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Background. BRIPT interacts with BRCAT and functions in regulating DNA double strand break repair pathways. Germline
BRIPT mutations are associated with breast cancer and Fanconi anemia. Thus, common variants in the BRIPT are candidates for
breast and ovarian cancer susceptibility. Methods. We used a SNP tagging approach to evaluate the association between
common variants (minor allele frequency=0.05) in BRIP1 and the risks of breast cancer and invasive ovarian cancer. 12 tagging
SNPs (tSNPs) in the gene were identified and genotyped in up to 2,270 breast cancer cases and 2,280 controls from the UK and
up to 1,513 invasive ovarian cancer cases and 2,515 controls from the UK, Denmark and USA. Genotype frequencies in cases
and controls were compared using logistic regression. Results. Two tSNPs showed a marginal significant association with
ovarian cancer: Carriers of the minor allele of rs2191249 were at reduced risk compared with the common homozygotes (Odds
Ratio (OR)=0.90 (95% Cl, 0.82-1.0), P-trend =0.045) and the minor allele of rs4988344 was associated with increased risk
(OR=1.15 (95%Cl, 1.02-1.30), P-trend =0.02). When the analyses were restricted to serous ovarian cancers, these effects
became slightly stronger. These results were not significant at the 5% level after adjusting for multiple testing. None of the
tSNPs was associated with breast cancer. Conclusions. It is unlikely that common variants in BRIP1 contribute significantly to
breast cancer susceptibility. The possible association of rs2191249 and rs4988344 with ovarian cancer risks warrant
confirmation in independent case-control studies.
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suppressor functions [7]. This specific interaction between BRCAI
and phosphorylated BRIP! is regulated by the cell cycle and is
essential for DNA damage-induced checkpoint control during G2
to M phase transition [10]. Germline mutations in BRIPI are
associated with Fanconi anemia, which is a chromosome instability
disorder characterized by developmental abnormalities, bone
marrow failure and predisposition to cancer [8,11]. Very recently,

INTRODUCTION

Breast and ovarian cancer are among the most frequent cancers in
women in Western countries [1,2]. Combined, there were
approximately 49,000 cases of breast and ovarian cancer reported
in the United Kingdom in 2002 and more than 17,000 deaths
from these cancers in 2003. The main breast/ovarian cancer
predisposition genes so far identified are BRCAI and BRCA2. They

are estimated to account for <40% of the excess familial risk of
ovarian cancer and <25% of the excess familial breast cancer risk
[3,4]. Thus, other breast/ovarian cancer susceptibility genes are
likely to exist. Linkage studies in non-BRCAI/2 breast cancer
families and segregation analysis in ovarian cancer families suggest
that a large fraction of the residual familial risks is due to multiple
alleles of moderate to low penetrance rather than additional high
penetrance susceptibility genes [5,6].

It is widely accepted that tumour formation is a multistep
process accompanied by an accumulation of multiple genetic
alterations. Tumour development is associated with a breakdown
in the mechanisms that control cell division and the maintenance
of genome integrity (e.g. DNA repair). Thus, genes involved in
these pathways represent good candidates for genetic susceptibil-
ity. BRIPI (BRCAlI-interacting protein 1), also called BACHI
(BRCAI-associated C-terminal helicase-1) and FAN(Y (Fanconi
anemia complementation group J), belongs to the DEAH helicase
family [7,8]. It works as both a DNA-dependent ATPase and a
5-prime-to-3 prime DNA helicase, and is essential for DNA repair
and genomic stability [9]. It is universally expressed and
co-localised with BRCA! in nuclear foci [7]. The complex formed
by BRIPI and the BRCT repeats of BRCAI is important for the
role of BRCAI in its DNA double strand break repair and tumour
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a rare ptotein truncating variant in BRIPI has been identified as
low-penetrance breast cancer susceptibility alleles [12].

The BRIPI gene spans 180 kb, comprises 20 exons and encodes
a protein of 1,249 amino acids [7]. It is located on chromosome
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1722, just distal to the BRCAI gene located at 17q21 [13],
a region that is frequently somatically altered in both breast and
ovarian cancer [14-15].

Taken together, these data suggest that BRIPI is a good
candidate for moderate/low penetrance genetic susceptibility to
breast and ovarian cancer. Several studies have already attempted
to evaluate the association of individual BRIP! variants with breast
cancer risk either by mutation analysis or genotyping a few SNPs
within the gene [16-21], but only one included more than 1000
cases and none comprehensively evaluated all common variation
in the gene. The aim of this study was to evaluate whether
common variants in BRIPI are associated with breast and ovarian
cancer risks using a SNP tagging approach within an association
study design.

