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Abstract

Background: Pancreatic neuroendocrine tumors (PNETs) are
rare neoplasms for which very little is known about either envi-
ronmental or genetic risk factors. Only a handful of association
studies have been performed so far, suggesting a small number of
risk loci.

Methods: To replicate the best findings, we have selected 16
SNPs suggested in previous studies to be relevant in PNET etio-
genesis. We genotyped the selected SNPs (rs16944, rs1052536,
rs1059293, rs1136410, rs1143634, rs2069762, rs2236302,
rs2387632, rs3212961, rs3734299, rs3803258, rs4962081,
rs7234941, rs7243091, rs12957119, and rs1800629) in 344
PNET sporadic cases and 2,721 controls in the context of the
PANcreatic Disease ReseArch (PANDoRA) consortium.

Results: After correction for multiple testing, we did not
observe any statistically significant association between the SNPs
and PNET risk. We also used three online bioinformatic tools
(HaploReg, RegulomeDB, and GTEx) to predict a possible func-
tional role of the SNPs, but we did not observe any clear
indication.

Conclusions: None of the selected SNPs were convincingly
associated with PNET risk in the PANDoRA consortium.

Impact:Wecan exclude amajor role of the selectedpolymorph-
isms in PNET etiology, and this highlights the need for replication
of epidemiologic findings in independent populations, especially
in rare diseases such as PNETs. Cancer Epidemiol Biomarkers Prev; 26(8);
1349–51. �2017 AACR.

Introduction
Pancreatic neuroendocrine tumors (PNETs) are rare neo-

plasms, but their incidence has greatly increased in the past
decades (1). In comparison with other solid tumors, little is
known about PNET risk factors, and only a handful of association
studies have been performed to uncover the genetic determinants
of the disease (2–4). Berkovic and colleagues have performed
studies on inflammation-related genes, such as ILB1 and TNFA

(2, 3), while Ter-Minassian and colleagues have selected a more
comprehensive approach using a custom array containing
almost 1,500 SNPs (4). Both teams suggested several interest-
ing associations; however, due to the capricious nature of
association studies and the relatively small sample size of these
PNET studies, it is of uttermost importance to validate their
findings in an independent population, such as the PANcreatic
Disease ReseArch (PANDoRA) study (5).
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Materials and Methods
The PANDoRA consortium has been described elsewhere (5).

In this study, 344 PNET cases and 2,721 controls have been
genotyped (Table 1). Cases were sporadic, that is, not observed
in the context of genetic syndromes associated with PNET, such as
multiple endocrine neoplasia (MEN)-1, MEN-2, Von Hippel–
Lindau or tuberous sclerosis. Controls were selected in the same
geographic areas as the cases. We selected 16 SNPs that represent
all the polymorphic variants so far identified as risk loci for PNETs
but not replicated yet. In addition to the SNPs reported in this
article, we have recently performed a study on the CDKN2A gene
variability in relation to PNET susceptibility, and therefore, all the
variants of this gene are not reported here (6). Genotyping was
performed using the KASPar SNP genotyping system (KBios-
ciences). The order of DNA samples from cases and controls was
randomized on plates to ensure that similar numbers of cases and
controls were analyzed simultaneously. For quality control pur-
pose, around 8% of the samples were duplicated and genotype
concordance was checked. Statistical analysis was performed
using an unconditional logistic regression setting the more com-
mon allele for each polymorphism as reference and adjusting for
age, gender, and country of origin.Given that in theoriginal article
on IL1B (3), an analysis was performed combining the alleles of
the two SNPs, we also performed it (using the same criteria as
Berkovic). We also used online bioinformatic tools such as

HaploReg (http://www.broadinstitute.org/mammals/haploreg/
haploreg.php), RegulomeDB (http://www.regulomedb.org/),
and GTEx (http://www.gtexportal.org/home/) to explore poten-
tial functions of the SNPs.

Results
The average call rate of the 16 genotyped SNPs was 96.63%

(92.06–99.04), and the concordance rate of duplicated genotypes
was higher than99%.The genotypedistributions at all lociwere in
Hardy–Weinberg equilibrium in controls, with nonsignificant c2

values. Table 2 shows the frequencies and distribution of the
genotypes, the ORs and 95% confidence intervals for the associ-
ation with PNET risk. None of the SNPs showed any statistically
significant association considering a P value threshold of 0.05.
Theonly potentially interesting effectwas a trend for the carriers of
the minor allele (A) of the IL1B-rs1143634 SNP and a decreased
risk of developing PNET (Phomozygous ¼ 0.082). The combined
diplotype analysis for the IL1B gene, as done in the original article
by Berkovic and colleagues (3), did not reveal any statistically
significant associations (data not shown). For IL1B-rs1143634,
HaploReg showed two possible eQTLs (with expression of gene
CHCHD5, P ¼ 4.1 � 10�5, and of gene SLC20A1, P ¼ 0.0014),
RegulomeDB showed a score of 5 (minimal binding evidence),
and GTEx showed no statistically significant results.

