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Both oncogenic and tumor suppressor functions have been described for
junction plakoglobin (JUP), also known as y-catenin. To clarify the role of
JUP in prostate cancer, JUP protein expression was immunohistochemi-
cally detected in a tissue microarray containing 11 267 individual prostatec-
tomy specimens. Considering all patients, high JUP expression was
associated with adverse tumor stage (P = 0.0002), high Gleason grade
(P <0.0001), and lymph node metastases (P = 0.011). These associations
were driven mainly by the subset without TMPRSS2: ERG fusion, in which
high JUP expression was an independent predictor of poor prognosis (mul-
tivariate analyses, P = 0.0054) and early biochemical recurrence
(P = 0.0003). High JUP expression was further linked to strong androgen
receptor expression (P < 0.0001), high cell proliferation, and PTEN and
FOXPI deletion (P <0.0001). In the ERG-negative subset, high JUP
expression was additionally linked to MAP3K7 (P = 0.0007) and CHDI
deletion (P = 0.0021). Contrasting the overall prognostic effect of JUP, low
JUP expression indicated poor prognosis in the fraction of CHDI-deleted
patients (P = 0.039). In this subset, the association of high JUP and high
cell proliferation was specifically absent. In conclusion, the controversial
biological roles of JUP are reflected by antagonistic prognostic effects in
distinct prostate cancer patient subsets.

1. Introduction

Prostate cancer (PCa) accounts for one-third of all

cancer-related deaths among men

Abbreviations

countries [1]. Despite substantial advances in recent
years, PCa remains a therapeutic challenge as tumors
are biologically heterogeneous and clinical outcomes

in developed vary significantly. Localized and locally advanced

AR, androgen receptor; BCR, biochemical recurrence-free survival; EMT, epithelia-mesenchymal transition; ERG, ETS transcription factor
ERG; GEO, Gene Expression Omnibus database; GEPIA, Gene Expression Profiling Interactive Analysis online tool; GTEx, Genotype-Tissue
Expression database; IHC, immunohistochemistry; JUP, junction plakoglobin/y-catenin; PCa, prostate cancer; PSA, prostate-specific antigen;
RP, radical prostatectomy; TCGA, The Cancer Genome Atlas database; TMA, tissue microarray; TMPRSS2, transmembrane protease serine
subtype 2.
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tumor stages are usually treated by surgery and
radiation, but especially men with high-grade and
high-stage tumors will often experience tumor recur-
rence after local treatment. Established prognostic fac-
tors include preoperative prostate-specific antigen
(PSA) levels, Gleason grade of the tumor, the number
of tumor-containing biopsy cores, tumor stage, and
the resection margin. In particular, the Gleason score
is one of the most robust predictive markers for the
oncological outcome and strongly impacts on clinical
decision-making [2]. The high value of the Gleason
grading is compromised, however, by only moderate
interobserver  reproducibility and  intratumoral
heterogeneity [3]. Thus, a reliable and clinically appli-
cable molecular marker, operating independently of
the Gleason grading and differentially integrating
tumor heterogeneity, would be highly desirable.

Junction plakoglobin (JUP), also known as y-cate-
nin and a member of the armadillo family of pro-
teins, is a paralog of P-catenin and the only known
constituent of both desmosomes and adherens junc-
tions. In addition to their role in structurally and
functionally regulating cell-cell adhesion by linking
junctional proteins to the cytoskeleton, catenins are
also critically involved in the WNT signaling path-
way [4]. Both roles are important in malignant pro-
gression as a disruption of adherens junctions and
desmosomes can promote cancer cells to dissociate
during epithelial-mesenchymal transition (EMT), and
aberrant WNT signaling affects stem cell self-re-
newal, cell proliferation, migration, and differentia-
tion [5].

Signaling by secreted WNT proteins is mediated
through stabilization and nuclear translocation of the
transcription coactivator -catenin (canonical path-
way). In the nucleus, B-catenin forms complexes with
TCF/LEF and activates WNT target gene expression
[4,6]. (Epi)genetic changes activating B-catenin-medi-
ated WNT signaling have been described in many
types of cancer, including PCa [7]. However, despite
the similarities with B-catenin, the role of JUP in
tumorigenesis remains controversial. Numerous stud-
ies found JUP to have properties of a tumor and
metastasis suppressor in vivo, but overexpression of
JUP caused oncogenic activity in vitro [8—12]. While
some studies suggested that the oncogenic potential
of JUP is more likely associated with increased p-
catenin signaling rather than due to a direct function
of JUP, other studies demonstrated oncogenic activity
of JUP via pathways that were distinct from that of
B-catenin, but depending on TCF/LEF and c-Myc
function [8,13]. On the other hand, it has been
reported that JUP can inhibit WNT/B-catenin
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signaling by several mechanisms and exert part of its
tumor suppressor activity through the modulation of
apoptosis [4,14].

