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Abstract: Prostate cancer (PC) development involves epigenetic DNA methylation changes that occur in the tumor. 
However, distinct DNA methylation changes have been previously found to encompass a widespread cancer field 
defect involving normal prostate tissue. In the current study, we analyzed a series of DNA methylation field markers 
to determine if they predict the presence of PC in urine. Urine samples were collected from patients undergoing 
prostate biopsy with biopsy-proven PC (90), and without PC (77). From the urine pellet, methylated DNA was quan-
tified across several previously identified CpG island regions near the caveolin 1 (CAV1), even-skipped homeobox 
1 (EVX1), fibroblast growth factor 1 (FGF1), natural cytotoxicity triggering receptor 2 (NCR2) and phospholipase A 
and acyltransferase 3 (PLA2G16) genes using bisulfite pyrosequencing. Univariate and multivariate analyses were 
performed. Urine cell pellets show significant increases in methylation in four of the markers from patients with 
PC compared to those without PC including EVX1 12.2 vs. 7.7%, CAV1 15.7 vs. 10.36%, FGF1 12.0 vs. 7.1%, and 
PLA2G16 12.2 vs. 8.3% [all P<0.01]. Area under the ROC Curve (AUCs) were generated for EXV1 (0.74, Odds ratios 
(OR) 1.09; 95% confidence intervals (CI) 0.94-1.25, CAV1 (0.72, OR 1.18; 95% CI 1.09-1.28) and PLA2G16 (0.76, 
OR 1.35; 95% CI 1.199-1.51). In combination, a two-marker assay performs better than prostate specific antigen 
(PSA), AUC 0.77 vs. PSA AUC of 0.6 (P = 0.01) with the lowest error. In addition, FGF1 distinguished between grade 
group 1 (GG1) and higher grade cancers (P<0.03). In conclusion, applying methylation of field defect loci to urine 
samples provides a novel approach to distinguish patients with and without cancer.
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Introduction

Prostate cancer (PC) is the most commonly 
diagnosed cancer in US males, but its detec-
tion remains a challenge [1]. The predominant 
screening tool for PC is prostate specific anti-
gen (PSA) measurement, but this test is limited 
by its low specificity and inability to distinguish 
higher grade prostate cancer from lower grade 
disease [2]. Magnetic Resonance Imaging 
(MRI) has improved the ability to detect higher 
volume cancers, but it can miss up to 30% of 
significant tumors [3]. Up to 70% of men pre-
senting with increased PSA value between 4-10 
ng/dl will have negative biopsy subjecting them 
to the potential risks of infection and bleeding 
associated with a biopsy [4]. Urine has poten-
tial as a biospecimen source to help identify 
cancer avoiding invasive procedures.

Histologically, PC has been shown to be present 
in multiple foci within the prostate with an over-
all incidence of multifocal PC detected by 
whole-mount examination of the prostate of 
60-90% [5]. This multifocality suggests that 
preneoplastic molecular alterations may exist 
even in histologically normal prostate tissue 
supporting the concept of field defect hypothe-
sis associated with prostate cancer tumorigen-
esis [6]. Furthermore, PC development and pro-
gression is driven by the interplay of genetic 
and epigenetic changes that include DNA  
methylation. Methylation of clusters of CpG 
dinucleotides (termed CpG islands or CGIs) 
near the promoter region of genes is the most 
thoroughly studied epigenetic alteration [7]. 
These epigenetic DNA methylation alterations 
are a superb source of biomarkers that can be 
detected by polymerase chain reaction (PCR) 
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based assays, and likely occur early and persist 
throughout tumorigenesis [8]. We previously 
shown that using unbiased methylation micro-
array approach, CpG regions in the caveolin 1 
(CAV1), even-skipped homeobox 1 (EVX1), fibro-
blast growth factor 1 (FGF1), natural cytotoxici-
ty triggering receptor 2 (NCR2) and phospholi-
pase A and acyltransferase 3 (PLA2G16) genes 
showed aberrant DNA methylation changes in 
histologically normal tumor-associated pros-
tate tissues. These widespread epigenetic field 
defect changes can be used to detect PC in 
patients using histologically negative biopsies 
[9, 10].

Liquid biopsy approaches using urine for PC 
commonly utilize biomarkers that rely heavily 
on the shedding of PC cells and/or their con-
stituents in urine [11, 12]. However, the detec-
tion of cancer cells in urine has been hindered 
by their infrequent shedding leading to low sen-
sitivity [13]. In contrast, non-tumor prostate 
cells are found more frequently in urine (14-
20%) [14]. In this study, we examined whether 
DNA from tumor-associated benign prostate 
cells harboring epigenetic methylation changes 
can be detected in urine and whether these 
methylation markers could improve the detec-
tion of PC.

