
Common Variants in RB1 Gene and Risk of Invasive Ovarian Cancer

Honglin Song,
1
Susan J. Ramus,

3
Danielle Shadforth,

1
Lydia Quaye,

3
Susanne Kruger Kjaer,

4

Richard A. DiCioccio,
6
Alison M. Dunning,

1
Estrid Hogdall,

4
Claus Hogdall,

5

Alice S. Whittemore,
7
Valerie McGuire,

7
Fabienne Lesueur,

1
Douglas F. Easton,

2

Ian J. Jacobs,
3
Bruce A.J. Ponder,

1
Simon A. Gayther,

3
and Paul D.P. Pharoah

1

1Cancer Research UK Department of Oncology and 2Cancer Research UK Genetic Epidemiology Unit, Strangeways Research Laboratory,
University of Cambridge, Cambridge, United Kingdom; 3Translational Research Laboratory, Department of Gynaecological Oncology,
Institute for Women’s Health, University College London, London, United Kingdom; 4Department of Viruses, Hormones, and Cancer,
Institute of Cancer Epidemiology, Danish Cancer Society; 5Gynaecologic Clinic, Juliane Marie Centre, Rigshospitalet, University
of Copenhagen, Copenhagen, Denmark; 6Department of Cancer Genetics, Roswell Park Cancer Institute, Buffalo, New York;
and 7Department of Health Research and Policy, Stanford University School of Medicine, Stanford, California.

Abstract

Somatic alteration of the RB1 gene is common in several types
of cancer, and germ-line variants are implicated in others. We
have used a single nucleotide polymorphism (SNP) tagging
approach to evaluate the association between common
variants (SNP) in RB1 and risks of invasive ovarian cancer.
We genotyped 11 tagging SNPs in three ovarian case-control
studies from the United Kingdom, United States, and Den-
mark, comprising >1500 cases and 4,800 controls. Two SNPs
showed significant association with ovarian cancer risk:
carriers of the minor allele of rs2854344 were at reduced risk
compared with the common homozygotes [odds ratio (OR),
0.73; 95% confidence interval (95% CI), 0.61-0.89; P = 0.0009
dominant model]. Similarly, the minor allele of rs4151620 was
found to be associated with reduced risk (rare versus common
homozygote; OR, 0.19; 95% CI, 0.07-0.53; P = 0.00005 recessive
model). After adjusting for multiple testing, the most
significant association (rs4151620) was P = 0.001. A global
test comparing common haplotype frequencies in cases and
controls was of borderline significance (P8df = 0.04). There are
no common coding SNPs in the RB1 gene. However, intron 17
of RB1 contains the open reading frame for the P2RY5 gene,
and rs4151620 is perfectly correlated with rs2227311, which is
located in the 5¶-untranslated region of P2RY5 and is predicted
to affect P2RY5 transcription. rs2854344 has been reported
previously to be associated with breast cancer risk. The
possible associations of rs2854344 and rs4151620 with ovarian
cancer risk warrant confirmation in independent case-control
studies before studies on their biological mode of action.
(Cancer Res 2006; 66(20): 10220-6)

Introduction

Ovarian cancer is one of the most lethal malignancies in women;
>204,000 new cases are diagnosed annually worldwide (1). Family
and twin studies suggest that inherited factors are an important
cause of ovarian cancer (2), but the known ovarian cancer
susceptibility genes, such as BRCA1 and BRCA2 , explain <30% of
the excess familial risk. It is likely that the unexplained excess in

familial risk is due to a combination of multiple low/moderate
penetrance genetic variants, which are associated with relatively
small effects on risk in the individual but contribute substantially
to the overall risk in the population.
The task of identifying the genes and genetic variants that might

confer susceptibility to ovarian cancer is currently restricted, for
the most part, to selecting functionally plausible candidates. For
human cancers, pathways involved in the control of replication and
cellular proliferation provide many possible candidate genes (3).
During mitosis, faithful replication of DNA during S phase and
equal distribution of the identical chromosomal copies to the
daughter cells during M phase is essential (4). The G1-S phase of
the cell cycle is crucial for the decision of cell whether to commit to
growth arrest or proliferation. The function of the retinoblastoma
protein, pRb (RB1 gene product), is to connect the cell cycle control
with the transcriptional machinery of cell. pRb is a negative
regulator of cellular proliferation, which is achieved by sequester-
ing a variety of nuclear proteins involved in cellular growth. When
in a hypophosphorylated state, pRb exerts its antiproliferative
function by sequestering and altering the function of the E2F family
of transcription factors that control the expression of a bank of
genes essential for cells to progress from G1 into the S phase (5).
Conditions that favor phosphorylation of pRb favor cell prolifer-
ation (6).
The RB1 gene spans f180 kb of genomic DNA on chromosome

