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Background: DNA methylation and hydroxymethyla-
tion (5hmC) are epigenetic alterations that can silence
or maintain gene transcription, respectively. Pancreatic
neuroendocrine tumours (PNETSs), which can be hormone-
secreting (e.g. insulinomas) or non-functioning
(NF-PNETSs), have a low mutational burden and are re-
ported to be associated with DNA hypermethylation, but
the role of 5hmC in PNETSs is unknown. Aim: To deter-
mine the patterns of DNA 5hmC in NF-PNETS, insulino-
mas, and normal pancreatic islets. Methods: NF-PNETs
(n=31, mean age 54 + 13 years (y), 14 males (M), tumour
grade (G) G1=15, G2=13, G3=3) and insulinomas (n=21,
mean age 50 + 21y, 9M, G1=17 and G2=4) were collected
from patients who did not have a genetic syndrome associ-
ated with PNETs together with 14 normal pancreata
(mean age 63 + 12y, 11M). Samples were obtained follow-
ing ethical approval from the Universities of Oxford and
Vienna. DNA 5hmC was assessed by immunohistochemis-
try IHC) and MethylationEPIC array (that interrogates
5hmC CpG sites). Multivariate analysis was used to de-
termine variables associated with 5hmC. Transcriptome
analysis was undertaken by RNA-Seq. Results:
NF-PNETs had reduced 5hmC when compared to insuli-
nomas (p<0.01) and to normal adjacent islets (p<0.001).
Thus, 5hmC was ~3 fold lower in NF-PNETs compared
to normal adjacent islets (n=12; p<0.001), whilst 5hmC
between insulinomas and normal adjacent islets (n=15)
was not significantly different. Multivariate analysis con-
firmed this finding, with NF-PNETSs being associated with
lower 5hmC when controlled for patient age, sex and tu-
mour grade (p<0.01). In normal pancreatic tissue 5hmC
was ~2 fold higher in normal islets when compared to exo-
crine tissue (51 islets assessed in total, range 1-9 islets/
sample from 34 fields of 305,866um? studied; p<0.001).
MethylationEPIC array analysis, using DNA from
NF-PNETs (n=5), insulinomas (n=4) and normal pancre-
atic tissue (n=7), revealed NF-PNETs and insulinomas
to have a significant decrease in 5hmC compared to nor-
mal pancreatic tissue (p<0.001). Furthermore, subtype
analysis revealed that NF-PNETs had lower 5hmC com-
pared to insulinomas (0% vs 0.003%, adjusted p<0.08).
To determine possible mechanisms underlying these dif-
ferences in tumour subtype 5hmC, RNA-Seq analysis us-
ing NF-PNETs (n=7) and insulinomas (n=6) was
performed. This revealed 79 genes to be differentially ex-
pressed (adjusted p<0.01), of which 33 were upregulated
(including Calcium/Calmodulin Dependent Protein
Kinase 2 Gamma (CAMKZ2G)); and 46 were down-
regulated (including Glucagon Like peptide 1 receptor
(GLPIR)) in NF-PNETs. Interestingly, CAMK2G and
GLPIR are both involved in DNA 5hmC modulation via
cAMP. Conclusions: DNA 5hmC, an epigenetic mechan-
ism, is significantly lower in NF-PNETs when compared
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to normal islets and insulinomas and may involve dysre-
gulation of cAMP-mediated signalling pathways.
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