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Research Article

Large-Scale Evaluation of Common Variation in Regulatory
T Cell–Related Genes and Ovarian Cancer Outcome

Bridget Charbonneau1, Kirsten B. Moysich7, Kimberly R. Kalli2, Ann L. Oberg3, Robert A. Vierkant3, Zachary C.
Fogarty3, Matthew S. Block2, Matthew J. Maurer3, Krista M. Goergen3, Brooke L. Fridley10, Julie M. Cun-
ningham4, David N. Rider3, Claudia Preston5, Lynn C. Hartmann6, Kate Lawrenson11, Chen Wang3, Jonathan
Tyrer17, Honglin Song17, Anna deFazio26, Sharon E. Johnatty27, Jennifer A. Doherty30, Catherine M. Phelan31,
ThomasA.Sellers31, StarrM.Ramirez1, AllisonF.Vitonis33, KathrynL. Terry33,34, DavidVanDenBerg11,Malcolm
C. Pike8,11, Anna H. Wu11, Andrew Berchuck35, Aleksandra Gentry-Maharaj19, Susan J. Ramus11, Brenda
Diergaarde38, HowardShen11, Allan Jensen39, JanuszMenkiszak42, CezaryCybulski43, Jan Lubi�nski43, Argyrios
Ziogas15, Joseph H. Rothstein16, Valerie McGuire16, Weiva Sieh16, Jenny Lester12, Christine Walsh12, Ignace
Vergote46, Sandrina Lambrechts46, Evelyn Despierre46, Montserrat Garcia-Closas20,22, Hannah Yang49, Louise
A. Brinton49, Beata Spiewankiewicz44, Iwona K. Rzepecka45, Agnieszka Dansonka-Mieszkowska45, Petra
Seibold50, AnjaRudolph50, LisaE.Paddock56, IreneOrlow8, LeneLundvall40, SaraH.Olson8,ClausK.Hogdall40,
Ira Schwaab51, Andreas du Bois52,53, Philipp Harter52,53, JamesM. Flanagan21, Robert Brown21, James Paul24,
Arif B.Ekici54,MatthiasW.Beckmann55, AlexanderHein55,DianaEccles25,GalinaLurie58, LauraE.Hays59, Yukie
T. Bean60,61, Tanja Pejovic60,61, Marc T. Goodman13, Ian Campbell28,29, Peter A. Fasching14,55, Gottfried
Konecny14, StanleyB. Kaye23, Florian Heitz52,53, EstridHogdall39,41, Elisa V. Bandera57, JennyChang-Claude50,
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Abstract
The presence of regulatory T cells (Treg) in solid tumors is known to play a role in patient survival in ovarian

cancer and other malignancies. We assessed inherited genetic variations via 749 tag single-nucleotide poly-
morphisms (SNP) in 25 Treg-associated genes (CD28, CTLA4, FOXP3, IDO1, IL10, IL10RA, IL15, 1L17RA, IL23A,
IL23R, IL2RA, IL6, IL6R, IL8, LGALS1, LGALS9, MAP3K8, STAT5A, STAT5B, TGFB1, TGFB2, TGFB3, TGFBR1,
TGRBR2, and TGFBR3) in relation to ovarian cancer survival. We analyzed genotype and overall survival in 10,084
women with invasive epithelial ovarian cancer, including 5,248 high-grade serous, 1,452 endometrioid, 795 clear
cell, and 661 mucinous carcinoma cases of European descent across 28 studies from the Ovarian Cancer
Association Consortium (OCAC). The strongest associations were found for endometrioid carcinoma and IL2RA
SNPs rs11256497 [HR, 1.42; 95% confidence interval (CI), 1.22–1.64; P ¼ 5.7 � 10�6], rs791587 (HR, 1.36; 95% CI,
1.17–1.57; P¼ 6.2� 10�5), rs2476491 (HR,¼ 1.40; 95%CI, 1.19–1.64; P¼ 5.6� 10�5), and rs10795763 (HR, 1.35; 95%
CI, 1.17–1.57; P¼ 7.9� 10�5), and for clear cell carcinoma and CTLA4 SNP rs231775 (HR, 0.67; 95% CI, 0.54–0.82;
P¼ 9.3� 10�5) after adjustment for age, study site, population stratification, stage, grade, and oral contraceptive
use. The rs231775 allele associated with improved survival in our study also results in an amino acid change in
CTLA4 and previously has been reported to be associated with autoimmune conditions. Thus, we found evidence
that SNPs in genes related to Tregs seem to play a role in ovarian cancer survival, particularly in patientswith clear
cell and endometrioid epithelial ovarian cancer. Cancer Immunol Res; 2(4); 332–40. �2014 AACR.
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Introduction
Therewere an estimated 15,500 deaths fromovarian cancer in

