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Abstract
The chromosome 8q24 region (specifically, 8q24.21.a) is known to harbor variants associated with
risk of breast, colorectal, prostate, and bladder cancers. In 2008, variants rs10505477 and rs6983267
in this region were associated with increased risk of invasive ovarian cancer (p<0.01); however, three
subsequent ovarian cancer reports of 8q24 variants were null. Here, we used a multi-site case-control
study of 940 ovarian cancer cases and 1,041 controls to evaluate associations between these and other
single-nucleotide polymorphisms (SNPs) in this 8q24 region, as well as in the 9p24 colorectal cancer
associated-region (specifically, 9p24.1.b). A total of 35 SNPs from previous reports and additional
tagging SNPs were assessed using an Illumina GoldenGate array and analyzed using logistic
regression models, adjusting for population structure and other potential confounders. We observed
no association between genotypes and risk of ovarian cancer considering all cases, invasive cases,
or invasive serous cases. For example, at 8q24 SNPs rs10505477 and rs6983267, analyses yielded
per-allele invasive cancer odds ratios of 0.95 (95% confidence interval (CI) 0.82–1.09, p-trend 0.46)
and 0.97 (95% CI 0.84–1.12, p-trend 0.69), respectively. Analyses using an approach identical to
that of the first positive 8q24 report also yielded no association with risk of ovarian cancer. In the
9p24 region, no SNPs were associated with risk of ovarian cancer overall or with invasive or invasive
serous disease (all p-values > 0.10). These results indicate that the SNPs studied here are not related
to risk of this gynecologic malignancy and that the site-specific nature of 8q24.21.a associations may
not include ovarian cancer.

Ovarian cancer has the highest mortality rate among gynecologic malignancies, indicating a
pressing need for better understanding of its etiology as a means to inform prevention
approaches. Factors associated with increased risk of ovarian cancer include age, family
history, fertility drug use, and postmenopausal hormone therapy (Morch, Lokkegaard,
Andreasen, Kruger-Kjaer, & Lidegaard, 2009). In BRCA1 and BRCA2 mutation carriers,
lifetime risk of ovarian cancer is approximately 40% and 20%, respectively (Antoniou et al.,
2003), and these mutations are responsible for nearly half of ovarian cancer cases in families
with two or more confirmed cases (Ramus et al., 2007). The remaining unexplained familial
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and sporadic ovarian cancer risk is likely caused by common, low-penetrance alleles which
individually cause a modest change in risk and lead to a notable increased risk in combination
(Fasching et al., 2009; Pharoah & Ponder, 2002). Thus far, variants in the 9p22.2 chromosomal
region (Song, Ramus, Tyrer et al., 2009) and in genes involved in cell cycle control (Gayther
et al., 2007), steroid hormone metabolism (Pearce et al., 2008), DNA repair (Schildkraut et al.,
2009), and one-carbon metabolism (Kelemen et al., 2008) have been associated with ovarian
cancer risk.

Genome-wide association studies have identified single-nucleotide polymorphisms (SNPs) in
a non-coding 8q24 region (specifically, 8q24.21.a) that are associated with risk of prostate
cancer (Gudmundsson et al., 2007; Haiman et al., 2007; Salinas et al., 2008; Suuriniemi et al.,
2007; Yeager et al., 2007), breast cancer (Garcia-Closas et al., 2008; Schumacher et al.,
2007), colorectal cancer (Ghoussaini et al., 2008; Gruber et al., 2007; Poynter et al., 2007;
Tenesa et al., 2008; Tuupanen et al., 2009; Zanke et al., 2007), and bladder cancer (Kiemeney
et al., 2008), and variants in the 9p24 region (specifically, 9p24.1.b) have been associated with
risk of colorectal cancer (Poynter et al., 2007; Zanke et al., 2007). In 2008, a four-site study of
1,975 invasive ovarian cancer cases and 3,411 controls revealed the first association between
8q24.21.a loci (rs10505477, rs10808556, and rs6983267; 1.8 kb; 0.65 ≤ r2 ≤ 0.93) and risk of
ovarian cancer (odds ratio (OR) 1.14, 95% confidence interval (CI) 1.04–1.23; OR 1.13, 95%
CI 1.04–1.22; OR 1.11, 95% CI 1.03–1.20, respectively) (Ghoussaini et al., 2008). However,
subsequent examinations of rs6983267 in 618 cases and 1,019 controls, rs13281615 in 2,502
cases and 3,892 controls, and rs1447295 in 274 cases and 682 controls found no association
with risk (OR 1.00, 95% CI 0.81–1.23, p-trend=0.10; OR 1.00, 95% CI 0.70–1.30, p-
trend=1.00; OR 0.99, 95% CI 0.92–1.06, p-trend =0.69, respectively) (Song, Ramus, Kjaer et
al., 2009; Wokolorczyk et al., 2008; Wokolorczyk, Lubinski, Narod, & Cybulski, 2009). Due
to discrepant ovarian cancer associations in 8q24, associations in both regions with other
cancers, and the existence of other genetic factors in common across these cancers (Fasching
et al., 2009), we examined risk of ovarian cancer in the 8q24.21.a and 9p24.1.b regions using
case-control collections from two study populations.

