5124

Table 2

Summary of the GWA and replication study results for the seven genome-wide significant loci

GWA
QIMRHCS 0X BBJ Meta-analysis Replication Total
Chr SNP “Position RA OA RAF,, RAF g RAFu. RAFupa RAFue RAFgnq Py Pyiagen RAFe RAF gpirql P Py PyiageB
1 157521902 22490724 A C 0265 0236 0259 0238 0570 0514 46x10%  23x107° 0568 0521 65%x1075 32x107H 76x1078
2 rs13394619% 11727507 G A 0538 0514 0551 0521 0485 0449 61x10%  70x107 0489 0455 35%x102 61x10° 67x107°
2 § rs4141819 67864675 C T 0331 0298 0343 0309 0226 0203 40%x107 65x1078 0220 0203 51x102 85x10% 41x1078
6 % 17739264 19785588 T C 0 545 0512 0556 0515 0772 0742 13x107 58x1078 0778 0744 69x107% 36x10710 21x10710
7 g 1s12700667 25901639 A G 0769 0730 0776 0744 0221 0189 93x10710  38x 1071 0197 0191 26x10°1 36x107°  11x107°
9 g 151537377 22169700 C T 0424 0395 0436 0401 0410 0379 25x10%  10x1078 0402 0359 13x107% 24x107° 58x10712
12 g 1510859871 95711876 C T 0332 0299 0332 0295 0373 0328 55%x10® 37x107 0377 0328 11x107% 51x1078 26x 1071
173

é
Chr ?g;hromosome, Position = GRCh37 (hg19) bp position, RA =risk allele, OA = other allele, RAF = risk allele frequency

¥ o
= GQA meta-analysis and total Pvalues for rs13394619 include results published in Adachi et al (2010), consisting of P=61 x 1074 (RAFcase = 0517, RAFcontrol = 0 414) and P=10 x 10-2

(RAP%”QSG = 0488, RAFcontro] = 0 429) obtained in their 500K and 6 0 case-control cohorts, respectively Fa]] includes all available endometriosis cases FstageB excludes unknown and minimal (rAFS I-
1) engometriosis stage cases where detailed stage data was available
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A genome-wide association study identifies a genetic
variant in the SIAHZ2 locus associated with hormonal
receptor-positive breast cancer in Japanese

Seham Elgazzar!, Hitoshi Zembutsu!, Atsushi Takahashi?, Michiaki Kubo®, Fuminori Aki?, Koichi Hirata’,
Yuichi Takatsuka®, Minoru Okazaki’, Shozo Ohsumi®, Takashi Yamakawa®, Mitsunori Sasal?,
Toyomasa Katagiri'!, Yoshio Miki!? and Yusuke Nakamura'

In Japan, breast cancer is the most common cancer among women and the second leading cause of cancer death among
women worldwide. To identify genetic variants associated with the disease susceptibility, we performed a genome-wide
association study (GWAS) using a total of 1086 Japanese female patients with hormonal receptor-positive (HRP) breast cancer
and 1816 female controls. We selected 33 single-nucleotide polymorphisms (SNPs) with suggestive associations in GWAS
(P-value of <1 x 10 4) as well as 4 SNPs that were previously implicated their association with breast cancer for further
replication by an independent set of 1653 cases and 2797 controls. We identified significant association of the disease with a
SNP rs6788895 (P.ompined Of 9.43 x 10 2 with odds ratio (OR) of 1.22) in the SIAH2 (intron of seven in absentia homolog 2)
gene on chromosome 3q25.1 where the involvement in estrogen-dependent diseases was suggested. In addition, rs3750817 in
intron 2 of the fibroblast growth factor receptor 2 gene, which was reported to be associated with breast cancer susceptibility,
was significantly replicated with Peompined Of 8.47 x 10 8 with OR = 1.22. Our results suggest a novel susceptibility locus on
chromosome 3q25.1 for a HRP breast cancer. :
Journal of Human Genetics advance online publication, 6 September 2012; doi:10.1038/jhg.2012.108

Keywords: breast cancer in the Japanese population; FGFRZ gene; GWAS; hormonal receptor-positive breast cancer; SIAHZ
gene; 3g25.1 locus; 10g26 locus

