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Progesterone receptor gene variants and risk of endometrial cancer
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Prolonged excessive estrogen exposure unopposed by progesterone
is widely accepted to be a risk factor for endometrial cancer devel-
opment. The physiological function of progesterone is dependent
upon the presence of its receptor [progesterone receptor (PGR)]
and several studies have reported single nucleotide polymorphisms
(SNPs) in the PGR gene to be associated with endometrial cancer
risk. We sought to confirm the associations with endometrial cancer
risk previously reported for four different PGR polymorphisms.
A maximum of 2888 endometrial cancer cases and 4483 female
control subjects from up to three studies were genotyped for four
PGR polymorphisms (rs1042838, rs10895068, rs11224561 and
rs471767). Logistic regression with adjustment for age, study,
ethnicity and body mass index was performed to calculate odds
ratios (ORs) and associated 95% confidence intervals (CIs) and
P-values. Of the four SNPs investigated, only rs11224561 in the
3# region of the PGR gene was found to be significantly associated
with endometrial cancer risk. The A allele of the rs11224561 SNP
was associated with increased risk of endometrial cancer (OR per
allele 1.31; 95% CI 1.12–1.53, P 5 0.001, adjusted for age and
study), an effect of the same magnitude and direction as reported
previously. We have validated the endometrial cancer risk associ-
ation with a tagSNP in the 3# untranslated region of PGR previ-
ously reported in an Asian population. Replication studies will be
required to refine the risk estimate and to establish if this, or a
correlated SNP, is the underlying causative variant.

Introduction

Endometrial cancer is the most common malignancy of the female
genital tract and its incidence is increasing in developed countries (1).
It is well established that the development of endometrial cancer,
especially the endometrioid subtype, is associated with risk factors
suggesting excessive estrogen exposure unopposed by progesterone
(reviewed by ref. 2). Furthermore, progesterone is recognized as being
a natural agonist of estrogen-induced proliferation in the endome-
trium, and for this reason, an adequate progesterone response in the
endometrium is essential to control normal cell proliferation (3). This
is exemplified by the association of estrogen replacement therapy with
elevated endometrial cancer risk and the observation that this
increased risk can be abrogated by the addition of progesterone to
hormone replacement therapy [(4) and reviewed by ref. 5].

The physiological effects of progesterone depend on the presence
of progesterone receptor (PGR), which exists as two isoforms, pro-
gesterone receptor A (PRA) and progesterone receptor B (PRB), aris-
ing from two alternate promoters of the PGR gene (6). Indeed,
response to progesterone therapy is dependent on the availability of
functional PGR (7). This is confirmed by findings that responses to
progesterone therapy are more successful for PGR-positive tumors
than for PGR-negative tumors (reviewed by ref. 8). Additionally,
PGR positivity in endometrial carcinoma was shown to be an inde-
pendent prognostic factor for disease-free survival [(9) and reviewed
by ref. 8].

Biologic function of PGR may be altered by genetic variation,
thereby altering progesterone-mediated tumor suppression. It is there-
fore conceivable that polymorphisms located within the PGR gene
may contribute to individual susceptibility to endometrial cancer. The
current studies investigating PGR single nucleotide polymorphisms
(SNPs) and endometrial cancer risk have used both a candidate SNP
approach and a candidate gene SNP tagging approach. A case–control
study of 187 cases and 397 controls nested within the Nurses’ Health
Study reported the rs10895068 SNP (331G.A) to be associated
with an increased risk of endometrial cancer [331A carriers versus
non-carriers; odds ratio (OR) 1.90; 95% confidence interval (CI)
1.10–3.29], with in vitro studies suggesting that this SNP caused
increased expression of the PRB isoform. In addition, the estimated
risk for carriers with a body mass index (BMI) .28 kg/m2 was
reported to be particularly elevated compared with lean non-carrier
women (OR 4.71; 95% CI 1.87–11.87) (10). However, a population-
based case–control study of 275 cases and 314 controls conducted
in Sweden found no association with risk (OR 1.04; 95% CI
0.56–1.93) and no interaction between PGR genotype and BMI
(P 5 0.35) (11).