the United States in 2012 (1), in part because many tumors are
diagnosed at late stage and recurrences are common. Invasive
epithelial ovarian cancer (EOC) consists of several histologic
subtypes with varying behavior and survival (2), and the rare
subtypes are often understudied because of limited numbers.
Nonetheless, subtype-specific analysis of EOC is needed tobetter
understand prognostic factors. By combining cases acrossmany
studies in the Ovarian Cancer Association Consortium (OCAC),
these subtype analyses may now be conducted.
Antitumor immunity by cytotoxic T cells has been demon-

strated in ovarian cancer (1), and recent meta-analyses con-
cluded that tumor-infiltrating immune cells predict improved
survival in EOC (2) and other malignancies (3). However, in the
tumor microenvironment, the function of these cells is often
suppressed by a mixture of suppressive cytokines produced by
the tumor and by the different populations of suppressive
immune cells (4). Of particular interest are regulatory T cells
(Treg), which develop in the thymus (natural) or periphery
(acquired) and typically express CD4 and FOXP3 (5). These
cells interact with antigen-presenting cells (APC) via cell
surface molecules, such as CTLA4, to inhibit antigen presen-
tation and to induce APCs to express suppressive cytokines (6).
Their presence in tumors has been linked to poor prognosis in
patients with EOC (7).
On the basis of this knowledge, we hypothesized that

variants in genes expressed in suppressive immune cells may
associate with EOC survival. Previously, assessment of poly-
morphisms in 54 genes in the Treg pathway in 994 EOC cases
pooled from two sites found associations between SNPs
in RGS1 (clear cell EOC), LRRC32 and TNFRSF4/TNFRSF18

(mucinous EOC), and CD80 (endometrioid and all EOC) and
EOC survival (8). In this study, we have expanded the scope to
include polymorphisms in additional Treg-related genes in a
much larger pooled analysis of 10,084 invasive EOC cases from
28 studies, allowing subtype-specific analyses.

Materials and Methods
SNP selection

Minor allele frequency (MAF) was defined as the relative
frequency of the SNP minor allele in the population. Linkage
disequilibrium (defined as the occurrence of paired alleles in a
population relative to that expected from random formation of
haplotypes) r2 values were calculated for all pairs of SNPs.
Twenty-five genes of relevance to the biology of Tregs (CD28,
CTLA4, FOXP3, IDO1, IL10, IL10RA, IL15, 1L17RA, IL23A, IL23R,
IL2RA, IL6, IL6R, IL8, LGALS1, LGALS9, MAP3K8, STAT5A,
STAT5B, TGFB1, TGFB2, TGFB3, TGFBR1, TGRBR2, and
TGFBR3) were chosen for this study (Supplementary Table
S1). The relevance of these genes was established from a
PubMed database search, which revealed published informa-
tion that either directly showed or suggested a role for the
respective gene products in the induction, immune suppres-
sive function, or trafficking of Tregs (8). We selected 749 SNPs
in these genes, including 5 kb upstream and downstream, in an
attempt to tag all common variants using the criteria that all
known SNPs with MAF� 0.05 had an r2� 0.8 with at least one
tag SNP in the region. Additional SNP information is presented
in Supplementary Table S2.