Materials and methods

Subjects

The University of Wisconsin Institutional Re- 
view Board approved utilization all the urine 
samples in this study, and written and informed 
consents were obtained from all patients, (IRB 
#: 2017-0329-CR001). Urine samples were  
collected at the time of prostate biopsy proce-
dure from 2014-2016. Ninety urine samples 
were collected from patients with confirmed 
PC, termed tumor associated (TA, media age 
65 yrs, Grade Group GG ≥1), and 77 were  
from patients without PC on their biopsy and 
termed non-tumor associated (NTA, media age 
64.0 yrs). NTA patients selected for the study 
all had a previous negative biopsy within the 
previous three years to help confirm the 
absence of cancer. MRI was not required for 
participation in the study. For each urine sam-
ple, samples were spun and pelleted, flash fro-
zen, and purified genomic DNA generated (IBI, 
Valley Park, MO). Chemotropic salt was used to 
lyse cells (urine pellet) and allow DNA to bind to 

the genomic DNA spin column. Contaminants 
were effectively removed using wash buffers, 
followed by pure genomic DNA was eluted. All 
procedures were performed according to man-
ufacturer’s instructions.

Prostate cell counts and PSA staining

To determine the presence of prostate epithe-
lial cells in the voided urine samples, we ran-
domly selected 5 urine samples for further 
examination to examine the percentage of 
prostate cells using PSA immunohistochemis-
try (IHC) staining. Urine pellets were re-sus-
pended in to ~200 ul of saline and cytospun on 
slides after being fixed and permeabilized. The 
urine cells were stained with anti-human PSA 
antibody (10 μg/ml) and detected with fluores-
cence-conjugated 2nd antibody. Total cell count 
was first done under bright field microscopy 
and then prostate cells were counted as fluo-
rescence-positive cells. Five areas were ana-
lyzed for each sample, magnification (10× & 
20×), and the prostate cell number was pre-
sented as percentage.

DNA methylation assay

DNA bisulfite modification was performed us- 
ing the EpiTect Plus FFPE Bisulfite Kit (Qiagen, 
MD). We studied the methylation patterns at 
CpG shores regionally associated with the fol-
lowing genes: CAV1, EVX1, FGF1, NCR2, and 
PLA2G16 using a methylation sequencing  
technique previously described [15]. Bisulfite-
modified DNA was amplified using PCR with 
one primer-biotinylated. The PCR products were 
confirmed with 2% agarose gel. The biotinylat-
ed PCR products were captured with streptavi-
din sepharose beads, denatured to single 
strand, and annealed to the sequencing primer 
for the pyrosequencing assay. Human Premixed 
Calibration Standard with different percentag-
es of methylation was used as controls in  
each run. Methylation was quantified with the 
PyroMark MD Pyrosequencing System within 
the linear range of the assay.

Statistical analysis

The methylation at each CpG site was express- 
ed as a percentage. All samples were run in 
duplicate (three independent experiments) and 
the two values were averaged. A two-tailed 
t-test was performed to analyze the significant 



Diagnosis of prostate cancer using urine

481 Am J Clin Exp Urol 2021;9(6):479-488

differences between NTA and TA groups. All 
CGs which significantly differentiated NTA from 
TA (P<0.05) were entered into a univariate 
logistic regression model to test their ability to 
predict the presence of cancer. Odds ratios 
(OR), 95% confidence intervals (CI), area under 
the ROC curve (AUC) and P-values were calcu-
lated. We then selected for each significant 
gene the CpG site with the highest AUC value 
and performed a Pearson correlation analysis 
to rule out significantly correlated variables. 
Multivariate analyses with combinations from 
one to three remaining markers were then per-

formed. The models were also compared using 
Akaike’s information criterion (AIC) which is an 
estimator of prediction error. The highest AUC 
and lowest AIC was compared its predictive 
ability to detect PC in our patient cohort vs. PSA 
or single marker alone.

Results

Urine samples were sequentially collected from 
167 men who presented to our clinic with an 
elevated PSA and were scheduled for prostate 
biopsy. Table 1 summarizes the patients’ clini-
copathologic characteristics. PSA values were 
higher in the tumor associated (TA) group than 
in the non-tumor associated (NTA), P value = 
0.02, while prostate volume was greater in the 
NTA group (P value = 0.01). PSA density was 
higher in the TA group vs. NTA (P value <0.001).

