
Abstract. We sought to identify genes and polymorphisms
associated with breast cancer risk among Korean women
using multiplex genotyping. The SNPs (n=1536) of 264
candidate genes were genotyped using the Illumina Golden
Gate™assay. These genes are involved in the pathways
controlling apoptosis/anti-apoptosis, the immune and infla-
mmatory responses, cytokines, DNA repair, cell adhesion,
and cell cycle/proliferation. Breast cancer cases (n=209) were
recruited from Seoul National University Hospital. Age-
matched control subjects (n=209) were selected from a health
examinees cohort. Gene-based and SNP-based tests were
performed. The final analysis includes 117 cases and 164
controls with 1107 SNPs in 232 genes. Gene-based analyses
showed that IL1A, TNFRSF10B, TNFRSF1B, ICAM, and
TNFSF9 were significantly associated with breast cancer risk
(p<0.01). IL1A was the most significant gene associated with
breast cancer risk [p for likelihood ratio test, 1 degree of
freedom (df)=6x10-7; FDR-adjusted p-value, 1df=4x10-4,
2df=0.0071, respectively]. Individual SNP-based analyses
revealed that the rare allele of the IL1A SNP rs2856836,
Ex7-592T➝C, was strongly associated with breast cancer risk
(FDR-adjusted p-value, 1df=0.0027, 2df=0.0162). This SNP
was found to increase risk for breast cancer [odds ratio
(OR)=2.88, 95% confidence interval (CI)=1.58-5.27 for
heterozygote and OR=8.17, 95% CI=2.23-29.99 for rare
homozygote]. In summary, we identified a common genetic
variant in IL1A strongly associated with breast cancer risk.

Introduction

It is estimated that approximately 5% of breast cancer cases
are attributable to rare high-penetrance mutations in a small
number of specific genes, such as BRCA1 and BRCA2 (1).
It is hypothesized that the significant unexplained fraction
of familial risk is likely to be explained by a polygenic model
involving more common variants with weak associations with
risk (2). The search for genetic variants that cause disease has
focused on the use of study designs that compare cases and
controls and have lead to the recent development of highly
multiplexed single nucleotide polymorphism (SNP) geno-
typing assays to screen for candidate genetic variants in
an affordable, high-throughput manner (3,4).

The present study used the Illumina GoldenGate assay to
evaluate common variants of candidate genes associated with
breast cancer risk and targeted 1536 SNPs from 264 genes.
The gene set chosen for the present study was originally
chosen for the study of non-Hodgkin lymphoma susceptibility.
This gene set includes genes involved in the pathways of
apoptosis/anti-apoptosis, immune and inflammatory
responses, cytokines, DNA repair, cell adhesion, and cell
cycle/proliferation. The involvement of these pathways in
breast cancer carcinogenesis and progression has led to
intensive investigations of the relationship between many of
these genes and breast cancer risk (5-14).

We performed an exploratory small scale study to
identify possible associations between genetic polymor-
phisms and breast cancer risk in Korean women.

Materials and methods

Study subjects. In this study, cases were patients diagnosed
with histologically confirmed breast cancer from 2002
to 2004 at the Seoul National University Hospital, Seoul,
Korea. Control subjects frequency-matched by age were
selected from the healthy women who voluntarily receive
routine medical check-up at centers in Seoul and Gyeonggi-
do (a province adjacent to Seoul), Korea, during the same
period. This study was approved by the Institutional Review
Board for Human Research of Seoul National University
Hospital (IRB No. H-0503-144-004). Informed consent was
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obtained from all study subjects before participation in the
study. The subjects with previous histories of cancer, hystere-
ctomy, and oophorectomy, and those for whom DNA samples
were unavailable, were excluded. Finally a total of 209 cases
and 209 controls were selected. Information on demographic
characteristics included education, marital status, family
history of breast cancer in first-degree relatives, reproductive
and menstrual factors, and lifestyle habits including smoking
status and alcohol consumption. This information was collected
by well-trained interviewers using a structured questionnaire.

Genotyping. DNA samples were sent from Seoul National
University, Korea, to the Core Genotyping Facility (CGF) at
the National Cancer Institute, USA (http://cgf.nci.nih.gov/).
The Illumina oligonucleotide pool assay (OPA) was designed
and the GoldenGate™ assay (Illumina Inc., San Diego, USA)
was performed at the CGF. The concentrations of genomic
DNA were measured in 96-well formats using PicoGreen
technology (Molecular Probes, Eugene, USA).

Of the 209 case-control DNA sample pairs, DNA quality
of 117 case samples and 164 control samples were adequate
for the final assay with overall genotype call rate of 67.2%.