Study participants, genotyping, and quality control
A total of 10,084 invasive EOC cases, of which 5,248 were

high-grade serous cases,were examined.GermlineDNA (250ng

Surgery and Cancer, Imperial College London, London; 22Division of
Genetics and Epidemiology, Institute of Cancer Research; 23Division of
Clinical Studies, The Institute of Cancer Research and the Royal Marsden
Hospital, Sutton; 24The Beatson West of Scotland Cancer Centre, Glas-
gow; 25Faculty ofMedicine, University of Southampton,UniversityHospital
Southampton, Hampshire, United Kingdom; 26Department of Gynaecolo-
gical Oncology, Westmead Hospital and Westmead Institute for Cancer
Research, University of Sydney at the Westmead Millennium Institute,
Westmead, New South Wales; 27Cancer Division, Queensland Institute of
Medical Research, Herston, Queensland; 28Research Division, Peter Mac-
Callum Cancer Centre, Melbourne; 29Department of Pathology, University
of Melbourne, Parkville, Victoria, Australia; 30Section of Biostatistics and
Epidemiology, TheGeisel School ofMedicine at Dartmouth, Lebanon, New
Hampshire; 31Department of Cancer Epidemiology, Division of Population
Sciences, Moffitt Cancer Center, Tampa; 32The Vaccine andGene Therapy
Institute of Florida, Port St. Lucie, Florida; 33Obstetrics and Gynecology
Epidemiology Center, Brigham and Women's Hospital and Harvard Med-
ical School; 34Department of Epidemiology, Harvard School of Public
Health, Boston, Massachusetts; 35Department of Obstetrics and Gyne-
cology, Duke University Medical Center; 36Cancer Prevention, Detection
and Control Research Program, Duke Cancer Institute; 37Department of
Community and Family Medicine, Duke University Medical Center, Dur-
ham, North Carolina; 38Department of Epidemiology, University of Pitts-
burgh, Pittsburgh, Pennsylvania; 39Virus, Lifestyle and Genes, Danish
Cancer Society Research Center; 40Department of Gynaecology, Copen-
hagenUniversity Hospital, Rigshospitalet; 41Molecular Unit, Department of
Pathology, Herlev Hospital, University of Copenhagen, Copenhagen, Den-
mark; 42Department of Surgical Gynecology and Gynecological Oncology
of Adults and Adolescents; 43International Hereditary Cancer Center,
Department of Genetics and Pathology, Pomeranian Medical University,
Szczecin; Departments of 44Gynecologic Oncology and 45Pathology, The
Maria Sklodowska-Curie Memorial Cancer Center and Institute of Oncol-
ogy, Warsaw, Poland; 46Division of Gynecologic Oncology, Department of

Obstetrics and Gynecology and Leuven Cancer Institute, University Hos-
pitals Leuven; 47Vesalius Research Center, VIB; 48Laboratory for Transla-
tional Genetics, Department of Oncology, University of Leuven, Leuven,
Belgium; 49DivisionofCancer Epidemiology andGenetics,NationalCancer
Institute, Bethesda, Maryland; 50German Cancer Research Center (DKFZ),
Division of Cancer Epidemiology, Heidelberg; 51Institut f€ur Humangenetik
Wiesbaden; 52Department of Gynecology and Gynecologic Oncology, Dr.
Horst Schmidt Kliniken Wiesbaden, Wiesbaden; 53Department of
Gynecology and Gynecologic Oncology, Kliniken Essen-Mitte/Evang.
Huyssens-Stiftung/Knappschaft GmbH, Essen; 54Institute of Human
Genetics; 55University Hospital Erlangen, Department of Gynecology and
Obstetrics, Friedrich-Alexander-University Erlangen-Nuremberg, Erlan-
gen, Germany; 56New Jersey Department of Health, Trenton; 57Rutgers
Cancer Institute of New Jersey, Robert Wood Johnson Medical School,
New Brunswick, New Jersey; 58Cancer Epidemiology Program, University
of Hawaii Cancer Center, Honolulu, Hawaii; 59Department of Hematology
and Oncology and the Knight Cancer Institute; 60Department of Obstetrics
and Gynecology; 61Knight Cancer Institute, Oregon Health and Science
University, Portland,Oregon; 62Program inEpidemiology,Divisionof Public
Health Sciences, Fred Hutchinson Cancer Research Center; 63Department
of Epidemiology,University ofWashington, Seattle,Washington; and 64The
University of Texas School of Public Health, Houston, Texas

Note: Supplementary data for this article are available at Cancer Immu-
nology Research Online (http://cancerimmunolres.aacrjournals.org/).

K.L. Knutson and E.L. Goode contributed equally to this work.

Corresponding Author: Ellen L. Goode, Department of Health Sciences
Research, Mayo Clinic, 200 First Street SW, Rochester, MN 55905. Phone:
507-266-7997; Fax: 507-266-2478; E-mail: egoode@mayo.edu

doi: 10.1158/2326-6066.CIR-13-0136

�2014 American Association for Cancer Research.