INTRODUCTION

Nearly 70% of breast cancer is known to be hormone dependent, as
estrogen and progesterone have key roles both in the development
and progression of the disease.!” The exposures to higher level and/or
for longer period of estrogen such as early menarche, late menopause,
late age at first pregnancy, nulliparity, postmenopausal obesity and
high serum estrogen level in postmenopausal women is considered to
be risk factors for breast cancer.> Furthermore, progestin, synthetic
progesterone, was shown to markedly increase the risk of breast
cancer in postmenopausal women when this hormonal therapy was
provided for > 10 years.® In Japan, breast cancer is the most common
cancer among women and its incidence has been doubled in both pre
and postmenopausal women in the last 20 years, mainly as an
estrogen receptor positive subgroup.” Although hormone therapy and
radiotherapy are effective, cancer cells often become resistant to these

treatments; nearly half of estrogen receptor positive breast cancer
patients at an advanced stage suffer from recurrence®!% and only one
third of hormonal receptor positive (HRP) patients with metastatic
disease respond to radiotherapy.!! Therefore, new therapeutic options
for the disease are eagerly awaited.

The aim of this study is to identify the genetic factors susceptible to
HRP breast cancer in the Japanese population and should facilitate
the development of novel approaches to prevent and/or treat breast
cancer.

MATERIALS AND METHODS

Samples

Characteristics of study subjects are shown in Table 1. Most of the breast
cancer cases and all the controls in this study were registered in the BioBank
Japan, which begun in 2003 with the goal of collecting DNA and serum
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Table 1 Characterization of samples used in hormonal receptor-
positive breast cancer

GWAS Replication
Case
Number of subjects 1086 1653
Mean age at interview 66.7 (18.5) 60.7 (9.3)
(+s.d.)
Mean age of menarche 12.4 12.2
Mean age of menopause 48.3 47.9
Cases with DCIS 52 207
Cases with invasion 1034 1446
Body mass index prime 1.08 1.03
Platform Hlumina HumanHap Invader assay
610K
Source BioBank Japan BioBank Japan
Collaborative hospitals?  Collaborative hospitals®
Control
Number of subjects 1816 2797
Mean age at interview 61.3 (12.6) 65.9 (13.2)
(£s.d.)
Body mass index prime 1.06 1.02
Platform Hiumina HumanHap Hlumina HumanHap
610K 610K

BioBank Japan
Rheumatoid arthritis

BioBank Japan
MRC healthy volunteer

Source
Diseases in control®

Hepatitis B Amyotrophic lateral
sclerosis
Keloid Liver cirrhosis

Drug eruption
Pulmonary tuberculosis
Peripheral artery
disease
Arrhythmias
Stroke
Myocardial infarction

Abbreviations: DCIS, ductal carcinoma in situ; GWAS, genome-wide association study.
3Tokushima Breast Care Clinic, Yamakawa Breast Clinic, Shikoku Cancer Center, and ltoh
Surgery and Breast Clinic, Kansai Rosai Hospital, Sapporo Breast Surgical Clinic and Sapporo
Medical University Hospital.

bThe control groups from BioBank Japan consisted of female individuals without cancer also
without any disease related to breast cancer.

samples, along with clinical information from 300000 individuals who were
diagnosed to have any of 47 different diseases from a collaborative network of
66 hospitals in Japan. All cases were diagnosed to have a HRP breast cancer by
the following examinations: examination of breast tissue (biopsy or cytology),
estrogen receptor and progesterone receptor positivities were evaluated by
immunohistochemistry. For the genome wide association study (GWAS)
study, 1086 subjects with HRP breast cancer had been selected as cases
(Table 1); 846 samples were collected from the BioBank Japan and the
remaining 240 samples were collected from collaborative hospitals. Controls
for the GWAS consisted of 1816 females including 231 healthy volunteers from
the Midosuji Rotary Club, Osaka, Japan. In addition, we also used genome

wide screening data of 1585 female samples for 8 diseases registered in the
BioBank Japan (Table 1). In the replication stage, 1547 cases were obtained
from BioBank Japan and 105 cases from the collaborative hospitals. In all, 2797
female controls were registered in BioBank Japan and were genotyped in
GWAS for other diseases (Table 1).

For re sequencing analysis, we selected 2266 cases with HRP breast cancer
from the BioBank Japan. We used 497 female controls with 4 diseases
(hepatitis B, keloid, drug eruption and pulmonary tuberculosis) from the
BioBank Japan as well as 231 healthy volunteers from the Midosuji Rotary
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Club, Osaka, Japan. All participating subjects provided written informed
consent to participate in the study in accordance with the process approved by
Ethical Committee at each of the Institute of Medical Science of the University
of Tokyo and the Center for Genomic Medicine of RIKEN.