The candidate genes and SNPs were selected from the gene
set used for the SNP500Cancer project (http://snp500cancer.
nci.nih.gov). SNP selection favored non-synonymous SNPs,
those previously evaluated in relation to cancer risk, and those
with evidence of functional significance (15). Tag SNPs for
each candidate gene were selected from the region 20 kb from
the start of transcription (exon 1) and 10 kb from the end of
the last exon. Tag SNPs were chosen from the set of SNPs that
had been genotyped in the International HapMap Project
(http://www.hapmap.org/index.html) and in later iterations
using TagZilla (http://tagzilla.nci.nih.gov). The following
parameters were used for Tag SNP selection: i) minor allele
frequency (MAF) >5% in the HapMap Caucasian (CEU)
sample; and ii) Illumina SNP score >0.4.

A gene set represented by 1536 SNPs was selected for
the OPA from the SNP500Cancer database. This gene set
was originally selected for the study of non-Hodgkin's lym-
phoma susceptibility. We used this gene set as most of the
genes were involved in pathways with a role in breast carcino-
genesis and cancer progression. Of the set of 1536 SNPs
chosen for this study, 429 SNPs were not analyzed: 166 were
not polymorphic, 172 had low MAF values (<3%), 77 failed
in the assay, and 14 deviated from the Hardy-Weinberg
equilibrium (exact p-value <0.001). The remaining 1107
SNPs of 232 genes were evaluated for association analysis.
The overall completion rate for genomic DNA samples was
99.5%.

Statistical analysis. The ¯2 test for genotype distribution
was conducted to evaluate the deviation from the Hardy-
Weinberg equilibrium in each case and control group. Breast
cancer risk was estimated as odds ratios (ORs) and 95%
confidence intervals (95% CIs) by unconditional logistic
regression analyses, adjusted for age (years), family history
of breast cancer in first-degree relatives (yes or no), and
alcohol consumption (non-drinker or drinker). The breast
cancer risk estimates were calculated using SAS version 9.1
(SAS Institute, Cary, NC, USA).

The association between the case-control status and
each individual SNP was tested using the likelihood-ratio
test (LRT) with 2-degrees of freedom (df) and the linear
trend test according to previously described methods (16).
Gene-based p-values for association were also calculated
using the LRT. We performed two gene-based tests for
association: i) an LRT for each gene comparing models with
and without terms for heterozygous and homozygous variant
genotypes for each SNP in a given gene (df=2 number of
SNPs per gene); ii) an LRT for each gene comparing models
with and without terms for each SNP (genotypes coded as
0, 1, and 2) in a given gene (df=number of SNPs per gene).
Computing p-values by permutations for multiple comparisons
were obtained by running 1000-300000 permutations. False
discovery rate (FDR) is the expected ratio of erroneous
rejections of the null hypothesis to the total number of rejected
hypothesis among all the genes or SNPs analyzed in this
report. The Benjamini and Hochberg method (17) was used
to calculate FDR values using ‘multtest’ package in the R
project for statistical analyses.

Haplotype associations, adjusted for the covariates
described above, were assessed by unconditional logistic
regression using the haplo.stats program (http://mayo-
research.mayo.edu/mayo/research/schaid_lab/software.cfm).
The statistical analyses were performed using the R project
‘genetics’ and ‘dgc.genetics’ packages (http://www.r-project.
org).

Results

Breast cancer risk was associated with a family history
of breast cancer in first-degree relatives (OR=3.59, 95%
CI=1.09-11.77) and alcohol consumption (OR=2.06, 95%
CI=1.21-3.51) (Table I). The mean age and the distribution
of risk factors were not different between subjects selected
for analysis and those deleted from the initial case-control
set.

High-quality genotype data were generated from 1107
SNP assays covering 232 candidate genes (range: 1-42 SNPs
per gene). Approximately 50% of the SNPs were located in
introns, 7% in exons, 26% in promoter region, and 15% in 3'-
untranslated regions (UTRs).

Gene-based analysis revealed promising associations with
breast cancer risk for 5 of the 232 genes including IL1A,
TNFRSF10B, TNFRSF1B, ICAM1 and TNFSF, based on
global p-values less than the significance level of 0.01 for
the LRT using the trend test (1df) or genotypic associations
(2df) (Table II). The most significant association with breast
cancer risk was observed for IL1A (interleukin 1 ·) (global
trend p=6.58x10-7, permuted p=1.64x10-6). Among the five
genes, only IL1A was significantly associated with breast
cancer risk, with an FDR-adjusted p-value <0.05. The FDR-
adjusted p-value for IL1A was 0.0004 and 0.0071 using the
trend test and genotypic associations, respectively.