We initially examined the frequency of cells of 
prostate epithelial origin in the urine samples 
by evaluating the number of PSA positive cells 
as described. Immunohistochemistry staining 
with anti-human PSA antibody to detect cells of 
prostate origin was performed on five urine 
samples. The median percentage of shed pros-
tate cells in the urine staining positive for PSA 
was 15 with an interquartile range between 
10-16% (Figure 1). Thus, the cells shed into the 

Table 1. Clinical and pathological characteristics of the study cohort involving urine from patients with 
cancer (TA) and non-tumor associated (NTA) patients

NTA TA All P-value
Patients 77 90 167
Age [yr] 64.0 [60.0, 67.5] 65.0 [58.8, 68.3] 64.0 [60.0, 68.0] 0.27
PSA [ng/mL] 6.8 [5.0, 9.8] 7.8 [5.0, 11.5] 7.5 [5.0, 10.8] 0.024
Prostate Size [g] 50.0 [35.0, 67.0] 38.0 [27.0, 54.0] 46.0 [29.8, 59.3] 0.010
PSA Density [ng/mL/g] 0.14 [0.09, 0.22] 0.18 [0.13, 0.34] 0.16 [0.10, 0.25] <0.001
Number of Cores Involved --- 3 [2, 5]
Max Core Involvement [%] --- 50 [15, 80]
Ethnicity
    Caucasian 88% [68/77] 98% [88/90] 93% [156/167]
    Abnormal Digital Rectal Exam [%] 13% [10/77] 16% [14/90] 14% [24/167]
Grade Group (GG)
    GG 1 --- 31
    GG 2 --- 24
    GG 3 --- 16
    GG 4 --- 14
    GG 5 --- 5
Data shown as median and interquartile range.

Figure 1. Cells (%) in urine immunostaining for PSA 
protein indicating prostate origin. Urine samples 
from 5 patients (a through e) were cytospun and 
immunostained with anti-human PSA Antibody. The 
average number of epithelial cells per 5 high power 
field (HPF) is demonstrated.
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urine of prostate origin represent a minority of 
overall cells.

We have previously validated that using an 
unbiased methylation microarray approach 
that CpG regions in the EVX1, FGF1, NCR2, 
CAV1 and PLA2G16 genes showed aberrant 
DNA methylation changes in histologically nor-
mal tumor-associated prostate tissues [10, 
16]. We sought to determine whether the 
increase in DNA methylation found in non-
tumor biopsy samples from patients with asso-
ciated cancer could be detected in urine using 
quantitative bisulfite sequencing. Urine cell  
pellets were analyzed from 167 patients 
obtained at the time of prostate biopsy. TA sam-
ples (90) show significantly increased methyla-
tion at CpG island shores associated with  
CAV1, EVX1, FGF1 and PLA2G16 compared to 
patients without PC (Figure 2). Methylation 
results for all tested loci are listed in Table 2. 
Methylation changes at CpG sites associated 
with NCR2 were not predictive for PC presence 
in urine samples.

Methylation at all loci were then individually 
examined for their association with grade spe-
cifically comparing methylation in indolent 
Grade Group 1 (GG1) tumors (n = 31) compared 
to higher grade cancers (n = 59). At FGF1 CG1 
and CG3 methylation correlated with grade 
(p=0.02) while CAV1 approached significance 
at several sites (Table 3).

Univariate logistic regression analyses were 
then performed on specific CG sites within 

these genes (Table 4) to predict the presence 
of cancer. Receiver operating characteristic 
curve (ROC) curves were generated for those 
loci showing the greatest ability to detect  
cancer including EXV1 (0.74, OR 1.09; 95% CI 
0.94-1.25), CAV1 (0.72, OR 1.18; 95% CI 1.09-
1.28) and PLA2G16 (0.76, OR 1.35; 95% CI 
1.199-1.51) (Figure 3A-D).

Selecting the locus with the highest AUC for 
each gene regions, we then performed a corre-
lation analysis and found that EVX1 CG3 and 
PLA2G16 CG2 had a high correlation with a 
value of 0.77. In a multivariate analysis we 
examined combinations of one to three mark-
ers and found the combination of EVX1 CG3 
and PLA2G16 CG2 had the highest AUC with 
0.77 (Table 4). Akaike’s information criterion 
(AIC) which is an estimator of prediction error 
was lower (AIC = 179) for the EVX1 CG3 and 
PLA2G16 CG2 combination performing better 
than any single marker-PLA2G16 CG2 alone 
(AIC = 196). Using this combined two-marker 
assay also performed better than PSA alone 
with AUC of 0.77 versus PSA AUC of 0.61 (P = 
0.01) (Figure 3E). These data indicate that 
markers associated with an epigenetic field 
defect can detect PC in the urine of patients 
with elevated PSAs.