These contradictions observed in experimental stud-
ies are reflected by clinical studies on the role of JUP
in cancer patients. In several tumor entities, the loss of
JUP expression resulted in adverse tumor features and
was correlated with increased tumor stage, poor
patient survival, and increased metastasis [15-20]. For
breast cancer, decreased JUP expression was shown to
lower cell-cell contact and thus to increase invasion
and cancer cell dissemination in vivo [21]. Further,
JUP promotes distant metastasis in breast cancer by
enhancing the formation of circulating tumor cell clus-
ters [22]. Metastasis-free survival was significantly
lower in breast cancer patients with primary tumors
highly expressing JUP [23].

Whether JUP acts as a tumor suppressor or an
oncogenic protein may depend on differential expres-
sion levels of JUP at different stages of tumorigenesis
or within distinct molecular subsets of the same tumor
entity. However, the expression level and prognostic
significance of JUP in PCa patients are largely
unknown [24-26]. We, therefore, analyzed a tissue
microarray composed of 11 267 individual prostatec-
tomy specimens along with paired comprehensive
pathological, molecular, and clinical data to character-
ize the clinical relevance of JUP in PCa in general and
in different molecular subsets.

2. Materials and Methods

2.1. Patients and tissue microarray

In this study, the Hamburg PCa prognosis tissue
microarray (TMA) was used, which was expanded
from earlier versions [27,28] by adding further patient
samples. Radical prostatectomy (RP) specimens were
available from 13 454 patients undergoing surgery
between 1992 and 2015 at the Department of Urology
and the Martini-Klinik at the University Medical Cen-
ter Hamburg-Eppendorf. All prostatectomy specimens
were analyzed according to a standard procedure,
including a complete embedding of the entire prostate
for histological analysis [29].

The follow-up data included tumor stage, (quanti-
tative) Gleason grade, nodal status, surgical margin
status, and PSA wvalues. In all patients, PSA values
were measured quarterly in the first year following
surgery, followed by biannual measurements in the
second and annual measurements after the third post-
operative year. Time to PSA recurrence (biochemical
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recurrence (BCR)-free survival) was defined as the
time interval between RP and the first occurrence of
a postoperative PSA of at least 0.2 ng-mL™" and ris-
ing after that. Patients without evidence of tumor
recurrence were censored at the time of the last fol-
low-up.

The molecular database linked to this TMA con-
tained results on ERG expression (IHC) [30], ERG
break-apart FISH analysis [31], deletion status of
5q21 (CHDI) [32], 6ql5 (MAP3K7) [33], 10923
(PTEN) [34], 3pl3 (FOXPI) [35], Ki67-labeling index
data [36], and androgen receptor (AR) expression
[30].

TMAs were produced as previously described [37]:
Tissue cylinders with a diameter of 0.6 mm were
punched randomly from representative tumor or nor-
mal areas of each tissue block and brought into a
recipient paraffin block. All tumor samples were
obtained from the archives of the Institute of Pathol-
ogy of the University Medical Center Hamburg-
Eppendorf. The use of archived diagnostic left-over tis-
sues for the manufacturing of TMAs and their analysis
for research purposes has been approved by local laws
(HmbKHG, §12,1) and by the local ethics committee
(Ethics commission Hamburg, WF-049/09). All work
has been carried out in compliance with the Helsinki
Declaration.

2.2. Immunohistochemistry

Freshly cut sections from all blocks of the Hamburg
prostate cancer prognosis TMA were all immunos-
tained as one batch on one day and in one experiment.
Slides were deparaffinized and exposed to heat-induced
antigen retrieval for 5 min at 125 °C in pH 6 Target
Retrieval Solution (#S1699, Dako, Carpinteria, CA,
USA). Primary antibody specific for JUP (rabbit poly-
clonal antibody, dilution 1 : 50, #HPA032047, Sigma-
Aldrich, Taufkirchen, Germany) was applied at room
temperature for 60 min. For isotype control, rabbit
IgG antibody (#ab37415, Abcam, Berlin, Germany;
diluted 1 : 1000) was applied. After three washes with
Tris-buffered saline, a biotinylated swine anti-rabbit
immunoglobulin (Dako) was incubated on the sections
for 30 min at room temperature. After three washing
steps with Tris-buffered saline, an alkaline phos-
phatase/streptavidin complex (ABC-AP staining Kkit,
VECTASTAIN, #AK-5000) was used. Alkaline phos-
phatase reactivity was then visualized using the Perma-
nent AP-Red-kit from ZYTOMED  Systems
#ZUC001-125) according to the manufacturer’s
instructions. Finally, sections were counterstained with
Mayer’s hemalaun solution.
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Junction plakoglobin staining was observed at the
cell membranes, and the staining intensity was assessed
on a four-step scale from negative, weak, moderate to
strong expression. For correlation with clinic-patho-
logic data, the staining intensities were dichotomized
(negative to weak = ‘low’, moderate to strong = ‘high’)
or trichotomized (negative to weak = ‘low’, moderate,
and strong; Tables S2-4 and Fig. S2). No immunos-
taining was seen on tissue samples incubated with the
isotype control antibody verifying the specificity of the
primary anti-JUP antibody.