Discussion and Conclusion
Because of the rarity of PNETs, there have been only a small

number of studies investigating the genetic susceptibility to this
disease. The most interesting findings have been polymorphic
variants in genes involved in inflammatory response, cell-cycle
control, and DNA repair mechanisms. This is one of the largest
studies on PNETs to date, and our sample size was by far larger
than those used in the original studies, giving us more than 95%
statistical power to detect the previously reported associations.
The IL1B-rs1143634 variant is a synonymous, possibly function-
al, SNP that has been widely studied in relation to a variety of
human diseases and conditions, making it an attractive candidate
for PNET risk. Our results however suggest, at best, only a minor

Table 1. Study population

Cases Controls

Region
Germany 32 768
Northern Italy 159 520
Central Italy 68 559
Southern Italy 13 509
Poland 19 189
United Kingdom 53 176
Total 344 2,721

Sex
Male 174 1,455
Female 167 1,239

Median age (interquartile range) 59 (48–68) 59 (47–68)

Table 2. Associations between endocrine pancreatic cancer risk and the selected SNPs

Alleles Genotype groups Mm vs. MMa mm vs. MMa Original
publicationSNP Gene M/m Cases/controlsb OR (95% CI)c Phet OR (95% CI)c Phom

rs2069762 IL2 A/C 138/1,128 148/1,099 45/285 1.01 (0.77–1.34) 0.913 1.31 (0.89–1.94)d 0.169 2
rs16944 IL1B G/A 148/1,078 142/1,157 47/279 0.82(0.63–1.07) 0.155 1.22 (0.82–1.81) 0.321 3
rs1143634 IL1B G/A 208/1,551 120/978 12/155 0.87(0.68–1.12) 0.289 0.58 (0.31–1.07) 0.082 3
rs1059293 IFNGR2 C/T 114/846 170/1,323 54/492 0.94 (0.72–1.22) 0.639 0.83 (0.58–1.19) 0.303 4
rs1136410 ADPRT A/G 246/1,753 78/611 9/63 0.86 (0.65–1.15) 0.311 1.03 (0.50–2.15) 0.934 4
rs1052536 LIG3 C/T 114/799 151/1,230 69/459 0.87 (0.65–1.16) 0.330 1.12 (0.78–1.59) 0.546 4
rs2236302 MMP14 C/G 274/1,980 62/492 4/41 0.89 (0.65–1.23) 0.503 0.46 (0.11–1.93) 0.287 4
rs2387632 VEGFR1 C/T 146/1,133 155/1,130 34/335 1.00 (0.78–1.29) 0.974 0.75 (0.50–1.13) 0.171 4
rs3212961 ERCC1 G/T 244/1,368 79/410 7/38 0.99 (0.72–1.36) 0.938 0.98 (0.41–2.36) 0.967 4
rs3734299 PERP T/C 158/1,035 144/1,117 39/348 0.80 (0.61 1.04) 0.104 0.75 (0.50–1.12) 0.169 4
rs3803258 SLC10A2 T/C 241/1,738 89/711 7/66 0.99 (0.76–1.30) 0.953 0.96 (0.42–2.18) 0.425 4
rs4962081 TSC1 C/A 293/2,335 49/249 2/22 1.11 (0.80–1.55) 0.515 0.68 (0.15–3.03) 0.921 4
rs7234941 BCL2 C/T 240/1,932 87/696 10/59 0.96 (0.73–1.25) 0.760 1.34 (0.67–2.72) 0.408 4
rs7243091 BCL2 G/A 212/1,664 110/857 15/130 0.96 (0.74–1.24) 0.763 0.87 (0.49–1.53) 0.625 4
rs12957119 BCL2 A/C 227/1,799 86/698 18/94 0.92 (0.70–1.21) 0.535 1.38 (0.80–2.39) 0.253 4
rs1800629 TNFA G/A 261/2,280 66/558 6/42 0.96 (0.70–1.32) 0.819 0.61 (0.18–2.00) 0.413 4

Abbreviations: M, major allele; m, minor allele.
aMm vs. MM ¼ heterozygous vs. common homozygous; mm vs. MM ¼ rare homozygous vs. common homozygous (in both cases using a codominant model).
bNumbers may not add up to 100% due to genotyping failure, DNA depletion, or missing covariate data.
cOR (95% confidence interval). All analyses were adjusted for age at diagnosis/recruitment, gender, and country of origin.
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influence of the variant in the etiology of the disease. In
addition, we found the minor allele to be associated with
decreased risk, whereas in the original publication, it was the
opposite. The three selected bioinformatic tools did not reveal a
clear-cut indication about the functional effect of the SNP. In
conclusion, in this study, we can exclude a major role of the
selected polymorphisms in PNET etiology and highlight, on
one hand, the importance of finding genetic markers for the
disease, ideally through a genome-wide association study
approach, and on the other hand the need of replication of
epidemiologic findings in independent populations.
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