shown to be in the coding
the association of breast cancer with this newly-identified SNP. region for any non-coding RNA or miRNA/snoRNA/scaRNA
Although in European Americans rs4784227 is in strong LD with  based on UGSC Genome Browser. Our luciferase reporter assays
one of the previously-reported SNPs, rs3803602, the positive showed that the intronic region harboring rs4784227 may have

Table 5. Association of rs4784227 and the three previously-reported SNPs at 16q12with breast cancer risk among European
American women.
Tested SNP * Study SNPs Adjusted No of cases  No of controlsFrequency” OR (95% CI) P for trend
14784227 . CGEMS None SIS Tz o29iBast L Aivos3e . o016

‘ NBHS None 1357 1148 0.28/0.25 1.21(1.07-1.37) 0.003
73803662 . CGEMS ' None 1145 N4z ozl Uias09eaey . oge

NBHS None 1615 1467 031/027 1.22(1.09-1.36) 40x107*

16051542 NBHS  None 1587 1439 o4e044 1070974119 018 -
1512443621 CGEMS None 1145 1142 0.50/0.49 1.02(0.91-1.15) 0.70
154784227 ONBHS  rs8051542 1263 1080 . 028025 - 1.22(1.06-140) 0.007
154784227 CGEMS 1512443621 1145 1142 0.29/0.25 1.25(1.06-1.47) 0.007
154784227 .. Both 153803662 2431 2243 10 . 0.29/025 1:22(0.94-1.59) i E
158051542 NBHS 154784227 1263 1080 0.45/0.44 0.98(0.86-1.11) 0.74
1512443621 CGEMS 154784227 1145 142 . 0.50/0.49 0.91(0.79-1.05) L gyeilnl
rs3803662 Both 154784227 2431 2243 0.31/0.27 0.97(0.75-1.25) 0.82
a In CGEMS, data on rs8051542 was not available, and In NBHS data on for rs12443621 was not available.
b Risk allele frequency in cases/controls. Risk/reference alleles (based on forward strand) are T/C for rs8051542 and rs4784227 and A/G for rs12443621 and rs3803662.
doi:10.1371/journal.pgen.1001002.t005 %

@ PLoS Genetics | www.plosgenetics.org 7 June 2010 | Volume 6 | Issue 6 | €1001002



164
DVector
g Wodke
o7 alle

«
>

©
e

Reialtive ratio of luciferase activity
=3
<o

(=4
5]

MCFT NDA-231

Mol MCF10A

Functional Variant at 16q12.1 & Breast Cancer Risk

B

MCF7

MCF10A

MDA231

1

Probe +
Nuclear extract -
Competitor

Cell line

IR ]
red ©
-
(=]

PEREE )
et W

LRI . -
e O
+ ®
e N
RS

Figure 3. /n vitro functional characterization of SNP rs4784227. (A) Effect of rs4784227 on luciferase reporter activity. HEK 293, MCF10A, MCF-
7, and MDA-231 cells were transiently transfected with pGL3 promoter vector and the constructs carrying the reference allele (C) and risk allele (T) of
rs4784227, respectively. Relative luciferase activities are shown as mean * SD of four experiments (relative to empty vector). Statistical analysis was
done using Student’s t-test comparing C and T alleles (* P<0.05, ** P<0.01, n=4). (B) Electrophoretic mobility shift assays. Nuclear protein extracts
from MCF-7 (top panel), MCF10A (middle panel), and MDA-231 (bottom panel) cells were incubated with biotin-labeled probes corresponding to
reference allele C (lanes 1-5) or the risk allele T (lanes 6-10) of rs4784227 in the absence or presence of competitors. Lanes 1 and 6, no nuclear
extracts; lanes 2 and 7, unlabeled competitor in 200-fold molar excess; lanes 3 and 8 (5 mM MgCl2), lanes 4 and 9 (2.5 mM MgCl2), and lanes 5 and 10
(1.25 mM MgCl2), no competitor. I: nonspecific DNA-protein complex bands from MCF-7, MCF10A, and MDA-231 cells; II: specific DNA-protein

complex bands; Ill: free biotin-labeled probes.
doi:10.1371/journal.pgen.1001002.g003

intrinsic repressor activities, suggesting that rs4784227 may affect
its underlying gene LOC643714 or its neighborhood gene
expression and thus affect breast cancer risk. The rs4784227-
associated repressing activity could be the result of differential
binding affinity of transcription machinery to the rs4784227-
containing DNA sequences. We examined this hypothesis by
conducting electrophoretic mobility shift assays and confirmed
that the risk 7 allele of rs4784227 significantly alter DNA-nuclear
protein(s) interactions. Thus, it is possible that inhibitory nuclear
protein(s) selectively bind to the risk allele 7 to repress
transcription. A database search (http://www.cbrc.jp/research/
db/TFSEARCH.html) for transcription factor binding sites
showed that the sequence at the rs4784227 site has a high degree
of similarity with several consensus elements recognized by
transcription factors, of which HNF-3b and C/EBP prefer to
bind DNA fragments with the risk T allele of this SNP site.
However, these putative transcription factors or their associated
proteins have not been confirmed to be involved in the regulation
of LOC643714 or its nearby genes.

In summary, through a GWA study we have identified and
confirmed rs4784227 as a genetic risk variant for breast cancer.
vitro experiments showed a functional significance of this SNP that
may explain the association of breast cancer with other SNPs
identified at locus 16ql2.1. This study demonstrates the
importance of conducting genetic association studies in popula-
tions with different LD structures to identify causal genetic variants
for breast cancer and other complex diseases.