SNP genotyping

For the first stage, we genotyped 1086 female individuals with HRP breast
cancer and 1816 female controls using the Iflumina HumanHap 610
Genotyping BeadChip (Illumina, San Diego, CA, USA). We applied our
single nucleotide polymorphism (SNP) quality control standard (call rate of
>0.99 in both cases and controls, and Hardy Weinberg equilibrium test of
P<1.0x 1078 in controls). A total of 453627 SNPs on autosomal chromo
somes and 10525 SNPs on X chromosome passed the quality control filters
and were further analyzed. All control samples for the replication stage were
genotyped using the lumina HumanHap 610 BeadChip (female samples of
three diseases as controls). All cluster plots were checked by visual inspection
by trained personnel, and SNPs with ambiguous calls were excluded. For cases
in the replication study, we used the multiplex PCR based Invader assay (Third
Wave Technologies).!2 In addition, 22 variations resulted from re sequencing
analysis were selected and genotyped in 2266 cases and 728 female controls
also using the multiplex PCR based Invader assay (Third Wave Technologies,
Madison, W1, USA).

Statistical analysis

Associations of SNPs were tested by employing the Cochran Armitage trend
test in both the GWA and replication stages. For the combined study, the
simple combined method was applied. In the replication analyses, significance
level was applied to be P value of <1.35x 1073 (calculated as 0.05/37) by
Bonferroni correction. Odds ratios {ORs) and confidence intervals were
calculated using the non susceptible allele as a reference. Heterogeneity
between the GWAS and replication sets was examined using the Breslow

Day test. The genomic inflation factor (A\GC) was calculated from the median
of the Cochran Armitage trend test statistics. The quantile quantile plot of the
logarithms of the genome wide P values was generated by the ’snpMatrix’
package in R program v2.10.0 (see URLs), and the Manhattan plot was
generated using Haploview v4.1 (see URLs). Haplotype analysis was performed
by the use of Haploview v4.1 by considering genotyped SNPs located within
500kb upstream or downstream of the marker SNP. In silico prediction of
functional consequences of SNP was done by the use of the SNP info web
server (see URLs). (Haploview software was used to analyze linkage disequili

brium (LD) values, visualize haplotype.)

Imputation

Imputation was performed by referring to the genotype data of Japanese (JPT)
individuals as deposited in the Phase II HapMap database using MACH v1.0
(see URLs). Genotypes of SNPs that are located in the genomic region within
500 kb upstream or downstream of the marker SNP (the SNP that showed the
strongest association with HRP breast cancer) were imputed. In the process of
imputation, 50 Markov chain iterations were implemented. Imputed SNPs
with an imputation quality score of > < 0.3 were excluded from the subsequent
analysis.

Re sequencing analysis

Initially, we carried out SNP discovery by using DNA samples of 96 cases with
HRP breast cancer. We designed 98 sets of primers (Supplementary Table 1)
using the genomic sequence information from UCSC Genome Bioinformatics
data base (NM 005067) to amplify the 22353 bps (two exons, one intron, 5’

UTR and 3’ UTR) of the genomic region corresponding to the SIAH2 (intron

" of seven in absentia homolog 2) gene. For each of the 96 DNA samples, PCRs

were performed by using GeneAmp PCR system 9700 (Applied Biosystems,
Foster City, CA, USA). We performed direct sequencing of the PCR products
with the 96 capillary 3730 x1 DNA Analyzer (Applied Biosystems) with Big
Dye Terminators (Applied Biosystems) according to standard protocols. All
amplified fragments were sequenced by two pairs of sequencing primers. Then
SNPs were detected by Sequecher software v4.8 (Gene Codes, Ann Arbor, MI,
USA).



RESULTS

To identify genetic variants susceptible to HRP breast cancer in the
Japanese population, we performed a GWAS using 1086 female
patients and 1816 female controls with Ilumina HumanHap 610k
BeadChip (Table 1). After the quality check of SNP genotyping data, a
total of 453627 SNPs were selected for further analysis. Principal
component analysis revealed that all the subjects participating in
this study were clustered in the Hapmap Asian population
(Supplementary Figure 1S). A quantile quantile plot for this GWAS
is shown in Supplementary Figure 2S. The genomic inflation factor
(AGC) of the test statistic in this study was 1.053 indicating a very low
possibility of false positive associations resulted from the population
stratification. Although no SNP achieved genome wide significance
level, 46 SNPs in various chromosomes showed suggestive association
(P values<1x 10 %) as illustrated in Figure 1.