Individual SNP-based analyses showed that the most
significant SNP was rs2856836 located in the 3'-UTR of
IL1A (Table III). The ORs of this SNP for heterozygote and
homozygote variants compared with the common homo-
zygote was 2.88 (95% CI: 1.58-5.27) and 8.17 (95% CI:
2.23-29.99), respectively, indicating that the minor allele is
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associated with an increased risk of breast cancer [p for trend
test = 2.46x10-6 and p for LRT (2df) = 1.51x10-5].

Table IV presents the FDR-adjusted p-values for the
association between breast cancer and 12 common genetic
variations listed in Table III. Only IL1A rs2856836 gave
FDR-adjusted p-values (2df and 1df) <0.05.

Consistent with the results of SNP analyses, haplotype
analyses revealed a strong association between IL1A and
breast cancer risk, with a global p-value of 2.6x10-5 (Table V).
The A-G-A-G-C haplotype of IL1A confers a 6.7-times
greater risk for the carrier compared with the most common
haplotype (p=4.6x10-5). Haplotype analyses also revealed
a significant association between TNFRSF10B and breast
cancer risk with a global p-value of 2.7x10-4. The A-C-A-C
haplotype of TNFRSF10B was associated with a signifi-
cantly increased risk (OR=3.4, 95% CI: 1.7-6.7, p=4.5x10-4).
By comparison, the T-A-G-G haplotype of FVT1 was asso-
ciated with a significantly reduced risk for breast cancer.

Discussion

We conducted a large-scale association study using the
GoldenGate assay to evaluate 1536 SNPs in 264 candidate
genes to identify SNPs associated with breast cancer risk
among Korean women. The most significant gene, according
to gene-based analyses, was IL1A and the most significant
individual SNP was found in the 3'-UTR of IL1A (rs2856836,
Ex7-592T➝C). This IL1A SNP was identified as strongly
associated with breast cancer risk following multiple testing
adjustments, and the rare allele of this SNP was found to
increase the risk of breast cancer.

This finding is consistent with previous biological studies
showing that interleukin (IL)-1 has a role in breast cancer
development and progression. The IL-1 family of cytokines
(IL-l·, IL-1ß), the IL-1 receptor antagonist (IL-1RA), and
IL-1 receptors (IL-1RI and IL-1RII) are frequently expressed
in breast cancer cell lines, in human breast cancer tissue,
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Table I. Characteristics of 117 breast cancer cases and 164 control subjects.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Cases, N (%) Controls, N (%) OR (95% CI) p-value Adjusted OR (95% CI)a p-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Age (mean ± SD), years 49.8±7.8 50.5±7.6 0.98

Body mass index, kg/m2 23.4±2.9 23.2±2.7 1.02

Education

Under high school 29 (25.9) 49 (31.2) 1.00 (ref.) 1.00 (ref.)

At or over high school 83 (74.1) 108 (68.8) 1.29 (0.75, 2.23) 0.3440 1.83 (0.92, 3.61) 0.0819

Family history of breast cancer

in 1st relatives

No 107 (91.4) 154 (97.4) 1.00 (ref.) 1.00 (ref.)

Yes 10 (8.6) 4 (2.6) 3.59 (1.09, 11.77) 0.0343 1.82 (0.38, 8.62) 0.4490

Alcohol consumption

Non-drinker 75 (64.1) 129 (78.6) 1.00 (ref.) 1.00 (ref.)

Drinker 42 (35.9) 35 (21.3) 2.06 (1.21, 3.51) 0.0075 2.58 (1.27, 5.21) 0.0081
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aOdds ratios (OR) were adjusted for other covariates.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Global, permuted, and FDR-adjusted p-values for the associations between breast cancer and five candidate genes
showing most significant results.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Trend testa Genotype associationsb

––––––––––––––––––––––––––––––––– –––––––––––––––––––––––––––––
Gene symbol Chromosome No. of SNPs Global Permuted FDR adjusted Global Permuted FDR adjusted

per gene p-value p-valuec p-value p-value p-value p-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
IL1A 2 4 0.000000658 0.00000164d 0.0004 00.0000139 0.00003e 0.0071

TNFRSF10B 8 10 0.0011 0.0012 0.1416 0.0229 0.052 1.0000

TNFRSF1B 1 8 0.2459 0.34 1.0000 0.0026 0.006 0.7198

ICAM1 19 2 0.2812 0.26 1.0000 0.0153 0.013 0.8732

TNFSF9 19 5 0.1576 0.21 1.0000 0.0086 0.014 0.8732
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aLikelihood-ratio test with degrees of freedom, number of SNPs per gene included in the model. bLikelihood-ratio test with degrees of freedom, number
of SNPs per gene included in the model x2. cPermutated p-value marked d5000000 permutations; e500000 permutations; and the rest, 1000-10000
permutations.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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and within the tumor microenvironment (18). The local
expression of members of the IL-1/IL-1R cytokine family
can control, via autocrine and/or paracrine mechanisms, the
expression of other protumorigenic cytokines, such as IL-8,
and subsequently activate tumorigenesis via angiogenesis,
tumor proliferation, and invasion (19-21).