@ PLoS Genetics | www.plosgenetics.org
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Abstract

intake reduces the risk of breast cancer remains unclear.

tea drinking and risk of breast cancer.

Introduction: Although many in vitro and animal studies have demonstrated a protective effect of green tea
against breast cancer, findings from epidemiological studies have been inconsistent, and whether high green tea

Methods: In this Japan Public Health Center-based Prospective Study, 581 cases of breast cancer were newly
diagnosed in 53,793 women during 13.6 years’ follow-up from the baseline survey in 1990 to 1994. After the five-
year follow-up survey in 1995 to 1998, 350 cases were newly diagnosed in 43,639 women during 9.5 years' follow-
up. The baseline questionnaire assessed the frequency of total green tea drinking while the five-year follow-up
questionnaire assessed that of two types of green tea, Sencha and Bancha/Genmaicha, separately.

Results: Compared with women who drank less than one cup of green tea per week, the adjusted hazard ratio
(HR) for women who drank five or more cups per day was 1.12 (95% confidence interval (Cl) 0.81 to 1.56; P for
trend = 0.60) in the baseline data. Similarly, compared with women who drank less than one cup of Sencha or
Bancha/Genmaicha per week, adjusted HRs for women who drank 10 or more cups per day were 102 (95% Cl 0.55
to 1.89; P for trend = 048) for Sencha and 0.86 (0.34 to 2.17; P for trend = 0.66) for Bancha/Genmaicha. No inverse
association was found regardless of hormone receptor-defined subtype or menopausal status.

Conclusions: In this population-based prospective cohort study in Japan we found no association between green

Introduction

Green tea is regularly consumed in Japan and China as a
traditional habit and cultural characteristic. Although
produced from the same plant, Camellia sinensis, differ-
ences in the manufacturing process mean that green tea
has a higher catechin content than black tea [1-3],
which might contribute to its beneficial effects on can-
cer as well as cardiovascular diseases, and other condi-
tions [3,4]. Specifically, (-)-epigallocatechin-3-gallate
(EGCQ), the most abundant and biologically active cate-
chin in green tea, might play an important role in can-
cer prevention [1-3,5,6]. Because breast cancer risk is
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Prevention and Screening, National Cancer Center, 5 - 1 - 1 Tsukiji, Chuo -
ku, Tokyo, 104 - 0045, Japan
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substantially lower in Asian than Western countries (7],
a contribution of high green tea intake to low breast
cancer risk has been hypothesized. This hypothesis has
been supported by in vitro and animal studies, which
have demonstrated various protective effects of green
tea and tea polyphenols acting via strong antioxidant
activity, inhibition of cell proliferation and angiogenesis,
induction of apoptosis, and antiestrogenic properties
[1-3,5,6,8].

In contrast to in vitro and animal studies, few epide-
miological studies have examined the association
between green tea intake and risk of breast cancer, and
their findings have been inconsistent [9-16]. An inverse
association was found in three case-control studies
among Asian-American and Chinese populations [9-11],
whereas no association was observed in two cohort

© 2010 Iwasaki et al; licensee BioMed Central Ltd This is an open access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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studies in Japan [12,13] or one nested case-control study
in Singapore [14]. This inconsistency might be in part
explained by differences in study design and exposure
variation. In the three case-control studies which
reported an inverse association, the reference groups
were non-green tea drinkers, which included approxi-
mately 36 to 68% of control subjects [9-11], whereas in
the two Japanese cohort studies the reference groups
were women who drank less than one cup per day or
one or fewer cups per day [12,13]. Inclusion of green
tea drinkers in the reference group might attenuate the
difference in risk between the reference and the higher
drinking groups. Moreover, the highest consumption
group in the two Japanese cohort studies were women
who drank five or more cups per day, which included a
relatively large portion of subjects (approximately 26 to
43%) [12,13]. Several studies have suggested a possible
protective effect of very large amounts of green tea
intake: one case-control study in Japan showed a
decreased risk of gastric cancer among those who drank
10 or more cups per day [17], for example, while a
cohort study in Japan observed a decreased risk of can-
cer in all sites among those who drank 10 or more cups
per day [18]. However, a better understanding of the
role of green tea in the etiology of breast cancer would
be obtained from studies which included non- to heavy
green tea drinkers. In addition, given that in vitro stu-
dies have suggested the inhibition of aromatase by green
tea extracts [8] and of estrogen binding with its receptor
by EGCG [6], the effect of green tea intake on the risk
of breast cancer may differ according to hormone recep-
tor to defined subtype. Nevertheless, no study has evalu-
ated these associations.

To address these issues, we conducted a large-scale
population-based prospective cohort study in Japan on
the association between green tea intake and the risk of
breast cancer.

Materials and methods

Study population

The Japan Public Health Center-based Prospective Study
(JPHC Study), which began in 1990 for Cohort I and in
1993 for Cohort II, included 140,420 inhabitants (68,722
men and 71,698 women) in the municipalities super-
vised by 11 public health centers (PHC). Details of the
study design have been described elsewhere [19]. Study
participants were informed about the objectives and
methods of the study in written form and those who
responded to the survey questionnaire were regarded as
consenting to participate in the study. In addition, parti-
cipants were also notified in writing that they could
withdraw from the study. Given no relevant ethical
guideline and committee at the time of the survey, the
institutional review board of the National Cancer
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Center, Tokyo, Japan considered return of the question-
naire to be classified as informed consent and approved
the study protocol.

The study population comprised registered Japanese
inhabitants living in each PHC area, aged 40 to 59 years
in Cohort I and 40 to 69 years in Cohort II. In the pre-
sent analysis, one PHC area was excluded because data
on cancer incidence were not available. Thus, after
exclusion of ineligible women (# = 98), we defined a
population-based cohort of 67,422 women.