MATERIALS AND METHODS

Breast cancer study subjects

Cases were drawn from SEARCH (breast cancer), an ongoing
population based study, with cases ascertained through the East
Anglian Cancer Registry. All patients diagnosed with invasive
breast cancer below age 55 years since 1991 and still alive in 1996
(prevalent cases, median age 48 years), together with all those
diagnosed <70 years between 1996 and the present (incident
cases, median age 54 years) were eligible to take part. Sixty seven
percent of eligible breast cancer patients returned a questionnaire
and 64% provided a blood sample for DNA analysis. Controls
were randomly selected from the Norfolk component of EPIC
(European Prospective Investigation of Cancer) and somewhat
older than cases (median age 63 years) though from a broadly
similar age range. The ethnic background of cases and controls
was established from the questionnaire- more than 98% of all
subjects were white. The study has been approved by the Eastern
Region Multicentre Research Ethics Committee, and all patients
gave written informed consent. In total, 4473 cases and 4560
controls were available for analysis.

The samples were split into two sets in order to save DNA and
reduce genotyping costs: the first set (n=2270 cases and 2280
controls) was genotyped for all SNPs and the second set (n =2203
cases and 2280 controls) were then tested for those SNPs that
showed marginally significant associations in set 1 (P-heterogeneity
or P-trend<<0.1). This staged approach substantially reduces
genotyping costs without significantly affecting statistical power.
Cases were randomly selected for set 1 from the first 3,500
recruited, with set 2 comprising the remainder of these plus the
next 974 incident cases recruited. As the prevalent cases were
recruited first, the proportion of prevalent cases was somewhat
higher in set 1 than set 2 (33% vs 20%). Median age at diagnosis is
similar in both sets (51 and 52 years old respectively). There was
no significant difference in the morphology, histopathological
grade or clinical stage of the cases by set or by prevalent/incident
status.

Ovarian cancer study subjects

Ovarian cancer cases and controls from three different studies
were used: the SEARCH ovarian cancer study from the United
Kingdom, the MALOVA study from Denmark, and the FROC
study from the USA. We have described these studies in detail in
a previous report [22]. Briefly, the SEARCH ovarian cancer study
comprises 730 invasive epithelial ovarian cancer cases collected
from the East Anglian, West Midlands cancer registries in the UK.
The same series of 2280 subjects from the EPIC-Norfolk cohort
described for the breast cancer study (see above) were used as
controls for the ovarian cancer study, plus a further 855 randomly
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selected female controls from the same cohort. The MALOVA
study comprises 456 invasive epithelial ovarian cancer cases
(median age 60 years) and 1231 controls (median age 57 years)
randomly drawn from the same study area. Controls were of
similar age range as cases, but not individually age matched. The
FROC study contains 327 invasive ovarian cases and 429 age-
matched controls — non-white subjects from FROC were excluded
from this analysis.

Tag SNP selection

The principal hypothesis underlying the experiment is that there
are one or more common SNPs in BRIP] that are associated with
an altered risk of the ovarian/breast cancer. We therefore aimed
to identify a set of tagging SNPs [tSNPs] that efficiently tag all the
known common variants (MAF>0.05) and are likely to tag most
of the unknown common variants. We used data from the
International HapMap Project [Phase II #20] to select tSNPs.
The HapMap Project has genotyped a large number of SNPs in
several populations. We used data from the 30 parent-offspring
trios collected in 1980 from U.S. residents with North-Western
European ancestry by the Centre d’Etude du Polymorphisme
Humain [CEPH] for tSNP selection. The programme Tagger uses
a strategy that combines the simplicity of pairwise methods with
the potential efficiency of multimarker approaches [http://www.
broad.mit.edu/mpg/tagger/] [23]. The best measure of the extent
to which one SNP tags another SNP is the pairwise correlation
coeflicient [rp2], since the loss in power incurred by using a marker
SNP in place of a true causal SNP is directly related to this
measure. We aimed to define a set of tagging SNPs such that all
known common SNPs had an estimated rl,2>0.8 with at least one
tagging SNP. However, some SNPs are poorly correlated with
other single SNPs but may be efficiently tagged by a haplotype
defined by multiple SNPs, thus reducing the number of tagging
SNPs needed. As an alternative, therefore, we aimed for the
correlation between each SNP and a haplotype of tagging SNPs
[r,%] to be at>0.8.