Treg SNPs and Ovarian Cancer Survival

www.aacrjournals.org Cancer Immunol Res; 2(4) April 2014 333

on April 29, 2014. © 2014 American Association for Cancer Research. cancerimmunolres.aacrjournals.org Downloaded from 

Published OnlineFirst January 27, 2014; DOI: 10.1158/2326-6066.CIR-13-0136 

http://cancerimmunolres.aacrjournals.org/


genomic or 750 ng whole-genome amplified) from participants
from 28 studies (Supplementary Table S3) in the OCAC was
genotyped on a custom Illumina iSelect BeadArray, using
centralized genotype calling and quality control procedures,
as described previously (9–13). In brief, we excluded samples
with call rate <95% and SNPs with call rate <95% (MAF� 0.05)
or <99% (MAF < 0.05); we restricted the study to samples with
>90%predicted European ancestry, andwe estimated principal
components representing European substructure (9). Addi-
tional exclusions are described by White and colleagues (11).

In silico analysis
Several publicly available in silico tools were accessed to

determine whether there was any published information related
to the identified SNPs, including RegulomeDB, PolyDoms, and
the Ensembl Variation. Analysis was carried out on all SNPs that
reached a statistical significance of P < 0.001. RegulomeDB
annotates SNPs with known and predicted regulatory elements
in the intergenic and noncoding regions of the Homo sapiens
genome.Knownandpredicted regulatoryDNAelements include
regions of DNase hypersensitivity, binding sites of transcription
factors, and promoter regions that have been biochemically
characterized to regulate transcription (14). PolyDoms predicts
the implications of the nonsynonymous SNPs (nsSNP) using two
well-known algorithms [Sort Intolerant from Intolerant (SIFT)
and Polymorphism Phenotype (PolyPhen)]. The results are pre-
sentedontoproteindomains andhighlight thosensSNPs that are
potentially deleterious or have been reported as disease allelic
variants (15).

Ensemble Variation (http://useast.ensembl.org/info/genome/
variation/index.html) is a database that stores areas of the
genome that differ between individual genomes and, if avail-
able, stores associated disease and phenotype information for
SNPs as well as short nucleotide insertions and/or deletions
and longer variants.

Statistical analysis
Cox proportional hazards regression modeling was used to

estimate per-allele HRs and 95% confidence intervals (CI) for
associations with overall survival (OS). Separate analyses were
carried out for all cases combined as well as for each of the four
major histologic subtypes (high-grade serous, endometrioid,
clear cell, and mucinous), accounting for left truncation and
right censoring. Relevant adjustment covariates included life-
style and clinical variables found to be independently associ-
ated with OS in all ovarian cancer cases with available data
(Supplementary Table S4). Two different Cox models were
created to adjust for relevant covariates: a minimally adjusted
Cox model adjusted for age at diagnosis, the first five popu-
lation substructure principal components, and study site; and a
Cox model adjusted additionally for histology (for analyses of
all cases only), tumor stage summarized from International
Federation of Gynecology and Obstetrics (FIGO) or Surveil-
lance, Epidemiology, and End Results (SEER) stage (localized,
regional, distant, unknown), tumor grade (well, moderately,
poorly, or undifferentiated, unknown), and oral contraceptive
use (yes, no, unknown). The interaction between each SNP and
study sites was examined using likelihood ratio testing to