Among these 46 SNPs, we excluded SNPs possessing strong LD
(>0.8) and selected 33 SNPs for replication analysis as well as 4
additional SNPs that were previously reported their association with
breast cancer and showed P value of <1.0 x 10 2 in GWAS analysis,
using an independent set of 1653 female patients and 2797 female
controls. Among 37 SNPs analyzed in the replication study, an
SNP rs6788895 was successfully replicated with the P value of
<1.35% 10 3 even after the Bonferroni correction (0.05/37) as
shown in Table 2 and Supplementary Table 2S. Combined analysis
of the results of the GWAS and the replication study suggested strong
association of the locus of the SIAH2 gene on chromosome 3q25.1
(rs6788895, Pombined Of 9.43 x 10 & with OR of 1.22, 95% confidence
interval 1.13 1.31) without any significant heterogeneity between the
two studies (Phetemgeneity: 233x10 o).

The SNP rs6788895 was further examined its association with the
subgroups of breast cancer, an invasive papilloductal breast cancer
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group and a HER2 negative breast cancer group, and found
significant  associations with them (Peombined = 3.61 x 10 97,
6.78 x 10 9, OR=1.23, 1.21, respectively) although they did not
reach to the genome wide significant level (Supplementary Table 3S).
Imputation analysis of this locus identified nine additional SNPs in
strong LD (% of >0.8) that showed similar levels of association with
rs6788895 (Figure 2a). The subsequent logistic regression analysis
revealed no significant association of these nine SNPs when we
accounted the effect of SNP rs6788895. The haplotype analysis found
no haplotype revealing stronger association than the single SNP
(Supplementary Table 4S). Although in silico prediction of the
functional effect of rs6788895 identified no possible biological effect,
one SNP 152018246 showing strong LD with rs6788895 (12 =0.94),
which was located about 0.7kb upstream from the transcription
initiation site of SIAH2, was indicated to be present within the
binding site of multiple transcription factors such as STAT1, LEFI,
PAX2, which were reported to have some implication to breast
cancer.>16 The re sequencing of 22353bps corresponding to the
SIAH2 gene identified 10 novel genetic variations in addition to 37
genetic variations reported previously. We further genotyped 22 of the
47 variations after the exclusion of SNPs showing strong LD with the
marker SNP (1% of >0.8). As a result, we identified no genetic variant
showing significant association in HRP breast cancer (Supplementary
Table 5S and Supplementary Table 6S)

Furthermore, we examined the association of 37 previously
reported SNPs with the HRP breast cancer!”%6 using our sample
sets (Supplementary Table 7S) and found very moderate association
of four genetic variants, rs1292011, rs3803662, rs2981579 and
1s3750817, with HRP breast cancer in the GWAS phase (Pgyns=
589%x 10 %2, 695x10 %, 868x 10 ® and 5.03 x 10 %, respec
tively). Further analysis of these four SNPs identified significant

dug o P
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Figure 1 Manhattan plot for the genome wide association study (GWAS) of hormonal receptor positive breast cancer indicating

log10P of the Cochran

Armitage trend test for 453 627 single nucleotide polymorphisms (SNPs) plotted against their respective positions on each chromosome.

Table 2 Assaociation of SNP rs6788895 on chromosome 3¢25.1 with hormonal receptor-positive breast cancer

Case Control
Chr. Chrloc. SNP RA Stage = 11 12 22 RAF 11 12 22 RAF Passoc® OR (95% Cl) Phet®
3 151950498 rs6788895 G GWAS 106 456 524 0.69 242 832 742 0.64 234E 05 1.28 (1.14 1.43)
Rep 164 694 786 0.69 337 1265 1195 0.65 b5.77E 04 1.18 (1.07 1.29) 2.33E 01
Combined 270 1150 1310 0.69 579 2097 1937 0.65 9.43E 08 1.22 (1.13 1.31)

Abbreviations: Chr., chromosome; chrloc., chromosomal location (bp); Ci, confidence interval; GWAS, genome-wide association study; OR, odds ratio (calculated based on the risk allele);
RA, risk allele; RAF, risk allele frequency; Rep, replication; SNP, single-nucleatide polymorphism; 11, homozygous non-risk genotype; 12, heterozygous genotype; 22, homozygous risk genotype.
2Passoc, P-value for the GWAS and replication study obtained from the Cochran-Armitage trend test and P-value for the combined study obtained from the simple combined test.