Another candidate polymorphism investigated has been the PRO-
GINS polymorphism, a 306 bp Alu insertion in intron 7 of the PGR
gene, which is in complete linkage disequilibrium with a missense
SNP in exon 4 (rs1042838; Val660Leu) and a silent SNP in exon 5
(rs1042839; His770His) and has been associated with affecting the
stability of PGR isoforms (12). A Brazilian case–control study of 121
cases and 282 controls reported a higher incidence of homozygote
insertion carriers of the PROGINS polymorphism among endometrial
cancer patients compared with controls (P 5 0.012) (13). It was also
previously reported in a small study of 88 cases that carriers of the
PROGINS allele exhibited an increased risk of endometrial cancer
recurrence (14).

To date, two different studies of endometrial cancer have undertaken
an SNP tagging approach using information from the International
HapMap Project. A Chinese case–control study of 1204 cases and
1212 controls genotyped seven tag SNPs and identified two SNPs
located in the 3# flanking region of the gene (reported r2 5 0.11) to
be associated with endometrial cancer risk (15). Compared with the TT
genotype, the rs11224561 CC genotype was significantly associated

Abbreviations: ANECS, Australian National Endometrial Cancer Study;
BMI, body mass index; CI, confidence interval; OR, odds ratio; PGR, proges-
terone receptor; SNP, single nucleotide polymorphism; PRA, progesterone
receptor A; PRB, progesterone receptor B; UTR, untranslated region.
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with a reduced risk of endometrial cancer (OR 0.68; 95% CI 0.50–0.92,

P 5 0.04) (15). Carriers of the G allele of the rs 471767 SNP were also
reported to be associated with a reduced risk of endometrial cancer,
although this finding was of marginal statistical significance (OR per
allele 0.77; 95% CI 0.58–1.01) (15). Very recently, another study as-
sessed endometrial cancer risk associated with 17 tag SNPs in 583
cases and 1936 controls from two cohort studies, one multiethnic and
the other US Caucasian (16). The tagset included rs10895068
(331G.A) and rs1042838 (Val660Leu). Overall, the findings sug-
gested that a 3# untranslated region (UTR) SNP rs608995 is associated
with increased risk of endometrial cancer (OR per allele 1.20; 95% CI
1.06–1.59).

We initiated the current study to assess risk of endometrial cancer
associated with four PGR polymorphisms for which there was exist-
ing evidence for association with endometrial cancer (rs10895068,
rs1042838, rs11224561 and rs471767). All SNPs were assessed in
our Australian dataset, and we identified independent case–control
studies from the USA and Europe, with additional genotyping data
for these SNPs, to conduct pooled analysis with increased statistical
power.

Materials and methods

Study populations

Five studies from Australia, USA and Europe contributed existing data from
SNP genotyping at each site to these analyses. Each study was approved by the
relevant local institutional review committees, and participants provided in-
formed consent to take part in research studies. Controls recorded as having
had a hysterectomy were excluded from all analyses. Details of each study,
numbers of samples and genotyping techniques used for each site are provided
in Table I. The median age for cases was 63 years (26–80) and 59 years (19–80)
for controls. The majority of subjects reported Caucasian ethnicity (87.1%).
Most studies provided details on histology, BMI and ethnicity. The majority of
endometrial cancer cases were of endometrioid histology (85.5%). Additional
details about each study are provided below.

Australian National Endometrial Cancer Study and Australian Ovarian
Cancer Study controls

The Australian National Endometrial Cancer Study (ANECS) is an Australian
population-based case–control family study of cancer of the uterine corpus
(17). Women aged 18–79 years, registered on the Electoral Roll and newly
diagnosed with primary cancer of the endometrium between July 2005 and
December 2007 were identified through major hospitals nationally and also
from state-based cancer registries. Cases who reported a family history of
cancer were also asked to invite their relatives (with and without cancer) to
participate in the family component of the study. Relatives were not genotyped
for this SNP study. Case participation rate was 63%. Female controls, with no
personal history of endometrial cancer or hysterectomy, were recruited using
two sources. A population-based control group comprised of women randomly
selected using the Australian Electoral Roll (voting is compulsory in Australia)
and matched to the age and geographic distribution of the cases (53% partic-
ipation rate). A second control group of female blood donors were recruited
with the aid of the Australian Red Cross Blood Service in Queensland (100%
participation rate). All participants completed a detailed questionnaire provid-
ing clinical and epidemiological information including BMI and ethnicity. In
addition, we also accessed available genotype data for two SNPs (rs1042838
and rs10895068) from controls only from the Australian Ovarian Cancer Study
(AOCS, 44% participation rate). This is a national population-based case–
control study of ovarian cancer with recruitment strategies almost identical
to ANECS, the details of which have been previously published (18).