2.3. Analysis of publicly available gene
expression data sets

Gene Expression Profiling Interactive Analysis 2
(GEPIA2) online tool (http://gepia2.cancer-pku.cn)
was used to further verify the expression and correla-
tion of genes. Figure 2A was generated using a log, FC
cutoff of 0.5 and a P-value cutoff of 0.01. Statistical
significance was tested by one-way ANOVA using dis-
ease state (Tumor or Normal) as variable for calculat-
ing differential expression. GEO2R online tool (http://
www.ncbi.nlm.nih.gov/geo/geo2r) was used to compare
JUP mRNA expression in normal prostate tissue,
localized primary PCa tissue, and PCa metastases in
GEO data sets GDS1439 [38] and GDS2545 [39,40]
(Fig. 2B and C). Pearson correlation analysis of gene
expression was carried out using the prostate cancer
data set from The Cancer Genome Atlas (TCGA) and
using normal prostate samples data sets from TCGA
and Genotype-Tissue Expression (GTEx) portal
(Fig. S3). cBioPortal (http://cbioportal.org) was used
to compare mRNA expression of WNT target genes
AXIN2, NKDI, LEFI, and MYC, stratifying patients
for JUP mRNA expression and ERG fusion status
(Fig. S4). Further, cBioPortal was used to compare
JUP mRNA expression alone (Fig. S5) or together
with o- or B-catenin mRNA expression and disease-
free status in the TCGA prostate cancer data set
(Fig. So).

2.4. Statistics

Statistics were performed with 1mMp® 11 software (SAS
Institute Inc., Cary, NC, USA). Contingency tables
and the chi-square test (likelihood) were performed to
search for associations between molecular parameters
and tumor phenotype. Survival curves were calculated
according to Kaplan—Meier. The log-rank test was
applied to detect significant differences between
groups. Cox proportional hazards regression analysis
was performed to test the statistical independence and
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significance between pathological, molecular, and clini-
cal variables.

3. Results

3.1. JUP expression in normal and cancerous
prostate tissues

About 11 267 of 13 454 tumor samples were inter-
pretable in our TMA analysis. Noninformative cases
(n = 2187; 16.2%) were due to lack of tissue samples,
absence of unequivocal cancer tissue in the respective
TMA spot, or lack of outcome data or adjusting vari-
ables. In normal prostate tissue (n = 163), negative to
weak (‘low’) JUP expression was detected in 19.6% of
all samples and moderate to strong (‘high’) JUP
expression was detected in 80.4% of all samples. In
PCa tissues, low JUP expression was found in 12.4%
of all cases, while high JUP expression was found in
87.6% of all cases (Table 1). Representative THC
images of negative, moderate, and strong JUP expres-
sion are shown in Fig. 1A and Fig. S1. These findings
were corroborated by Gene Expression Profiling Inter-
active Analysis (GEPIA) comparing JUP gene expres-
sion in PCa tissue (TCGA) with normal prostate tissue
(TCGA/GTEx), indicating a trend toward increased
JUP expression in PCa (Fig. 2A). These findings were
also validated in GEO data sets GDS1439 and
GDS2545, further demonstrating a decrease in JUP
expression in metastatic PCa lesions compared with
samples from localized primary PCa tumors (Fig. 2B
and C).

3.2. High JUP expression is associated with a
more aggressive tumor phenotype

Considering all patients, high JUP expression was
associated with adverse tumor features compared to
low JUP expression (summarized in Table 1), includ-
ing advanced tumor stage (P = 0.002), high Gleason
grade (both  conventional and  quantitative)
(P <0.0001), and presence of lymph node metastases
(P =0.011). There was no association between JUP
expression and positive surgical margin (P = 0.28).
Because of the relatively high percentage of patients
with low JUP expression in the absence of ERG rear-
rangement (see 3.3), the correlation analysis of JUP
and tumor features was repeated in ERG-negative and
ERG-positive patient subsets. This analysis demon-
strated that the association of high JUP expression
with adverse tumor features was driven by the subset
of ERG-negative cases (Tables 2 and 3).
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Table 1. Associations between JUP immunostaining results and
PCa phenotype in all cases analyzed

n Low (0/1) High (2/3)
Parameters evaluable % % P-value
All cancers 11 267 12.4 87.6
Tumor stage
pT2 7285 13.1 86.9 0.0002
pT3a 2486 12.1 87.9
pT3b-pT4 1455 9.3 90.7
Gleason grade
<3+3 2388 15.8 84.2 <0.0001
3+4 6066 12,5 87.5
3+ 4 Tert.s 434 8.5 91.5
4+3 1114 11.0 89.0
4 + 3 Tert.b 690 8.4 91.6
>4 + 4 566 8.1 91.9
Quantitative Gleason grade
<83+3 2388 15.8 84.2 <0.0001
3+4<5% 1627 13.3 86.7
3+46-10% 1583 12.4 87.6
3+411-20% 1305 12.0 88.0
3+ 4 21-30% 691 10.6 89.4
3+ 431-49% 575 1.5 88.5
3+ 4 Tert.b 434 8.5 91.5
4 + 3 50-60% 489 12.1 87.9
4 + 3 Tert.5 690 8.4 91.6
4 +361-100% 508 8.5 91.5
>4 + 4 505 7.7 92.3
Lymph node metastasis
NO 6500 12.9 87.1 0.0113
N+ 692 9.7 90.3
Preoperative PSA level (ng-mi~")
<4 1410 8.9 91.1 <0.0001
4-10 6754 12.2 87.8
10-20 2245 14.7 85.3
>20 783 13.2 86.8
Surgical margin
Negative 8989 12,5 87.5 0.2795
Positive 2237 1.7 88.3
Age at time of surgery
<50 293 9.6 90.4 0.0831
50-60 2815 11.6 88.4
60-70 6488 12,5 87.5
>70 1627 13.7 86.3