13q14 and consists of 27 exons, encoding 928 amino acids. The
largest intron (IVS 17) contains an open reading frame encoding
the G protein–coupled receptor P2RY5 (purinergic receptor P2Y, G
protein coupled, 5 NM_005767) in the reverse orientation relative
to the transcription of RB1 (7). The importance of RB1 in human
cancers and the role of the pRb pathway in cell proliferation and
cancer development is well established. Most human cancers show
somatic alteration, either in pRb or in one or other components of
the pathway (8). Somatic inactivation of RB1 has been reported in
retinoblastomas (9), breast cancer (10), small cell lung cancers (11),
and many sarcomas and bladder carcinomas (12). Germ-line
mutations in RB1 predispose to retinoblastoma (13). Very recently,
polymorphisms of RB1 , rs2854344 and rs198580, have been
reported to be associated with altered breast cancer risk in the
British population; carrying the minor allele of these single
nucleotide polymorphisms (SNP) seems to reduce breast cancer
risk (14).
Alterations in the pRb pathway are observed frequently in

epithelial ovarian cancer (EOC); f30% of ovarian cancers exhibit
loss of heterozygosity at the RB1 gene locus, but no mutations have
been detected in the remaining RB1 allele (15). Systematic analysis
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of the genes involved in the entire pRb pathway (p16-cyclin-
dependent kinase 4/cyclin D1-pRb) revealed that 80% of EOCs have
abnormalities in this pathway (16). Recent research shows that the
overall survival rate for EOC patients with a normal pRb pathway is
significantly higher than for patients with an altered pRb pathway
(17). Because RB1 is key in a regulatory pathway that suffers
disruption during the pathogenesis of various human tumors and
there is some evidence of its association with breast cancer, it is
reasonable to consider that common variants in the gene might
explain some of the interindividual variability in the risk of EOC.
Population-based genetic association studies using large sets of

cases and controls are a powerful method for identifying common
low/moderate penetrance disease susceptibility alleles. The aim of
this study was to investigate whether common variants in RB1
gene were associated with ovarian cancer risk using a SNP tagging
approach in a large, multicenter case-control study.

Materials and Methods

Study subjects. The cases and controls used for this study were from
three different case-controls studies: the SEARCH ovarian cancer study

from the United Kingdom, the MALOVA cancer study from Denmark, and

the FROC study from the United States. Detailed description of the ovarian

study subjects was presented in Song et al. (18). To summarize briefly, the
SEARCH ovarian cancer study contains 731 invasive EOC cases collected

from East Anglian, West Midlands cancer registries, and 855 controls

randomly selected from European Prospective Investigation into Cancer

and Nutrition (EPIC)-Norfolk cohort study. Genotype data for up to 4,555
EPIC-Norfolk subjects that had been randomly selected and genotyped as

controls for the SEARCH breast cancer case series were also available for

analysis. The MALOVA study contains up to 456 invasive ovarian cases and
up to 1,231 controls randomly drawn from the same study area. 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. Resequencing data from the National Institute of
Environmental Health Sciences Environmental Genome Project (EGP) were

available for RB1 to enable a systematic selection of tagging SNPs (stSNP).8

The EGP has been resequencing candidate genes for cancer across panels of

individuals representative of U.S. ethnicities. The original panel (P1-PDR90)
of 90 individuals consists of 24 European Americans, 24 African Americans,

12 Mexican Americans, 6 Native Americans, and 24 Asian Americans, but

the ethnic group identifiers are not available. It is known that there is
greater genetic and haplotype diversity in individuals of African origin and

so we have identified and excluded 28 of the samples with the greatest

African ancestry in this population by comparing the genotypes of the

PDR90 sample with genotypes for the same SNPs from the National Heart,
Lung, and Blood Institute Variation Discovery Resource Project African

American panel.9 Data from the remaining 62 individuals were used to

identify stSNPs. Exclusion of the samples from Native American, Hispanic

American, and Asian American individuals would be ideal, but because
there is less genetic diversity between these groups, this cannot be done

with any certainty.