Baseline and five-year follow-up survey

Surveys of the cohort were conducted twice by self-
administered questionnaire, the baseline in 1990 to 1994
and the five-year follow-up in 1995 to 1998. Of 67,422
women, a total of 55,886 women (83%) returned the
baseline questionnaire. Of these, 1,510 who reported a
history of cancer in the baseline survey were excluded,
leaving 54,376 women as the baseline questionnaire
respondents. Of the 67,422 women, we identified 62,788
as eligible for the five-year follow-up survey after exclu-
sion of those who had died, moved out of the study
area, or been lost to follow-up before the survey, of
whom 52,485 (84%) returned the questionnaire. We also
excluded 1,860 women who had a history of cancer at
the five-year follow-up survey and 5,813 women who
did not respond to the baseline questionnaire, leaving
44,812 women as the five-year follow-up questionnaire
respondents.

Exposure measurements

Information on beverages, including green tea, oolong
tea, black tea, and coffee, was obtained in the baseline
questionnaire in terms of frequency and amount using
six precoded categories: less than one cup per week, one
to two cups per week, three to four cups per week, and
almost daily (further divided into one to two cups per
day, three to four cups per day, and five or more cups
per day). In the five-year follow-up questionnaire, the
consumption of beverages, including two items of green
tea, namely Sencha (first or second flush of green tea;
that is, the first seasonal picking) and Bancha (third or
fourth flush of green tea; that is, the late seasonal pick-
ing)/Genmaicha (blend of bancha and roasted brown
rice), oolong tea, black tea, coffee and canned coffee was
assessed in terms of frequency and amount using nine
precoded categories: less than one cup per week, one to
two cups per week, three to four cups per week, five to
six cups per week, one cup per day, two to three cups
per day, four to six cups per day, seven to nine cups per
day, and ten or more cups per day. Seicha and Bancha
are the two main types of green tea consumed in Japan,
and are usually prepared by steeping the tea leaves in
hot water. The amounts of Sencha or Bancha/
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Genmaicha consumed (ml per day) were computed by
multiplying the frequency by the portion size for each
beverage (120 ml per cup). Total green tea intake was
defined as the sum of Sencha and Bancha/Genmaicha
intake. The validity of green tea intake reported by the
cohort was assessed using dietary records for 28 days
(seven-day dietary records in four seasons) or 14 days.
Spearman’s correlation coefficients for green tea intake
between the dietary record data and baseline question-
naire were 0.63 for Cohort I [20] and 0.43 for Cohort II
(unpublished data).

Follow-up

All registered women were followed from the start of
the study period to 31 December 2006. Data on residen-
tial relocation were obtained from residential registries.
Among the baseline respondents (1 = 54,376), 2,962
women (5.4%) moved out of the study area and 201
(0.4%) were lost to follow-up. The occurrence of cancer
was identified by active patient notification from major
local hospitals in the study area and data linkage with
population-based cancer registries, with permission from
the local governments responsible for the registries.
Death certificates were used to supplement information
on cancer incidence. Site of origin and histologic type
were coded by members of our Study Group using the
International Classification of Diseases for Oncology,
Third Edition (ICD-O-3), code C500-509. Information
on estrogen receptor (ER) and progesterone receptor
(PR) status was collected from medical records or
pathology reports. Up to the end of the study period,
586 new breast cancer cases were identified among the
baseline questionnaire respondents (# = 54,376) and 362
cases among the five-year follow-up questionnaire
respondents (1 = 44,812). Diagnosis was microscopically
verified in 95% of 586 cases, and based on death certifi-
cates only in 1.0%. Information on ER and PR status
was available for 278 (47%) and 262 (45%) of 586 cases,
respectively.

Statistical analysis
Since the assessment of green tea intake differed
between the baseline and five-year follow-up question-
naires, these were analyzed separately. We excluded 583
women with incomplete information for green tea from
54,376 women, leaving a total of 53,793 women, includ-
ing 581 breast cancer cases, for inclusion in the baseline
data analyses. We also excluded 1,173 women with
incomplete information for Sencha or Bancha/Genmai-
cha from 44,812 women, leaving a total of 43,639
women, including 350 breast cancer cases, for inclusion
in the five-year follow-up data analyses.

In the baseline data analyses, person-years of follow-
up were calculated from the baseline survey (1990 to
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1994) until the date of diagnosis of breast cancer, date
of relocation from the study area, date of death, or end
of the study period (31 December 2006), whichever
occurred first. Similarly, person-years of follow-up were
calculated from the five-year follow-up survey (1995 to
1998) until the date of diagnosis of breast cancer, date
of relocation from the study area, date of death, or end
of the study period (31 December 2006), whichever
occurred first for the five-year follow-up data analyses.

The Cox proportional hazards model was used to esti-
mate hazard ratio (HR) and 95% confidence intervals
(CI) of breast cancer by green tea intake using the SAS
program (PROC PHREG) (SAS Institute Inc., Cary, NC,
USA). The following variables were used for adjustment
as potential confounders: age, study area, age at
menarche, menopausal status at baseline and age at
menopause, number of births, age at first birth, height,
body mass index, alcohol intake, smoking status, physi-
cal activity, exogenous hormone use, family history of
breast cancer, oolong tea intake, black tea intake, coffee
intake and canned coffee intake. Linear trends for HRs
were tested in the Cox proportional hazards models
using the exposure categories as ordinal variables. All
P-values reported are two-sided, and significance level
was set at P < 0.05.