Genotyping

All samples were genotyped using the Taqman™ 7900HT
Sequence Detection System according to manufacturer’s instruc-
tions. Fach assay was carried out using 10ng DNA in a 5 ul
reaction using TagMan universal PCR master mix (Applied
Biosystems), forward and reverse primers and FAM and VIC
labelled probes designed by Applied Biosystems (ABI Assay-by-
design). Primer and probe sequences and assay conditions used for
each polymorphism analysed are detailed in Table S1. All assays
were carried out in 384-well plates and included 12 duplicate
samples in each plate for quality control. Genotypes were
determined using Allelic Discrimination Sequence Detection
Software (Applied Biosystems, Warrington UK). DNA samples
that did not give a clear genotype at the first attempt were not
repeated. The criteria for a successful genotype is that the
concordance rate for the duplicates should be =98% and the
overall call rate>95% (by study) with >90% for any individual
384-well plate. Plates failing this should be excluded. Hence, there
are variations in the number of samples successfully genotyped for
each polymorphism.

Statistics

Deviations of genotype frequencies in controls from those expected
under Hardy-Weinberg equilibrium (HWE) were assessed by »2
tests (1 d.f). The primary tests of association were univariate
analyses between each tagging SNP and breast/ovarian cancer.
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Genotype frequencies were compared in cases and controls using
unconditional logistic regression. Genotype specific risks with the
common homozygote as the baseline comparator were estimated
as odds ratios (OR) with associated 95% confidence intervals (95%
CI) by unconditional logistic regression. We also tested for rare
allele dose effect (assuming a multiplicative model). For the ovarian
cancer data, all the analyses were stratified by study. We tested
for heterogeneity between study strata by comparing logistic
regression models with and without a genotype-stratum interaction
term using likelihood-ratio tests.

In addition to the univariate analyses we carried out specific
haplotype tests for those combinations of alleles that tagged
specific SNPs. We also carried out a general comparison of
common haplotype frequencies in each gene haplotype block
utilising the data from all the tSNPs in that block. Haplotype
blocks were defined such that the common haplotypes (>5%
frequency) accounted for at least 80% of the haplotype diversity.
We considered haplotypes with greater than 2% frequency in at
least one study to be "common". Rare haplotypes were pooled.
For both specific haplotype marker tests and the general
comparison of haplotype frequencies by haplotype block, haplo-
type frequencies and subject-specific expected haplotype indicators
were calculated separately for each study using the programme
TagSNPs [24]. This implements an expectation substitution
approach to account for haplotype uncertainty given unphased
genotype data. Subjects missing >50% genotype data in each
block were excluded from haplotype analysis. We used un-
conditional logistic regression to test the null hypothesis of no
association between specific multi-marker tagging haplotype and
cancer, by comparing a model with terms for subject specific-
haplotype indicator with the intercept only model. The global null
hypothesis of no association between haplotype frequency (by
haplotype block) and cancer was tested, by comparing a model
with multiplicative effects for each common haplotype (treating the
most common haplotype as the referent) to the intercept-only
model. Haplotype specific odds ratios were also estimated with
their associated confidence intervals [25].

RESULTS

Using Hapmap CEPH data (Phase II #20), we identified 92
common SNPs in 198kb region containing the BRIPI gene
(including 9kb up stream and 9 kb down stream of the gene).
Sixteen SNPs were initially chosen as tagging SNPs (tSNPs), but
four assays failed design. Thus, 12 tSNPs were selected for
genotyping. The mean 1rp2 was 0.93 with 87 out of 92 SNPs tagged
by a single marker with rp2>0.8. Two SNPs were tagged with
multi-marker haplotypes with r,>>0.8 and onc SNP was tagged
with 1?=0.78. The two SNPs for which the assays failed were
poorly correlated with any other SNPs and so alternative tSNPs
could not be selected. These two were tagged with rp2 of 0.16 and
0.06, respectively.

The 12 tSNPs were genotyped in approximately 2,300 breast
cancer cases and a similar number of controls from the UK. For
11 tSNPs, genotype frequency distributions in controls were close
to those expected under Hardy Weinberg Equilibrium (HWE)
(table S2). Genotype calling for one tSNP (rs6504074) did not pass
the quality assessment criteria with genotyping call rate <95%.
Thus, this tSNP was removed from further analyses. There was no
difference in genotype frequencies between incident and prevalent
cases, nor was time between diagnosis and entry into the study
assoclated with genotype (data not show). The observed genotype
frequencies in breast cancer subjects are presented in Table S2.
Table 1 shows the results of the test for the comparison of
genotype frequencies (P-heterogeneity) between cases and controls.
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There were no significant differences in genotype frequencies
between cases and controls for any of the 11 tSNPs tested (P>0.1),
and no SNP was genotyped in the second set of samples. Genotype
specific risks were close to unity and the tests for trend were not
significant for any tSNPs.