MATERIALS AND METHODS
Study Participants

Participants were recruited at Mayo Clinic in Rochester, MN and at Duke University in
Durham, NC and included cases enrolled within one year of histologically confirmed epithelial
ovarian cancer and controls without ovarian cancer and without bilateral oophererectomy
(Sellers et al., 2005). At Mayo Clinic, cases were women over 20 years of age living in the
Upper Midwest. Controls were recruited from among women seen for general medical
examinations and frequency-matched to cases on age and area of residence. At Duke
University, cases were women between 20 and 75 years of age identified using the North
Carolina Central Cancer Registry’s rapid case ascertainment system within a 48-county region.
Controls were identified from the same region as the cases using list-assisted random digit
dialing and frequency-matched to cases on race and age. Information on known and suspected
risk factors was collected through in-person interviews at both sites using similar
questionnaires. Mayo Clinic participants had an extra vial of blood drawn during their
scheduled medical visit, and DNA was extracted using the Gentra AutoPure LS Purgene salting
out methodology (Gentra, Minneapolis, MN). Duke University participants had venipuncture
performed at the conclusion of their interview, and DNA samples were transferred to Mayo
Clinic for whole-genome amplification (WGA) with REPLI-G (Qiagen Inc, Valencia CA)
which we have shown yielded highly reproducible results with these samples (Cunningham et
al., 2008). Samples were bar-coded to ensure accurate and reliable sample processing, and

White et al. Page 2

Twin Res Hum Genet. Author manuscript; available in PMC 2011 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DNA concentrations were adjusted to 50 ng/µl and verified using PicoGreen dsDNA
Quantitation kit (Molecular Probes, Inc., Eugene, OR).

SNP Selection and Genotyping
A broad SNP selection approach was applied. In 8q24.21.a, seven SNPs were included due to
a prior ovarian cancer report (Ghoussaini et al., 2008), one due to a prior prostate cancer report
(Haiman et al., 2007), five SNPs which tagged 1 kb surrounding the regional pseudogene
POU5F1P1, and twelve SNPs which additionally tagged the region; in 9p24.1.b, we included
three SNPs from a colorectal cancer report (Poynter et al., 2007) and nine additional regional
tagSNPs (Table 1 about here, Figure 1 about here). Genotyping of 897 genomic and 1,279
WGA DNA samples (2,176 including 129 duplicates) on 2,047 unique study participants was
performed at Mayo Clinic using the Illumina GoldenGate BeadArray assay and BeadStudio
software (Oliphant, Barker, Stuelpnagel, & Chee, 2002). Briefly, of 2,047 participants
genotyped, we excluded 44 due to call rate < 90% and 22 due to study ineligibility; thus 1,981
participants were analyzed here. We assessed departures from Hardy-Weinberg equilibrium
(HWE) among white non-Hispanic controls using a Pearson goodness-of-fit test or, for SNPs
with a minor allele frequency (MAF) < 5%, a Fisher exact test (Weir, 1996). Of 1,152 total
attempted SNPs, we excluded 15 due to call rate < 90%, nine due to poor clustering, one due
to unresolved replicate errors, 64 due to MAF < 0.01, and eleven due to HWE p-value < 0.0001.
In the 8q24.21.a and 9p24.1.b regions, 37 SNPs were attempted, and two failed (POU5F1P1
tagSNP rs7002225 and prostate cancer-associated SNP rs7000448 (Ghoussaini et al., 2008)
(Table 1 about here). Estimates of pair-wise linkage disequilibrium (LD) among genotyped
SNPs were obtained for self-reported white non-Hispanic participants using Haploview v. 4.1
(Barrett, Fry, Maller, & Daly, 2005).

