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Cross-cancer pleiotropic analysis of endometrial cancer: PAGE and E2C2 consortia
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Genome-wide association studies (GWAS) have identified a large
number of cancer-associated single nucleotide polymorphisms
(SNPs), several of which have been associated with multiple cancer
sites suggesting pleiotropic effects and shared biological mecha-
nisms across some cancers. We hypothesized that SNPs associated
with other cancers may be additionally associated with endome-
trial cancer. We examined 213 SNPs previously associated with
14 other cancers for their associations with endometrial cancer
in 3758 endometrial cancer cases and 5966 controls of European
ancestry from two consortia: Population Architecture Using
Genomics and Epidemiology and the Epidemiology of Endometrial
Cancer Consortium. Study-specific logistic regression estimates
adjusted for age, body mass index and the most significant prin-
cipal components of genetic ancestry were combined using fixed-
effect meta-analysis to evaluate the association between each SNP
and endometrial cancer risk. A Bonferroni-corrected P value of
2.35x10~* was used to determine statistical significance of the asso-
ciations. SNP rs7679673, ~6.3 kb upstream of TET2 and previously

Abbreviations: E2C2, Epidemiology of Endometrial Cancer Consortium;
GWAS, genome-wide association studies; MEC, Multiethnic Cohort; PAGE,
Population Architecture Using Genomics and Epidemiology; SNP, single
nucleotide polymorphism.

reported to be associated with prostate cancer risk, was associ-
ated with endometrial cancer risk in the direction opposite to that
for prostate cancer [meta-analysis odds ratio = 0.87 (per copy of
the C allele), 95% confidence interval = 0.81, 0.93; P = 7.37x107%]
with no evidence of heterogeneity across studies (P heterogene-
ity = 0.66). This pleiotropic analysis is the first to suggest TET2 as
a susceptibility locus for endometrial cancer.

Introduction

Endometrial cancer is the most common gynecologic cancer, with
>52 600 new cases expected in the USA in 2014 (1). Although sur-
vival is favorable, with a survival rate similar to that of breast cancer,
>8500 women are estimated to die of this disease in 2014 (1). Three
genome-wide association studies (GWAS) of endometrial cancer
(2-4) have been conducted to date with only one identifying a novel
genome-wide significant risk variant for endometrial cancer, namely,
rs4430796 at the 17q12 (HNF1B) locus (3).

GWAS have successfully identified a large number of susceptibility
loci for various cancers. Among the many risk loci identified, several
have been associated with multiple cancer sites supporting the exist-
ence of carcinogenic pleiotropy (5). For example, HNFIB at 17q12
has been identified as a susceptibility locus for endometrial, prostate
and ovarian cancers (3,6-8). Loci in the 8q24 region (9) and a locus
on chromosome 5 (5p15.33) that includes the telomerase reverse tran-
scriptase (TERT) gene (10) have been associated with multiple can-
cer sites. Despite these striking examples, pleiotropic effects have not
been systematically explored in endometrial cancer. Evidence of car-
cinogenic pleiotropy can improve our understanding of disease etiol-
ogy by identifying shared molecular components underlying disease
risk and by validating the pathogenicity of variants at a locus (11).

In this study, we examined variants identified by GWAS for 14
other cancers for their association with endometrial cancer in a large-
scale analysis of cases and controls from nine studies in two consortia:
the National Human Genome Research Institute (NHGRI) Population
Architecture Using Genomics and Epidemiology (PAGE) (12) and the
Epidemiology of Endometrial Cancer Consortium (E2C2) (13).