bphet, P-value for heterogeneity test obtained from the Breslow-Day test.
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Figure 2 (a) Regional association plots of the locus associated with hormonal receptor positive breast cancer on chromosomes 3q25.1 (intron of seven in
absentia homolog 2 (SIAH2)). (b) Regional association plots of the locus associated with hormonal receptor positive breast cancer on chromosomes 10q26

(fibroblast growth factor receptor 2 (FGFRZ2)). For each plot,

log1oP of the Cochran Armitage trend test of single nucleotide polymorphisms (SNPs) in the

genome wide association study (GWAS) was plotted against relative chromosomal locations. The square and rounded signs represent imputed and genotyped
SNPs, respectively. All SNPs are color coded as red (#=0.8 1.0), orange (#=0.6 0.8), green (r?=0.4 0.6), light blue (#=0.4 0.6), and dark blue
(P<0.2) according to ther pair wise r2 to the marker SNP. The marker SNP is represented in purple color. SNP positions followed NCBI build 36

coordinates. Estimated recombination rates (cM/Mb) are plotted as a blue line.

replication of two SNPs, rs3750817 (Preplication = 5-39 X 10 5, OR
=1.22) and 152981579 (Prepiication=1.21 X 10 3, OR=1.20). Both
SNPs are located within intron 2 of the fibroblast growth factor
receptor 2 (FGFR2) genes. The combined analysis of the GWAS and
replication phases of rs3750817 revealed strong association with
Peombined =847 x 10 % (OR=1.22) and that of 152981579 was
1.77x 10 % (OR=1.20) (Table 3). Imputation analysis of this
locus identified three additional SNPs, rs9420318, rs11199914 and
rs10736303 that showed similar levels of association with rs3750817
(Figure 2b).

DISCUSSION

‘We reported here GWA and replication studies using a total of 2730
female breast cancer cases and 4613 female controls in the Japanese
population to identify common genetic variants susceptible to the
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HRP breast cancer. The SNP 156788895 located in the intronic region
of the SIAH2 gene on chromosome 3q25.1 revealed a significant
association with the HRP breast cancer (Peompined Of 9.43 x 10 08
with OR of 1.22, 95% confidence interval of 1.13 1.31). We further
examined the association of rs6788895 with the subgroups of breast
cancer. The analysis of two histological subgroups, an invasive
papilloductal breast cancer group and a HER2 negative breast
cancer group, indicated suggestive associations with Piympinea of
3.61 x 10 97 (OR = 1.24) and with Pgmpineq of 6.78 x 10 % (OR =
1.21), respectively (Supplementary Table 3S). However, rs6788895
showed no association in the GWAS with the hormonal receptor
negative group (Pyenq of 1.03 X 10 1) or with the HER2 positive
breast cancer group (Pyeng of 1.15x 10 1),

For further characterization of the chromosome 3q25.1 locus, we
imputed genotypes of SNPs that were not genotyped in the GWAS



Table 3 rs2981579 and rs3750817 in different population

Minor/major
SNPs allele MAF  OR P trend Population
rs2981579 (FGFR2) A/G 0.42 143 3.60x10 3! Uk20
152981579 AG 0.44 131 2.60x10 99 American?®
rs2981579 AG 047 1.20 1.77x0 06 Japanese
rs3750817 (FGFR2) T/IC 0.49 1.22 8.47x10 %  Japanese
rs3750817 TIC 0.37 0.78 8.20x 10 9 American?®

Abbreviations: FGFR2, fibroblast growth factor receptor 2; MAF, minor allele frequency; OR,
odds ratio (calculated based on the non susceptible allele) except rs3750817 in American
population OR, calculated based on the susceptible allele); SNP, single-nucleotide
polymorphism.