Singapore and Sweden Breast/Endometrial Cancer

Details of the population selection process for the Singapore and Sweden
Breast/Endometrial Cancer Study (SASBAC) have been published previously
(4). Briefly, this population-based case–control study was conducted among
Swedish women aged 50–74 years, who were residing in Sweden between
1 January 1994 and 31 December 1995. Endometrial cancer cases were identi-
fied through the nationwide cancer registries in Sweden (75% participation
rates). Controls, frequency matched for age, were randomly selected from the
Swedish Registry of Total Population. Control participation rate was 79.9%.
The study was restricted to postmenopausal women with an intact uterus and
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no previous diagnosis of endometrial cancer. All participants provided detailed
questionnaire information. For endometrial cancer, histological specimens
were reviewed and reclassified by the study pathologist. Genomic analyses
are conducted by the Singapore node of the study.

Women’s Insight and Shared Experiences Study

The Women’s Insight and Shared Experiences Study (WISE) is a population-
based case–control study conducted from among residents from a contiguous
nine county region around Philadelphia and has been described previously
(19). Eligible cases, identified by active surveillance at 61 hospitals, were
African-American or Caucasian women aged 50–79 years, who were newly
diagnosed with endometrial cancer between 1 July 1999 and 30 June 2002.
Pathological reports and medical records were reviewed by trained abstractors
and case status was validated by a pathology report that was compatible with
primary, invasive epithelial endometrial adenocarcinoma of all stages (I–IV)
and all grades. Frequency-matched control subjects were selected by random
digit dialing and restricted to women with no history of endometrial cancer or
hysterectomy. Telephone interviews to complete detailed questionnaires were
conducted for all participants. The participation rates were 77% for both the
case patients and control women.

Leuven Endometrial Study

The Leuven Endometrial Study is a hospital-based case–control study. Eligible
cases, identified by active surveillance of electronic patient files at the Leuven
University Hospital, were white women aged 27–80 years diagnosed with
endometrial cancer. Clinical information of endometrial cancer patients was
recorded during interview at the time of diagnosis and from pathology reports.
All medical records were reviewed by trained abstractors and pathology reports
compatible with primary, invasive epithelial endometrial adenocarcinoma of
all stages (I–IV) and all grades were consulted. A control group of healthy
female blood donors was recruited with the aid of the Red Cross Blood Service
in the University Hospital. Participants completed a detailed questionnaire
providing epidemiological information, including age, weight, height and
self-reported Belgian (Flemish) ethnicity for three generations. Participation
rates exceeded 95% for both cases and controls.

Studies of Epidemiology and Risk factors in Cancer Heredity

The Studies of Epidemiology and Risk factors in Cancer Heredity (SEARCH) is
an ongoing population-based study with cases ascertained through the Eastern
cancer Registration and Information Center (http://www.ecric.org.uk). All wom-
en diagnosed with endometrial cancer between the ages of 18–69 years (average
age diagnosis 58 years) from 31 July 2001 to 1 September 2007 were eligible for
inclusion. Approximately 54% of eligible patients have enrolled in the study.
Women taking part in the study were asked to provide a 20 ml blood sample for
DNA analysis and to complete a comprehensive epidemiological questionnaire.
Controls were also drawn from SEARCH (http://www.srl.cam.ac.uk/search/
Homepage.htm) but had no prior history of cancer at the time of recruitment.
They were female, also between the ages of 18–69 at the time of recruitment and
matched to cases in geographical profile. Approximately 35% of eligible con-
trols enrolled in the study. There were 1127 endometrial cases and 1600 controls
available for genotyping analysis at the time of this study.