Statistical Methods
Data were summarized using frequencies and percents for categorical variables and means and
standard deviations for continuous variables; we compared distributions of demographic
variables across case status using chi-square tests and t-tests, as appropriate. Individual SNP
associations with ovarian cancer risk were assessed using logistic regression models, in which
ORs and 95% CIs were estimated. Separate analyses were carried out using all ovarian cancer
cases (N=940), all invasive cases (N=749), and all serous invasive cases (N=452). Primary
tests of association assumed an ordinal (log-additive) effect using simple tests for trend.
Association analyses included adjustment for the following covariates: study site, age, body
mass index (BMI), hormone therapy, oral contraceptive use, number of live births, age at first
live birth, geographic region, and principal components which accounted for the possibility of
population stratification using an approach similar to that described previously (Price et al.,
2006). Briefly, population structure principal components were created using 2,517 SNPs from
this and prior genotyping panels (Kelemen et al., 2008); scatter-plot matrices by self-reported
race indicated that the first four principal components reasonably approximated racial
differences across individuals and were thus included as covariates in all models (Figure 2
about here). No adjustments were made for multiple testing; all statistical tests were two-sided
and, unless otherwise indicated, analyses were carried out using SAS software (SAS Institute,
Inc., Cary, NC).

RESULTS
Demographic, lifestyle, reproductive, and tumor characteristics of 940 epithelial ovarian cancer
cases and 1,041 controls are described (Table 2 about here). In general, the expected
distributions of risk factors were observed: a larger proportion of cases than controls had a first
or second degree relative with ovarian cancer, had not used oral contraceptives, had used
postmenopausal hormone therapy, and were nulliparous. Overall, 80% of tumors were invasive
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and 20% were borderline; the distribution of histologic subtypes was 61% serous, 14%
endometrioid, 10% mucinous, 6% clear cell, and 9% other histologies. LD (defined as r2 ≥
0.65) was observed between six pairs of 8q24.21.a SNPs and four pairs of 9p24.1.b SNPs in
these study populations (Figure 1 about here).

No associations between SNP genotypes and ovarian cancer risk were seen in the current study
(Table 3 about here). In the 8q24 region, SNPs previously associated with increased risk
(rs10505477 and rs6983267) revealed invasive cancer per-allele ORs of 0.95 (95% CI 0.82–
1.09, p-trend=0.46) and 0.97 (95% CI 0.84–1.12, p-trend=0.69), respectively. Thus, these
results contradict prior findings from the first report (OR 1.14, 95% CI 1.04–1.23, p-
trend<0.01; OR 1.11, 95% CI 1.03–1.20, p-trend<0.01, respectively) (Ghoussaini et al.,
2008), but are consistent with other results for rs6983267 (OR 1.00, 95% CI 0.81–1.23, p-
trend=0.10) (Wokolorczyk et al., 2008). Our null invasive cancer results for 8q24 SNPs
rs13281615 (OR 0.92, 95% CI 0.74–1.15, p-trend=0.48), and rs1447295 (OR 0.97, 95% CI
0.85–1.12, p-trend=0.72) are also consistent with results from prior studies (Ghoussaini et al.,
2008;Song, Ramus, Kjaer et al., 2009;Wokolorczyk et al., 2009). Analyses also failed to reveal
associations between any of the 23 selected 8q24 SNPs and risk of serous invasive disease. To
examine potential heterogeneity due to sample characteristics or statistical methods, we
repeated analyses restricted to self-reported white non-Hispanic women and used minimal
covariate adjustments. No suggestion of association with increased risk was observed for
previously-reported SNPs (Table 4 about here) or for any other 8q24 SNPs (data not shown).
In the 9p24 region, no SNPs were associated with risk of ovarian cancer overall or with invasive
or invasive serous disease (p-values > 0.10; Table 3 about here).

DISCUSSION
Association studies have highlighted the undisputed importance of variation in the 8q24.21.a
chromosomal region in etiology of breast cancer, prostate cancer, and colorectal cancer
(Garcia-Closas et al., 2008; Ghoussaini et al., 2008; Gruber et al., 2007; Gudmundsson et al.,
2007; Haiman et al., 2007; Poynter et al., 2007; Salinas et al., 2008; Schumacher et al., 2007;
Suuriniemi et al., 2007; Tenesa et al., 2008; Tuupanen et al., 2009; Yeager et al., 2007; Zanke
et al., 2007). Growing evidence, at least in colorectal cancer, suggests that rs6983267 lies in a
transcriptional enhancer and that the risk G allele increases binding of the transcription factor
TCF4 (also called TCF7L2) (Pomerantz et al., 2009; Tuupanen et al., 2009). TCF4 interacts
with β-catenin to activate transcription of Wnt target genes, thus a connection between inherited
associations and cancer-related functional consequences including possible interaction with
the MYC promoter (335 kb downstream) is emerging (Pomerantz et al., 2009; Tuupanen et al.,
2009). Somatic amplifications at 8q are trademarks of prostate tumors (Cher et al., 1996; van
Duin et al., 2005; Visakorpi et al., 1995), indicating that 8q24 risk variants may lead to
amplification of a larger chromosomal region, which contains the protooncogene c-Myc
(Haiman et al., 2007; Harismendy & Frazer, 2009; Sole et al., 2008; Witte, 2007). The 9p24.1.b
chromosomal region has also been shown to contain colorectal cancer associated SNPs
(Poynter et al., 2007; Zanke et al., 2007), although mechanisms are unknown.