Discussion

Virtually all urine-based screening tests for PC 
developed to date utilize biomarkers that rely 
heavily on the shedding of PC cells and/or their 
constituents in urine. However, attempts at 

Figure 2. Methylation of each locus in non-tumor associated (NTA) and tumor associated (TA) urine samples. Meth-
ylation was analyzed using quantitative bisulfite sequencing performed in duplicate for 3 separate experiments, 
shown as Mean ± SEM, all are statistically significant, P<0.01.
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Table 2. Methylation quantification at individual CpG sites using bisulfite pyrosequencing for nontumor associated (NTA) and cancer associated 
(TA) Urine Samples

Status CG1 CG2 CG3 CG4 CG5 CG6 CG7 CG8 CG9 CG10
CAV1 NTA 2.5 (1.2) 5.8 (2.8) 8.1 (3.4) 4.9 (2.6) 6.2 (3.4) 5.4 (2.9) 10.3 (3.3) 3.5 (2.8) 11.0 (3.4) 5.7 (2.6)

TA 3.2 (1.8)** 8.3 (7.5)** 11.8 (9.5)** 7.4 (8.9)* 8.7 (8.9)* 8.4 (10.6)* 15.6 (10.5)** 5.6 (8.0)* 14.2 (8.9)** 8.5 (8.2)**

EVX1 NTA 8.3 (3.5) 5.3 (2.8) 7.7 (2.9) 13.3 (5.6) 10.4 (4.5) 6.3 (4.2)
TA 10.4 (7.2)* 7.5 (6.9)* 12.2 (7.0)** 20.2 (11.0)** 14.6 (8.6)** 8.3 (6.9)*

FGF1 NTA 90.6 (6.9) 83.5 (8.2) 84.8 (6.9) 92.1 (7.1) 64.4 (9.4)
TA 87.0 (11.3)* 79.7 (12.2)* 79.5 (11.9)** 88.2 (12.0)* 63.7 (10.0)

NCR2 NTA 80.6 (5.6) 61.8 (9.9) 83.4 (5.2)
TA 78.9 (7.8) 58.9 (11.1) 81.3 (7.4)

PLA2G16 NTA 16.2 (5.4) 8.1 (2.7) 7.3 (3.2) 26.0 (8.8) 11.5 (5.4) 12.3 (6.3)
TA 22.3 (8.9)** 12.0 (5.4)** 10.1 (6.0)** 33.9 (11.3)** 14.8 (6.3)** 16.1 (8.0)**

*T-TEST P<0.05; **P<0.01, data shown as Mean methylation values (%) with SD.
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detecting PC cells in voided urine by tradi-
tional cytology have been impeded by 
undesirably low sensitivities. In contrast, 
non-tumor prostate cells are found more 
frequently in urine. In the current study,  
we were able to use urine samples from 
patients undergoing prostate biopsy and 
detect DNA methylation alterations asso-
ciated with a cancer field defect in normal 
prostate tissue [15]. These methylation 
alterations arise at the edges of CpG 
islands, so called CpG shores, outside the 
promoter transcription start area and are 
not clearly related to transcription of the 
nearby gene. Using this strategy of exam-
ining field effect methylation alterations 
we find they are able to differentiate 
between tumor associated and nontumor 
associated urine samples.

In our analysis of the three studied loci, 
PLA2G16 methylation has the highest pre-
dictive accuracy for PC from TA vs. NTA 
urine samples (AUC 0.76). PLA2G16 has 
been identified as a tumor suppressor 
gene in both breast cancer and nasopha-
ryngeal carcinoma [17, 18]. Upstream 
hypermethylation of a promoter CpG is- 
land of PLA2G16 was found in 17% of 
nasopharyngeal cancer patients [17]. The 
aberrantly hypermethylated locus studied 
in the current work is located at a CpG 
shore (<0.2 kb from PLA2G16 promoter 
CpG island) which is spatially distinct from 
the promoter analyses used in previous 
cancer investigations. Hypermethylation 
of promoter CpG and their surrounding 
area, called shores, is considered a hall-
mark of cancer and is believed to be 
involved in gradual silencing of tumor sup-
pressor genes. These changes may reflect 
subtle alterations in nuclear structure and 
have recently been associated with higher 
microsatellite instability in colorectal stem 
cells [19]. We previously showed that the  