We used the program Tagger to select stSNPs. Tagger uses a strategy that
combines the simplicity of pairwise methods with the potential efficiency of

multimarker approaches (19).10 The aim of the SNP tagging was to identify

a set of stSNPs that efficiently tags all the known common variants [minor

allele frequency (MAF) >0.05] and is likely to tag most of the unknown
common variants in the gene. The best measure of the extent to which one

SNP tags another SNP is the pairwise correlation coefficient (rp
2) because 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 rp
2 of >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, so called ‘‘aggressive tagging,’’ 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 (rS
2) to be at >0.8.

Genotyping. All samples were genotyped using the Taqman 7900HT
Sequence Detection System according to the manufacturer’s instructions.

Each assay was carried out using 10 ng DNA in a 5 AL reaction using

Taqman Universal PCR Master Mix (Applied Biosystems, Warrington United

Kingdom), forward and reverse primers, and FAM- and VIC-labeled probes
designed by Applied Biosystems (ABI Assay-by-Design). Primer and probe

sequences and assay conditions used for each polymorphism analyzed are

available from the corresponding author on request. All assays were carried
out in 384-well arrays with 12 duplicate samples in each plate for quality

control. Where discordant genotypes were observed in duplicates, the

genotyping was repeated. Genotypes were determined using Allelic

Discrimination Sequence Detection software (Applied Biosystems). DNA
samples that did not give a clear genotype result at the first attempt were

not repeated. Hence, there are variations in the number of samples

successfully genotyped for each polymorphism. Call rates ranged from

94.5% to 99.5% for all the studies and SNPs and overall concordance
between duplicate samples was >99%.

Statistics. The three studies were treated as separate strata in the

analyses. Deviations of the genotype frequencies in the controls from those
expected under Hardy-Weinberg equilibrium (HWE) were assessed by m2

tests [1 degree of freedom (df )]. The primary tests of association were the

univariate analyses between each tagging SNP and ovarian cancer.

Genotype frequencies in cases and controls were compared for each study
separately using m2 tests for heterogeneity (2 df ). The data from the three

studies were then pooled and genotype frequencies were compared in cases

and controls using unconditional logistic regression with terms for

genotype and study and an appropriate likelihood-ratio test. We tested
for heterogeneity between study strata by comparing logistic regression

models with and without a genotype-stratum interaction term using

likelihood ratio tests. Genotypic specific risks with the common homozy-
gote 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) using m2 tests (1 df ) for each study separately and
unconditional logistic regression for the pooled data.

In addition to the univariate analyses, we carried out a global haplotype

test for association of the common haplotypes with EOC. Haplotype

frequencies and subject-specific expected haplotype indicators were
calculated separately for each study using the program TagSNPs, which

implements an expectation-substitution approach to account for haplotype

uncertainty given unphased genotype data (20). Subjects missing >50%

genotype data were excluded. We considered haplotypes with >2%
frequency in at least one study to be ‘‘common.’’ Rare haplotypes were

pooled. We used unconditional logistic regression to test the global null

hypothesis of no association between haplotype frequency and ovarian
cancer stratified by study, 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 ORs were also

estimated with their associated confidence intervals.

Results

stSNP selection for ovarian cancer association study. The
EGP resequencing data cover 38% of the genomic sequence of RB1 .
There were 25 common (MAF >0.05) variants in this data set with
another 254 rare variants. Fourteen SNPs were initially chosen as
stSNPs, but three assays failed design. There were no alternatives to
these three (singletons). A fourth stSNP, rs4151580, was not

8 http://egp.gs.washington.edu/.
9 http://pga.gs.washington.edu/finished_genes.html.
10 http://www.broad.mit.edu/mpg/tagger/.
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polymorphic in our population. Thus, 10 stSNPs were genotyped.
These tagged the remaining 11 common SNPs with minimum rp

2 of
0.8; mean rp

2 was 0.88. The SNPs that failed assays design were still
tagged by the stSNPs with rp

2 of 0.19, 0.28, and 0.46, respectively.
Although not identified in the EGP data set, we also genotyped

rs2854344 in our sample sets because it has been associated
previously with breast cancer risk.
Association analysis of SNPs with ovarian cancer risk. We

have genotyped these 11 SNPs in three ovarian cancer case-control
studies. Genotype distributions in controls were consistent with