The IL1A gene is mapped to chromosome 2q13 and
harbors several polymorphisms, including one in the 5'-UTR
regulatory region (rs1800587, -889C➝T) and one in exon 5
[rs17561, +4845G➝T (Ala114Ser)] that are commonly studied.
Several previous studies report an association between poly-
morphisms in IL1A and breast cancer risk. Sigurdson et al (5)
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Table III. Association between individual SNPs and breast cancer risk.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Adjusted OR Global Global
Gene SNP Genotype Cases Controls OR (95% CI) p-value (95% CI)a p-value p-value (2df) p-value (1df)
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
IL1A rs2856836 TT 66 137 1.00 (ref.) 1.00 (ref.) 0.000015 0.000002

g.Ex7-592T➝C CT 37 24 3.20 (1.77, 5.78) 0.0001 2.88 (1.58, 5.27) 0.0006

CC 14 3 9.68 (2.69, 34.87) 0.0005 8.17 (2.23, 29.99) 0.0015

IL12A rs583911 GG 51 94 1.00 (ref.) 1.00 (ref.) 0.0004 0.5699

g.IVS2-409G➝A AG 65 56 2.14 (1.31, 3.51) 0.0025 1.95 (1.17, 3.23) 0.0100

AA 1 14 0.13 (0.02, 1.03) 0.0534 0.14 (0.02, 1.10) 0.0615

INSL3 rs12462622 AA 58 85 1.00 (ref.) 1.00 (ref.) 0.0013 0.1813

g.*377C➝A AC 56 61 1.35 (0.82, 2.20) 0.2381 1.28 (0.77, 2.14) 0.3386

CC 2 18 0.16 (0.04, 0.73) 0.0176 0.13 (0.03, 0.59) 0.0089

TNFSF9 rs348373 CC 61 106 1.00 (ref.) 1.00 (ref.) 0.0014 0.2353

g.*8264C➝T CT 55 51 1.87 (1.14, 3.07) 0.0128 1.99 (1.19, 3.34) 0.0091

TT 1 7 0.25 (0.03, 2.07) 0.1976 0.12 (0.01, 1.21) 0.0718

BCL2 rs6567326 CC 43 33 1.00 (ref.) 1.00 (ref.) 0.0025 0.0199

g.IVS2-44616C➝A AC 46 93 0.38 (0.21, 0.68) 0.0010 0.35 (0.20, 0.64) 0.0007

AA 24 38 0.49 (0.25, 0.96) 0.0378 0.47 (0.23, 0.96) 0.0368

TNFRSF10B rs4460370 CC 78 82 1.00 (ref.) 1.00 (ref.) 0.0043 0.0015

g.IVS3-374C➝T CT 36 65 0.58 (0.35, 0.97) 0.0383 0.59 (0.35, 1.00) 0.0517

TT 3 17 0.19 (0.05, 0.66) 0.0091 0.18 (0.05, 0.65) 0.0089

IL5 rs2706399 TT 91 112 1.00 (ref.) 1.00 (ref.) 0.0055 0.2687

g.*9800T➝C CT 19 51 0.46 (0.25, 0.83) 0.0102 0.46 (0.25, 0.86) 0.0141

CC 5 1 6.15 (0.71, 53.61) 0.0999 5.82 (0.65, 52.30) 0.1158

LOC96597 rs9904659 AA 31 65 1.00 (ref.) 1.00 (ref.) 0.0079 0.2101

g.-1717G➝A AG 67 68 2.07 (1.20, 3.56) 0.0091 2.35 (1.33, 4.15) 0.0033

GG 19 31 1.29 (0.63, 2.62) 0.4909 1.24 (0.58, 2.61) 0.5793

IL1RN rs315927 CC 63 65 1.00 (ref.) 1.00 (ref.) 0.0089 0.2367

g.-9226C➝T CT 36 81 0.46 (0.27, 0.77) 0.0035 0.45 (0.26, 0.78) 0.0043

TT 17 18 0.97 (0.46, 2.06) 0.9459 1.04 (0.48, 2.26) 0.9183

ICAM1 rs3093030 CC 59 75 1.00 (ref.) 1.00 (ref.) 0.0090 0.1121

g.*1439C➝T CT 54 65 1.06 (0.64, 1.74) 0.8295 1.15 (0.69, 1.93) 0.5968

TT 4 24 0.21 (0.07, 0.64) 0.0062 0.24 (0.08, 0.75) 0.0136

GPX3 rs8177441 CC 46 48 1.00 (ref.) 1.00 (ref.) 0.0091 0.0095

g.IVS2-467G➝C CG 59 77 0.80 (0.47, 1.36) 0.4061 0.88 (0.51, 1.53) 0.6492

GG 12 38 0.33 (0.15, 0.71) 0.0044 0.32 (0.14, 0.71) 0.0049

IL1RN rs10207930 CC 16 18 1.00 (ref.) 1.00 (ref.) 0.0139 0.2011