Table 3. Statistical comparison (P values) of methylation in cancer (TA) urine samples comparing low 
grade group (GG1) vs. higher grade groups (GG2 and above)

CG1 CG2 CG3 CG4 CG5 CG6 CG7 CG8 CG9 CG10
EVX1 0.75 0.33 0.55 0.49 0.43 0.93
CAV1 0.12 0.22 0.43 0.19 0.28 0.47 0.48 0.79 0.06 0.07
FGF1 0.03 0.19 0.04 0.08 0.33
NCR2 0.83 0.97 0.68
Parametric T-Test for methylation between GG 1 (n = 31) vs. GG2 and above (n = 59). Data shown are the P-value of TTEST. 

Table 4. Univariate and multivariate analyses to evalu-
ate the ability of each loci to predict the presence of 
prostate cancer in urine 
Univariate analysis

OR 95% CI AUC P-value
EVX1_CG1 1.10 (1.01, 1.20) 0.61 0.03
EVX1_CG2 1.15 (1.03, 1.29) 0.63 0.01
EVX1_CG3 1.09 (0.94, 1.25) 0.74 <0.001
EVX1_CG4 1.14 (1.07, 1.21) 0.74 <0.001
EVX1_CG5 1.12 (1.05, 1.2) 0.67 0.001
EVX1_CG6 1.08 (1.003, 1.15) 0.62 0.04
CAV1_CG1 1.33 (1.07, 1.67) 0.64 0.01
CAV1_CG2 1.21 (1.08, 1.35) 0.69 0.001
CAV1_CG3 1.15 (1.06, 1.26) 0.68 0.001
CAV1_CG4 1.13 (1.02, 1.25) 0.63 0.02
CAV1_CG5 1.10 (1.01, 1.2) 0.63 0.03
CAV1_CG6 1.13 (1.02, 1.26) 0.64 0.02
CAV1_CG7 1.18 (1.09, 1.28) 0.72 <0.001
CAV1_CG8 1.12 (0.998, 1.26) 0.61 0.05
CAV1_CG9 1.12 (1.03, 1.21) 0.65 0.01
CAV1_CG10 1.21 (1.07, 1.38) 0.69 0.003
FGF1_CG1 0.95 (0.91, 0.99) 0.65 0.03
FGF1_CG2 0.96 (0.93, 0.996) 0.61 0.03
FGF1_CG3 0.93 (0.89, 0.98) 0.68 0.003
FGF1_CG4 0.96 (0.92, 0.99) 0.63 0.03
FGF1_CG5 0.99 (0.96, 1.02) 0.52 0.63
NCR2_CG1 0.96 (0.91, 1.01) 0.55 0.16
NCR2_CG2 0.97 (0.94, 1.01) 0.58 0.12
NCR2_CG3 0.95 (0.9, 1.01) 0.57 0.08
PLA2G16_CG1 1.13 (1.07, 1.2) 0.72 <0.001
PLA2G16_CG2 1.35 (1.199, 1.51) 0.76 <0.001
PLA2G16_CG3 1.21 (1.09, 1.35) 0.70 <0.001
PLA2G16_CG4 1.09 (1.05, 1.13) 0.72 <0.001
PLA2G16_CG5 1.12 (1.05, 1.2) 0.69 0.001
PLA2G16_CG6 1.09 (1.03, 1.15) 0.68 0.001
logPSA 3.02 (1.19, 7.65) 0.59 0.02
Multivariate analysis

OR 95% CI AUC P-value
EVX1_CG3 1.09 (0.94, 1.25) 0.76 0.256
CAV1_CG7 1.07 (0.96, 1.20) 0.229
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methylation of this locus near PLA2G16 distin-
guishes between TA and NTA in histologically 
benign prostate tissues [15]. EVX1 encodes a 
member of the even-skipped homeobox family 
and has previously been shown to be frequen- 
tly hypermethylated in PC and is a marker of 
clinical outcomes [20]. Finally, CAV1 encodes 
for a scaffolding protein which is the main  
component of the caveolae plasma mem-
branes found in most cell types. Reportedly, 
CAV1 overexpression was found in PC cells and 
is associated with disease progression [21]. 
Using an unbiased methylation microarray 
approach, these CpG regions in the EVX1, 
FGF1, NCR2 and PLA2G16 genes showed  
aberrant DNA methylation changes in histologi-
cally normal tumor-associated prostate tissues 
[10, 16].