Genotyping

For three studies (ANECS/AOCS, SASBAC and Leuven Endometrial Study),
genotyping was performed using matrix-assisted laser desorption/ionization
time of flight mass spectrometry for the determination of allele-specific primer
extension products using Sequenom’s MassARRAY system and iPLEX tech-
nology (Sequenom, San Diego, CA). Oligonucleotides were designed using
MassARRAY Assay Design software (version 3.1; Sequenom) and results
analyzed using TYPER software (version 3.4; Sequenom). For WISE,
the rs10895068 polymorphism was assessed using polymerase chain
reaction–restriction fragment length polymorphism analysis. Reactions of
50 ll containing 15 ng genomic DNA, 25 pmol of each primer (forward primer
5#-gtacggagccagcagaagtc-3# and reverse primer 5#-gaggactggagacgcagagt-3#)
and 20 ll Eppendorff Master Mix were cycled at 95�C for 3 min, followed by
35 cycles of 94�C for 30 s, 59�C for 30 s, 72�C for 30 s and a final cycle of 72�C
for 7 min. Amplicons were digested at 37�C for 4 h in a 25 ll reaction mixture
that contained 1 U restriction endonuclease NlaIV (New England Biolabs, Bev-
erley, MA), 10 ll of polymerase chain reaction-amplified DNA, 0.25 ll of
bovine serum albumin and 1� NEB buffer 4 (New England Biolabs). Genotypes
were visualized on 3% ethidium bromide-stained NuSieve gels (Cambrex Bio
Science, Rockland, ME). For SEARCH, genotyping was carried out by nuclease
assay (Taqman; Applied Biosystems, Foster City, CA). Taqman genotyping
reagents were design by Applied Biosystems (http://www.appliedbiosystems.
com/) as Assays-by-Design. The sequence for the Assay-by-Design primers
and probes are as follows: rs10895068—F-primer, cacgagtttgatgccagagaaaa;
R-primer, tgcgacggcaatttagtgaca; G-Allele, CGGCTCCTTTATCTC and

A-Allele, CGGCTCTTTTATCTC and rs1042838—F-primer, ttcaataaagtcag-
agttgtgagagca; R-primer, agggcttggctttcatttgga; C-Allele, ACAGCCAGTG-
GGCGT and A-Allele, ACAGCCATTGGGCGT. Genotyping was performed
using the ABI Prism 7900HT Sequence Detection Systems according to the
manufacturer’s instructions.

All studies complied with quality control standards by including two or
more no DNA template controls per 384-well assay plate and at least 2% of
samples in duplicate. A genotyping call rate .95% and at least 98% concord-
ance between duplicated samples for each SNP assay was required. No sig-
nificant evidence of departure from Hardy–Weinberg equilibrium was
observed for subjects from each center using chi-squared test (1 d.f.). There
was no difference in minor allele frequency for any SNP across the different
studies and thus no evidence for inter-laboratory variability for genotyping.

Statistical analyses

Logistic regression models were used to estimate ORs and 95% CIs. ORs and
95% CIs were adjusted for age (as a continuous variable) and study (as a
categorical variable). Additional analyses included adjustment for ethnicity
(Caucasian versus other) or BMI (as a continuous variable). The extent of
heterogeneity across studies was measured by the likelihood ratio test. All
statistical analyses were performed using the Statistical Packages for Social
Sciences for Windows, version 17 (SPSS, Chicago, IL), except heterogeneity
testing and forest plots that were undertaken using R version 2.10 software
(www.r-project.org). The major homozygote genotype or allele was used as the
reference for all SNP analyses.

Results

Results for the association of PGR polymorphisms with endometrial
cancer risk are shown in Table II. In addition to the Australian sample
set, genotyping data were available from one or two replication
cohorts for each SNP as indicated in Table II. The minimum pooled
sample size was 1386 cases and 1640 controls and the maximum was
2888 cases and 4483 controls. We estimated ORs based on all data
combined for risk of endometrial cancer overall and also for risk of
endometrioid cancer subtype only.

No associations were observed for three of the SNPs investigated
(rs1042838, rs10895068 and rs 471767). Adjustment for ethnicity
did not alter interpretation of results for any of these SNPs. For exam-
ple, the per allele OR for rs10895068 was 1.00 (95% CI 0.86–1.16; P
5 0.99). Similarly, risk estimates were little different after adjustment
for BMI: the per allele OR for rs1042838 was 1.03 (95% CI 0.91–
1.17; P 5 0.60). To specifically investigate the previous report of risk
associated with rs10895068 within BMI subgroups by De Vivo et al.
(10), the interaction between genotype and BMI was evaluated for this
SNP; however, no significant interaction was found (P 5 0.111).