Results

During 733,667 person-years of follow-up (average fol-
low-up, 13.6 years) for 53,793 women between 1990 to
1994 and 2006, a total of 581 cases of breast cancer
were newly diagnosed and included in the baseline data
analyses; while during 412,801 person-years of follow-up
(average follow-up, 9.5 years) for 43,639 women between
1995 to 1998 and 2006, a total of 350 cases of breast
cancer were newly diagnosed and included in the five-
year follow-up data analyses.

Baseline characteristics of the study participants
according to green tea intake are shown in Table 1.
Approximately 12% of women drank green tea less than
one cup per week while 27% drank five or more cups
per day in the baseline data; and 22% and 30% of
women did not drink Sencha and Bancha/Genmaicha,
while 5.2% and 2.5% drank 10 or more cups per day,
respectively, in the five-year follow-up data. Women
who drank five or more cups per day in the baseline
data tended to be older, live in towns or villages, be tal-
ler, have an earlier onset of first menstruation and fewer
births, have a lower use of exogenous female hormones,
drink less oolong tea and coffee, and consume more
fruits and isoflavones. Similar characteristics was
observed for women who drank 10 or more cups of
Sencha per day in the five-year follow-up data, while
women who drank 10 or more cups of Bancha/Genmai-
cha per day tended to be older, have later onset of first
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Table 1 Baseline characteristics according to green tea intake*
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Green tea assessed by baseline
questionnaire

Green tea assessed by five-year
follow-up questionnaire, Sencha

Green tea assessed by five-year
follow-up questionnaire, Bancha/

Genmaicha
Less than One to Five or Less than Two to Ten or Less than Two to Ten or
onecup twocups morecups onecup three cups more cups onecup three cups more cups
per week  per day per day per week per day perday  per week per day per day
No. of subjects 6,202 11,322 14,308 9,638 9,052 2,281 13,053 3,148 1,099
Age (year), mean 504 508 539 582 570 589 575 578 597
Residential area (town or 409 573 685 58.7 664 732 669 64.0 60.2
village), %
Family history of breast 07 12 11 09 15 08 13 1.1 03
cancer, %
Premenopausal women, 46 47 31 21 24 15 23 22 14
%
Age at menopause (year), 492 493 454 - - - - -
meant
Age at menopause (50 to B = - 46 50 47 47 49 46
54 years old), %
Age at menarche (year), 15.0 146 14.7 150 14.6 147 147 147 149
meant
Number of births, meant 29 27 27 30 26 27 27 27 29
Age at first birth (year), 248 250 249 246 250 250 250 248 246
meant
Use of exogenous female 14 10 10 29 24 2.1 24 23 23
hormones (current use),
%
Height (cm), meant 1509 1520 152.2 1511 1520 1523 1518 1517 1519
Body mass index (kg/m2), 236 233 234 237 233 234 234 234 236
rmeant
Smoking (current 79 65 70 56 44 80 6.1 4.1 84
smoker), %
Alcohol drinking (reguiar 1 14 N 97 13 13 13 11 12
drinker), %
Leisure-time physical 15 18 18 - - - - - -
activity (= once per
week), %
Physical activity - - - 320 319 322 318 321 324
(metabolic equivalent to
hours per day), meant
Vitamin supplement user, 20 19 20 12 16 15 15 15 13
%
Bancha/Genimaicha intake - - - 30 6.2 25 - - -
(= four cups per day), %
Sencha intake (> four - - - - - - 43 14 44
cups per day), %
Oolong tea intake (= one 20 17 10 1 12 88 1 13 [
cup per day), %
Black tea intake (> one 28 50 32 26 52 38 33 50 44
cup per day), %
Coffee intake (= one cup 41 49 28 36 40 22 34 40 27
per day), %
Canned coffee intake (= - - - 43 27 22 28 32 28
one cup per day), %
Total energy intake (kcal/ 17700 1,764.0 1.805.2 1,770.1 1,9235 21940 1,8339 1,9346 2,1858
day), meant#
Fish and shellfish intake 105.5 102.8 1054 796 975 1143 83.2 97.0 1053
(g/day), meant#
Meats intake (g/day), 67.2 65.2 6.1 59.7 604 67.7 56.6 616 716

meant$
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Table 1 Baseline characteristics according to green tea intake* (Continued)

Vegetable intake (g/day), 2938 2937 2957 2170 2477 3199 2349 2458 3270
meantt
Fruit intake {g/day), 1759 1773 1808 2085 2699 3593 2431 2701 3237
meant#
Isoflavone intake (mg/ 316 322 335 433 54.7 415 420 548

day), meant$

* Three categories were chosen from six or nine precoded categories, respectively: less than one cup per week, one to two cups per week, three to four cups per
week, one to two cups per day, three to four cups per day, and five or more cups per day for baseline questionnaire, and less than one cup per week, one to
two cups per week, three to four cups per week, five to six cups per week, one cup per day, two to three cups per day, four to six cups per day, seven to nine
cups per day, and ten or more cups per day for five to year follow-up questionnaire.

TAdjusted for age.

¥ Intake for each subject was estimated from the food frequency questionnaires based on a regression function derived from the validation study data (baseline

questionnaire only).

menstruation, earlier age at first birth and a larger num-
ber of births.