Table 1. RB1 polymorphisms and genotype distributions by study

dbsnp* Study Controls Cases MAF Pheterogeneity
c

AA
b

Aax aak Total AA
b

Aax aak Total Control Case

rs1981434 SEARCH 1,608 1,250 252 3,110 377 287 61 725 0.28 0.28 0.94

STAN 203 181 30 414 164 134 21 319 0.29 0.28 0.80

MALOVA 586 494 115 1,195 210 183 40 433 0.30 0.30 0.94
Combined 2,397 1,925 397 4,719 751 604 122 1,477 0.29 0.29 0.97

rs2854345 SEARCH 2,063 857 109 3,029 480 219 28 727 0.18 0.19 0.56

STAN 280 135 8 423 208 104 11 323 0.18 0.20 0.42

MALOVA 757 396 61 1,214 288 133 19 440 0.21 0.19 0.50
Combined 3,100 1,388 178 4,666 976 456 58 1,490 0.19 0.19 0.92

rs399413 SEARCH 1,608 1,191 223 3,022 387 285 59 731 0.27 0.28 0.82

STAN 210 188 29 427 170 131 23 324 0.29 0.27 0.61

MALOVA 367 282 62 711 124 124 26 274 0.29 0.32 0.20
Combined 2,185 1,661 314 4,160 681 540 108 1,329 0.28 0.29 0.73

rs4151540 SEARCH 1,672 1,212 232 3,116 386 292 51 729 0.27 0.32 0.81

STAN 216 179 24 419 175 124 21 320 0.27 0.30 0.54

MALOVA 572 502 114 1,188 228 164 42 434 0.31 0.29 0.25
Combined 2,460 1,893 370 4,723 789 580 114 1,483 0.28 0.29 0.63

rs4151551 SEARCH 2,481 533 30 3,044 598 124 7 729 0.10 0.10 0.95

STAN 365 56 2 423 267 52 4 323 0.07 0.09 0.27
MALOVA 998 202 12 1,212 357 74 3 434 0.09 0.09 0.84

Combined 3,844 791 44 4,679 1,222 250 14 1,486 0.09 0.09 0.95

rs2854344 SEARCH 4,450 780 31 5,261 642 75 5 722 0.08 0.06 0.006

STAN 360 52 5 417 284 25 3 312 0.07 0.05 0.14
MALOVA 608 107 3 718 241 39 4 284 0.08 0.08 0.22

Combined 5,418 939 39 6,396 1,167 139 12 1,318 0.08 0.06 0.0015
rs425834 SEARCH 2,933 183 4 3,120 680 44 3 727 0.03 0.03 0.48

STAN 380 42 0 422 300 21 2 323 0.05 0.04 0.08
MALOVA 1,136 59 3 1,198 404 31 1 436 0.03 0.04 0.23

Combined 4,449 284 7 4,740 1,384 96 6 1,486 0.03 0.04 0.33

rs4151611 SEARCH 4,926 460 11 5,397 667 57 0 724 0.04 0.04 0.44
STAN 375 46 2 423 298 23 2 323 0.06 0.04 0.21

MALOVA 1,089 114 2 1,205 385 42 3 430 0.05 0.06 0.23

Combined 6,390 620 15 7,025 1,350 122 5 1,477 0.05 0.05 0.61

rs4151620 SEARCH 2,261 703 52 3,016 538 183 2 724 0.13 0.13 0.027
STAN 311 83 5 399 231 81 0 314 0.12 0.13 0.05

MALOVA 547 157 11 715 216 62 2 280 0.13 0.12 0.59

Combined 3,119 943 68 4,130 985 326 4 1,318 0.13 0.13 0.0001
rs3092904 SEARCH 1,698 1,146 205 3,049 406 278 45 729 0.26 0.25 0.85

STAN 229 171 20 420 188 114 20 322 0.25 0.24 0.28

MALOVA 373 285 64 722 141 113 27 281 0.27 0.26 0.89

Combined 2,300 1,602 289 4,191 735 505 92 1,332 0.27 0.26 0.95
rs4151636 SEARCH 2,859 258 6 3,123 661 65 2 728 0.05 0.05 0.76

STAN 372 47 2 421 296 20 1 317 0.06 0.04 0.07

MALOVA 1,109 107 1 1,217 399 37 0 436 0.04 0.04 0.90

Combined 4,340 412 9 4,761 1,356 122 3 1,481 0.05 0.04 0.82

NOTE: Data in bold highlight the statistic significant results.