One SNP (rs4986765) was tagged by a haplotype comprising
the three common alleles of the tSNPs rs2191249, rs11871785 and
rs16945628. The frequency of this haplotype was similar in cases
(0.33) and in controls (0.32) (P=0.33). Another SNP (rs1243935)
was tagged by the haplotype comprising two rare alleles of tSNPs
152191249 and rs6504074, but as the assay for the second of these
SNPs failed the specific haplotype frequency in cases and controls
could not be compared.

Genotyping quality was satisfactory for all 12 tSNPs in the
ovarian cancer studies. Genotype frequency distributions in
controls were close to those expected under HWE for all tSNPs
(table S3) - rs2191248 deviated slightly from HWE in one of the
three studies (MALOVA, P=0.04). However, the discrimination
of genotypes for this tSNP were good and no deviation from HWE
was seen In cases suggesting this is a chance occurrence. Therefore
we included the data for this tSNP in further analyses.

The comparison of genotype frequencies (P-heterogeneity)
between cases and controls in the combined data from all three
ovarian cancer studies are presented in Table 1. Table S3 presents
the observed genotype frequencies by study. We found no
significant differences in genotype frequencies for any of the 12
stSNPs genotyped. The genotypic specific risks in the combined
data and the test for trend for each tSNP are also presented in
Table 1. We found evidence for a weak protective effect for the
rare allele of rs2191249, which was associated with a reduced
disease risk in a dose-dependant manner (OR=0.90 [95%CI
0.82-1.0] P-trend = 0.045) compared with common homozygotes.
There was also evidence for a borderline significant effect for the
rare allele of rs4988344, which was associated with an increased
risk in a dose-dependant manner (OR=1.15 [95%CI 1.02-
1.30], P-trend=0.02), compared with common homozygotes.
There was no heterogeneity between the studies for either of
these tSNPs (P=0.71 and 0.41 respectively). In logistic re-
gression model including both these SNPs there was little
attenuation of the per-allele risks (data not shown). There was
no difference in the three allele multi-marker tagging haplotype
for rs4986765 (P=0.16) or two allele multi-marker tag for
rs1243935 (P=0.22).

There were two LD blocks with common haplotypes, which
accounted for 91% and 83% of all haplotypes respectively
(Figure 1). rs11871785, rs1557720, rs11652980, rs2191249,
rs16945628 and rs2191248 were situated in block 1 and the
remaining tSNPs (rs16945643, rs6504074, rs2378908, rs4988344,
1rs9908659 and rs2048718) were situated in block 2. The haplotype
frequencies for BRIPI between cases and controls were estimated
after stratification. Haplotype specific risks for individual haplo-
types were close to unity compared with the most common one in
each block (data not shown). No significant differences in
individual haplotype frequencies were seen between cases and
controls for breast and ovarian cancer studies, nor in the global
test for a haplotype effect (P value for block 1 was 0.68 and 0.43, P
value for block 2 was 0.99 and 0.25 respectively for breast and
ovarian cancer).

Opvarian cancer is histologically a very heterogeneous disease.
Different histological subtypes may show different genetic
association, e.g, the proportion of serous tumours is higher in
BRCAI associated ovarian cancer. Statistical power to identify sub-
group effects in the combined series of ovarian cancer cases was
limited, so we restricted sub-group analysis to serous cases only
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: Table 1. Breast and ovarian cancer genotype specific risks for each tSNP by study