3.3. Low JUP expression is associated with the
absence of TVIPRSS2:ERG fusion

Data on the TMPRSS2: ERG fusion status obtained by
FISH were available from 6156 and by THC from 9176
tumors with interpretable JUP immunostaining. Associ-
ations of the presence or absence of the TMPRSS2:
ERG fusion with clinicopathologic characteristics in the
study cohort are provided in Table S1. The absence of
TMPRSS2:ERG fusion was associated with higher
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Fig. 1. JUP immunostaining in PCa tissue
and association between JUP expression
and ERG status in all PCa cases. (A)
Representative images of JUP
immunostaining in cancerous prostate
tissue: negative JUP expression (left), low
JUP expression (middle), and high JUP
expression (right). Scale bar = 100 um. (B)
ERG status was either determined by
immunohistochemistry (ERG-IHC) or by
break-apart (BA) FISH analysis (ERG-
FISH). For association analysis,
contingency tables were used and the chi-
square test was performed to test for
statistical significance

Fig. 2. JUP gene expression analysis in
publicly available data sets. (A) Gene
Expression Profiling Interactive Analysis 2
(GEPIA2) tool was used to compare JUP
mRNA expression in PCa (TCGA data)
versus normal prostate (TCGA/GTEXx
combined data). Log,FC cutoff = 0.5, P-
value cutoff = 0.01. To test for statistical
significance, one-way ANOVA using
disease state as variable for calculating
differential expression was used. (B and
C) Analysis of JUP mRNA expression in
normal prostate tissue (NORM), localized
primary PCa tissue (PCA), and PCa
metastasis tissue (MET) in GEO data sets
GDS1439 (B) and GDS2545 (C) using
GEO2R (*P < 0.05, unpaired Student’s t-
test)

overexpression (determined by FISH or IHC, respec-
tively; Fig. 1B). For instance, the fraction of patients
with low JUP expression increased from 4.7 % in 4052
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Table 2. Associations between JUP immunostaining results and
PCa phenotype in the TMPRSS2: ERG fusion-negative subset

Opposing prognostic relevance of JUP in PCa

Table 3. Associations between JUP immunostaining results and
PCa phenotype in the TMPRSS2: ERG fusion-positive subset

Low High Low High
Parameters n evaluable (0/1) % (2/3) % P-value Parameters n evaluable (0/1) % (2/3) % P-value
All cancers 5124 16.9 83.1 All cancers 4052 4.7 95.3
Tumor stage Tumor stage
pT2 3431 17.7 82.3 0.0017 pT2 2419 4.4 95.6 0.4634
pT3a 1024 17.2 82.8 pT3a 1072 5.3 94.7
pT3b-pT4 655 12.2 87.8 pT3b-pT4 544 4.2 95.8
Gleason grade Gleason grade
<3+3 1021 23.6 76.4 <0.0001 <3+3 843 6.6 93.4 0.0291
3+4 2692 17.1 82.9 3+4 2321 4.4 95.6
3+ 4 Tert.5 227 8.8 91.2 3+ 4 Tertb 123 4.1 95.9
4+3 550 15.5 84.5 4+ 3 394 4.1 95.9
4 + 3 Tert.5 321 9.7 90.3 4 + 3 Tert.5 220 1.8 98.2
>4 + 4 309 9.7 90.3 >4 + 4 148 4.7 95.3
Quantitative Gleason grade Quantitative Gleason grade
<3+3 1021 23.6 76.4 <0.0001 <3+3 843 6.6 93.4 0.0334
3+4<5% 712 18.3 81.7 3+4<5% 585 3.8 96.2
3+46-10% 707 17.7 82.3 3+46-10% 612 3.9 96.1
3+411-20% 601 15.1 84.9 3+411-20% 501 4.2 95.8
3+ 421-30% 304 16.8 83.2 3+ 421-30% 293 3.4 96.6
3+ 4 31-49% 267 15.4 84.6 3+ 4 31-49% 208 6.7 93.3
3+ 4 Tertb 227 8.8 91.2 3+ 4 Tertb 123 4.1 95.9
4 + 3 50-60% 234 18.4 81.6 4 + 3 50-60% 177 4.0 96.0
4 + 3 Tert.5 321 9.7 90.3 4 + 3 Tert.b 220 1.8 98.2
4+ 361-100% 262 1.1 88.9 4 +361-100% 174 2.3 97.7
>4 + 4 280 8.9 91.1 >4 + 4 123 4.1 95.9
Lymph node metastasis Lymph node metastasis
NO 2992 16.7 83.3 0.0206 NO 2316 5.0 95.0 0.3508
N+ 298 1.7 88.3 N+ 251 6.4 93.6
Preoperative PSA level (ng-ml~") Preoperative PSA level (ng-ml~")
<4 547 13.56 86.5 0.1054 <4 553 3.1 96.9 0.0555
4-10 3018 17.0 83.0 4-10 2494 4.4 95.6
10-20 1125 18.2 81.8 10-20 722 5.7 94.3
>20 407 16.5 83.6 >20 253 6.7 93.3
Surgical margin Surgical margin
Negative 4093 171 82.9 0.4475 Negative 3180 4.8 95.2 0.3937
Positive 1018 16.1 83.9 Positive 854 4.1 95.9
Age at time of surgery Age at time of surgery
<50 104 11.5 88.5 0.4780 <50 149 7.4 92.6 0.4351
50-60 11562 17.2 82.8 50-60 1149 4.9 95.1
60-70 3059 16.9 83.1 60-70 2264 4.4 95.6
>70 794 17.3 82.7 >70 471 4.2 95.8