g.-14734C➝A CA 36 80 0.46 (0.27, 0.77) 0.0033 0.47 (0.27, 0.80) 0.0058

AA 65 66 0.90 (0.42, 1.92) 0.7903 0.99 (0.45, 2.18) 0.9781
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aORs are adjusted for age, family history of breast cancer in first-degree relatives, and alcohol consumption.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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reported a significant increase in breast cancer risk for the
minor alleles of IL1A A114S (rs17561) with an OR=1.2 for
heterozygotes and an OR = 1.5 for homozygotes in the US
Radiologic Technologists cohort. Conversely, Balasubramanian
et al (22) reported a trend for the rare allele of rs17561 to
confer a protective effect against breast cancer (p=0.05).
The IL1A-889C➝T polymorphism has been studied in two
different cohorts and has been shown not to be associated
with breast cancer risk (7,23).

There is little data on the effect of the SNPs rs2856836
on expression or function of IL-1A. Kristensen et al (24)

identified two germline SNPs in IL1A (rs1800587 and
rs2856836) associated with gene expression in the patients'
tumor indicating a potential regulatory role of rs1800587
and rs2856836 in breast cancer. This finding suggests that
the IL1A SNP rs2856836, identified in the present study as
significantly associated with breast cancer risk, might be a
functional SNP. Another group reported a strong association
between this SNP and ankylosing spondylitis (25).

The human genes encoding IL-1· (IL1A), IL-1ß (IL1B),
and IL-1RA (IL1RN) are located within a 430-kb region on
chromosome 2q14.2 (26). Lee et al (6) reported that an 86-bp
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Table IV. FDR-adjusted p-values for significant association between breast cancer and common genetic variations.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene SNP Base-genotype p-value (2df) FDR adjusted p-value p-value (1df) FDR adjusted p-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
IL1A rs2856836 TT 0.000015 0.0162 0.000002 0.0027

IL12A rs583911 GG 0.0004 0.2400 0.5699 0.9847

INSL3 rs12462622 AA 0.0013 0.3682 0.1813 0.9847

TNFSF9 rs348373 CC 0.0014 0.3682 0.2353 0.9847

BCL2 rs6567326 CC 0.0025 0.5283 0.0199 0.9345

TNFRSF10B rs4460370 CC 0.0043 0.5417 0.0015 0.5528

IL5 rs2706399 TT 0.0055 0.5417 0.2687 0.9847

LOC96597 rs9904659 AA 0.0079 0.5417 0.2101 0.9847

IL1RN rs315927 CC 0.0089 0.5417 0.2367 0.9847

ICAM1 rs3093030 CC 0.0090 0.5417 0.1121 0.9847

GPX3 rs8177441 CC 0.0091 0.5417 0.0095 0.9345

IL1RN rs10207930 CC 0.0139 0.6207 0.2011 0.9847
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table V. Significant association between haplotypes and breast cancer risk.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Global
Gene SNP Haplotype Controls (%) Cases (%) OR (95% CI)a p-value p-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1-2-3-4-5