*SNPs are presented in sequential order on chromosome 13 configuration NT_024524.13 between chromosome position 47779155 to 47954735.
cComparison of genotype frequencies in cases and controls (m2, 2 df ).
bCommon homozygous.
xHeterozygous.
kRare homozygous.
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HWE, except for rs425834, in the MALOVA study (P = 0.02). This is
likely to be a chance observation because the discrimination of
genotypes for this assay was good and deviation from HWE was not
seen in cases.
The genotype frequencies in controls were similar for all three

study populations with minor differences for rs2854345, rs425834,
and rs4151540 (Table 1). The observed genotype frequencies by
study and for the combined data set are presented in Table 1,
which also shows the result of the test for the comparison of
genotype frequencies (Pheterogeneity) between cases and controls.

The genotypic specific risks for the individual studies and
combined data and the result of the trend test for association
are presented in Table 2. There was no association in controls
between age and genotype frequency for any of the SNPs, and age-
adjusted genotype-specific ORs were similar to unadjusted ORs
(data not shown). There was no significant heterogeneity between
strata for any of the SNPs studied (data not shown). There was a
significant difference in genotype frequency in ovarian cancer cases
and controls for rs2854344 (Pheterogeneity = 0.0015) and rs4151620
(Pheterogeneity = 0.0001). There was no evidence for heterogeneity

Table 2. Genotypic specific risks (OR and 95% CI) for each of polymorphism by study

dbSNP Study HeOR* (95% CI) HomOR* (95% CI) P trend

rs1981434 SEARCH 0.98 (0.83-1.16) 1.03 (0.76-1.40) 1.00

STAN 0.92 (0.68-1.24) 0.87 (0.48-1.57) 0.51

MALOVA 1.03 (0.82-1.30) 0.97 (0.66-1.44) 0.97
Combined 0.98 (0.87-1.11) 0.99 (0.79-1.23) 0.82

rs2854345 SEARCH 1.10 (0.92-1.31) 1.10 (0.72-1.69) 0.30

STAN 1.04 (0.76-1.42) 1.85 (0.73-4.68) 0.40
MALOVA 0.88 (0.70-1.12) 0.82 (0.48-1.39) 0.24

Combined 1.02 (0.89-1.16) 1.06 (0.78-1.44) 0.69

rs399413 SEARCH 0.99 (0.84-1.18) 1.10 (0.81-1.50) 0.71

STAN 0.86 (0.64-1.16) 0.98 (0.55-1.76) 0.51
MALOVA 1.30 (0.97-1.75) 1.24 (0.75-2.05) 0.12

Combined 1.02 (0.89-1.17) 1.10 (0.87-1.40) 0.47

rs4151540 SEARCH 1.04 (0.88-1.24) 0.95 (0.69-1.31) 0.92

STAN 0.86 (0.63-1.16) 1.08 (0.58-2.00) 0.61
MALOVA 0.82 (0.65-1.04) 0.92 (0.63-1.36) 0.24

Combined 0.94 (0.83-1.07) 0.96 (0.77-1.21) 0.44

rs4151551 SEARCH 0.97 (0.78-1.20) 0.97 (0.42-2.21) 0.75

STAN 1.27 (0.84-1.91) 2.73 (0.50-15.04) 0.13
MALOVA 1.02 (0.76-1.37) 0.70 (0.20-2.49) 0.93

Combined 1.02 (0.87-1.20) 1.03 (0.56-1.91) 0.76

rs2854344 SEARCH 0.67 (0.52-0.86) 1.12 (0.43-2.89) 0.005
STAN 0.61 (0.37-1.01) 0.76 (0.18-3.21) 0.07

MALOVA 0.92 (0.62-1.37) 3.36 (0.75-15.1) 0.76

Combined 0.71 (0.58-0.86) 1.32 (0.65-2.68) 0.006
rs425834 SEARCH 1.04 (0.74-1.46) 3.23 (0.72-14.49) 0.46

STAN 0.63 (0.37-1.09) N/A 0.29

MALOVA 1.48 (0.94-2.32) 0.94 (0.10-9.04) 0.12

Combined 1.03 (0.81-1.32) 2.68 (0.88-8.19) 0.39

rs4151611 SEARCH 0.92 (0.69-1.22) N/A 0.37
STAN 0.63 (0.37-1.06) 1.26 (0.18-8.99) 0.15

MALOVA 1.04 (0.72-1.51) 4.24 (0.71-25.49) 0.43

Combined 0.92 (0.74-1.14) 1.41 (0.46-4.34) 0.59
rs4151620 SEARCH 1.09 (0.91-1.32) 0.16 (0.04-0.67) 0.65