ERG-positive cases to 16.9% in 5124 ERG-negative
cases (P < 0.0001; Fig. 1B, ERG status determined by
IHC). Analysis of publicly available data sets from The
Cancer Genome Atlas (TCGA) found JUP and ERG
gene expression correlated specifically in PCa, but not in
benign/normal prostate gland (Fig. S3).

3.4. Association of JUP expression with
common deletions in PCa

Considering all patients, irrespective of the TMPRSS2:
ERG fusion status, high JUP expression was strongly

associated with the 10q23 (PTEN) and 3pl3 (FOXPI)
deletion (P < 0.0001 each) (Fig. 3A). Interestingly, in
the TMPRSS2:ERG fusion-negative subset, high JUP
expression was additionally linked to the 6ql5
(MAP3K7, P =0.0007) and 5921 (CHDI, P = 0.0021)
deletion while the association with the 3pl13 (FOXPI)
deletion was only weakly detectable (P = 0.025;
Fig. 3B). In the TMPRSS2:ERG fusion-positive sub-
set, high JUP expression was still associated with
the deletion of 10q23 (PTEN, P = 0.008; Fig. 3C).
However, in sharp contrast to the TMPRSS2:ERG
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Fig. 3. Association between JUP expression and common
genomic deletions (10923, 6q15, 5921, 3p13) in PCa. (A) All
patients, (B) TMPRSS2:ERG fusion-negative patients, (C)
TMPRSS2:ERG fusion-positive patients. Association between
location of genomic deletion and gene loss in PCa: 10g23—PTEN,
6g15—MAP3K7, 5g21—CHD1, 3p13—FOXP1. For association
analysis, contingency tables were used and the chi-square test
was performed to test for statistical significance

fusion-negative subset, in ERG-positive cancers, there
was no association with the MAP3K7 and FOXPI
deletion while the CHDI deletion was linked to low
(and not high) JUP expression (P = 0.0017; Fig. 3C).

3.5. Association of JUP expression with tumor
cell proliferation

High JUP levels were significantly linked to increased
cell proliferation, as determined by the Ki67 labeling
index (Ki67 Li; Table 4). This association was
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Table 4. Associations between JUP immunostaining results and
Ki67 labeling index in all PCa cases, cancers with identical Gleason
score, and ERG fusion-negative and ERG fusion-positive cases

Group JUP n Ki67 Li (mean)
All cases low 735 1.42 £ 0.1
P < 0.0001 high 5479 2.93 + 0.04
pGleason < 3+3 P < 0.0001 low 219 1.28 £ 0.14
high 1131 2.36 + 0.06
pGleason 3 + 4 P < 0.0001 low 381 1.39 £ 0.12
high 3046 2.77 +£ 0.04
pGleason 3 + 4 Tert.5 low 19 1.74 £ 0.56
P =0.0081 high 223 3.3 +£0.16
pGleason 4 + 3 P < 0.0001 low 71 1.55 + 0.39
high 534 3.565 + 0.14
pGleason 4 + 3 Tert.5 low 23 1.39 +£0.78
P=0.0011 high 298 4.07 +£ 0.22
pGleason > 4+4 P = 0.0416 low 22 2.55 + 0.9
high 243 4.47 + 0.27
ERG-positive low 136 2.02 + 0.21
P < 0.0001 high 2646 291 £ 0.05
ERG-negative low 581 1.27 £ 0.11
P < 0.0001 high 2731 2.96 + 0.05
CHD1 deleted low 44 2.86 + 0.48
P =0.0942 high 444 3.71 £ 0.15
CHD?1 normal low 371 1.75 £ 0.14
P < 0.0001 high 3568 3.03 + 0.04

independent of the Gleason grade as it was significantly
detectable in all subgroups of patients with similar Glea-
son score (<3 + 3,3+ 4,4+ 3, P<0.0001 each; 3 + 4
tertiary 5, P = 0.0081; 4 + 3 tertiary 5, P = 0.0011;
>4 +4 P =0.041; Table 4). The association between
high JUP expression and increased cell proliferation was
detectable in both TMPRSS2:ERG fusion-positive and
TMPRSS2:ERG fusion-negative patients (P < 0.0001
each) as well as in the subgroup of patients with normal
CHDI status (P < 0.0001). In the CHDI-deleted sub-
group, however, no significant association between JUP
and proliferation could be found (P = 0.0942).