The rs11224561 3# UTR SNP was found to be significantly asso-
ciated with endometrial cancer risk. There was no evidence of heter-
ogeneity in ORs across the two studies (P 5 0.568). The effect is in
the same direction and of the same magnitude as that previously
reported by the original study of Chinese women. Using the GG
genotype as reference since this is the most common genotype in
our Caucasian sample (and in HapMap), we observed an OR per allele
of 1.31 (95% CI 1.12–1.53; P 5 0.001), whereas the original Chinese
study used the common Asian genotype AA as reference and reported
a protective effect (OR 0.68; 95% CI 0.50–0.92). Risk estimates dif-
fered little with adjustment for ethnicity (OR per allele 1.26; 95% CI
1.08–1.49; P 5 0.005) or BMI (OR per allele 1.29; 95% CI 1.08–1.53;
P 5 0.004). Excluding non-endometrioid subtypes from the analyses
did not appreciably alter the association results observed for any of the
investigated SNPs. For example, the per allele OR for rs11224561
became 1.23 (95% CI 1.03–1.47; P 5 0.03). When stratified by age
(,50 or �50 years), a commonly used surrogate for menopausal
status, no meaningful difference was observed. For example, the per
allele OR for rs11224561 became 1.29 (95% CI 1.09–1.53; P 5
0.003).

Discussion

In this study, we were unable to demonstrate previously reported
associations with endometrial cancer risk for two PGR
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polymorphisms (rs10895068 and rs1042838) reported to have func-
tional effects (10,13). Similar to Dossus et al. (11), we were also
unable to provide evidence for interaction of rs10895068 with BMI.

We also did not confirm the borderline association with endometrial
cancer risk previously reported for tagSNP rs 471767 in a Chinese
population (15). We have demonstrated the association of the
rs11224561 genotype and endometrial cancer risk, originally reported
in the same Chinese study (15). It is important to note that the fre-
quency of the minor allele (A) in our largely Caucasian study, which
was 16.4% among our population controls and 12.5% in the HapMap
Caucasian population, was the most common allele (66.7%) among
HapMap Chinese (available at http://www.hapmap.org accessed
February 2010). This result remained statistically significant after
adjustment for multiple comparisons using the very rigorous Bonferroni
correction method [significance threshold P 5 0.0125, (0.05/4)] for all
SNPs included in this study.

The SNP rs11224561 is located in the 3# flanking region of the
PGR gene; thus, it is possible that this polymorphism, or others in
high linkage disequilibrium with it, may regulate the translation of the
PGR gene and therefore increase the anti-proliferative activity of
progesterone. Of note, the very recent publication by Lee et al. (16)
identified another 3# UTR SNP rs608995 to be associated with a
similar level of increased risk (OR per allele 1.20; 95% CI 1.06–
1.59). There is currently no publically available information available
about the correlation between rs608995 and rs11224561, but the SNPs
are located only 767 bp apart.

Based on the ANECS dataset, which had data available for all four
SNPs included in this analysis, none of the SNPs in this study were in
linkage disequilibrium. The maximum R2 observed was between
rs10890568 and rs11224561 (r2 5 0.2073).

This study represents the largest to date investigating the associa-
tion of PGR SNPs and endometrial cancer. Our results do not confirm
the previously reported associations for rs10895068, rs1042838 and
rs471767. Although we acknowledge that very large studies would be
required to exclude the outer limits of the estimates previously re-
ported, we had more than sufficient power to exclude risk estimates

previously reported. For example, our pooled sample had .90%
power to detect an OR of 1.3 associated with the rare allele of
rs10895068, previously reported in the literature to be associated with
an OR of 1.90 (10). Likewise, we had 95% power to detect an OR of
0.77 reported for carriers of the rs471767 C allele (15). Our findings
do support an association of the 3# UTR PGR gene SNP rs11224561
with endometrial cancer risk, previously demonstrated in Chinese
women by Xu et al. (15). Given the recent report that yet another
3# UTR PGR SNP rs608995 is associated with increased risk of
endometrial cancer (16), there is incentive to conduct further studies
that refine the risk estimate for rs608995, rs11224561 and other SNPs
in the relevant linkage disequilibrium block and to identify and pri-
oritize probably causal variants for further functional studies.