STAN 1.31 (0.93-1.87) N/A 0.42

MALOVA 1.00 (0.72-1.40) 0.46 (0.10-2.09) 0.65

Combined 1.11 (0.96-1.29) 0.20 (0.07-0.55) 0.81
rs3092904 SEARCH 1.01 (0.86-1.20) 0.92 (0.65-1.29) 0.83

STAN 0.81 (0.60-1.10) 1.22 (0.64-2.33) 0.59

MALOVA 1.05 (0.78-1.40) 1.12 (0.68-1.82) 0.63

Combined 0.98 (0.86-1.12) 1.01 (0.78-1.30) 0.87
rs4151636 SEARCH 1.09 (0.82-1.45) 1.44 (0.29-7.16) 0.49

STAN 0.56 (0.33-0.96) 0.63 (0.06-6.94) 0.03

MALOVA 1.01 (0.69-1.48) N/A 0.79
Combined 0.93 (0.75-1.16) 0.96 (0.25-3.71) 0.54

NOTE: Data in bold highlight the statistic significant results.

*Compared with common homozygote.
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between studies for these two SNPs (P = 0.19 and 0.62, respectively).
There was no difference in genotype frequencies for the other nine
SNPs. The best fitting model for rs4151620 was recessive; rare allele
homozygote being at f80% reduced risk of ovarian cancer (OR,
0.19; 95% CI, 0.07-0.53; P = 0.00005). For rs2854344, the best fitting
model was dominant, this model fitting the data slightly better
than a codominant one (P = 0.0009 versus P = 0.005), with 27%
reduced risk for minor allele carriers (OR, 0.73; 95% CI, 0.61-0.89).
The risks were similar after exclusion of the additional controls
from the SEARCH breast cancer study but less significant as would
be expected with a smaller sample size. The OR (95% CI) for
rs4151620 rare allele homozygote compared with common
homozygote was 0.22 (0.08-0.62), and the OR (95% CI) for
rs2854344 rare allele carriers was 0.77 (0.62-0.95). The two
associated SNPs are only weakly correlated with each other (r2 =
�0.07) and their effects seem to be independent. In a stepwise
logistic regression, including all 11 SNPs, only the terms for the
minor allele homozygotes of rs4151620 (P = 0.003) and the
rs2854344 heterozygote (P = 0.001) remained in the final model.
The haplotype frequencies for RB1 gene in cases and controls

were estimated after stratification and the haplotype-specific risks

and association test are presented in Table 3. No significant
differences in individual haplotype frequencies were seen between
cases and controls and the global test was only marginally
significant (P8df = 0.04).
Statistical power to identify subgroup effects is limited, but we

did carry out subgroup analysis on the serous histopathologic
subtype of cases. The genotypic specific risks estimated from the
combined data are presented in Table 4. These were similar to the
overall risks, although the protective effect for the rare allele of
rs4151620 was somewhat stronger [OR, 0.11; 95% CI, (0.02-0.80)].

Discussion

The RB1 gene product is a crucial component of the cell cycle
control pathways. Loss of pRb function deprives the pathway and
thus the cell of an important mechanism for disrupting cell
proliferation through modulation of gene expression (12). We chose
a SNP tagging approach to investigate the association of invasive
ovarian cancer with the RB1 gene region. To our knowledge, this is
the first case-control study to investigate common polymorphisms
in the RB1 gene region in relation to ovarian cancer susceptibility.

Table 3. Estimated haplotype frequencies in cases and controls and haplotypic specific risks

Haplotype* Control frequency Case frequency OR (95% CI) m2 test, P Global test, P

h00000000000 0.38 0.39 1 m2 = 16.07

h11110000010 0.17 0.18 1.03 (0.91-1.16) 0.66 P8df = 0.04

h00000000100 0.12 0.13 1.02 (0.88-1.18) 0.83
h00001000000 0.09 0.09 1.01 (0.87-1.18) 0.88

h10110100010 0.07 0.06 0.85 (0.71-1.02) 0.09

h00000001000 0.04 0.04 0.93 (0.75-1.15) 0.48
h00000000001 0.03 0.03 0.92 (0.71-1.19) 0.52

h10100010000 0.03 0.04 1.15 (0.91-1.46) 0.24

rare 0.06 0.04 0.73 (0.59-0.90) 0.003

*In haplotype, 0 represents common allele and 1 represents rare allele. SNPs used in haplotypes are in the order rs1981434, rs2854345, rs399413,
rs4151540, rs4151551, rs2854344, rs425834, rs4151611, rs4151620, rs3092904, and rs4151636.

