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Limitations of current diagnostic and prognostic tools for prostate cancer (PC) have led to
over-diagnosis and over-treatment. Here, we investigate the biomarker potential of the
SLC18A2 (VMAT2) gene for PC at three molecular levels. Thus, SLC18A2 promoter methyl-
ation was analyzed in 767 malignant and 78 benign radical prostatectomy (RP) samples us-
ing methylation-specific gPCR and Illumina 450K methylation microarray data. SLC18A2
transcript levels were assessed in 412 malignant and 45 benign RP samples using RNAseq
data. SLC18A2 protein was evaluated by immunohistochemistry in 502 malignant and 305
benign RP samples. Cancer-specificity of molecular changes was tested using Mann—Whit-
ney U tests and/or receiver operating characteristic (ROC) analyses. Log rank, uni- and
multivariate Cox regression tests were used for survival analyses. We found that
SLC18A2 promoter hypermethylation was highly cancer-specific (area under the curve
(AUC): 0.923—0.976) and associated with biochemical recurrence (BCR) after RP in univariate
analyses. SLC18A2 transcript levels were reduced in PC and had independent prognostic
value for BCR after RP (multivariate HR 0.13, P < 0.05). Likewise, SLC18A2 protein was
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Fresh-frozen; FFPE, Formalin-fixed paraffin-embedded; ROC analysis, Receiver operating characteristic analysis; PSA, Serum prostate-
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down-regulated in PC (AUC 0.898) and had independent prognostic value for BCR (multivar-

iate HR 0.51, P < 0.05). Reduced SLC18A2 protein expression was also associated with poor
overall survival in univariate analysis (HR 0.29, P < 0.05).

Our results highlight SLC18A2 as a new promising methylation marker candidate for PC
diagnosis. Furthermore, SLC18A2 expression (RNA and protein) showed promising prog-
nostic potential beyond routine clinicopathological variables. Thus, novel SLC18A2-based
molecular tests could have useful future implications for PC detection and identification

of high-risk patients.

© 2016 Published by Elsevier B.V. on behalf of Federation of European Biochemical Societies.

1. Introduction

Prostate cancer is the most frequent male cancer in the
developed world (Jemal et al., 2011). Whereas most prostate
cancers are relatively slow growing and tumors localized to
the prostate can be cured by radical prostatectomy (RP) or ra-
diation therapy, metastatic prostate cancer is incurable.
Thus, early detection and treatment is essential. Many pros-
tate cancers, however, may not cause clinical symptoms
within the patient’s lifetime and as treatment is associated
with severe side-effects, only men with aggressive prostate
cancer should be treated (Canfield et al., 2014; Popiolek
et al., 2013). Prostate cancer is definitively diagnosed by histo-
pathological evaluation of prostate biopsies, but the initial in-
dicator is often increased serum prostate specific antigen
(PSA). Serum PSA has relatively high sensitivity, but rather
low specificity for prostate cancer. Its use has therefore led
to a large increase in prostate cancer diagnoses and treat-
ments. Due to the high prevalence of indolent prostate can-
cers and lack of accurate prognostic tools to guide
treatment decisions, a significant number of men may be
over-treated (Canfield et al., 2014). Novel molecular markers
may aid in early detection and in determining the aggressive-
ness of prostate cancer, but are generally not used in current
clinical practice.

Prostate cancer is characterized by aberrant DNA hyper-
methylation of promoter-associated CpG islands at a large
number of genes (Baylin et al., 2001; Kim et al., 2011). A subset
of these genes show reduced mRNA expression upon DNA
methylation, and hence are potential drivers of cancer devel-
opment (Sproul et al., 2012) and often considered candidate
tumor suppressors (Yang and Park, 2012). Candidate DNA
methylation markers for prostate cancer have been reported
to be hypermethylated in 70—100% of prostate cancer samples
(Ahmed, 2010; Haldrup et al., 2013; Kristensen et al., 2014;
Park, 2015), and are thus highly attractive for diagnostic appli-
cations. In addition, a few candidate DNA methylation
markers have demonstrated promising prognostic value for
prediction of PSA recurrence after RP (Banez et al., 2010;
Haldrup et al., 2013; Kristensen et al., 2014; Schatz et al,,
2010; Strand et al., 2014; Weiss et al., 2009).

The solute carrier family 18 member 2 (SLC18A2) gene en-
codes the transmembrane protein vesicular monoamine
transporter 2 (SLC18A2/VMAT?2). SLC18A2 protein localization
and function is well characterized in neuronal cells where it
facilitates uptake of monoamines into cytoplasmic large

dense core and synaptic vesicles (Lawal and Krantz, 2013).
SLC18A2 is highly expressed in monoamine secreting neuro-
endocrine tumors (Graff et al.,, 2001; Jakobsen et al., 2001;
Saveanu et al., 2011; Uccella et al., 2006). In contrast, we previ-
ously reported a reduction in SLC18A2 immunoreactivity
levels in 506 prostate adenocarcinoma samples when
compared to 70 benign prostate tissue samples (Sorensen
et al., 2009). In addition, in our previous study, reduced
SLC18A2 protein levels had independent prognostic value for
PSA recurrence after RP in multivariate Cox regression anal-
ysis including standard clinicopathological parameters, but
this was not validated in an independent cohort (Sorensen
et al., 2009). Notably, our previous results indicated hyperme-
thylation of the SLC18A2 promoter-associated CpG island and
reduced SLC18A2 mRNA expression in prostate cancer, but
was based only on small patient sample sets (n < 21)
(Sorensen et al., 2009).

We here aimed to evaluate the biomarker potential of
SLC18A2 promoter methylation and RNA expression for PC,
and to independently validate our previous finding that
SLC18A2 protein immunohistochemistry has prognostic po-
tential (Sorensen et al., 2009). To this end we analyzed hun-
dreds of patient samples for SLC18A2 promoter methylation,
SLC18A2 mRNA and protein levels. We found that the
SLC18A2 promoter was frequently hypermethylated in pros-
tate cancer in three distinct datasets and, furthermore, was
significantly associated with PSA recurrence in two indepen-
dent RP cohorts in univariate, but not in multivariate analysis
corrected for routine clinicopathological factors. Moreover,
SLC18A2 mRNA levels were reduced in prostate cancer, and
low mRNA levels had prognostic value for PSA recurrence af-
ter RP independent of standard clinicopathological parame-
ters. This is the first report to demonstrate a significant
association between SLC18A2 methylation and transcript
levels and PC prognosis. Finally, we also confirmed that
SLC18A2 protein was down-regulated in prostate cancer by
immunohistochemical analysis of a new tissue microarray
(TMA) representing 506 RP patients. Importantly, in this large
independent RP cohort, loss of SLC18A2 protein had indepen-
dent prognostic value for PSA recurrence in multivariate Cox
regression analysis, thus successfully validating our previous
results (Sorensen et al., 2009). Notably, loss of SLC18A2 protein
was also associated with poor overall survival. Hence, the pre-
sent work for the first time demonstrate a significant associa-
tion between loss of SLC18A2 protein and overall survival after
RP.
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