Materials and methods

Study population

Two consortia contributed data to this meta-analysis study: PAGE (6,12) and
E2C2 (13,14). Due to a limited number of cases of non-European descent in the
contributing studies, the current analysis was restricted to women of European
descent and included 3758 primary incident invasive endometrial cancer cases
and 5966 controls who were free of endometrial cancer and did not have a his-
tory of hysterectomy (Table I). Contributing PAGE studies included: Multiethnic
Cohort (MEC) (15); Women’s Health Initiative (WHI) (16) and Epidemiologic
Architecture for Genes Linked to Environment (EAGLE), which accesses
the Vanderbilt University biorepository (BioVU) (17). Participating E2C2
studies included: Connecticut Endometrial Cancer Study (CECS) (18); Fred
Hutchinson Cancer Research Center case-control study (FHCRC) (19); Polish
Endometrial Cancer Case-Control Study (PECS); MEC; California Teachers’
Study (CTS) (20); Nurses’ Health Study (NHS) (21) and the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial (PLCO) (22,23). All studies
are from the USA, except for the Polish study. While MEC participates in both
PAGE and E2C2, only MEC data as part of E2C2 were used. Details of these
studies have been published elsewhere (6,14). Study design characteristics for
each study (case—control definitions and matching factors) are summarized in
the Supplementary Material, available at Carcinogenesis Online. Institutional
review board approval was obtained for all studies.

SNP selection and genotyping

Single nucleotide polymorphisms (SNPs) previously associated with 14
cancers other than endometrial cancer were identified by PAGE researchers
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from the NHGRI GWAS catalog (P < 5.0 x 107) as of January 2010 (24,25)
and review of more recent cancer GWAS and fine mapping literature. These
SNPs were selected irrespective of racial/ethnic composition of the initial
published GWAS. Out of >300 SNPs identified, 213 SNPs have been geno-
typed and passed quality control in at least two studies across PAGE and E2C2
(Supplementary Table 1, available at Carcinogenesis Online). In PAGE, these
SNPs were genotyped using a custom panel for each study (26). In E2C2, gen-
otype data were abstracted from previously generated stage 1 GWAS data (2).

To control for potential bias due to population stratification, each PAGE
study genotyped 128 ancestry informative markers that capture the major con-
tinental genetic diversity (European, East Asian, Amerindian, African, South
Asian, Mexican and Puerto Rican) (27). Principal components of genetic
ancestry were estimated from these markers by EIGENSTRAT (28) and
included in regression models as an estimate of genetic ancestry. In E2C2,
principal components of genetic ancestry were derived from the GWAS data
using EIGENSTRAT (28). We did not exclude individuals based on principal
component-based ancestry in the PAGE. In the E2C2 studies, we excluded
146 participants due to non-European principal component-based ancestry (2).

Standard quality assurance and quality control measures were utilized to
ensure genotyping quality. In PAGE, samples and SNPs were excluded based
on call rates (<90%), concordance of blinded replicates (<98%) and depar-
ture from Hardy—Weinberg equilibrium (P < 0.001). Each PAGE labora-
tory also genotyped 360 HapMap samples to serve as cross-laboratory and

Endometrial cancer pleiotropic analysis

cross-platform quality control samples (12). In E2C2, samples were excluded
based on call rates (<90%), unexpected duplicates, heterozygosity, departure
from Hardy—Weinberg equilibrium (P < 0.0001), minor allele frequencies
(<1%) and outlying the CEU HapMap?2 cluster in principal component analy-
sis (as only participants of European descent were included) (2). The majority
of the 213 SNPs of interest were available across most studies (89% of the
SNPs were genotyped in at least six studies; Supplementary Table 1, available
at Carcinogenesis Online).