Table 4. Genotypic specific risks (OR and 95% CI) for each of polymorphism among serous type EOC in combined data

dbSNP Controls Cases Heterozygote OR* (95% CI) Homozygote OR* (95% CI) Pheterogeneity P trend

rs1981434 4,719 684 1.01 (0.85-1.20) 1.03 (0.76-1.40) 0.97 0.82

rs2854345 4,666 693 0.93 (0.78-1.12) 1.22 (0.83-1.81) 0.41 0.97

rs399413 4,160 584 1.07 (0.88-1.28) 1.16 (0.84-1.62) 0.60 0.32

rs4151540 4,723 688 0.87 (0.73-1.03) 0.97 (0.72-1.32) 0.28 0.30
rs4151551 4,679 688 0.98 (0.79-1.23) 1.15 (0.51-2.62) 0.93 0.99

rs2854344 6,396 581 0.76 (0.58-1.01) 0.97 (0.33-2.85) 0.14 0.08

rs425834 4,740 689 1.13 (0.81-1.56) 4.74 (1.42-15.8) 0.048 0.09
rs4151611 7,025 687 0.85 (0.63-1.14) 1.14 (0.24-5.32) 0.54 0.34

rs4151620 4,130 582 1.09 (0.89-1.34) 0.11 (0.02-0.81) 0.004 0.68

rs3092904 4,191 587 0.93 (0.77-1.13) 1.08 (0.76-1.52) 0.65 0.88

rs4151636 4,761 686 0.85 (0.63-1.16) 0.62 (0.07-5.18) 0.53 0.27

NOTE: Data in bold highlight the statistically significant results.

*Compared with common homozygote.
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The SNPs tested here were chosen to efficiently tag all the
known common variants in the gene and not for their likely
functional effect. Our stSNP selection was based on EGP
resequencing data, but only 38% of the gene had been
resequenced; therefore common SNPs in the nonsequenced
regions will have been missed. However, the HapMap project has
genotyped over 300 SNPs in RB1 (phase II release no. 20). Of these,
only 22 SNPs in a single linkage disequilibrium (LD) block were
common (MAF >0.05) in the samples of north-western European
ancestry by the centre d’Etude du polymorphisme Humain (CEPH).
Nine HapMap SNPs were also in the EGP data set (5 stSNPs). The
5 stSNPs (i.e., rs1981434, rs520342, rs399413, rs4151551, and
rs3092904) tagged the 22 HapMap SNPs with mean rp

2 of 0.83
and 17 SNPs were captured with r2 > 0.8. The full set of 11 stSNPs
would be expected to do better. stSNPs selected from HapMap
phase II data provide good power to detect all common variation
(21). We are therefore confident that our set of stSNPs has
adequately tagged the known and unknown common variants
within the gene.
We found a significant association for the minor allele of two

SNPs, rs2854344 and rs4151620; both were associated with reduced
EOC risks. Similarly, rs2854344 has also been reported to be
associated with reduced breast cancer risk (14). Carriers of the
minor allele of rs2854344 seems to have reduced breast cancer risk
compared with common allele homozygote (OR, 0.86; 95% CI, 0.76-
0.96). Nevertheless, these results ought to be interpreted with
caution. The P-value presented above have not been adjusted for
multiple hypothesis testing. Because SNPs within the same gene
may be in LD, the test statistics for the 11 SNPs are not
independent, and standard methods for adjusting for multiple
testing, such as the Bonferroni correction, would be too
conservative. We therefore used a simulation to determine an
empirical P for the most significant result (i.e., Precessive = 0.00005
for rs4151620). In this analysis, we randomly shuffled the case-
control status among individuals multiple times and estimated
how frequently a P < 0.00005 was obtained from the randomly
permuted data. This method also accounts for the testing of
multiple genetic models with each SNP. In 10,000 permutations,
a P < 0.00005 was observed on 11 occasions, giving the most
significant P corrected for multiple testing of 0.0011. Nevertheless,
the possibility that this result is a false positive remains substantial.
One way of assessing this probability is to use the false-positive
report probability (FPRP). The FPRP is the estimated probability
that a specific result is a false positive. It depends on the prior
probability of a true association, the observed level of significance
(a), and the statistical power to detect the OR of the alternative
hypothesis at the given a (22). As there is a very large number of