3.6. Association of JUP expression with AR
expression

High JUP expression was closely linked to strong AR
expression (Fig. 4). Considering all cancers, the frac-
tion of patients with strong AR expression was ~ 15%
in the subset of patients with low JUP expression,
but ~ 45% in the subset of patients with high JUP
expression. Vice versa, about 50% of all patients with
low JUP expression showed no AR expression, while
only ~ 15% of patients with high JUP expression
showed no AR expression. However, the association
between high JUP expression and strong AR
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Fig. 4. Association between JUP expression and androgen
receptor (AR) expression in all PCa cases, TMPRSS2:ERG fusion-
negative, and TMPRSS2:ERG fusion-positive subsets. For
association analysis, contingency tables were used and the chi-
square test was performed to test for statistical significance

expression was mainly visible in the subset of ERG-
negative cases. In ERG-positive cancers, the percent-
age of patients with strong AR expression was drasti-
cally increased despite low JUP levels (Fig. 4).

3.7. Association with PSA recurrence (BCR-free
survival)

Follow-up data were available from 10 249 patients
with interpretable JUP immunostaining on the TMA.
Considering all patients, high JUP expression was
weakly but significantly linked to early biochemical
recurrence following radical prostatectomy (P = 0.018;
Fig. 5A). Analysis of JUP gene expression also found
an association with recurrence in the TCGA data set
(Fig. S5). We further extended this analysis by studying
JUP mRNA expression together with adherens junction
protein members o- or B-catenin. While, in terms of
recurrence, o-catenin and JUP expression are positively
correlated among each other, f-catenin and JUP expres-
sion are reciprocally related to each other (Fig. S6).

The association of high JUP protein expression and
biochemical recurrence was mainly driven by the sub-
set of TMPRSS2:ERG fusion-negative cancers
(P = 0.0003; Fig. 5B) and not seen in the ERG fusion-
positive subset (P = 0.258; Fig. 5C). As the 5q21
(CHD1) deletion is mainly occurring in ERG fusion-
negative cancers [32], we next analyzed PSA recurrence
in the subsets of 5q21-normal (n = 5835) vs. 5q21-
deleted (n = 658) patients. Interestingly, while the asso-
ciation between high JUP expression and early PSA
recurrence was still detectable in the subset of 5q21-
normal patients (P = 0.0066; Fig. 5D), it turned into
the opposite in the 5q21-deleted subset. Here, low JUP
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expression was linked to early PSA recurrence

(P = 0.039; Fig. 5E).

3.8. Multivariate analyses

Multivariate analyses were performed assessing the clin-
ical relevance of JUP expression in four different sce-
narios, considering either all patients or patient subsets
with the presence or absence of TM PRSS2: ERG fusion.
Scenario 1 considered all postoperatively available
parameters such as preoperative PSA level, pathological
tumor stage (pT), pathological Gleason grade based on
morphological analysis of the entire prostatectomy
specimen, pathological lymph node status (pN), surgical
margin status (R), and JUP expression (overall 6521
samples analyzable with 3033 of them with known
ERG-negative and 2363 with known ERG-positive sta-
tus; Table 5). In scenario 2, JUP was tested against the
same parameters as in scenario 1 except nodal status.
The reason for excluding nodal status was that both
indication and degree of lymph node dissection are not
standardized in the surgical therapy of PCa and that
excluding pN in multivariate analyses can notably
increase the number of analyzable cases (resulting in
overall 10 211 analyzable cases in scenario 2). Two
additional scenarios aimed at modeling the preoperative
situation as closely as possible. Scenario 3 included JUP
expression, preoperative PSA, clinical tumor stage (cT),
and Gleason grade obtained on the prostatectomy spec-
imens. Since postoperative assessment of a tumor’s
Gleason grade is superior to the preoperatively deter-
mined Gleason grade [41], we added scenario 4, in
which the preoperative Gleason grade obtained from
biopsy specimens was combined with preoperative PSA,
cT stage, and JUP expression. These analyses revealed
that JUP expression is an independent prognostic factor
in all pre- and postsurgical scenarios, when considering
the subset of TMPRSS2:ERG fusion-negative cases
(P <0.05 each). When considering all patients, JUP
was only independently predictive of early PSA recur-
rence in scenario 4 (P = 0.009). When considering the
ERG-positive patient subset, JUP was not independent
of established prognostic markers irrespective of the sce-
nario. All scenarios are summarized in Table 5 (for fur-
ther details on P-values and hazard ratios for all
comparisons, see Table S5).