identify heterogeneity of HRs across study sites. SNP associa-
tions with OS were visually displayed using Kaplan–Meier
curves, again accounting for left truncation of data. A Bonfer-
roni-corrected P value (6.2� 10�4) was calculated, accounting
for linkage disequilibrium between SNPs. Accounting for link-
age disequilibrium was done by determining the number of
independent bins (N ¼ 81), where each bin contained one or
more tagSNPs with r2� 0.1 with all other SNPs in the same bin.
For the most statistically significant SNPs, we additionally
attempted to account for residual disease following surgery
by running sensitivity analyses in cases with nonmissing
information on tumor debulking status (2,470 total EOC cases,
326 endometrioid EOC cases and 171 clear cell EOC), where we
compared unadjusted SNP associations with OS to those
adjusted for two-category debulking status (no residual
disease versus other). We also used HaploReg v2 (http://
www.broadinstitute.org/mammals/haploreg/haploreg.php)
to identify specific information on potential SNP function for
the most statistically significant SNPs (16). Gene expression
data were obtained for 200 samples (including 154 serous, 35
endometrioid, 5 clear cell, and 5 mucinous) with matching
gene expression and genotype data for rs11256497 and ana-
lyzed as described previously (8). Briefly, data were normalized
via the Agilent error model and log ratios of signal relative to a
reference were used for analyses. After normalization, batch
differences caused by Cy5 (case channel) and Cy3 (reference
channel) dying dates were adjusted using ComBat, an empir-
ical Bayesian approach (17). Association of rs11256497 geno-
type with gene expression within the IL2RA gene (cis relation-
ship) was assessed by comparing mean log10-transformed
normalized gene expression values of GG versus AG/AA geno-
types using a two-tailed unpaired t test.

Results
In 10,084 EOCcases (including 5,248 high-grade serous, 1,452

endometrioid, 795 clear cell, and 661mucinous) pooled from28
studies, we assessed 749 SNPs in 25 Treg-related genes for
associations with OS. The median survival time across the 28
studies included in this analysis ranged from 2.2 to 8.6 years
(Supplementary Table S3).

Associations between Treg SNPs and survival among all
cases with EOC and by specific tumor histologies

Table 1 includes all SNPs associated at P < 0.005 with OS for
all EOC cases and by histologic subtype, following adjustment
for other prognostic factors. One SNP in TGFBR2 and 10 SNPs
in IL2RA were associated with OS in endometrioid EOC at P <
0.005, with six IL2RA SNPs statistically significantly associated
with OS at P < 6.2� 10�4, including rs11256497 (HR, 1.42; 95%
CI, 1.22–1.64; Fig. 1A), rs791587 (HR, 1.36; 95% CI, 1.17–1.57),
rs2476491(HR, 1.40; 95% CI, 1.19–1.64), rs10795763 (HR, 1.35;
95% CI, 1.17–1.57), rs2256774 (HR, 1.33; 95% CI, 1.14–1.56), and
rs10905669 (HR, 0.71; 95% CI, 0.59–0.85). P values for IL2RA
SNPs are plotted in Fig. 2A along with linkage disequilibrium
with the most strongly associated SNP rs11256497. We obs-
erved a moderate amount of linkage disequilibrium between
rs11256497 and the other highlighted SNPs, with r2 values
ranging between 0.4 and 0.8. The CTLA4 SNP rs231775 was
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associated with OS in clear cell EOC (HR, 0.67; 95% CI, 0.54–
0.82; Fig. 1B) at P < 6.2� 10�4. Other SNPs in this gene were not
statistically significantly associated with clear cell EOC (Fig.
2B); there was a modest association with two MAP3K8 SNPs.
Three of the TGFBR2 SNPs were also modestly associated (P <
0.0005) with OS in patients with high-grade serous EOC, but
only rs6770038 (HR, 0.88; 95% CI, 0.82–0.94) met the threshold
for statistical significance. Modest associations were also seen
between one TGFBR2 and four TGFBR3 SNPs and OS in
mucinous EOC. One IL10RA and four TGFBR2 SNPs had
suggestive associations with OS in all EOCs, but only the
association with rs4522809 was statistically significant (HR,
1.08; 95% CI, 1.03–1.12). Results were generally similar for the
minimally adjustedmodel (data not shown). Althoughwewere
limited in the number of cases with nonmissing debulking
status (2,470 total EOC cases, including 326 endometrioid EOC
cases and 171 clear cell EOC), we carried out sensitivity

analyses for the most statistically significant SNPs and found
that the estimates did not change substantially between unad-
justed and debulking status–adjusted analyses of cases with
nonmissing debulking status (data not shown).

Correlations between germline polymorphisms in IL2RA
and gene expression in the tumor

The most statistically significant association was found
between the OS of endometrioid EOC and rs11256497 in IL2RA.
To determine the functional consequences of this intronic
variant, we investigated whether the expression of IL2RA in
tumors varied by allele in 200 tumors of combined histology
with matching genotype and gene expression data available for
analysis. There was no evidence for differences in tumor IL2RA
mRNA expression by IL2RA SNP rs11256497 (GG vs. AA/AG;
P ¼ 0.33 for probe A_23_P237288 and P ¼ 0.23 for probe
A_24_P230563) in these tumors of combined histology.