IL1A 1: rs17042407 A-G-A-G-T 108 (65.9) 67 (57.3) 1.00 (ref.) 0.000026

2: rs11687624 G-A-C-A-T 32 (19.4) 14 (12.2) 0.808 0.474 1.377 0.434

3: rs12612788 A-A-C-A-T 5 (3.0) 2 (1.7) 0.861 0.237 3.128 0.821

4: rs3783516 A-A-C-G-C 8 (5.2) 11 (9.1) 1.256 0.591 2.671 0.555

5: rs2856836 A-G-A-G-C 4 (2.4) 14 (12.2) 6.710 2.724 16.530 0.000046

G-A-C-A-C 3 (1.6) 7 (5.7) 2.959 0.846 10.355 0.0905

TNFRSF10B 1: rs11785599 G-C-G-G 60 (36.8) 37 (31.5) 1.00 (ref.) 0.00027

2: rs4460370 A-C-G-G 15 (9.0) 11 (9.3) 1.199 0.590 2.438 0.617

3: rs883429 G-C-G-C 4 (2.4) 5 (4.5) 2.342 0.718 7.641 0.159

4: rs1047275 A-C-G-C 23 (14.0) 19 (16.5) 1.562 0.871 2.802 0.136

A-T-A-C 46 (28.4) 20 (17.3) 0.752 0.451 1.252 0.274

A-C-A-C 12 (7.0) 21 (18.2) 3.410 1.733 6.710 0.00045

FVT1 1: rs2551408 A-C-A-G 103 (62.5) 75 (63.7) 1.00 (ref.) 0.00061

2: rs2850767 T-C-A-C 41 (25.0) 33 (28.2) 1.107 0.726 1.687 0.637

3: rs11663788 T-A-G-G 17 (10.7) 4 (3.8) 0.275 0.119 0.637 0.0029

4: rs2850764 T-A-A-C 3 (1.8) 2 (2.1) 1.351 0.396 4.609 0.631
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aORs are adjusted for age, family history of breast cancer in first-degree relatives, and alcohol consumption.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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variable number of tandem repeats (VNTR) polymorphism
(5-6 alleles) in intron 2 of IL-1RN was associated with a
decrease in breast cancer risk with marginal significance
(OR=0.7, 95% 95% CI=0.48-1.05). Consistent with this
result, we found that the two SNP on the 5'-UTR of IL1RN
(rs315927 and rs10207930) were associated with a decrease
in breast cancer risk. The ORs for the heterozygote genotypes
of the two SNPs were similar [0.45 (95% CI: 0.26-0.78) for
rs315927 CT genotype, and 0.47 (95% CI: 0.27-0.80) for
rs10207930 CA genotype].

Kammerer et al (11) reported an OR of 0.63 for the
ICAM1 K469E GG versus AA in a large-scale breast cancer
association study. In a conflicting report, Cox et al (27) found
a non-significant association for the same SNP and breast
cancer risk with an OR of 0.85 (95% CI: 0.67-1.08). In the
present study, we revealed that the rare homozygote TT of
the SNP within the 3'-UTR of ICAM1 (rs3093030) had a
significant protective effect on breast cancer risk (OR=0.24,
95% CI: 0.08-0.75).

In the present study, an intronic SNP of TNFRSF10B
(rs4460370) showed significant p-values for 2df and 1df
analyses (0.0043 and 0.0015, respectively). The rare allele T
of this SNP appeared to confer a protective effect against
breast cancer with a significant gene-dosage relationship
[OR for heterozygote = 0.59 (95% CI: 0.35-1.00) and OR for
rare homozygote = 0.18 (95% CI: 0.05-0.65)]. A previous
study investigated the association between another polymor-
phism (1-5801C/T) of TNFRSF10B and breast cancer risk,
and found that the association was not significant (28).

Eleven genes in this study have been investigated in the
previous Korean SNP association studies (XRCC1, XRCC3,
XRCC4, LIG1, LIG4, RAD5, ERCC1, ERCC2, LTA, IL1B,
CASP8) (29-34). However, only one SNP, CASP8 D302H
(rs1045485) was studied both in a previous study and in this
study. This SNP was not polymorphic in Korean population
in either study (34).

A recent large-scale genome-wide association study has
identified SNPs in five loci associated with breast cancer
risk: TNRC9, FGFR2, MAP3K1, H19, and LSP1 (35). These
results were confirmed for FGFR2 and TNRC9 in two
subsequent independent studies (4,36). Cancer Genetics
Markers of Susceptibility (CGEMS), a three-year initiative of
the National Cancer Institute conducts large scale genome-
wide association studies with follow-up replication to identify
common gene variations affecting breast cancer risk. The raw
genotype data are available online to accredited investigators
upon request (http://cgems.cancer.gov/). These efforts and
results suggest that SNP-chip-based multiplex genotyping
technology provides a promising and powerful platform for
identifying genes and polymorphisms associated with
breast cancer susceptibility, and will replace the candidate
gene approach for the discovery of cancer-associated poly-
morphisms. Due to the high cost and requirement for state-
of-the-art technology, the whole genome association study
could not be commonly available. The present study supports
the validity of multiplex genotyping technology of moderate
number of genes as a genetic screening tool for candidate
gene discovery.