Statistical analyses

For each study, the association between each SNP and endometrial cancer was
estimated using unconditional logistic regression. The modeled allele was the
‘risk” allele for each SNP as defined as the allele associated with an increased
risk of cancer in prior publications. For SNPs associated with multiple cancer
sites, the first reported GWAS was used in assigning the risk allele. SNPs were
coded additively with 0, 1, 2 referring to the number of risk alleles. Models
were adjusted for age (years), body mass index [kg/m? obtained from self-
report at time of diagnosis for cases and interview for controls, or for most
cohort (nested case—control) studies at baseline assessment] and the most
relevant principal components of genetic ancestry to account for population
substructure for each study. Log odds regression estimates were combined
across studies using inverse-variance weighted, fixed-effect meta-analysis as
implemented in METAL (29). Heterogeneity P values were estimated based

Table I. Study population characteristics by study

Study name Study design  Location Study period Number of Mean age* Mean BMI
cases/controls  (years) (kg/m?)
Cases Controls Cases Controls
Connecticut Endometrial Cancer Study (CECS) Case—control Connecticut, USA 2004-2009  477/567 60.6 619 325 266
California Teachers Study (CTS) Cohort California, USA 1995-2004 295/285 65.3 66.7 27.0 252
Epidemiologic Architecture for Genes Linked to Case—control Tennesse, USA 2007 — 20/156 88.1  89.0 25.8 255
Environment (Eagle-BioVU)
Fred Hutchinson Cancer Center (FHCRC) Case—control  Washington, USA 1994-2005 697/693 59.7 592 302 256
Multiethnic Cohort (MEC) Cohort Hawaii/California, USA  1993-2008 100/199 654 645 28.8 255
Nurses’ Health Study (NHS) Cohort 11 states, USA 1976-2008  396/348 624  63.0 28.6 263
Polish Endometrial Cancer Case-Control Study =~ Case—control Poland 2001-2003  459/558 60.9  55.6 28.6 264
(PECS)
Prostate, Lung, Colorectal and Ovarian Cancer Cohort USA 1993-2008 446/123 67.9 62.7 29.3 26.9
Screening Trial (PLCO)
Women’s Health Initiative (WHI) Cohort USA 19912009  868/3037 639 652 289 273
BMI, body mass index.
2Age at diagnosis for cases and at reference date for controls.
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Fig. 1. Manhattan plot of the meta-analysis association between risk variants of 14 other cancers and endometrial cancer. The solid line is the Bonferroni-
corrected significance threshold (0.05/213 = 2.35 x 107#). Each association result is color coded according to the cancer for which the SNP was originally reported
and positioned on the x-axis according to its genomic position.
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Fig. 2. Forest plot of the association between rs7679673 near the TET2 gene region 4q24 and endometrial cancer risk. Study-specific and meta-analysis

associations are plotted, modeling the C risk allele for prostate cancer.

in regulation of nearby genes, just as transcription factors can serve as
both oncogenes and tumor suppressors (33). The underlying biologi-
cal mechanism for which TET2 may influence carcinogenesis remains
to be elucidated.

The major strength of our study is the large number of subjects
from well-designed endometrial cancer studies. The limitation of this
study is that our analysis was based on individual SNPs from each/
most loci and thus we did not have broader coverage of the area. As
more recent GWAS have identified many new cancer risk loci, these
SNPs remain to be examined for their pleiotropic effects with endo-
metrial cancer. The statistical power to detect an association for the
213 SNPs varied; nonetheless, 89% of the SNPs were genotyped in
more than two-third of the studies. We identified 14 variants were
nominally associated with endometrial cancer at P < 0.05 which was
more than the ~11 associations expected by chance (213 SNPs x 0.05
= 10.7). The small numbers of non-European ancestry women in the
available studies precluded the possibility of exploring generalizabil-
ity across race/ethnicity. Finally, because the large majority of cases
in this study were type 1 tumors (i.e. endometrioid adenocarcinomas),
our results apply mainly to these tumors.

In summary, our cross-cancer pleiotropy analysis suggested a pos-
sible role of TET2 in endometrial cancer susceptibility. Further repli-
cation of our results and research into the biological mechanisms by
which inherited differences in pleiotropic cancer risk loci influence
endometrial cancer will expand our understanding of the key contrib-
utors to endometrial cancer development.

Supplementary material

Supplementary Table 1 can be found at http://carcin.oxfordjournals.
org/
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