Table 1. SNPs in Treg genes and association with OS in ovarian cancer (P < 0.005)

Case group Gene SNP Allelesa MAF HR (95% CI) P2

All (N ¼ 10,084) TGFBR2 Rs6550005 G>A 0.20 0.92 (0.88–0.97) 3.3 � 10�3

Rs6770038 G>A 0.18 0.92 (0.87–0.97) 1.7 � 10�3

Rs4522809 A>G 0.47 1.08 (1.03–1.12) 3.7 � 10�4

Rs9843942 G>A 0.37 1.07 (1.02–1.12) 2.5 � 10�3

IL10RA Rs4252314 A>G 0.04 0.85 (0.76–0.95) 4.1 � 10�3

High-grade serous (N ¼ 5,248) TGFBR2 Rs6550005 G>A 0.20 0.91 (0.85–0.97) 4.6 � 10�3

Rs6770038 G>A 0.18 0.88 (0.82–0.94) 3.2 � 10�4

Rs4522809 A>G 0.48 1.09 (1.04–1.15) 1.0 � 10�3

Endometrioid (N ¼ 1,452) TGFBR2 rs12495646 C>A 0.32 0.79 (0.67–0.93) 4.6 � 10�3

IL2RA rs7072398 G>A 0.44 1.27 (1.10–1.47) 1.2 � 10�3

rs6602398 C>A 0.30 1.30 (1.11–1.52) 1.6 � 10�3

rs11256497 G>A 0.37 1.42 (1.22–1.64) 5.7 � 10�6

rs791587 G>A 0.46 1.36 (1.17–1.57) 6.2 � 10�5

rs10905669 G>A 0.24 0.71 (0.59–0.85) 2.2 � 10�4

rs2476491 A>T 0.29 1.40 (1.19–1.64) 5.6 � 10�5

rs2245675 G>A 0.32 1.31 (1.13–1.53) 6.2 � 10�4

rs10795763 A>C 0.40 1.35 (1.17–1.57) 7.9 � 10�5

rs2256774 A>G 0.34 1.33 (1.14–1.56) 2.9 � 10�4

rs706779 A>G 0.46 1.25 (1.08–1.44) 2.8 � 10�3

Clear cell (N ¼ 795) CTLA4 rs231775 A>G 0.37 0.67 (0.54–0.82) 9.3 � 10�5

MAP3K8 rs306588 A>G 0.31 1.33 (1.10–1.61) 4.1 � 10�3

rs202162340 A>C 0.37 1.32 (1.09–1.59) 4.7 � 10�3

Mucinous (N ¼ 661) TGFBR3 rs284172 T>A 0.14 0.60 (0.42–0.86) 3.0 � 10�3

rs12129174 G>A 0.16 1.61 (1.18–2.19) 3.8 � 10�3

rs4658265 G>A 0.32 1.56 (1.20–2.05) 1.2 � 10�3

rs5019497 C>A 0.43 0.68 (0.51–0.89) 4.5 � 10�3

TGFBR2 rs2082224 G>A 0.25 0.61 (0.44–0.85) 2.7 � 10�3

NOTE: Sorted by chromosomal position; linkage disequilibrium reduced to r2 < 0.95;
Bold indicates P < 6.2 � 10�4 (Bonferroni-corrected P value accounting for linkage disequilibrium between SNPs at r2 � 0.1); dbSNP
132.
aListed as major >minor. Adjusted for age at diagnosis, population substructure principal components, study site, and histology (for
analyses of all cases only), tumor stage (I, localized; II, regional; III, distant; unknown), tumor grade (1, well; 2, moderately; 3, poorly; 4,
undifferentiated, and unknown); and oral contraceptive use (yes, no, unknown).
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However, when we restricted the analysis to endometrioid
histology, IL2RA expression was lower in the AG/AA group,
compared with the GG group (P ¼ 0.001 for probe
A_23_P237288 and P ¼ 0.01 for probe A_24_P230563; Fig. 3).