SNPs and Breast/Ovarian Cancer

dbSNP Study # cases # controls HetOR*[95% Cl] HomOR*[95% ClI] P_het P_trend
rs11871785 Breast Cancer 2181 2267 0.97 [0.85-1.09] 1.11 [0.91-1.34] 0.39 0.61
: Ovarian Cancer 1492 4750 1.07 [0.95-1.22] 1.05 [0.86-1.27] 0.55 0.41
* 151557720 Breast Cancer 2156 2247 0.97 [0.85-1.10] 0.93 [0.78-1.10] 0.69 0.39
: Ovarian Cancer 1332 4229 1.05 [0.92-1.21] 1.08 [0.90-1.31] 0.65 0.36
rs11652980 Breast Cancer 2182 2275 0.97 [0.80-1.16] 0.69 [0.19-2.46] 0.80 0.62
Ovarian Cancer 1490 4765 0.95 [0.78-1.17] 1.21 [0.38-3.91] 0.85 0.73
rs2191249 Breast Cancer 2189 2277 0.97 [0.86-1.10] 1.14 [0.90-1.43] 0.42 0.64
: Ovarian Cancer 1328 4242 0.93 [0.82-1.07] 0.75 [0.58-0.99] 0.09 0.045
rs16945628 Breast Cancer 2176 2271 0.97 [0.85-1.09] 1.09 [0.90-1.32] 0.48 0.70
Ovarian Cancer 1495 4754 0.92 [0.81-1.05] 0.89 [0.73-1.09] 033 0.15
152191248 Breast Cancer 2162 2264 1.05 [0.93-1.20] 1.02 [0.84-1.23] 0.71 0.62
: Ovarian Cancer 1483 4741 1.02 [0.90-1.16] 1.12 [0.92-1.35] 0.51 0.32
: 1516945643 Breast Cancer 2171 2265 1.02 [0.85-1.21] 1.05 [0.51-2.15] 0.98 0.82
: Ovarian Cancer 1485 4746 1.01 [0.86-1.20] 1.20 [0.58-2.49] 0.89 0.75
rs6504074 Breast Cancer ND ND ND ND ND ND
Ovarian Cancer 1309 3968 0.94 [0.81-1.10] 0.85 [0.64-1.12] 0.26 0.25
rs2378908 Breast Cancer 2190 2277 1.04 [0.90-1.20] 0.74 [0.47-1.17] 0.36 0.86
: Ovarian Cancer 1302 4254 1.15 [0.99-1.33] 1.11 [0.70-1.77] 0.20 0.09
rs4988344 Breast Cancer 2189 2278 0.98 [0.86-1.12] 1.02 [0.69-1.50] 0.97 0.89
Ovarian Cancer 1330 4265 1.11 [0.97-1.28] 1.49 [1.03-2.16] 0.05 0.02
159908659 Breast Cancer 2164 2266 0.97 [0.86-1.10] 1.04 [0.87-1.24] 0.74 0.85
: Ovarian Cancer 1492 4749 0.99 [0.87-1.13] 1.06 [0.88-1.27] 0.78 0.64
: 152048718 Breast Cancer 2170 2264 0.92 [0.81-1.06] 0.99 [0.83-1.17] 0.46 0.76
: Ovarian Cancer 1473 4741 0.93 [0.81-1.06] 1.01 [0.86-1.20] 0.39 0.98

* 1 odds ratio, 2 confidence interval, * compared with common homozygote. Confidence intervals that do not reach or cross 1.00 and P- values<<0.05 are in bold type

* doi:10.1371/journal.pone.0000268.t001

n =698 in total). The comparison of genotype frequencies (P-
heterogeneity) between cases and controls and the genotype
specific risks for serous cases in the combined dataset are presented
in Table 2. Only rs4988344 showed a marginally significant
difference in genotype frequencies between cases and controls (P-
het=0.027). In general, genotype specific risks were similar
between serous only cases and all cases combined, although there
were slightly increased risks in serous cases for the rare alleles of
rs4988344 (P trend=0.008) and rs2378908 (P-trend=0.015)
(Table 2). For rs2191249, the rare allele protective effect identified
in all cases was slightly stronger when serous only cases were
considered (P—trend = 0.026).

DISCUSSION

The role of abnormal DNA helicase function in the deregulation
of DNA repair and genomic stability, and in human cancer
development, i1s well documented. The functional interaction
between the DNA helicase BRIPI and the breast/ovarian cancer
susceptibility gene BRCAI makes common variants in BRIPI good
candidates for low to moderate penetrance susceptibility to both
breast and ovarian cancer.

In this study, we evaluated the association between SNPs that
efficiently tag the common variation in the BRIPI gene and the
risks of breast and ovarian cancer using a case-control study
design. The tSNPs that we tested were not chosen because they
were of any known functional significance. tSNP selection was
based on the latest Hapmap data (Phase II release # 20) in CEPH
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DNA samples, which are of North Western European ancestry.
The tSNPs sclected using these data provide good power to
capture all common variation [25]. Therefore, we are confident
that the set of tSNPs we chose adequately tag the known and
unknown common variants within the gene.

Previous studies have looked at the association between
a handful of common functional BRIP! polymorphisms and
breast cancer risk. The Ser919Pro variant was found to increase
breast cancer risk in families using a ‘kin-cohort’ study design [20].
However, subsequent studies failed to confirm this finding [16,21].
Ser919Pro (MAF = 0.45) was tagged by rs1557720 (rp2 =0.97). We
found no evidence of association between this SNP and breast
cancer risk (P =0.39). Our study has 97% power to detect an allele
with this frequency with a type I error rate of 0.0001, even if the
true relative risk was 1.3.

Another study has indicated that the rare variant Argl73Cys
(tSNP rs4988345) impairs protein translocation to the nucleus and
might modify breast cancer susceptibility [17,26]. Since the minor
allele for this variant is very rare (MAF = 0.008) in CEPH samples,
we have very limited power to confirm or refute this association
using the case-control population in the current study.