Currently, there are multiple proposed urine 
marker panels that can provide diagnostic 
information regarding the presence of prostate 
cancer. The urine has direct access to the pros-
tate making it an attractive source for biomark-
ers [22]. However, to date these urine marker 
panels have focused on cancer-specific chang-
es gene expression. The first US Food and  
Drug Administration (FDA)-approved urine 
marker for PC detection was the Prostate 
Cancer Antigen 3 (PCA3) assay, a noncoding 
messenger RNA (Progensa; Hologic) roughly 
100 times higher in cancerous than benign tis-
sue [23]. PCA3 has been combined with other 
genes in several other assays including the 
Transmembrane serine protease 2 (TMPRS- 
S2): ETS (erythroblast transformation-specific)-
related gene (ERG) fusion gene (Mi-Prostate 
Score, MiPS) [24], and more recently ERG (V-ets 
erythroblastosis virus E26 oncogene homo-
logs) RNA [25, 26] with AUCs ranging from 0.68 
to 0.77. In contrast, we focused on looking at 
epigenetic changes broadly altered in the field 
of cancer susceptibility that gives rise to and 
defines patients who have prostate cancer.

One of the concerns for using non-tumor pros-
tate cells as a source for PC biomarkers devel-

in DNA methylation measured in the current 
study between tumor associated and non-can-
cer urine specimens ranged from 3-5% and rep-
resents dilution of these field methylation 
changes. Isolation of PSA producing cells prior 
to methylation analysis might increase the level 
of detection, but this strategy is difficult 
because of crystals, mucous and other constit-
uents in the urine sample [27, 28].

This discovery-based study has several limita-
tions. This was a single center study with a 
restricted number of patients included that 
made it difficult to differentiate PC grade. 
Second, all men included in this study present-
ed with elevated PSA. While we did follow up 
the patients who had negative biopsies (medi-
an follow up of 2 years) and excluded those who 
had prostate cancer diagnosis on subsequent 
biopsy (N = 2), we cannot completely rule out 
the potential of unrecognized PC in this group.

Conclusion

Urine presents a promising source for prostate 
cancer screening as it is non-invasive and may 
be utilized to reduce the need for repeat biopsy, 
associated with unnecessary costs and compli-
cations. We find methylation of PLA2G16 and 
EVX1 in the urine distinguishes between tumor 
associated and non-tumor associated prostate 
tissues marking a field of susceptibility associ-
ated with the development of PC. Genes meth-
ylated in this field defect can be detected in 
urine and may be utilized as a novel biomark- 
er approach to detect PC with additional 
validation.
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PLA2G16_CG2 1.19 (1.02, 1.38) 0.024
EVX1_CG3 1.16 (1.01, 1.33) 0.74 0.032
CAV1_CG7 1.10 (0.99, 1.23) 0.084
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opment is the detection level. We find that 
PSA producing prostate cells of epithelial 
origin encompass 10-16% of the total cells 
in the urine specimen. These other cells 
are of urothelial or renal origin or may rep-
resent inflammatory cells. Our analysis 
agrees with previous studies (14-20%) 
that have analyzed prostate cells in the 
urine and detect them infrequently [14]. In 
the current work, the average differences 



Diagnosis of prostate cancer using urine

486 Am J Clin Exp Urol 2021;9(6):479-488

Disclosure of conflict of interest

A patent has been filed by the Wisconsin Alumni 
Research Foundation (WARF) regarding this 
technology.

Address correspondence to: Dr. David F Jarrard, 
Wisconsin Institutes for Medical Research, 7037 
Wisconsin Institute for Medical Research, 1111 
Highland Avenue, Madison 53705, WI, USA. Tel: 
608-252-0937; Fax: 608-265-0614; E-mail: jar-
rard@urology.wisc.edu

References

[1] Siegel R, Miller K and Jemal A. Cancer statis-
tics, 2019. CA Cancer J Clin 2019; 69: 7-34.