Funding

National Health and Medical Research Council (NHMRC) of Aus-
tralia to (ID #339435) ANECS; Cancer Council Queensland
(ID #4196615) and Cancer Council Tasmania (ID #403031 and
ID #457636). Verelst Foundation for Endometrial Cancer to LES.
Public Health Service Grant (P01-CA77596) to WISE. Agency for
Science, Technology and Research of Singapore (A�STAR) to SAS-
BAC. A.S. and P.W. are supported by NHMRC Senior Research Fel-
lowships. Australian Postgraduate Award, an Institute of Health and
Biomedical Innovation PhD Top-Up and a Smart State PhD Award to
T.O.M. Cancer Research-UK grants (C490/A11021, C8197/A10123,
C1287/A101118, C490/A10119 and C8197/A10865) to SEARCH.

Acknowledgements

The authors would like to thank many individuals who participated in this
study and the numerous institutions and their staff who have supported recruit-
ment. ANECS would like to thank Felicity Lose, Jyotsna Batra, Xiaoqing Chen
and Jonathan Beesley from The Molecular Cancer Epidemiology and Cancer
Genetic laboratories at Queensland Institute of Medical Research for technical
assistance. We also thank the Australian Red Cross Blood Services (ARCBS)
donors, who participated as healthy controls in this study. We are grateful to the

Table II. Estimated ORs and 95% CIs for four PGR polymorphisms and endometrial cancer risk

rs number Genotype Pooled
adjusted OR (95% CI)a

P-value No. of
cases

No. of
controls

No. of
cases

No. of
controls

No. of
cases

No. of
controls

rs1042838 ANECS/AOCS SASBAC SEARCH
V660L 1220 1354 582 1538 1086 1591

CC 1.00 (ref) 867 (71.1) 933 (68.9) 414 (71.1) 1147 (74.6) 765 (70.4) 1123 (70.6)
CA 1.00 (0.89–1.12) 0.97 323 (26.5) 383 (28.3) 151 (25.9) 361 (23.5) 294 (27.1) 434 (27.3)
AA 1.15 (0.83–1.60) 0.40 30 (2.4) 38 (2.8) 17 (2.9) 30 (2.0) 27 (2.5) 34 (2.1)
Per allele 1.02 (0.93–1.13) 0.68

rs10895068 ANECS/AOCS WISE SEARCH
331 G.A 1213 1348 455 1701 1089 1593

GG 1.00 (ref) 1058 (87.2) 1185 (87.9) 412 (90.5) 1567 (92.1) 966 (88.7) 1392 (87.4)
AG 1.00 (0.85–1.18) 0.97 148 (12.2) 160 (11.9) 41 (9.0) 121 (7.1) 119 (10.9) 192 (12.1)
AA 1.06 (0.51–2.21) 0.88 7 (0.6) 3 (0.2) 2 (0.4) 13 (0.8) 4 (0.4) 9 (0.6)
Per allele 1.01 (0.87–1.17) 0.92

rs11224561 ANECS LES —
3# UTR tagSNP 1188 997 205 648

GG 1.00 (ref) 838 (70.5) 750 (75.2) 145 (70.7) 475 (73.3)
AG 1.24 (1.03–1.50) 0.02 311 (26.2) 225 (22.6) 52 (25.4) 162 (25.0)
AA 2.10 (1.27–3.48) 0.004 39 (3.3) 22 (2.2) 8 (3.9) 11 (1.7)
Per allele 1.31 (1.12–1.53)b 0.001

rs 471767 ANECS LES -
3# UTR tagSNP 1182 992 204 648

TT 1 (ref) 584 (49.4) 487 (49.1) 97 (47.5) 300 (46.3)
TC 0.92 (0.78–1.09) 0.32 485 (41.0) 416 (41.9) 82 (40.2) 299 (46.1)
CC 1.18 (0.89–1.57) 0.26 113 (9.6) 89 (9.0) 25 (12.3) 49 (7.6)
Per allele 1.02 (0.90–1.15) 0.78

aAdjusted for age and study.
bThis equates to a 0.76-fold risk for the G allele. Risk estimates showed little difference when adjusted additionally for ethnicity (Caucasian versus other) e.g. (per
allele OR 1.26; 95% CI 1.08–1.49, P 5 0.005).

T.A.O’Mara et al.