We found no evidence of association with breast cancer risk for
any of the tSNPs analysed in our study. The staged design provides
at least 85% power at a Type I error rate of 107° to detect an
allele that explains 0.75% of the excess familial risk of breast
cancer and has been tagged with r?=0.8 — e.g.a co-dominant
allele with a frequency of 0.1 that confers a relative risk of 1.27.
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Figure 1. Linkage disequilibrium between the 92 common variants (MAF>0.05) in HapMap CEPH trios. Each square represents the correlation (r%)
between each pair of SNPs with darker shades representing stronger LD. Tag SNPs are indicated with those SNPs that failed assay design being

shown in grey font.
doi:10.1371/journal.pone.0000268.g001

Therefore, it is unlikely that common variants in BRIPI contribute
significantly to breast cancer risk. However, we cannot exclude the
possibility that the alleles we investigated are associated with
smaller risks. Power to detect alleles explaining 0.5% of the excess
familial risk is approximately 65%, and power to detect rarer
susceptibility variants that are weakly correlated with the
polymorphisms we examined is low. Furthermore some known

common variants were poorly tagged, because of tSNP assay
failure. Again power to detect association with these SNPs is
limited.

To our knowledge, this is the first study to evaluate the
association between common variants in BRIP] and the risks of
epithelial ovarian cancer. We found some evidence of association
with disease risk for two of the 12 tSNPs tested- rs2191249 and

Table 2. Serous type ovarian cancer genotype specific risks for each tSNP

dbSNP # serous cases # controls HetOR*[95% Cl] HomOR*[95% Cl] P-het P_trend
rs11871785 698 4750 1.01 [0.84-1.20] 1.09 [0.84-1.42] 0.80 0.59
rs1557720 698 4229 1.14 [0.94-1.39] 1.16 [0.89-1.51] 0.36 0.20
rs11652980 698 4765 0.97 [0.73-1.28] 1.54 [0.33-7.25] 0.85 0.95
rs2191249 698 4242 0.83 [0.69-1.00] 0.75 [0.51-1.09] 0.08 0.026
rs16945628 698 4754 0.78 [0.65-0.93] 1.00 [0.77-1.29] 0.01 0.21
rs2191248 698 4741 0.94 [0.79-1.12] 1.05 [0.80-1.36] 0.66 0.96
1516945643 698 4746 1.03 [0.82-1.30] 1.72 [0.72-4.15] 0.50 0.46

* 156504074 698 3968 0.90 [0.74-1.09] 0.93 [0.67-1.30] 0.51 0.35
rs2378908 698 4254 1.21 [0.98-1.49] 1.73 [0.99-3.01] 0.05 0.015
rs4988344 698 4265 1.20 [0.98-1.46] 1.78 [1.10-2.89] 0.027 0.008
rs9908659 698 4749 0.87 [0.73-1.04] 0.91 [0.71-1.17] 0.33 0.27
rs2048718 698 4741 0.93 [0.77-1.13] 1.12 [0.89-1.41] 0.22 0.42

* *compared with common homozygote. Confidence intervals that do not reach or cross 1.00 and P- values<<0.05 are in bold type

: doi:10.1371/journal.pone.0000268.t002
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rs4988344. However, these associations were only of borderline
significance, and so need to be interpreted with some caution.
Despite the large sample size, neither association is highly
significant (P =0.047 and 0.02 respectively) and the P-values have
not been adjusted for multiple hypothesis testing. As the tSNPs are
correlated, the test statistics are not independent, and standard
methods for adjusting for multiple testing, such as the Bonferroni
correction, are too conservative. Therefore we used a simulation
to determine an empirical P-value for the most significant result
(P-trend =0.02 for rs4988344). In this analysis, we randomly
shuffled the case-control status among individuals multiple times,
and estimated how frequently a P-value<<0.02 was obtained from
the randomly permutated data. This method also accounts for the
testing of multiple genetic models with each SNP. In 1,000
permutations a P<<0.02 was observed on 357 occasions, giving the
most significant P-value corrected for multiple testing of 0.36.
Thus it is likely that the positive result is a chance finding.

Disease heterogeneity could also lead to false positive reporting
or mask the presence of true associations. When we stratified cases
according to histological sub-type we found that the strength of
association with ovarian cancer risks improved for rs4988344 and
rs2378908 when cases of serous histology only were considered (P
trend =0.008 and 0.015 respectively). Once again, caution is
required when interpreting these data. There is an inevitable loss
of statistical power when stratifying cases into clinical sub-types,
and after adjusting for multiple testing, the most significant of
these associations (P-trend = 0.008 for rs4988344) was P=0.17.

Another explanation for a spurious association could be hidden
population stratification. This occurs when allele frequencies differ
between population sub-groups and cases and controls are drawn
differentially from those sub-groups. The three ovarian cancer
case-control studies used in the present analysis were from the UK,
Denmark and USA. However, all analyses were restricted to
subjects of the same ethnic origin (white, Western European) and
so population stratification is unlikely to be explanation for
erroneous associations. Even if stratification were present, it is
unlikely that the same degree of stratification would occur in all
three studies.