The most serious limitation of the present study is the
small sample size. Subsequent study to validate the results in

large scale independent data set should follow. Due to the
small sample size, this study also has low statistical power
with possible false negative results. The single-stage study
design and single hospital-based case collection is another
weak point of this study. The tag SNPs selected for this study
were primarily identified from Caucasian population,
because the gene and SNP set used in this study was
originally designed for Caucasians, but not for Korean. The
data about the coverage rate of these tag SNPs for the Korea
genome and LD blocks is lacking.

In conclusion, we used highly multiplexed SNP geno-
typing to identify an IL1A polymorphism in Korean women
that may affect an individual's susceptibility to breast cancer.
Further studies using a large validation set are needed to
support this finding.

Acknowledgements

We would like to thank patients who participated in this
project and all hospital and laboratory staff. This study was
supported by a grant from the Korea Health 21 R&D Project,
Ministry for Health, Welfare and Family Affairs, Republic of
Korea (03-PJ10-PG13-GD01-0002 and A050558).

References

1. Bennett IC, Gattas M and Teh BT: The management of familial
breast cancer. Breast 9: 247-263, 2000.

2. Garcia-Closas M and Chanock S: Genetic susceptibility
loci for breast cancer by estrogen receptor status. Clin Cancer
Res 14: 8000-8009, 2008.

3. Garcia-Closas M, Malats N, Real FX, et al: Large-scale
evaluation of candidate genes identifies associations between
VEGF polymorphisms and bladder cancer risk. PLoS Genet
3: e29, 2007.

4. Stacey SN, Manolescu A, Sulem P, et al: Common variants on
chromosomes 2q35 and 16q12 confer susceptibility to estrogen
receptor-positive breast cancer. Nat Genet 39: 865-869,
2007.

5. Sigurdson AJ, Bhatti P, Doody MM, et al: Polymorphisms in
apoptosis- and proliferation-related genes, ionizing radiation
exposure, and risk of breast cancer among US Radiologic Techno-
logists. Cancer Epidemiol Biomarkers Prev 16: 2000-2007,
2007.

6. Lee KM, Park SK, Hamajima N, et al: Genetic polymorphisms
of interleukin-1 beta (IL-1B) and IL-1 receptor antagonist
(IL-1RN) and breast cancer risk in Korean women. Breast
Cancer Res Treat 96: 197-202, 2006.

7. Hefler LA, Grimm C, Lantzsch T, et al: Interleukin-1 and
interleukin-6 gene polymorphisms and the risk of breast cancer
in caucasian women. Clin Cancer Res 11: 5718-5721, 2005.

8. Frank B, Hemminki K, Shanmugam KS, et al: Association of
death receptor 4 haplotype 626C-683C with an increased breast
cancer risk. Carcinogenesis 26: 1975-1977, 2005.

9. Crew KD, Gammon MD, Terry MB, et al: Genetic poly-
morphisms in the apoptosis-associated genes FAS and FASL
and breast cancer risk. Carcinogenesis 28: 2548-2551,
2007.

10. Cox A, Dunning AM, Garcia-Closas M, et al: A common
coding variant in CASP8 is associated with breast cancer risk.
Nat Genet 39: 352-358, 2007.

11. Kammerer S, Roth RB, Reneland R, et al: Large-scale asso-
ciation study identifies ICAM gene region as breast and pro-
state cancer susceptibility locus. Cancer Res 64: 8906-8910,
2004.

12. Scola L, Vaglica M, Crivello A, et al: Cytokine gene poly-
morphisms and breast cancer susceptibility. Ann N Y Acad Sci
1089: 104-109, 2006.

13. Curran JE, Weinstein SR and Griffiths LR: Polymorphic variants
of NFKB1 and its inhibitory protein NFKBIA, and their invo-
lvement in sporadic breast cancer. Cancer Lett 188: 103-107,
2002.

HAN et al:  IL1A GENETIC VARIANT AND BREAST CANCER RISK768

763-769.qxd  26/1/2010  03:44 ÌÌ  Page 768



14. Goode EL, Ulrich CM and Potter JD: Polymorphisms in DNA
repair genes and associations with cancer risk. Cancer Epidemiol
Biomarkers Prev 11: 1513-1530, 2002.

15. Packer BR, Yeager M, Burdett L, et al: SNP500Cancer: a
public resource for sequence validation, assay development,
and frequency analysis for genetic variation in candidate genes.
Nucleic Acids Res 34: D617-D621, 2006.