~and then examined their associations with HRP breast cancer, but
found no SNP showing stronger association than the marker SNP
rs6788895 although several SNPs having strong LD with rs6788895
(r*>0.8) showed similar levels of associations (Figure 2a). Previous
reports implicated possible roles of SIAH2 in breast carcinogenesis
and described that STAH2 expression was highly associated with
estrogen receptor levels.>?”? In addition, SIAH2 protein was
indicated to have an essential role in the hypoxic response by
regulating the hypoxia inducible factor .30

Moreover, STAH2 was known to induce ubiquitin mediated degra
dation of many substrates, including proteins involved in transcrip
tional regulation (POU2AF1, PML and NCORI), a cell surface
receptor (DCC) and an anti apoptotic protein (BAGI1). These
proteins were reported to have some relations to breast cancer by
different mechanisms.3~2> Recent genetic studies showed that the
chromosome 3q25.1 region might have a critical role in some
estrogen dependent diseases such as development of peritoneal
leioyomatosis. 3637

We also examined the association of previously reported loci with
the breast cancer'”2 using our sample sets and found very moderate
association of four genetic variants in our GWAS. Further analysis of
these four SNPs identified significant replication of two SNPs,
153750817 and 152981579 (Poombined = 847 x 10 & and 1.77 x 10 06
with OR = 1.22 and OR = 1.20, respectively). A T allele for rs3750817
is a protective allele for both Japanese and American populations with
comparable ORs (Table 3).

For characterization of the chromosome 10q26 locus, we imputed
genotypes of SNPs that were not genotyped in the GWAS, and
examined the associations of these SNPs with HRP breast cancer. As a
result, three additional SNPs, rs9420318, rs11199914 and rs10736303
were found to have similar levels of association with rs3750817
(Figure 2b). The most strongly associated SNPs are located in intron 2
of the FGFR gene. The intron 2 region contains a highly conserved
region and possess the transcription factor binding sites possibly
related to the estrogen receptor signaling pathway.’® FGFR2 encodes a
receptor tyrosine kinase and has an important role in human
mammary epithelial cell transformation,’*%0 suggesting that FGFR2
is a good candidate for breast cancer susceptibility. Subsequent
functional analyses are thus essential to pinpoint the causal variants
and genes associated with HRP breast cancer. In addition, because
breast cancer is multi factorial disease, we could not exclude the
possibility that some subjects with undiagnosed early stage of cancers
or undiagnosed hormonal dependent diseases or subject have diseases
related to breast cancer might have been included as controls. Hence,
this study might not have sufficient power to detect SNPs having very
modest effects on susceptibility to HRP breast cancer. In conclusion,
our findings, the verification of the association of the FGFR2 to the
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risk of breast cancer in the Japanese population and the novel
identification of significant association of genetic variations in the
STAH2 gene, should contribute to the better understanding of the
susceptibility to HRP breast cancer.

URLS
The Leading Project for Personalized Medicine, http://biobankjp.org/;
EIGENSTRATsoftwarev2.0, http://genepath.med harvard.edu/ ~ reich/
Software.htm;
R project v2.10.0, http://www.r project.org/;
Haploview v4.1, http://www.broadinstitute.org/haploview/haploview;
MACH v1.0, http://www.sph.umich.edu/csg/yli/mach/index.html;
PLINK statistical software v1.06, http://pngu.mgh.harvard.edu/
~ purcell/plink/;
SNP info web server, http://manticore.niehs.nih.gov/index.html.
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WHERFEHIL D 5 & (D'=0.97. r*=0.79).
rs3740065 G/GHE LB L 72 & % rs3740065
A/GE L TA/ARETONY— ¥ 113352 (95%
EERX M. 0.46-26.79) B KL1U'10.64 (95%EEX
M. 1.44-78.88 ; P=0.00017) Th -7 (F2),
ABCB1¥% & TPABCG2R{E T Dtag SNPsid Vv §°h
LAHBABEM AN X Xd -7 (logrank P>
0.083 : data not shown)

- X BIZABCC2LCYP2DGEIETRIE D#MAED
BORF & T 25, ZO0BIZFDY X
T VADBOAEREMT 200, KERE
FHBAERICEL &% (B2, logrank P=



#F1 BEYR

“Total (N = 262)

Characteristic , Number of patients (%)
Age at surgery, years

Median 51

Range 31to83
Menopausal siatus

Premenopause 123 (43.6)

Postmenopause 149 (52.8)

Unknown 10 (3.6)
Tumor size, cm

<2 159 (56.4)

216 - 106 (37.6)

>5 2(0.7)

Unknown 15 (5.3)
Nodal status

Negative 230 (81.6)

Positive 48 (17.0)

Unknown 4 (1.4)
ER status '

Positive 208 (73.8)

Negative 25 (8.9)

Unknown 49 (17.3)
PR status

Positive 195 (69.1)

Negative 36 (12.8)

Unknown 51 (18.1)
Her-2

Positive* 5 (1.8)

Negative 97 (34.4)

Unknown 180 (63.8)
Events

No event 241 (85.5)

Locoregional events 9 (3.2)

Distant metastasis events 22 (7.8)

Contralateral breast events 10 (3.5)

ER, estrogen recaptor; PR, progesterone receptor;
Her-2, human epidermal growth factor receptor 2.