We found no inverse association between green tea
intake and the risk of breast cancer regardless of green
tea intake as assessed by the baseline or five-year fol-
low-up questionnaire (Table 2). Compared with women
who drank less than one cup of green tea per week, the
adjusted HR for women who drank five or more cups
per day was 1.12 (95% Cl 0.81 to 1.56; P for trend =
0.60) in the baseline data analyses. Similarly, compared
with women who drank less than one cup of Sencha or
Bancha/Genmaicha per week, adjusted HRs for women
who drank 10 or more cups per day in the five-year
data analyses were 1.02 (95% CI 0.55 to 1.89; P for
trend = 0.48) for Sencha and 0.86 (0.34 to 2.17; P for
trend = 0.66) for Bancha/Genmaicha. Moreover, com-
pared with women who drank neither Sencha nor Ban-
cha/Genmaicha, the adjusted HR for women who drank
more than 1,320 ml per day was 1.29 (0.60 to 2.79;
P for trend = 0.70). No substantial change was seen
after further adjustment for other potential confounders
such as residential area or dietary intake of meat, fish,
vegetables, fruit, energy and isoflavones (data not
shown). Further, no substantial change was seen in
either baseline or five-year follow-up data after the
exclusion of women within the first five years of follow-
up to minimize the influence of existing preclinical con-
ditions (data not shown), or after the exclusion of
women who drank more than one cup of oolong tea or
black tea per week to prevent the inclusion of other tea
drinkers into the green tea intake reference category
(data not shown).

To assess the potential influence of changes in green
tea intake during the follow-up period on our findings,
we first categorized subjects into three consumption
groups for each survey: non-drinkers (corresponding to
‘less than one cup per week’), 1 to 719 ml per day, and
more than 720 ml per day (corresponding to ‘more than
five cup per day’ in the baseline questionnaire). We next
categorized subjects into three groups based on the

combination of green tea intake calculated from the
both the baseline and five-year follow-up questionnaires:
non-drinkers for both questionnaires, more than 720 ml
per day for both questionnaires, and other combina-
tions. Compared with women who did not drink green
tea for both questionnaires, adjusted HR was 1.12 (95%
CI 0.45 to 2.83) for women who drank more than 720
ml per day for both questionnaires.

For analysis of cases by hormone receptor status and
among women grouped by menopausal status, we re-
categorized women into four groups for the baseline
data and three for the five-year follow-up data. In the
baseline data analyses, we found no inverse association
between green tea intake and the risk of breast cancer
regardless of hormone receptor-defined subtype (Table 3).
Stratified analyses according to baseline menopausal sta-
tus showed no remarkable difference between strata.
Similar results were obtained when we analyzed the
five-year follow-up data (data not shown). Additional
stratified analyses according to dietary intake observed
no remarkable difference between subgroups defined by
dietary isoflavone and folate intake for either the base-
line or five-year follow-up data (data not shown).

In additional analyses to investigate the associations of
oolong tea, black tea, and coffee intake with breast can-
cer risk, we found no inverse associations with the base-
line (Table 4) or five-year follow-up data (data not
shown).

Discussion

In this population-based prospective cohort study, we
found no overall association between green tea intake
and the risk of breast cancer among Japanese women
regardless of menopausal status. Our findings are in
general agreement with those of three prospective stu-
dies, including two Japanese cohort studies, which found
no association between green tea intake and breast can-
cer risk [12-14]. One noteworthy strength of the present
over previous studies is the our remarkably wide varia-
tion in green tea intake, from women who drank green
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Table 3 Hazard ratio and 95% confidence interval of breast cancer according to subgroup analyses

Green tea intake assessed by baseline questionnaire

Less than one cup per day One to two cups  Three to four cups  Five or more cups P for trend
per day per day per day

All subjects
No. of cases 154 17 160 150
Age- and area-adjusted HR (95% Cl) 100 101 (079t0 129 108 (08t0136) 102 (081 to 1.30) 075
Multivariate HR (95% Cly* 1.00 104 (080to 135 108 (08410139 103 (080to 1.34) 076
ER+PR+ breast cancer
No. of cases 29 25 32 32
Age- and area-adjusted HR (95% Cl) 1.00 125 (073t0217) 118 (06910 200) 105 (062to 1.79) 0.93
Multivariate HR (95% CI)* 1.00 133 (075t0238) 135 (077t0236) 102 (057 to 1.83) 092
ER- PR- breast cancer
No. of cases 23 16 20 16
Age- and area-adjusted HR (95% Cl) 1.00 110 (058t0211) 109 (05810205 082 (042 toc 1.60) 061
Multivariate HR (95% Cl)* 1.00 103 (055t0232) 123 (063t 241) 081 {03910 169 0.69
Premenopausal women
No. of cases 81 59 71 51
Age- and area-adjusted HR (95% Cl) 1.00 101 (07210 143) 113 (0811t0 158 095 (06610 1.37) 099
Multivariate HR (95% CI)* 1.00 105 (07310149 112 {(0791t0 1.58) 097 (066 to 141) 0.99
Postmenopausal women
No. of cases 70 56 86 96
Age- and area-adjusted HR (95% Cl) 1.00 101 (071 t0 145) 104 (0.75to 145y 105 (076 to 1.45) 0.76
Multivariate HR (95% Cly* 1.00 101 (067 to 150) 102 (07110 148y 108 (075 to 1.55) 067

* Adjusted for age (continuous), area {10 public health centers), age at menarche (continuous), menopausal status at baseline (premenopausal women, age at
menopause for postmenopausal women (-47, 48 to 50, 51 to 53, 54+)), number of births (0, 1, 2, 3, 4, 5+), age at first birth (-21, 22 to 25, 26 to 29, 30+,
nulliparous), height (continuous), BMI (continuous), alcoho! intake (non-drinkers, occasional drinkers, <150 (g/week) and 150+ (g/week) among regular drinkers
{ethanol)), smoking status (never, past, current), leisure time physical activity (no, one to three days per month, more than one day per week), exogenous
hormone use (never, past, current), family history of breast cancer (yes, no), oolong tea intake (less than one cup per week, one to four cups per week, one or
more cups per day), black tea intake (less than one cup per week, one to four cups per week, one or more cups per day) and coffee intake (less than one cup
per week, one to four cups per week, one to two cups per day, three or more cups per day).

tea less than one cup per week to those who drank 10
or more cups per day. This strength argues against the
possibility that the observed absence of associations with
breast cancer risk is attributable to insufficient variation
in green tea intake. Our findings therefore suggest that
green tea intake within a usual drinking habit is unlikely
to reduce the risk of breast cancer.