[2] Carroll PR, Parsons JK, Andriole G, Bahnson 
RR, Castle EP, Catalona WJ, Dahl DM, Davis 
JW, Epstein JI, Etzioni RB, Farrington T, Hem-
street GP 3rd, Kawachi MH, Kim S, Lange PH, 
Loughlin KR, Lowrance W, Maroni P, Mohler J, 
Morgan TM, Moses KA, Nadler RB, Poch M, 
Scales C, Shaneyfelt TM, Smaldone MC, Sonn 
G, Sprenkle P, Vickers AJ, Wake R, Shead DA 
and Freedman-Cass DA. NCCN clinical practice 

Figure 3. ROC for the predictive accuracy for detect-
ing cancer using uniplex and multiplex regression 
models for discriminating TA and NTA urine samples. 
A. Standard serum biomarkers (LogPSA) had predic-
tive accuracy AUC 0.6, P = 0.02; B. EVX1 CG3 had 
predictive accuracy AUC 0.74, P<0.001; C. PLA2G16 
CG2 had predictive accuracy AUC 0.76, P<0.001; 
D. CAV1 CG7 had predictive accuracy AUC 0.72, 
P<0.001. E. Multiplex model incorporating EVX1 CG3 
and PLA2G16 CG2 had predictive accuracy (AUC 
0.77) for discriminating TA vs. NTA urine samples.

mailto:jarrard@urology.wisc.edu
mailto:jarrard@urology.wisc.edu


Diagnosis of prostate cancer using urine

487 Am J Clin Exp Urol 2021;9(6):479-488

guidelines prostate cancer early detection, ver-
sion 2.2015. J Natl Compr Canc Netw 2015; 
13: 1534-61.

[3] Le JD, Tan N, Shkolyar E, Lu DY, Kwan L, Marks 
LS, Huang J, Margolis DJ, Raman SS and Reiter 
RE. Multifocality and prostate cancer detection 
by multiparametric magnetic resonance imag-
ing: correlation with whole-mount histopathol-
ogy. Eur Urol 2015; 67: 569-76.

[4] Draisma G, Etzioni R, Tsodikov A, Mariotto A, 
Wever E, Gulati R, Feuer E and de Koning H. 
Lead time and overdiagnosis in prostate-spe-
cific antigen screening: importance of meth-
ods and context. J Natl Cancer Inst 2009; 101: 
374-83.

[5] Andreoiu M and Cheng L. Multifocal prostate 
cancer: biologic, prognostic, and therapeutic 
implications. Hum Pathol 2010; 41: 781-93.

[6] Mehrotra J, Varde Z, Wang H, Chiu H, Vargo J, 
Gray K, Nagle RB, Neri JR and Mazumder A. 
Quantitative, spatial resolution of the epigene-
tic field effect in prostate cancer. Prostate 
2008; 68: 152-60.

[7] Jones PA. Functions of DNA methylation: is-
lands, start sites, gene bodies and beyond. Nat 
Rev Genet 2012; 13: 484-92.

[8] Nelson WG, De Marzo AM and Yegnasubrama-
nian S. Epigenetic alterations in human pros-
tate cancers. Endocrinology 2009; 150: 3991-
4002.

[9] Truong M, Yang B, Livermore A, Wagner J, 
Weeratunga P, Huang W, Dhir R, Nelson J, Lin 
DW and Jarrard DF. Using the epigenetic field 
defect to detect prostate cancer in biopsy neg-
ative patients. J Urol 2013; 189: 2335-2341.

[10] Jarrard WE, Schultz A, Etheridge T, Damodaran 
S, Allen GO, Jarrard DF and Yang B. Screening 
of urine identifies PLA2G16 as a field defect 
methylation biomarker for prostate cancer de-
tection. PLoS One 2019; 14: e0218950.

[11] Muller H and Brenner H. Urine markers as pos-
sible tools for prostate cancer screening: re-
view of performance characteristics and prac-
ticality. Clin Chem 2006; 52: 562-73.

[12] Tosoian JJ, Ross AE, Sokoll LJ, Partin AW and 
Pavlovich CP. Urinary biomarkers for prostate 
cancer. Urol Clin North Am 2016; 43: 17-38.

[13] Fujita K, Pavlovich CP, Netto GJ, Konishi Y, Isaa-
cs WB, Ali S, Marzo AD and Meekeret AK. Spe-
cific detection of prostate cancer cells in urine 
by multiplex immunofluorescence cytology. 
Hum Pathol 2009; 40: 924-33.

[14] Sharifi R, Shaw M, Ray V, Rhee H, Nagubadi S 
and Guinan P. Evaluation of cytologic tech-
niques for diagnosis of prostate cancer. Urolo-
gy 1983; 21: 417-20.