* Immunchistochemistry TScore 3+ # Positive &L71-,

}2 CYP2D6H S UABCCIRGATF IR L BRFHHRLEOME (CoxtbBl/ Y~ FIBHT)
Variables Number of patients Number of recutrences Hazard ratio” (85% C1) P value

CYP2D6 0.000036
wtiwt 84 3 1.00 (reference)
wi/V 135 20 4.44 (1.31-15.00)
w 63 18 9.52 (2,70-32.45)
ABCC?2 rs3740085 0.00017
GG 39 1 1.00 (reference)
AG 131 14 3.52 (0.46-26.79)
AA 112 26 10.64 (1.44-78.88)
CYP2D6 + ABCC2' ' 0.000000055
‘ (1) ;g ?} 1.00 (reference)
2 109 8 4.93 (0.61-39.83)
3 86 23 19.98 (2.69-148.85)
4 22 g 45.25 (5.58-366.81)

*Tumor sizeds X fnodal status TREL-,

CYP2D6 £ K UABCC2DURHF wwﬁ*ﬂm
ClI, confidence interval.
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BRAORIE F S HBITIZS S
A AR AT VRGO BHRHRO TR

;3 ABCC2R{EFNDtag SNPs& #4527 1 BRETFUBR L ORE

Chromosomat " Allsla! Event Na event Minor allele frequency  Hardy-Waeinbarg i

SNP 1D location” Position In gena T2 1 12 2211 12 22 Evam Noovel  equirump  -097ank P
1812268782 101523996 5 upsiream region G A 24 15 2 174 61 6 0.23 015 0.83 0.082
126804398 101548624 intron 7 T A 30 8 3 175 58 8 0.17 0.15 0.062 0.79
152756109 101548736 Intron 7 G T 10 22 9 110 102 28 0.49 033 0.58 0.0031
152273697 1015653805 Exon 10 (le417Val) G A 32 7 1 18 43 2 0.11 0.10 0.89 0.88
1411100201 101556000 intron 11 C T 32 7 1 198 43 2 0.11 0.10 0.89 0.66
52002042 101577821 Intron 19 C T 19 18 4 114 101 26 0.32 0.32 0.66 083
153740065 101595683 Intron 29 A G 26 14 1 8 {17 38 0.20 0.40 0.84 0.0002¢%
512762549 101610761 3' downstream ragion G C 12 20 & 100 1110 30 0.45 0.36 0.98 0.074
52862691 101612513 3' downstream regian C T 17 19 5 138 86 17 0.35 0.25 0.48 0.042
rs11598781 101623010 3 downstream region G T 17 19 5 138 80 15 0.36 0.25 0.92 0.036
1511190303 101625198 3 downstraam reglon G T 27 13 0 103 103 34 0.18 0.36 0.31 0.00048*
*NCBI 36 genome assemblyi=SL - 10BRBETOMEERT,
HARUMRLOBECH AT~ FLLETUNEREUL=,
HERHY :Bonfarroni's correction]s &Y £ MHEEMIEL , P < 0.00098 (0.05/51) EHEMARBELL,
g MO T g M RIS g M T e

"‘.-' L. T —re-vey } ............... -—"‘“"\_‘
o 08 Nea e g 0.8 \“‘\.....‘__j E 0.8 e
£ oe a8 £ o6 - = 0.6 R
a 2 g ~  Orisk atiele zm;;) -~ -
[~ [ =4 q =~ 1risk silele (n=!
g 047 ___ WW'(‘,::)) 4 — ﬁg én—?;)‘) g 04 - 2K au:l:; (n-izm
| —— wtV{n |- = | — — 3risk alieles (n=86)
é 021 . YV (1=63) é 027 . AA (n=112) § 0.27 . 4 risk atisles (n=22}
/4 O-OJ log-rank P = 0.00020 14 0‘0} log-rank P = 0.00020 @ g g logrank F=0.000000083
6 2 4 6 8 10 6 2 4 6 8 10 6 2 4 6 8 10
Years ' Years Years

M2 #EXT7 x> OFEFHUIRERMEFSIROME
SRRV T 2 VAN L AHERE L2 TV A28 DA AREIT i HBERA TR L CYP2D6BIE FB (A).
ABCC2 rs37400658 1578 (B) ¥ X U'CYP2D6+HABCC2 (C) & (DB % Kaplan-Melerdi THEHT L 7=, trend log-rankdfi e
THREERBEL:,
CYP2DGRIZT Rt we, *1, *I-*1 V. *4, *5. *10. *10-*10, *14. *21. *36-*36. *41.