3.9. Associations of JUP and ERG with WNT
target gene expression

As the overall adverse prognostic effect of high JUP
expression was absent in TMPRSS2: ERG fusion-posi-
tive patients (see 3.8) and as both ERG and JUP are
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Fig. 5. Associations between JUP expression and PSA recurrence. (A) All PCa cases, (B) TMPRSS2:ERG fusion-negative cases, (C)
TMPRSS2:ERG fusion-positive cases, (D) 5921 (CHDT) normal cases, and (E) 5921 (CHDT) deleted cases. Time to PSA recurrence
(biochemical recurrence (BCR)-free survival) was defined as the time interval between radical prostatectomy and the first occurrence of
postoperative PSA of at least 0.2 ng-ml~" and rising thereafter. Patients without evidence of tumor recurrence were censored at the time of
the last follow-up. BCR-free survival curves were calculated using the Kaplan-Meier method, and log-rank test was applied to detect
significant differences between groups
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Table 5. Multivariate Cox regression analysis, including established prognostic parameters and JUP expression, in all PCa cases and the
TMPRSS2: ERG fusion-negative and TMPRSS2: ERG fusion-positive subset

P-value
n Preoperative pT cT Gleason grade Gleason pN

Scenario analyzable PSA level stage stage prostatectomy grade biopsy  stage R stage JUP
All 1 6521 <0.0001 <0.0001 — <0.0001 — <0.0001 <0.0001 0.1681
cancers 2 10 211 <0.0001 <0.0001 — <0.0001 — — <0.0001 0.4412
3 10 073 <0.0001 — <0.0001 <0.0001 — — — 0.2635
4 9382 <0.0001 - <0.0001 - <0.0001 — — 0.0097
ERG- 1 3033 0.0003 <0.0001 — <0.0001 — <0.0001 0.2792  0.0054
negative 2 4713 <0.0001 <0.0001 — <0.0001 — — 0.0067  0.0462
3 4666 <0.0001 — <0.0001 <0.0001 — — — 0.0483
4 4590 <0.0001 — <0.0001 - <0.0001 — — 0.0097
ERG- 1 2363 0.0135 <0.0001 — <0.0001 — 0.0221 0.0001 0.1196
positive 2 3702 <0.0001 <0.0001 — <0.0001 — — <0.0001 0.0954
3 3639 <0.0001 — <0.0001 <0.0001 — — — 0.1385
4 3583 <0.0001 — <0.0001 — <0.0001 — — 0.6876

involved in the regulation of WNT signaling, we fur-
ther checked the influence of the ERG and JUP status
on WNT target gene expression by means of AXIN2,
NKDI, LEFI, and MYC (Fig. S4). Among these, a
positive correlation of ERG expression only with
AXIN2 and LEF]I expression was found while JUP per
se was negatively correlated with expression of AXIN2,
NKDI, and LEFI. Interestingly, this negative correla-
tion got lost in ERG-positive patients in case of
AXIN2. In addition, JUP was significantly inversely
correlated with MYC expression specifically in the
ERG-negative subset.

4. Discussion

Studies exploring the role of JUP in PCa are rare and
were mainly focused on the differential expression of
JUP in normal prostate versus prostate cancer tissue
[24-26]. These data suggest that JUP expression is
reduced in PCa as compared to normal tissue samples;
the expression of JUP in different molecular subsets,
however, has not been assessed so far and might be
diverse.

Among known molecular markers, which in part
harbor their own prognostic relevance or significantly
contribute to the pathophysiology of PCa, the
TMPRSS2:ERG gene fusion is the most frequent.
Importantly, ERG was shown to be an inducer of -
catenin-dependent WNT/LEF1 signaling and target
gene expression in PCa [42], which in turn may be
regulated by JUP. Therefore, it was of great interest
to analyze the clinical impact of JUP in the ERG
fusion-negative vs. ERG fusion-positive subsets. Inter-
estingly, the association of high JUP expression with
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adverse tumor features was mainly observed in ERG
fusion-negative patients. Accordingly, the outcome of
ERG-negative patients with high JUP expression was
significantly worse compared with those with low
JUP expression. The prognostic impact of this associ-
ation was statistically independent of established
prognostic parameters as confirmed by multivariate
analyses.