16. Cox DR and Hinkley DV: Theoretical Statistics. Chapman and
Hall, London, 1974.

17. Shaffer JP: Controlling the false discovery rate with constraints:
the Newman-Keuls test revisited. Biom J 49: 136-143, 2007.

18. Nicolini A, Carpi A and Rossi G: Cytokines in breast cancer.
Cytokine Growth Factor Rev 17: 325-337, 2006.

19. Pantschenko AG, Pushkar I, Anderson KH, et al: The inter-
leukin-1 family of cytokines and receptors in human breast cancer:
implications for tumor progression. Int J Oncol 23: 269-284,
2003.

20. Singer CF, Kronsteiner N, Hudelist G, et al: Interleukin 1 system
and sex steroid receptor expression in human breast cancer:
interleukin 1alpha protein secretion is correlated with malignant
phenotype. Clin Cancer Res 9: 4877-4883, 2003.

21. Miller LJ, Kurtzman SH, Anderson K, et al: Interleukin-1
family expression in human breast cancer: interleukin-1 receptor
antagonist. Cancer Invest 18: 293-302, 2000.

22. Balasubramanian SP, Azmy IA, Higham SE, et al: Interleukin
gene polymorphisms and breast cancer: a case control study
and systematic literature review. BMC Cancer 6: 188, 2006.

23. Ito LS, Iwata H, Hamajima N, et al: Significant reduction in
breast cancer risk for Japanese women with interleukin 1B -31
CT/TT relative to CC genotype. Jpn J Clin Oncol 32: 398-402,
2002.

24. Kristensen VN, Edvardsen H, Tsalenko A, et al: Genetic
variation in putative regulatory loci controlling gene expression
in breast cancer. Proc Natl Acad Sci USA 103: 7735-7740, 2006.

25. Sims AM, Timms AE, Bruges-Armas J, et al: Prospective meta-
analysis of IL-1 gene complex polymorphisms confirms asso-
ciations with ankylosing spondylitis. Ann Rheum Dis 67:
1305-1309, 2008.

26. Nicklin MJ, Weith A and Duff GW: A physical map of the
region encompassing the human interleukin-1 alpha, inter-
leukin-1 beta, and interleukin-1 receptor antagonist genes.
Genomics 19: 382-384, 1994.

27. Cox DG, Hankinson SE and Hunter DJ: Polymorphisms in the
ICAM gene locus are not associated with breast cancer Risk.
Cancer Epidemiol Biomarkers Prev 15: 178-179, 2006.

28. Martinez-Ferrandis JI, Rodriguez-Lopez R, Milne RL, et al:
Polymorphisms in TRAIL receptor genes and risk of breast
cancer in Spanish women. Cancer Biomark 3: 89-93, 2007.

29. Kim SU, Park SK, Yoo KY, et al: XRCC1 genetic polymor-
phism and breast cancer risk. Pharmacogenetics 12: 335-338,
2002.

30. Lee KM, Choi JY, Kang C, et al: Genetic polymorphisms of
selected DNA repair genes, estrogen and progesterone receptor
status, and breast cancer risk. Clin Cancer Res 11: 4620-4626,
2005.

31. Lee SA, Lee KM, Park WY, et al: Obesity and genetic
polymorphism of ERCC2 and ERCC4 as modifiers of risk of
breast cancer. Exp Mol Med 37: 86-90, 2005.

32. Lee SA, Lee KM, Park SK, et al: Genetic polymorphism
of XRCC3 Thr241Met and breast cancer risk: case-control
study in Korean women and meta-analysis of 12 studies. Breast
Cancer Res Treat 103: 71-76, 2007.

33. Lee KM, Park SK, Hamajima N, et al: Genetic polymorphisms
of TGF-beta1 & TNF-beta and breast cancer risk. Breast Cancer
Res Treat 90: 149-155, 2005.

34. Han S, Lee KM, Choi JY, et al: CASP8 polymorphisms,
estrogen and progesterone receptor status, and breast cancer
risk. Breast Cancer Res Treat 110: 387-393, 2008.

35. Easton DF, Pooley KA, Dunning AM, et al: Genome-wide
association study identifies novel breast cancer susceptibility
loci. Nature 447: 1087-1093, 2007.

36. Hunter DJ, Kraft P, Jacobs KB, et al: A genome-wide
association study identifies alleles in FGFR2 associated with
risk of sporadic postmenopausal breast cancer. Nat Genet
39: 870-874, 2007.

ONCOLOGY REPORTS  23:  763-769,  2010 769

763-769.qxd  26/1/2010  03:44 ÌÌ  Page 769



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Standard 1'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