0.000000083), YA 2 7LV AN, 3B LT4 HTy P37 vy BEOTRER ZHEFHI55
DRETIE., IUTORFLHRL T, NF—F B X U27.2ng/mLT 5 0, wt/wtH# (35.4ng/mL)

134,93 (95% S HX . 0.61-39.63), 19.98 DIENEFNA38U% B L UVT68%TH »7=, 4-KB
(95% 15X M. 2.69-148.65) ¥ K U525 (95% 2 EFL 72V IEDVTELRABRDERTH -
fEMX . 5.58-366.81) Tdh -7 (F2), 7o —%. ABCC2 rs37400658 {57 84Cid, Ml

FIY FPFR 72 v BB Y EF Y 7 2
WEFEREL2EXY T o RO MBTRE VRECWThL AR AMERED bhhs o

& OEERRIR (Kruskal-Wallis P=0.68% £ 100.26) . & 7=.
CYP2D63% & V'ABCCZRIZ TR & b=V ¥ ABCC2 rs37400658 {7 TR Mg T & EF > 7 2
FU 7V BIULKEILAEXV T VBEL YBEUNBAFLEEXRL 7« VIRE & LB
DOEELRSN L (H3), %N &g h o7 (datanot shown),
miP XY FF+v 72 rbBRU4- KBS €S
7 % K CYPRDEEIE TAIBH TH R £z =
Eb -7 (Kruskal-Wallis P=0.0000043% XU ARE T, ISARRHERGEL LCHLS

0.00052), CYP2D6 V/VE & Uwt/VEE TOMIE NEIEFL 72 VOFRPHURICBEE T 28
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MIFPITFXL T2 H5LV4-KRES TR 7 x BE OREFSYOME

FEFC 7 (20mg/H) #RAGOBHOIMNAGEOOYE T ¥ Ty
BEUL-ARIESTF 7 - V8B ECYP2D6RIETE (A, C) B LUABCC2
rs3740065815 7% (B, D) LOBMERF LA, 8% 7 x v HHABRBEIC A
WEBML, APy FEL 7 BAU4-KBE2 T+ 7« ¥ %2 HPLC-
TOFMS!- & h#lE U 72 KruskalWallisBE THEZERE L,

CYPZDGMEIRTTY - wt, *1, *1+1, V. *4, *5, *10, *10-*10. *14. *21, *36-*36. *41.

EPBRUICOLTRF L2, 2EXR V72V RH
L&k BB E 2T T 3282801 A
BEICKSRFT. CYP2DERBIZTF RSB 2T+
V71 Y OBREEHRICEETAZ L EHLMICL
2o EBIT, WS ODPDEWE TV AE—F 0D
BEFLMLAEEBCIBFETAZLICLY,
ABCCZB{ZTFDrs374006503 %4 TH ¥ 7 x Y OF
BTIREARICHET A2 L 2B I LA,
CYP2DGBIZF 2RIz >\ TR, ZhFETiIow
DOIDITN—TTREFV T 2V DERFHRE

DEBBRESRE E A TE ALY, 200050

Schroth ¢f al.OMETIT, 1325HDOERADTA
ABEILKBRIT 1TV, CYP2D6DBEREM %
BTFERHESEIBETFERIEETIRAET
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REERR. AR, BRI
FRIZEWIEEHMILTHEY, AR
ZRHIEZROTELOBRBEHVERETH .
CYPZD6RIZT RRIN A EX VT x Y DERETH
DRCHETIIEEFRBY A - LTS, L
PLAEHE, HRTAEREBESh T B0,
ZhicEULTR, FABRKOEE, HELE
CYP2D6BIG T ZROBHIERLBETH 5
EEHLPIZLTWARY, KRETEHT L TR
BLTWRI672DFEF T 7 Y FRBREE
EROCBA LA EZ 5, CYP2DERIZTRIE A%
THihREOBICHERZRBRYD b hilh o700,
FELEEABDOAIZVWIhE TCOREDIEL
AR EEF Y7 2 v LEREHIZ K 2 %E)