[15] Yang B, Etheridge T, McCormick J, Schultz A, 
Khemees TA, Damaschke N, Leverson G, Woo 
K, Sonn GA, Klein EA, Fumo M, Huang W and 

Jarrard DF. Validation of an epigenetic field of 
susceptibility to detect significant prostate 
cancer from non-tumor biopsies. Clin Epi-
genetics 2019; 11: 168.

[16] Yang B, Bhusari S, Kueck J, Weeratunga P, 
Wagner J, Leverson G, Huang W and Jarrard 
DF. Methylation profiling defines an extensive 
field defect in histologically normal prostate 
tissues associated with prostate cancer. Neo-
plasia 2013; 15: 399-408.

[17] Yanatatsaneejit P, Chalermchai T, Kerekhan-
janarong V, Shotelersuk K, Supiyaphun P, Muti-
rangura A and Sriuranpong V. Promoter  
hypermethylation of CCNA1, RARRES1, and 
HRASLS3 in nasopharyngeal carcinoma. Oral 
Oncol 2008; 44: 400-6.

[18] Yang X, Zhang Z, Jia X, Zhang Y, Mu T, Zhou B, 
Li L, Fu D, Hu X and Xiong S. High expression of 
PLA2G16 is associated with a better prognosis 
in HER2-positive breast cancer. J Thorac Dis 
2017; 9: 1002-11.

[19] Visone R, Bacalini MG, Di Franco S, Ferracin M, 
Colorito ML, Pagotto S, Laprovitera N, Licastro 
D, Marco MD, Scavo E, Bassi C, Saccenti E, 
Nicotra A, Grzes M, Garagnani P, Laurenzi VD, 
Valeri N, Mariani-Costantini R, Negrini M, Stas-
si G and Veronese A. DNA methylation of shelf, 
shore and open sea CpG positions distinguish 
high microsatellite instability from low or sta-
ble microsatellite status colon cancer stem 
cells. Epigenomics 2019; 11: 587-604.

[20] Truong M, Yang B, Wagner J, Kobayashi Y, Raja-
manickam V, Brooks J and Jarrard DF. Even-
skipped homeobox 1 is frequently hypermeth-
ylated in prostate cancer and predicts PSA 
recurrence. Br J Cancer 2012; 107: 100-7.

[21] Yang G, Truong LD, Wheeler TM and Thompson 
TC. Caveolin-1 expression in clinically confined 
human prostate cancer: a novel prognostic 
marker. Cancer Res 1999; 59: 5719-23.

[22] Truong M, Yang B and Jarrard DF. Toward the 
detection of prostate cancer in urine: a critical 
analysis. J Urol 2013; 189: 422-9.

[23] Bussemakers MJ, van Bokhoven A, Verhaegh 
GW, Smit FP, Karthaus HF, Schalken JA, De-
bruyne FM, Ru N and Isaacs WB. DD3: a new 
prostate-specific gene, highly overexpressed in 
prostate cancer. Cancer Res 1999; 59: 5975-
9.

[24] Tomlins SA, Day JR, Lonigro RJ, Hovelson DH, 
Siddiqui J, Kunju LP, Dunn RL, Meyer S, Hodge 
P, Groskopf J, Wei JT and Chinnaiyan AM. Urine 
TMPRSS2: ERG Plus PCA3 for individualized 
prostate cancer risk assessment. Eur Urol 
2016; 70: 45-53.

[25] McKiernan J, Donovan MJ, O’Neill V, Bentink S, 
Noerholm M, Belzer S, Skog J, Kattan MW, Par-
tin A, Andriole G, Brown G, Wei JT, Thompson 
IM Jr and Carroll P. A novel urine exosome gene 



Diagnosis of prostate cancer using urine

488 Am J Clin Exp Urol 2021;9(6):479-488

expression assay to predict high-grade pros-
tate cancer at initial biopsy. JAMA Oncol 2016; 
2: 882-9.

[26] Donovan MJ, Noerholm M, Bentink S, Belzer S, 
Skog J, O’Neill V, Cochran JS and Brown GA. A 
molecular signature of PCA3 and ERG exosom-
al RNA from non-DRE urine is predictive of ini-
tial prostate biopsy result. Prostate Cancer 
Prostatic Dis 2015; 18: 370-5.

[27] Sokup SJ. Isolation of urinary epithelial cell 
DNA for the analysis of 4-Aminobiphenyl DNA 
adducts by nano-LC/ESI-MS/MS. Northeast-
ern University Library 2011.

[28] Milde A, Haas-Rochholz H and Kaatsch HJ. Im-
proved DNA typing of human urine by adding 
EDTA. Int J Legal Med 1999; 112: 209-10.