In combination, the three ovarian cancer studies has more than
80% power to detect a common allele that explains 0.75% of the
excess familial risk at a type I error rate of 1077 (for example an
allele with frequency 0.2 that confers a relative risk of 1.3), and
more than 55% power to detect a common allele that explains
0.5% of the excess familial risk.

Assuming the genetic associations we identified are real, they
may either be due to a direct causative effect of the SNPs tested, or
because these tSNPs are in linkage disequilibrium and serve as
markers for the real determinant of a disease. rs2191249 and
rs4988344 are both intronic and neither is strongly correlated with
other known SNPs that are more likely to have functional role.

REFERENCES

1. Lynch HT, Casey MJ, Lynch J, White TE, Godwin AK (1998) Genetics and
ovarian carcinoma. Semin.Oncol, 25: 265-280.
2. Rahman N, Stratton MR (1998) The genetics of breast cancer susceptibility.
Annu Rev Genet, 32: 95-121.
3. Easton DF (1999) How many more breast cancer predisposition genes are there?
Breast Cancer Res, 1: 14-17.
4. Pharoah PD, Ponder BA (2002) The genetics of ovarian cancer. Best Pract.Res
Clin Obstet Gynaecol., 16: 449-468.
. Smith P, McGuffog L, Easton DF, Mann GJ, Pupo GM, et al. (2006) A genome
wide linkage search for breast cancer susceptibility genes. Genes Chromosomes
Cancer. 45: 646-55.

(&

@ PLoS ONE | www.plosone.org

SNPs and Breast/Ovarian Cancer

The bioinformatics tool PupaSNP (http://pupanp.bioinfo.cnio.es)
suggests neither variant has a functional effect or dramatically
alters the structure of BRIPI. Thus, it seems likely that any true
causal variant(s) will be in linkage disequilibrium with rs2191249
or rs4988344. All the known common coding SNPs, 3"UTR SNPs
and 5'UTR SNPs were tagged by our selected panel of tSNPs with
?>0.95 and were not associated with disease. However, we
cannot exclude the possibility that unidentified variants exist in the
promoter or regulatory region or intron-exon boundaries, which
affect the transcription of BRIPI, and are tagged by the two tSNPs
for which we find association.

In conclusion, we have genotyped 12 tSNPs that tag the
common variants in BRIP1 in breast and ovarian cancer case
control series. We found no association with breast cancer risk for
any tSNP; but we found evidence of borderline significant
associations with invasive ovarian cancer risk for two tSNPs of
unknown related function to BRIP1. The observed associations
with ovarian cancer risk warrant further evulation in independent
case-control studies.

SUPPORTING INFORMATION

Table S1 Primers and probes used for Tagman assays
Found at: doi:10.1371/journal.pone.0000268.s001 (0.04 MB
DOC)

Table S2 BRIP1 polymorphisms and genotype distributions for
the breast cancer case-control study

Found at: doi:10.1371/journal.pone.0000268.s002 (0.05 MB
DOC)

Table S3 BRIP1 polymorphisms and genotype distributions for
the three ovarian cancer case-control studies

Found at: doi:10.1371/journal.pone.0000268.s003 (0.15 MB
DOC)

ACKNOWLEDGMENTS

We thank: Joan Maclntosh, Hannah Munday, Barbara Perkins, Clare
Jordan, Kristy Driver, Mitul Shah, the local general practices and nurses
and the East Anglian Cancer Registry for recruitment of the UK cases; the
EPIC-Norfolk investigators for recruitment of the UK controls; and
Danielle Shadforth, Craig Luccarini, Don Conroy and Lydia Quaye for
expert technical assistance. Finally, we thank all the study participants who
contributed to this research

Author Contributions

Conceived and designed the experiments: HS PP. Performed the
experiments: HS SR. Analyzed the data: HS. Contributed reagents/
materials/analysis tools: BP AW PP SG RD EH SK VM IJ DE CH. Wrote
the paper: HS PP SG. Other: Revised the draft: SK EH RD AW VM CH
BP DE AD SR.

6. Antoniou AC, Gayther SA, Stratton JF, Ponder BA, Easton DF (2000) Risk models
for familial ovarian and breast cancer. Genet Epidemiol. Feb; 18(2): 173-90.

7. Cantor SB, Bell DW, Ganesan S, Kass EM, Drapkin R, et al. (2001) BACHI,
a novel helicase-like protein, interacts directly with BRCAT and contributes to its
DNA repair function. Cell, 105: 149-160.