334

http://www.hapmap.org


staff at ARCBS for their assistance with the collection of risk factor informa-
tion and blood samples, and Mary-Anne Kedda, Melanie Higgins, Kimberley
Hinze, Felicity Lose, and members of the Molecular Cancer Epidemiology
Laboratory for their assistance with collection and processing of blood sam-
ples. LES gratefully acknowledges Helena Soenen, Gilian Peuteman and Dom-
iniek Smeets for their technical assistance. WISE would like to thank Drs JA
Grisso, Brian Strom, Greta Bunin, Angela DeMichele and Sandra Norman for
their central roles in the development and execution of this research, the data-
base manage Dr Anita L.Weber, the project manager for the Hospital Network
Core, Ms Elene Turzo, the project manager for the Field Core, Ms Desiree
Burgh, for their incredible efforts in co-ordinating the logistical aspects of
obtaining institutional review board approvals in participating hospitals and
for ascertaining and recruiting the large number of subjects in this study. WISE
would also like to thank Ms Karen Venuto, who managed the tracking database
and the vast correspondence involved in this study, Mr Shawn Fernandes for
performing extensive quality control checks and helping with the development of
the questionnaire database and Alanna Rebbeck for assistance with data process-
ing. We are grateful to the co-operation of the hospitals in the Greater Delaware
Valley and the support of the physicians, who sponsored our study in these
institutions, as without this help we could not have performed this study.
SEARCH would like to thank the women who took part in this research and
are grateful for help from Caroline Baynes, Don Conroy and Craig Luccarini.

ANECS would also like to gratefully acknowledge the co-operation of the
following institutions: New South Wales: John Hunter Hospital, Liverpool
Hospital, Mater Misericordiae Hospital (Sydney), Mater Misericordiae Hospi-
tal (Newcastle), Newcastle Private Hospital, North Shore Private Hospital,
Royal Hospital for Women, Royal Prince Alfred Hospital, Royal North Shore
Hospital, Royal Prince Alfred Hospital, St George Hospital, Westmead Hos-
pital, Westmead Private Hospital, Queensland: Brisbane Private Hospital,
Greenslopes Hospital, Mater Misericordiae Hospitals, Royal Brisbane and
Women’s Hospital, Wesley Hospital, Queensland Cancer Registry; SA: Adelaide
Pathology Partners, Burnside Hospital, Calvary Hospital, Flinders Medical Cen-
ter, Queen Elizabeth Hospital, Royal Adelaide Hospital, South Australian Can-
cer Registry; Tas: Launceston Hospital, North West Regional Hospitals, Royal
Hobart Hospital; Victoria: Freemasons Hospital, Melbourne Pathology Services,
Mercy Hospital for Women, Royal Women’s Hospital, Victorian Cancer Regis-
try; Washington: King Edward Memorial Hospital, St John of God Hospitals
Subiaco and Murdoch, Western Australian Cancer Registry.

The ANECS Group comprises: A.B.S., P.W., J.Young (Queensland Institute of
Medical Research); Consumer representative: L.McQuire; Clinical Collabora-
tors: New South Wales: S.Baron-Hay, D.Bell, A.Bonaventura, A.Brand,
S.Braye, J.Carter, F.Chan, C.Dalrymple, A.Ferrier (deceased), G.Gard,
N.Hacker, R.Hogg, R.Houghton, D.Marsden, K.McIlroy, G.Otton, S.Pather,
A.Proietto, G.Robertson, J.Scurry, R.Sharma, G.Wain, F.Wong; Queensland:
J.Armes, A.Crandon, M.Cummings, R.Land, J.Nicklin, L.Perrin, A.Obermair,
B.Ward; South Australia: M.Davy, T.Dodd, J.Miller, M.Oehler,
S.Paramasivum, J.Pierides, F.Whitehead; Tasmania: P.Blomfield and
D.Challis; Victoria: D.Neesham, J.Pyman, M.Quinn, R.Rome, M.Weitzer;
Western Australia: B.Brennan, I.Hammond, Y.Leung, A.McCartney, C.Stewart
and J.Thompson; Project managers: S.O’Brien, S.Moore; Laboratory
Manager: K.Ferguson; Pathology Support: M.Walsh; Administration support:
R.Cicero, L.Green, J.Griffith, L.Jackman, B.Ranieri; Laboratory Assistants:
M.O’Brien, P.Schultz; Research nurses: B.Alexander, C.Baxter, H.Croy,
A.Fitzgerald, E.Herron, C.Hill, M.Jones, J.Maidens, A.Marshall, K.Martin,
J.Mayhew, E.Minehan, D.Roffe, H.Shirley, H.Steane, A.Stenlake, A.Ward,
S.Webb and J.White.