Finally, using in silico tools, we determined whether there
was information about the role of the SNPs in regulating the
function and/or expression of the genes with which they are
associated. First, we accessed RegulomeDB to determine
whether any of the intronic SNPs with a P < 0.001 (Table 1
bold)may be associatedwith regions involved in the regulation
of expression. This included all of the identified SNPs with the
exception of rs231775, a coding SNP. The only SNP thatwas in a
region for which binding of regulatory elements was consid-
ered likely was rs11256497 within the IL2RA gene, which is in
agreement with the expression results depicted in Fig. 3.
Although dbSNP did not provide additional information with
respect to this SNP, using this tool, we found two other IL2RA

SNPs, rs10905669 and rs10795763, within 2.5 kb of the pro-
moter regions, suggesting a role for these SNPs in regulating
expression. The only SNP relevant to the PolyDoms algorithm
(i.e., within a coding region) was the CTLA4 missense SNP
rs231775, which was predicted to be a benign variant.

Discussion
Infiltration of ovarian tumors by Tregs is associated with

poor patient outcome (7). Previously, we found associations
between OS in EOC and SNPs in genes related to Treg
activation, migration, and function, including RGS1 (clear
cell), LRRC32 and TNFRSF18/TNFRSF4 (mucinous), and
CD80 (endometrioid; ref. 8). In the present study, we ass-
essed the associations between OS in patients with EOC and
germline variations in additional Treg-related genes. The
most notable associations (P < 6.2 � 10�4) were found

Figure 1. Kaplan–Meier curves
accounting for left truncation for the
most statistically significantly
associated SNPs andOS in womenwith
endometrioid EOC with rs11256497
genotype [GG (N ¼ 582), AG (N ¼ 670),
and AA (N ¼ 200); A]; B, clear cell EOC
with rs231775 genotype [AA (N ¼ 313),
AG (N ¼ 379), and GG (N ¼ 103)]; C,
high-grade serous EOC with rs6770038
genotype [GG (N ¼ 3,484), AG (N ¼
1,604), and AA (N ¼ 160)]; D, mucinous
EOCwith rs4658265 genotype [GG (N¼
305), AG (N¼ 295), andAA (N¼ 61)]; and
E, any invasive EOC with rs4522809
genotype [AA (N ¼ 2,782), AG (N ¼
5,069), and GG (N ¼ 2,232)].
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between six SNPs in IL2RA and OS in women with endome-
trioid cancer, a CTLA4 SNP and OS in women with clear cell
carcinoma, a TGFBR2 SNP and OS in women with high-grade
serous EOC, and a TFGBR2 SNP and OS in women with any
EOC. There were also a few modest associations between OS
and Treg-related SNPs in TGFBR2 and IL10RA for all EOC,
TGFBR2 for high-grade serous, TGFBR2 for endometrioid,
MAP3K8 for clear cell, and TGFBR2 and TGFBR3 for patients
with mucinous EOC.

The most statistically significant association found was
between OS in women with endometrioid EOC and IL2RA
SNP, rs11256497. IL-2Ra, also known as CD25, forms a portion
of the high affinity interleukin (IL)-2 receptor, and is expressed
by most Tregs. IL-2 signaling through this receptor plays an
important role in Treg homeostasis (18). IL-2 treatment has
been shown to enhance Treg numbers and function (19),
whereas anti-CD25 antibodies can be used to deplete Tregs
(20). The rs11256497 SNP, associated with OS in our study, is

Figure 2. SNPs most statistically significantly associated with OS in endometrioid and clear cell EOC. Association P values [�log10 (P)] using
LocusZoom (30) of all SNPs in IL2RA for endometrioid (rs11256497 represented by purple circle; A); B, CTLA4 for clear cell (rs231775 represented by purple
triangle); C, TGFBR2 for high-grade serous (rs6770038 represented by purple circle); D, TGFBR3 for mucinous (rs4658265 represented by purple circle); and
E, TGFBR2 for all invasive EOC (rs4522809 represented by purple circle). ~, framestop or splice; !, nonsynonymous; &, synonymous or UTR; *, no; x,
conserved in placental mammals.
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located in an NF-kB and EBF1 binding site (HaploReg v2;
described in ref. 16 and is predicted to impact binding by
RegulomeDB), but the effect of this SNP on transcription
factor binding is unknown. Analysis of endometrioid (N ¼
35 EOC) tumors with matching tumor mRNA expression and
rs11256497 genotype data revealed elevated IL2RA mRNA
expression in the tumors of patients with the GG genotype,
which was also associated with improved survival, compared
with patients with the AA/AG genotype. This finding seems
counterintuitive, as higher IL2RA would be predicted to asso-
ciate with higher Treg counts and, therefore, reduced survival;
however, prior studies have identified the complexity of IL-2/
IL-2Ra signaling and its importance in effector T-cell response
(21). We also note that sample size was limited for endome-
trioid cases with overlapping genotype and gene expression
data. These data also do not permit an evaluation of whether or
not these SNPs alter expression in specific cell types such as
Treg or other immune cells. Future studies are needed to
explore whether this variant affects Treg maintenance and
associates with infiltrating Tregs in the tumor.