The other major strength of the present study was its
prospective design, in which information was collected
before the subsequent diagnosis of breast cancer, thereby
avoiding the exposure recall bias inherent to case-control
studies. Subjects were selected from the general popula-
tion, the sample was large, the response rate to the ques-
tionnaire (more than 80%) was acceptable for study
settings such as this, and the loss to follow-up (0.4%) was
negligible. Furthermore, the cancer registry in the study
population was of sufficient quality to reduce the possibi-
lity of misclassification of the outcome.

Several limitations of this study warrant mention. First,
since green tea intake was assessed by self-administered
questionnaire, misclassification may have been unavoid-
able, albeit that our validation study showed relatively
high validity [20]. Changes in green tea intake during the

¢

follow-up period may also have caused misclassification.
To assess the potential influence of this misclassification,
we calculated HRs for women who drank more than 720
ml per day in both the baseline and five-year follow-up
questionnaires versus those who did not drink green tea
in either questionnaire. Although we found no associa-
tion, we cannot deny the possibility that changes in green
tea intake during the follow-up period influenced the
findings, particularly considering that the questionnaires
used in the baseline and five-year follow-up surveys were
different. These misclassifications due to inaccurate mea-
surement would in turn have attenuated the true associa-
tion, which might be one reason for our results.
However, we previously found an inverse association
between green tea intake and the risk of distal gastric
cancer among women (21}, and between green tea intake
and the risk of advance prostate cancer among men in
the JPHC study using the same analytic approach, namely
that exposure status was not updated during follow-up
[22]. These findings would also argue against the possibi-
lity that the observed absence of associations with breast
cancer risk was attributable to inaccurate measurement
of green tea intake.
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Table 4 Hazard ratio and 95% confidence interval of breast cancer according to oolong tea, black tea and coffee

intake as assessed by baseline survey

Oolong tea intake

Less than one cup per week One to four cups  One or more cups P for trend
per week per day
No. of cases 336 153 76
Person-years 454,964 148,821 93,630
Age- and area-adjusted HR (95% Cl) 1.00 137 (1.13to 167) 109 (085 to 141) 0.08
Multivariate HR (95% Ci)* 1.00 134 (109tc 166) 098 (0.74 to 1.30) 0.40
Black tea intake
Less than one cup per week One to four cups  One or more cups P for trend
per week per day
No. of cases 441 111 24
Person-years 557,038 140,312 24,776
Age- and area-adjusted HR (95% Cl) 1.00 100 (©81to1.24) 129 (08510 1.96) 045
Multivariate HR (95% CI)* 1.00 084 (067 t0 1.07) 130 (084 to 200 0.80
Coffee intake
Less than one cup per week One to four cups  One to two cups Three or more P for trend
per week per day cups per day
No. of cases 161 180 173 63
Person-years 233,697 213,979 210,969 69,940
Age- and area-adjusted HR (95% CI) 1.00 120 (097to 149 118 (09410 148) 130 (09510 1.77) 0.09
Multivariate HR (95% CI)* 1.00 115 (091to 146) 112 (087to 143) 122 (087to 1.71) 0.26

* Adjusted for age (continuous), area (10 public health centers), age at menarche {continuous), menopausal status at baseline (premenopausal women, age at
menopause for postmenopausal women (-47, 48 to 50, 51 to 53, 54+)), number of births (0, 1, 2, 3, 4, 5+), age at first birth (-21, 22 to 25, 26 to 29, 30+,
nulliparous), height (continuous), BMI (continuous), alcohol intake (non-drinkers, occasional drinkers, -150 (g/week) and 150+ (g/week) among regular drinkers
(ethanol)), smoking status (never, past, current), leisure time physical activity (no, one to three days per month, more than one day per week), exogenous
hormone use (never, past, current), family history of breast cancer (yes, no), green tea intake (less than one cup per day, one to two cups per day, three to four
cups per day, five or more cups per day), oolong tea intake (less than one cup per week, one to four cups per week, one or more cups per day), black tea intake
(less than one cup per week, one to four cups per week, one or more cups per day) and coffee intake (less than one cup per week, one to four cups per week,

one to two cups per day, three or more cups per day). Models for oolong tea, black tea, or coffee intake did not include these variables, respectively.

Second, in spite of a reasonably large cohort popula-
tion (53,793 women) and long follow-up period (average
13.6 year), the number of breast cancer cases was rela-
tively low (1 = 581) in the baseline data analyses, reflect-
ing the low incidence rate in Japan (age-standardized
rate per 100,000 world population in 2002, 32.7 in Japan
and 101.1 in United States for comparison) [23].
Although we found no association between green tea
intake and breast cancer risk (HR for five or more cups
per day versus less than one cup per week = 1.12 in the
baseline data analyses), the 95% CI was 0.81 to 1.56,
which was a relatively wide. Our relatively small sample
size therefore cannot deny the possibility of a smaller
increase or decrease in risk.

Third, although we measured and adjusted for several
potential confounders in the statistical model as far as
possible, the effects of confounding by unmeasured vari-
ables and residual confounding cannot be totally
discarded.