In ovarian cancer, seven 8q24.21.a SNPs (rs13254738, rs6983561, rs16901979, rs13281615,
rs10505477, rs6983267, and rs1447295) have been evaluated in more than one report,
including the current analysis (Ghoussaini et al., 2008; Song, Ramus, Kjaer et al., 2009;
Wokolorczyk et al., 2008; Wokolorczyk et al., 2009). The first association study of 1,975
invasive ovarian cancer cases and 3,411 controls found evidence of the 8q24 ovarian cancer
susceptibility SNPs rs10505477, rs10808556, and rs6983267 (Ghoussaini et al., 2008), but
another examination of 618 invasive cases and 1,019 controls found no association with
rs6983267 (OR 1.00, 95% CI 0.75–1.30, p-trend=0.10) (Wokolorczyk et al., 2008) and other
reports at 8q24 SNPs were null (Ghoussaini et al., 2008; Song, Ramus, Kjaer et al., 2009;
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Wokolorczyk et al., 2008; Wokolorczyk et al., 2009). Additionally, no endometrial cancer 8q24
susceptibility loci were revealed in a recent study (Setiawan et al., 2007), suggesting that not
all cancers will have an 8q24 association. The 9p24 region has not yet been targeted in
gynecologic cancer studies; our data suggest that additional study of this region in ovarian
cancer is not warranted.

This analysis evaluated the largest number of 8q24.21.a SNPs (N=23) in ovarian cancer to
date. Although associations were non-significant, it is also noteworthy that rs10505477 and
rs6983267 risk estimates were close to 1.0, consistent with a prior report of rs6983267
(Wokolorczyk et al., 2008), but contradicting the larger first report (Ghoussaini et al., 2008).
Our smaller sample size is a concern; however, current risk estimates were also inconsistent
with increased risk. Differing analytical approaches and study populations could also
contribute to the opposing 8q24 results; yet, our analyses of invasive cancer in white non-
Hispanic women with study site as the only covariate also yielded no suggestion of association
with risk of ovarian cancer. These results indicate that differing covariate adjustments,
including our adjustment for population structure, do not account for the contradictory results.
Based on data from the Ovarian Cancer Association Consortium (Song et al., 2006), cases
recruited at the largest site in the first report may have longer survival times than other studies.
Thus, SNPs in 8q24.21.a may confer risk of invasive ovarian cancer only among women with
longer survival times; however, this situation is unlikely. Additionally, it is likely that case
populations have varied histological distributions (Goode et al., 2009). Although risk estimates
from other study populations have not been reported by histological subtype, our results for
women with serous disease were also null and non-suggestive. Finally, a true association may
exist only between ovarian cancer risk and rs10808556, which we did not assess. However,
because r2 ≥ 0.65 with this SNP and both rs10505477 and rs6983267 (Ghoussaini et al.,
2008), a modest signal would likely have been detected in our analysis.

In conclusion, SNPs in 9p24.1.b are not worthy of follow-up in ovarian cancer, and SNPs in
8q24.21.a are increasingly unlikely to represent ovarian cancer susceptibility alleles. Thus,
much remains to be learned about the cancer site-specific role that variants in these regions
play in carcinogenic processes, and the search for additional ovarian cancer loci must continue.
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Figure 1. Regional linkage disequilibrium
Haploview 4.1 (Barrett et al., 2005) based on self-reported white-non-Hispanic controls;
r2=0=white and r2=1=black; numbers represent r2 * 100; associations with risk of other cancers
with at least one replication study and a p-value < 1 × 10−15 are shown for genotyped SNPs
based on Hindorff LA, Junkins HA, Mehta JP, and Manolio TA. A Catalog of Published
Genome-Wide Association Studies, available at www.genome.gov/gwastudies, accessed July
29, 2009.
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Figure 2. Matrix of scatterplots for four population structure principal components by self-
reported race
Population structure principal components analysis based on 1,981 participants and 2,517 SNPs
including imputed genotypes; for each scatterplot, vertical axis corresponds to the component
listed in diagonal element to the left of the plot, and horizontal axis corresponds to the
component listed in diagonal underneath the plot; results suggest that the first component
differentiated white non-Hispanic and black non-Hispanic from other samples, while the fourth
component helped to further differentiate Asian from other samples; these four population
structure principal components were used as covariates in association analyses.
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