8. Levitus M, Waisfisz Q), Godthelp BC, de Vries Y, Hussain S, et al. (2005) The
DNA helicase BRIP1 is defective in Fanconi anemia complementation group J.
Nat Genet, 37: 934-935.

9. Cantor S, Drapkin R, Zhang F, Lin Y, Han J, et al. (2004) The BRCAI-
associated protein BACHI is a DNA helicase targeted by clinically relevant
inactivating mutations. Proc Natl Acad.Sci.U.S.A, 101: 2357-2362.

March 2007 | Issue 3 | €268



. YuX, Chini CC, He M, Mer G, Chen J (2003) The BRCT domain is a phospho-

protein binding domain. Science, 302: 639-642.

. Levran O, Attwooll C, Henry RT, Milton KL, Neveling K, et al. (2005) The

BRCATl-interacting helicase BRIP1 is deficient in Fanconi anemia. Nat Genet,
37: 931-933.

Seal S, Thompson D, Renwick A, Elliott A, Kelly P, et al. (2006) Truncating
mutations in the Fanconi anemia J gene BRIP1 are low-penetrance breast
cancer susceptibility alleles. Nat.Genet.

. Hall JM, Lee MK, Newman B, Morrow JE, Anderson LA, et al. (1990) Linkage

of carly-onset familial breast cancer to chromosome 17q21. Science, 250:
1684-1689.

“allahan R (1998) Somatic mutations that contribute to breast cancer. Biochem
Soc Symp., 63: 211-221.

. Chen KC, Hsieh TT, Schwartz PE, Yang-Feng TL (1995) Allelic deletion

mapping of putative tumor suppressor genes on 17q in sporadic ovarian cancer.
J Obstet Gynaecol, 21: 619-624.

Garcia-Closas M, Egan KM, Newcomb PA, Brinton LA, Titus-Ernstofl L, et al.
(2006) Polymorphisms in DNA double-strand break repair genes and risk of
breast cancer: two population-based studies in USA and Poland, and meta-
analyses. Hum Genet.

. Lei H, Vorechovsky I (2003) BACHI 517C—>T transition impairs protein

translocation to nucleus: a role in breast cancer susceptibility? Int J Cancer, 104:
389-391.

. Lewis AG, Flanagan J, Marsh A, Pupo GM, Mann G, et al. (2005) Mutation

analysis of FANCD2, BRIP1/BACHI, LMO4 and SFN in familial breast
cancer. Breast Cancer Res, 7: R1005-R1016.

@ PLoS ONE | www.plosone.org

20.

21.

22.

SNPs and Breast/Ovarian Cancer

. Rutter JL, Smith AM, Davila MR, Sigurdson AJ, Giusti RM, et al. (2003)

Mutational analysis of the BRCAl-interacting genes ZNF350/ZBRK1 and
BRIP1/BACHI among BRCAI and BRCA2-negative probands from breast-
ovarian cancer families and among early-onset breast cancer cases and reference
individuals. Hum Mutat., 22: 121-128.

Sigurdson AJ, Hauptmann M, Chatterjee N, Alexander BH, Doody MM, et al.
(2004) Kin-cohort estimates for familial breast cancer risk in relation to variants
in DNA base excision repair, BRCAI interacting and growth factor genes.
BMC. Cancer, 4: 9.

Vahteristo P, Yliannala K, Tamminen A, Eerola H, Blomqvist C, et al. (2006)
BACHI1 Ser919Pro variant and breast cancer risk. BMC Cancer, 6: 19.

Song H, Ramus S, Quaye L, DiCioccio R, Tyrer J, et al. (2006) Common
variants in mismatch repair genes and risk of invasive ovarian cancer.
Carcinogenesis, doi:10.1093/carcin/bgl089.

. de Bakker PI, Yelensky R, Pe’er I, Gabriel SB, Daly MJ, et al. (2005) Efficiency

and power in genetic association studies. Nat Genet, 37: 1217-1223.

4. Zaykin DV, Westfall PH, Young SS, Karnoub MA, Wagner MJ, et al. (2002)

Testing association of statistically inferred haplotypes with discrete and
continuous traits in samples of unrelated individuals. Hum Hered., 53: 79-91.

. Altshuler D, Brooks LD, Chakravarti A, Collins FS, Daly MJ, et al. (2005) A

haplotype map of the human genome. Nature, 437: 1299-1320.

. Luo L, Lei H, Du Q, von Wachenfeldt A, Kockum I, et al. (2002) No mutations

in the BACHI gene in BRCAIl and BRCA2 negative breast-cancer families
linked to 17q22. Int j Cancer, 98: 638-639.

March 2007 | Issue 3 | €268