Fourth, information on hormone receptor status was
available for 45 to 47% cases in the present study. The
major reason for the unknown cases is that collection of

this information began in 2002, while data for 1990 to
2002 were obtained by retrospective review of medical
records or pathology reports. The relatively small num-
ber of cases weakened the statistical power to detect the
association. In addition, despite the generally high agree-
ment between the enzyme-linked immunoassay and
immunohistochemical techniques, differences in classifi-
cation as well as interlaboratory variation may result in
misclassification, which, if present, may have also atte-
nuated the true association. These methodological lim-
itations might partly explain our findings, which showed
no inverse association between green tea intake and the
risk of breast cancer regardless of hormone receptor-
defined subtype. Thus, further research to clarify the dif-
ferential associations by hormone receptor-defined sub-
type is warranted.

Our findings contradict those of three case-control
studies, which showed an inverse association [9-11].
Given that all three previous prospective studies showed
no association [12-14], these findings might have been
influenced by recall and selection bias stemming
from the case-control design. Meanwhile, for the three
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case-control studies conducted outside Japan [9-11],
inconsistent findings might be in part explained by dif-
ferences in the type of green tea and drinking method.
In general, green tea contains catechins, minerals, and
vitamins, and their contents vary among green tea types:
Sencha, for example, one of most popular green teas in
Japan, contains higher levels of tannin, vitamin C and
folate than Bancha/Genmaicha [24]. The present study,
however, found no overall association between green tea
intake and the risk of breast cancer regardless of type.
Moreover, levels of tea polyphenol and other nutrients
in green tea varies according to preparation, amount of
green tea leaves, frequency of renewing a tea batch in
the pot, water temperature, brewing time, and so on.
Although two Chinese case-control studies took account
of several of these conditions, including green tea leaf
amount, brew strength, and tea batch renewal frequency
[9,10], no study has directly measured prediagnostic bio-
markers of tea polyphenols. In this regard, we con-
ducted a nested cased-control study within the JPHC
study and found no overall association between plasma
tea polyphenols and the risk of breast cancer [25]. Dif-
ferences in tea polyphenols level due to green tea type
and drinking method are therefore unlikely to explain
these inconsistent findings, in any major way at least.

Alternatively, the inconsistencies reported in previous
studies might be explained by possible effect modifica-
tion by dietary factors and genetic polymorphisms
[11,14,26]. In a case-control study in Asian-Americans, a
risk-reducing effect of green tea was primarily observed
among subjects whose soy intake was low [11], while a
nested case-control study in Singapore showed a protec-
tive effect of green tea against breast cancer among
women with high-activity genotypes of the methylenete-
trahydrofolate reductase (MTHFR) and thymidylate
synthase (TYMS) genes [14]. This association was stron-
ger among those whose dietary folate intake was low.
Subsequent studies, including our present study, how-
ever, have failed to replicate effect modification by soy
and folate intake {9,13]. On the other hand, given a lack
of information on genetic polymorphisms, the possibility
cannot be excluded that green tea drinking is protective
among subgroups of women.

Moreover, a recent cohort study in Shanghai showed a
time-dependent interaction between green tea consump-
tion and age of breast cancer onset: HRs for women
who started green tea drinking at 25 years of age or
younger versus non-green tea drinkers were 0.69 for
premenopausal breast cancer and 1.61 for postmenopau-
sal breast cancer [16]. This complex observation might
also provide an explanation for the inconsistencies
reported in previous studies. However, the present study
was not able to examine time-dependent interactions
because of a lack of information on green tea drinking
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habits, such as age at the beginning of green tea drink-
ing and years of drinking.

Although oolong tea, black tea, and coffee are less popu-
lar than green tea in Japan, they are also rich in phenolic
compounds and have been hypothesized to have a protec-
tive effect against the development of breast cancer:
oolong tea and black tea contain higher levels of theafla-
vins and thearubigins than catechins, and coffee contains a
high level of chlorogenic acid [1-3]. We also found no
association of oolong tea, black tea, coffee and canned cof-
fee intake with breast cancer risk. In addition to the rela-
tively small number of women who drank oolong tea,
black tea, and coffee, the potential influence of green tea
intake on our findings was not fully excluded, albeit that
we adjusted for green tea intake. Our findings for black
tea, however, are consistent with those of a previous meta-
analysis [27]. In contrast, our findings for coffee intake
contradict a recent meta-analysis, which suggested a small
risk-reducing effect of coffee intake on breast cancer: for
example, relative risk (95% CI) per increment of two cups
per day was 0.98 (0.96 to 1.00) based on 18 studies {28]. In
addition to this small risk reduction, the small variation in
coffee intake in our participants might have contributed in
part to our findings.

Conclusions

In this population-based prospective cohort study, we
found no overall association between green tea intake
and the risk of breast cancer among Japanese women.
Our findings suggest that drinking green tea as a bever-
age is unlikely to reduce the risk of breast cancer
regardless of green tea type and number of cups within
a usual drinking habit.

