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BACKGROUND & AIMS: Barrett's esophagus (BE) increases the
risk of esophageal adenocarcinoma (EAC). We found the risk to
be BE has been associated with single nucleotide polymorphisms
(SNPs) on chromosome 6p21 (within the HLA region) and on
16923, where the closest protein-coding gene is FOXF1. Subse-
quently, the Barrett's and Esophageal Adenocarcinoma Con-
sortium (BEACON) identi ed risk loci for BE and esophageal
adenocarcinoma near CRTC1 and BARX1, and within 100 kb of
FOXP1. We aimed to identify further SNPs that increased BE risk
and to validate previously reported associations. METHODS: We
performed a genome-wide association study (GWAS) to identify
variants associated with BE and further analyzed promising
variants identi ed by BEACON by genotyping 10,158 patients
with BE and 21,062 controls. RESULTS: We identi ed 2 SNPs not
previously associated with BE: rs3072 (2p24.1; odds ratio [OR] ...
1.14; 95% CI: 1.09-1.18; P ... 1.8 10 ') and rs2701108
(12g24.21; OR ... 0.90; 95% CI: 0.86-0.93; P ... 75 10 °). The
closest protein-coding genes were respectively GDF7 (rs3072),
which encodes a ligand in the bone morphogenetic protein
pathway, and TBX5 (rs2701108), which encodes a transcription
factor that regulates esophageal and cardiac development. Our
data also supported in BE cases 3 risk SNPs identi ed by BEACON
(rs2687201, rs11789015, and rs10423674). Meta-analysis of all
data identi ed another SNP associated with BE and esophageal
adenocarcinoma: rs3784262, within ALDH1A2 (OR ... 0.90; 95%
Cl:0.87-093;P ... 372 10 °). CONCLUSIONS: We identi ed 2
loci associated with risk of BE and provided data to support a
further locus. The genes we found to be associated with risk for
BE encode transcription factors involved in thoracic, diaphrag-
matic, and esophageal development or proteins involved in the
in ammatory response.

Keywords: EAC; Intestinal Metaplasia; Susceptibility; Cancer.

B arrett’s esophagus (BE) is a common premalignant
condition that affects up to 2% of the adult popu-
lation in the Western world.* BE comprises the second stage
in the esophagitis—-metaplasia—dysplasia—adenocarcinoma
sequence. BE confers a 2%-4% lifetime risk of esophageal
adenocarcinoma (EAC).* Chronic gastric acid re ux is the
predominant etiologic factor for BE. In addition, BE co-
occurs with conditions such as intestinal metaplasia, hiatal
hernia, obesity, and hypercholesterolemia.”"> Several fac-
tors, including the degree of acid re ux, hiatal hernia size,
and the percentage of intestinal metaplasia—positive glands,
can affect the progression to cancer. A role for genetics in
the pathogenesis of gastroesophageal re ux disease,
including BE and EAC, has been implicated on the basis of 3
observations: concordance in monozygous and dizygous
twins®®; the increased risk of disease in those with a pos-
itive family historyg'lo; and, recently, the identi cation of
single nucleotide polymorphisms (SNPs) associated with BE
in Genome-Wide Association Studies (GWAS).**** The pro-
portion of variation in BE risk explained by common vari-
ants has been estimated to be 35%."*

*Authors share co- rst authorship.

Abbreviations used in this paper: ASE, allele-speci c expression; BE,
Barrett’s esophagus; BEACON, Barrett’s and Esophageal Adenocarci-
noma Consortium; CI, con dence interval; EAC, esophageal adenocarci-
noma; eQTL, expression quantitative trait locus; GWAS, genome-wide
association study; LD, linkage disequilibrium; OR, odds ratio; PC, principal
component; SNP, single nucleotide polymorphism; TCGA, The Cancer
Genome Atlas.
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Our GWAS previously identi ed 2 SNPs, on chromo-
somes 6p21 (rs9257809; P .. 4.1 10 °) and 16024
(rs9936833; P ... 2.7 10 19), that are associated with
BE.** One of these loci lies within the HLA region and the
other, close to FOXF1, which is involved in esophageal
structure and development. Both SNPs have also been
shown to be associated with risk of EAC."* More recently, in
a combined analysis of BE and EAC cases, the Barrett’s and
Esophageal Adenocarcinoma Consortium (BEACON) identi-

ed susceptibility SNPs within CRTC1 and BARX1, and near
FOXP1.'? The last 2 of these genes are known to be involved
in esophageal development.***°

We aimed to identify further BE predisposition SNPs
from our GWAS by performing wider and deeper indepen-
dent replication of SNPs that already had promising disease
associations.
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Methods

Patient and Sample Collection Criteria

Figure 1 outlines this study and the numbers of samples that
contributed to each phase. As described previously,"* Discovery
Phase cases were diagnosed with histologically con rmed BE and
ascertained through the UK-based Aspirin Esomeprazole Che-
moprevention Trial (ASpECT) in Barrett's Metaplasia, a clinical
trial of proton-pump inhibitor (esomeprazole) and aspirin as
preventive agents for progression of BE to EAC.'” Replication
Phase UK, Irish, Dutch, and Belgian patient samples were obtained
from the Chemoprevention Of Premalignant Intestinal Neoplasia
(ChOPIN) genetic study and the Esophageal Adenocarcinoma
GenEtics (EAGLE) consortium.” Replication Phase patients were
diagnosed with BE with lengths of 1 cm (C1M1) circumferential
disease or 2 cm tongue patterns (COM2), according to the Pra-
gue criteria.'® Patient collection was in accordance with British
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Figure 1.Outline of the phases of this study and the SNPs analyzed. Two SNPs described in Su et al** had previously
been genotyped in Replication Phase 2 and BEACON/BEAGESS samples. All other replication phase 3 samples are new to
this study, as is the genotyping of additional SNPs in phases 2 and 3. Dutch Replication (Phase 1 Replication) and the Dutch
extension (Phase 3 Replication) is one cohort in our analyses for the SNPs taken through to Replication Phase 3. *11 SNPs:
Our SNPs: rs3072, rs6751791, rs2731672, rs2701108, rs189247, rs2043633, and rs12985909 and Levine et al*? SNPs:
rs1497205, rs254348, rs3784262, and rs4523255. 8 SNPs: Our SNPs: rs3072, rs6751791, rs2731672, rs2701108, rs189247,
rs2043633, and Levine et al SNP: rs3784262. °7 SNPs: Our SNPs: rs3072, rs6751791, rs2731672, rs2701108, rs189247,
rs2043633.






