The minor (G) allele of the CTLA4 SNP rs231775 is
associated with increased risk of systemic lupus erythema-
tosus, primary biliary cirrhosis, and type I diabetes (22–24).
The increased risk associated with these autoimmune dis-
eases suggests that this SNP reduces CTLA4 function, there-
by increasing effector T-cell response against self-antigens.
Therefore, it is plausible that this missense (Thr>Ala) SNP
would be associated with improved EOC survival as pre-
sented in our study, as it may relate to enhanced effector
T-cell response to tumors. In a prior study assessing the
function of this variant, T cells from individuals with the GG
genotype had increased proliferation with suboptimal stim-
ulation, lower CTLA4 expression following activation, and
different intracellular distribution of CTLA4 than T cells
from individuals with the AA genotype (25). Ipilimumab, an
anti-CTLA4 monoclonal antibody, has been used with some
success in inducing tumor regression of melanoma and renal
clear cell carcinoma (26). Recent studies in rodent models
have demonstrated that treatment with anti-CTLA4 anti-
bodies results in enhanced tumor rejection and higher
intratumoral ratio of effector T cell/Treg (27, 28). Although
further experimental studies should be carried out to eval-
uate how this genetic association translates into clinical

application, our findings, combined with those from the
previous reports of clear cell EOC being molecularly similar
to renal clear cell carcinoma (29), indicate that blocking
CTLA4 with an agent such as ipilimumab might be reason-
able to investigate in clinical trials for clear cell EOC. A phase
II study of this drug currently is under way in recurrent
platinum-sensitive ovarian cancer (www.clinicaltrials.gov).

The strengths of this study include centralized quality
control and large sample size, thus providing the opportunity
to examine associations between survival and SNPs with more
modest effects in patients with the common high-grade serous
histology and those with the rare histologic subtypes. Our
study includes samples from 28 EOC studies with different
designs and goals, and we controlled for potentially confound-
ing factors by adjusting for study site and several clinical
covariates for which information was available in a large
portion of the OCAC population. Although we were limited
by the number of cases with nonmissing debulking status and,
therefore, did not perform this adjustment in our primary
analysis, we did perform sensitivity analyses in cases with
nonmissing debulking status. We used a fairly comprehensive
approach (SNP tagging) to identify variations in Treg-related
genes; however, due to quality control failures, some genes
were not as well covered as others. Differences in enrollment
time, particularly for population-based studies with delayed
enrollment, may also affect the results due to a failure to
enroll subjects, who died very soon after diagnosis. Although
adjustment for left truncation removes some of the biases,
an increased survival time was still evident. Finally, due to
variation in racial differences in allele frequencies and the
limited number of racial minorities, the analysis was res-
tricted to participants of European descent, which reduces
generalizability.

In conclusion, we provide evidence that Treg-related SNPs
are associated with survival in subtypes of EOC. In particular,
several SNPs in IL2RA are associated with survival in endome-
trioid EOC.We found that theminor allele of amissenseCTLA4
SNP, previously reported to be associated with impaired
CTLA4 function and several autoimmune disorders, is asso-
ciated with improved survival in clear cell EOC. This finding
may have important clinical implications, as anti-CTLA4
therapy has already been used with some success in the
treatment of melanoma and renal clear cell carcinoma.
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Figure 3. IL2RA mRNA expression
(normalized and log10
transformed) by rs11256497
genotype in endometrioid EOC
tumors. Two different Agilent
IL2RA probes are presented:
A, A_23_P237288; and B,
A_24_P230563. Two-tailed,
unpaired t test P value is reported.
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Further research on the effects of inhibiting CTLA4 in clear
cell EOC is warranted.
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