common SNPs in the genome, the overall prior probability of
association is very low (say 1 in a million). However, the prior is
likely to be more favorable because we selected RB1 as a candidate
based on known biology and one of the two associated SNPs
(rs2854344) has also been reported to be associated with breast
cancer with similar protective effect. The FRPRs for the two
associated SNPs under different prior probabilities are presented
in Table 5. Hidden population stratification is an alternative
explanation for a spurious association. This occurs when allele
frequencies differ between population subgroups and case and
controls are drawn differentially from those subgroups. It seems
unlikely that population stratification is relevant in this association
study because the cases and controls in the three studies reported
here were drawn from the same ethnic groups. Furthermore, if
stratification were present, it is unlikely that the same degree of
stratification would be seen in all three studies.
Assuming the results to be real, they may either be due to a

direct causative effect of the two SNPs tested or maybe because
these SNPs are markers for the real determinant of a disease in
LD with them. Both rs2854344 and rs4151620 are noncoding, in
intron 17 and intron 24, respectively, and neither is in a highly
conserved region.11 Intron 17 contains an open reading frame
encoding the G protein–coupled receptor P2RY5 in the reverse
orientation relative to the transcription of RB1 (7). P2RY5 belongs
to a family of purine and pyrimidine nucleotide receptors that
are coupled to G proteins. Activation results in mobilization of
inositol 1.4.5-trisphosphate-sensitive Ca2+ stores, activation of
inward plasma membrane currents, and stimulation of diacylgly-
ceride-dependent protein kinases (23). There is increasing
evidence that purinergic signaling can have prolonged effects on
cell growth and proliferation (24, 25). The presence of P2Y
receptors has been described in various cancer types, including
melanoma, prostate, lung, esophageal, and colorectal cancers (26–
30). The P2RY5 gene consists of only one coding exon and
rs2854344 lies 8-kb 5¶-untranslated region (UTR) of it. The
bioinformatics tool PupaSNP suggests that the variant rs2854344
does not have a functional effect or alters dramatically the
structure of RB1 or P2RY5 (data not shown).12 Thus, it seems
likely that any true causal variant(s) will be in LD with rs2854344
and rs4151620. No coding SNPs in RB1 were identified by the EGP
and we found no common variants in the unique coding exon
of P2RY5 or 500 bp of its flanking sequences in a panel of
48 controls. rs2227311, located in 5¶-UTR of P2RY5 , is in perfect

Table 5. FPRP values for two results on association of the variants with invasive ovarian cancer

SNP OR (95% CI) Statistical power P Prior probability

0.1 0.01 0.001 0.0001 0.00001 0.000001

Rs2854344 0.73 (0.61-0.89) 0.43* 0.0009 0.02 0.18 0.68 0.96 1.0 1.0

Rs4151620 0.19 (0.07-0.53) 0.27
c

0.00005 0.00 0.03 0.21 0.73 0.96 0.96

*Using dominant model for rs2854344.
cUsing recessive model for rs4151620.

11 http://genome.ucsc.edu/cgi-bin/hgGateway.
12 http://pupasnp.bioinfo.cnio.es.

RB1 Polymorphism and Invasive Ovarian Cancer Risk

www.aacrjournals.org 10225 Cancer Res 2006; 66: (20). October 15, 2006



LD with rs4151620 (rp
2 = 1). PupaSNP predicts that rs2227311

disrupts the exonic splicing enhancer (ESE) consensus sequence
that is responsive to human serine/arginine-rich (SR) proteins of
sc35 and srp40 (31). ESE sequences are the binding sites for
specific SR proteins involved in the splicing machinery and
growing evidence suggests that alternative splicing produced by
ESEs is related to different diseases (32, 33). It has been estimated
that 15% of point mutations that result in human genetic diseases
cause RNA splicing defects (34). Therefore, rs2227311, which is
tagged by rs4151620, is a good candidate causal variant for the
observed association. However, we cannot exclude the possible
involvement of other variants in RB1 . Apparently, unidentified
variants tagged by rs2854344 and rs4151620 present in the
promoter or regulatory region or intron-exon boundaries affect
the transcription of RB1 .
In conclusion, we have genotyped 11 stSNPs tagging the known

common variants in RB1 in three ovarian cancer case-control
studies. We found some evidence of association for rs2854344 and

rs4151620 with invasive ovarian cancer risk. The observed
associations with ovarian cancer risk warrant confirmation in
independent studies before further functional studies.
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