Abbreviations
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Abstract Although many in vitro and animal studies
have suggested a protective effect of green tea against
breast cancer, findings from epidemiological studies have
been inconsistent. No study has used prediagnostic bio-
markers of tea polyphenols, which might play a protective
role. A total of 24,226 women aged 40 to 69 years in the
Japan Public Health Center-based Prospective Study who
responded to the baseline questionnaire and provided blood
in 1990-1995 were followed to December 2002. During a
mean 10.6 years of follow-up, 144 newly diagnosed breast
cancers were identified. Two matched controls for each

This study is conducted for the Japan Public Health Center-based
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case were selected from the cohort. Plasma levels of
(-)-epigallocatechin (EGC), (-)-epicatechin (EC), (-)-epi-
gallocatechin-3-gallate (EGCG), and (-)-epicatechin-3-
gallate (ECG) were measured, and the odds ratio (OR) of
breast cancer according to plasma level was estimated
using a conditional logistic regression model. We found no
statistically significant association between plasma tea
polyphenol levels and breast cancer risk. Adjusted ORs for
the highest versus lowest group were 0.90 (95% CI
0.42-1.96; P for trend = 0.98) for EGC, 0.95 (95% CI
0.43-2.08; P for trend = 0.86) for EC, 1.21 (95% CI 0.52—
2.80; P for trend = 0.53) for EGCG, and 1.75 (95% CI
0.81-3.78; P for trend = 0.15) for ECG. Stratified analyses
according to baseline menopausal status showed no
remarkable difference between two strata. This nested
case—control study found no overall association between
plasma tea polyphenols and the risk of breast cancer in
Japan.

Keywords Breast cancer - Plasma tea polyphenol -
(-)-Epigallocatechin-3-gallate - Nested case—control study

Abbreviations

BMI Body mass index

CI Confidence interval

EC * (-)-Epicatechin

ECG (-)-Epicatechin-3-gallate

EGC (-)-Epigallocatechin

EGCG (-)-Epigallocatechin-3-gallate

FFQ Food frequency questionnaire

JPHC Study Japan Public Health Center-based
Prospective Study

OR Odds ratio

PHC Public health centers
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Introduction

Green tea is one of the most popular beverages in Japan
and China and is regularly consumed as a traditional habit
and part of the culture. Due to its high polyphenol content,
mainly catechins, there has been considerable interest in
the impact of green tea intake on health outcomes, and
possible benefits against the risk of cancer, cardiovascular
diseases, and other conditions [, 2]. Today, green tea
extracts are a rapidly growing dietary supplement category
in the United States.

As breast cancer risk is substantially lower in Asian
than Western countries [3], the contribution of a high
intake of green tea to low risk of breast cancer has been
hypothesized. This hypothesis has been supported by in
vitro and animal studies, which together have demon-
strated various protective effects of green tea and tea
polyphenols acting via strong antioxidant activity, inhi-
bition of cell proliferation and angiogenesis, induction of
apoptosis, and antiestrogenic properties [1, 4-7]. To date,
however, findings from epidemiological studies have been
inconsistent [8-13]. An inverse association was found in
three case—control studies based on Asian-American and
Chinese populations [8-10], whereas no association was
observed in two cohort studies in Japan [11, 12] or one
nested case—control study in Singapore [13]. This incon-
sistency might be in part explained by differences in
study design and exposure measurements. Nevertheless,
all previous studies assessed green tea intake by self-
administered questionnaire or in-person interview [8—13],
and no study has directly measured prediagnostic bio-
markers of tea polyphenols. Tea polyphenol content in
green tea varies according to preparation, type and
amount of green tea leaves, frequency of renewing a tea
batch in the pot, temperature of the boiled water, and
brewing time, among others. To reduce misclassification
due to these conditions and to better understand the role
of tea polyphenols in the etiology of breast cancer, studies
using prediagnostic biomarkers of tea polyphenols are
required.

To clarify the effect of tea polyphenols on breast cancer
risk, we measured plasma levels of (-)-epigallocatechin
(EGC), (-)-epicatechin (EC), (-)-epigallocatechin-3-gallate
(EGCG), and (-)-epicatechin-3-gallate (ECG) in a nested
case-control study within a large-scale population-based
prospective cohort in Japan. These compounds are all
characteristic polyphenols, and EGCG in particular is the
most abundant and biologically active catechin in green
tea. As green tea intake varies widely among individual
Japanese, this study provides a special opportunity to better
understand the effect of relatively high-dose tea polyphenol
levels achievable from habitual tea drinking on breast
cancer risk.

@ Springer

Materials and methods
Study population

The Japan Public Health Center-based Prospective Study
(JPHC Study), which began in 1990 for Cohort I and in
1993 for Cohort II, included 140,420 subjects (68,722 men
and 71,698 women) living in municipalities supervised by
11 public health centers (PHC). Details of the study design
have been described elsewhere [14]. The study protocol
was approved by the institutional review board of the
National Cancer Center, Tokyo, Japan.

The study population comprised registered Japanese
residents living in each PHC area, aged 40-59 years in
Cohort T and 40-69 years in Cohort II. In the present
analysis, one PHC area was excluded since data on cancer
incidence were not available. Thus, after exclusion of
ineligible subjects (n = 95), we defined a population-based
cohort of 67,426 women.

Questionnaire survey

A Dbaseline self-administered questionnaire survey was
conducted in 1990-1994. A total of 55,891 women (83%)
returned the questionnaire, which contained questions
concerning demographic characteristics, medical history,
menstrual and reproductive history, anthropometric factors,
physical activity, smoking and drinking habits, and diet.

Blood collection

Subjects voluntarily provided 10 ml of blood during health
checkups in 1990-1995. Blood samples were divided into
plasma and buffy layers and stored at —80°C until analysis.
Among respondents to the baseline questionnaire, a total of
24,996 women (45%) donated blood.

Follow-up

All registered subjects were followed from the start of the
study period to December 31, 2002. Data on residential
relocation were obtained from residential registries. Among
study subjects (n = 24,996), 1,289 subjects (5.2%) moved
out of the study area and 5 (0.02%) were lost to follow-up
within the study at-risk period.

Selection of cases and controls

Incidence data on breast cancer were collected for the
JPHC cancer registry through two data sources, major local
hospitals and population-based cancer registries. Death
certificates were used to supplement information on cancer
incidence. Site of origin and histologic type were coded by