Full membership of the Australian Ovarian Cancer Study Group is listed at
http://www.aocstudy.org/.

Conflict of Interest Statement: None declared.

References

1.Boyle,P. et al. (2003) Cancer control in women. Update 2003. Int. J. Gy-
naecol. Obstet., 83 (Suppl. 1), 179–202.

2.Kaaks,R. et al. (2002) Obesity, endogenous hormones, and endometrial
cancer risk: a synthetic review. Cancer Epidemiol. Biomarkers Prev., 11,
1531–1543.

3.Key,T.J. et al. (1988) The dose-effect relationship between ’unopposed’
oestrogens and endometrial mitotic rate: its central role in explaining and
predicting endometrial cancer risk. Br. J. Cancer, 57, 205–212.

4.Weiderpass,E. et al. (1999) Risk of endometrial cancer following estrogen
replacement with and without progestins. J. Natl Cancer Inst., 91, 1131–
1137.

5. Ito,K. (2007) Hormone replacement therapy and cancers: the biological
roles of estrogen and progestin in tumorigenesis are different between the
endometrium and breast. Tohoku J. Exp. Med., 212, 1–12.

6.Kastner,P. et al. (1990) Two distinct estrogen-regulated promoters generate
transcripts encoding the two functionally different human progesterone
receptor forms A and B. EMBO J., 9, 1603–1614.

7.Ehrlich,C.E. et al. (1988) Steroid receptors and clinical outcome in patients
with adenocarcinoma of the endometrium. Am. J. Obstet. Gynecol., 158,
796–807.

8. Ito,K. et al. (2007) Biological roles of estrogen and progesterone in human
endometrial carcinoma–new developments in potential endocrine therapy
for endometrial cancer. Endocr. J., 54, 667–679.

9.Steiner,E. et al. (2003) Multivariate independent prognostic factors in en-
dometrial carcinoma: a clinicopathologic study in 181 patients: 10 years
experience at the Department of Obstetrics and Gynecology of the Mainz
University. Int. J. Gynecol. Cancer, 13, 197–203.

10.De Vivo,I. et al. (2002) A functional polymorphism in the promoter of the
progesterone receptor gene associated with endometrial cancer risk. Proc.
Natl Acad. Sci. USA, 99, 12263–12268.

11.Dossus,L. et al. (2006) No association between progesterone receptor gene
þ331G/A polymorphism and endometrial cancer. Cancer Epidemiol. Bio-
markers Prev., 15, 1415–1416.

12.Tong,D. et al. (2001) Analysis of the human progesterone receptor gene
polymorphism progins in Austrian ovarian carcinoma patients. Int. J. Can-
cer, 95, 394–397.

13. Junqueira,M.G. et al. (2007) Progesterone receptor (PROGINS) polymor-
phism and the risk of endometrial cancer development. Int. J. Gynecol.
Cancer, 17, 229–232.

14.Pijnenborg,J.M. et al. (2005) Aberrations in the progesterone receptor gene
and the risk of recurrent endometrial carcinoma. J. Pathol., 205, 597–605.

15.Xu,W.H. et al. (2009) Association of the progesterone receptor gene with
endometrial cancer risk in a Chinese population. Cancer, 115, 2693–2700.

16.Lee,E. et al. (2010) Genetic variation in the progesterone receptor gene and
risk of endometrial cancer: a haplotype-based approach. Carcinogenesis,
31, 1392–1399.

17.Spurdle,A. et al. (2008) Re: excess of early onset multiple myeloma in
endometrial cancer probands and their relatives suggests common suscept-
ibility. Gynecol. Oncol., 109, 153.

18.Beesley,J. et al. (2007) Association between single-nucleotide polymor-
phisms in hormone metabolism and DNA repair genes and epithelial ovar-
ian cancer: results from two Australian studies and an additional validation
set. Cancer Epidemiol. Biomarkers Prev., 16, 2557–2565.

19.Strom,B.L. et al. (2006) Case-control study of postmenopausal hormone
replacement therapy and endometrial cancer. Am. J. Epidemiol., 164,
775–786.

Received September 8, 2010; revised November 30, 2010;
accepted December 4, 2010

PGR gene variants and risk of endometrial cancer

335

http://www.aocstudy.org/