In contrast, JUP expression had no significant prog-
nostic effect in the ERG-positive subset in uni- or mul-
tivariate analyses. This observation was most likely
due to the notable increase in JUP expression in the
ERG-positive fraction, suggesting JUP as a putative
ERG target gene. From a statistical point of view, the
imbalanced distribution of JUP low vs. high patients
in the ERG-positive subset (4.7 vs. 95.3%) might have
precluded an outcome difference. Moreover, high JUP
levels were linked to all tested common deletions
(PTEN, CHDI, MAP3K7, FOXPI) in the ERG-nega-
tive, but not in the ERG-positive subset (Fig. S7) and
all these deletions are known to indicate reduced
BCR-free survival in PCa [32-35]. In addition, the dif-
ference in the Ki67 proliferation index between JUP
low vs. high patients was relatively small (albeit signifi-
cant) in the ERG-positive (2.02 vs. 2.91) as compared
to the ERG-negative subset (1.27 vs. 2.96). High Ki67
proliferation index is an independent predictor of
tumor progression in PCa [43]. Other reasons might be
competing effects of JUP and ERG on WNT signal-
ing. Based on our TCGA analysis, JUP appears to
reduce WNT target gene expression either in the over-
all PCa cohort (AXIN2, LEFI, NKDI) or specifically
in ERG-negative patients (MYC) while ERG fusion
per se apparently induces WNT signaling to some
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extent (4XIN2, LEFI, but not NKDI or MYC). How-
ever, the inverse correlation of JUP and WNT target
genes gets only partially lost in the ERG fusion-posi-
tive subset (AXIN2, MYC). Therefore, it would be
highly speculative to explain the lack of prognostic rel-
evance of JUP in the ERG-positive subset by an over-
riding effect of ERG on WNT signaling. Instead, it
can also be hypothesized that JUP positively influ-
enced AR expression specifically in the ERG-negative
subset (encouraging further research on a putative
functional interaction of JUP with AR in the absence
of ERG) and high AR levels are known to be unfavor-
able [44]. Nevertheless, taking our in silico (TCGA)
and TMA findings together, our study suggests that
the unfavorable effect of high JUP levels in ERG-neg-
ative patients is accompanied by decreased WNT sig-
naling. Hence, the effects of WNT signaling on PCa
progression might be diverse depending on the exact
context [42,45.,46].

Earlier studies identified chromosomal deletions that
were predominantly found either in ERG fusion-posi-
tive (FOXPI, PTEN) or ERG fusion-negative PCa
(CHDI1, MAP3K7) [32-35]. These associations were
also found in the expanded cohorts of the present
study. Surprisingly, while high JUP expression is unfa-
vorable in the ERG-negative subset, low JUP expres-
sion is unfavorable in the CHDI-deleted
subset although the majority of CHDI-deleted patients
are ERG-negative. Thus, inversely to the ERG-nega-
tive cohort itself, low JUP expression was associated
with early PSA recurrence after RP in the CHDI-
deleted subset. CHDI deletion is strongly linked to
poor patient outcomes [32] and predicts shortened
metastasis-free survival after RP in RO patients [47].
Also, CHDI protein loss in conjunction with
MAP3K?7 loss correlates with decreased E-cadherin
expression in clinical samples [48].

Here, loss of JUP, presumably contributing to
reduced tumor cell cohesion by disturbing desmosome
and adherens junction assembly, might additionally
promote the more metastasis-prone phenotype of
CHDI-deleted cancers within the ERG-negative sub-
set. This effect might override the general proprolifera-
tive effect of high JUP expression. Intriguingly, the
association between high JUP and high Ki67 was
specifically absent in the CHDI-deleted subset of
patients compared with all other subsets. This hypoth-
esis is also supported by a study from Franzen et al.,
demonstrating that experimental downregulation of
JUP expression in PCa cell lines leads to a substantial
weakening of cell—cell adhesion and an EMT-like phe-
notype [49]. In addition, we recently published that the
gene and protein expression levels of desmosomal and
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adherens junction proteins such as JUP, DSP, DSG2,
CDHI1, and CTNNAI1 are decreased with rising meta-
static potential in spontaneous metastasis xenograft
models of human PCa [50]. Interestingly, our analysis
of JUP gene expression in published GEO data sets
demonstrated that, on the one hand, JUP expression
is increased in localized prostate tumors compared
with normal tissue, but, on the other hand, is
decreased in PCa metastasis compared with localized
tumors. Finally, the notion, that loss of JUP expres-
sion favors metastasis, is also supported by in vitro
studies in other entities [11,51-53].

This study has potential limitations. It remains
unclear why the prognostic role of JUP turns into the
opposite in the CHDI-deleted subset. We can only
speculate that this might be related to a different func-
tional role of JUP in the more metastasis-prone phe-
notype of CHDI-deleted PCa cells. Further
experiments should be conducted to explore the func-
tional consequences of JUP depletion in CHDI-normal
vs. CHDI-depleted PCa cells or xenograft models.

5. Conclusions

In conclusion, this study extends previous insights into
the role of JUP in PCa on the clinical level in a large-
enough patient cohort to reflect the molecular hetero-
geneity of the disease. The opposing biological roles of
JUP are reflected by antagonistic prognostic effects in
different molecular subtypes. Specifically, high JUP
expression was associated with more proliferation and
an unfavorable outcome in the CHDI-normal and
overall cohort; in contrast, JUP was not linked to pro-
liferation in CHDI-deleted patients, where low JUP
expression was unfavorable. Further studies on the
divergent role of JUP in PCa are encouraged by these
findings.

Acknowledgements

This work was funded by German Research Founda-
tion grants to TL (LA3373/2-3 and LA3373/8-1). RK
is funded by: Ministry of Science and Innovation
(SAF2017-84092-R), Severo Ochoa Excellence (SEV-
2016-0644) and the Departments of Industry, Tourism
and Trade (Elkartek) and Innovation Technology of
the Government of the Autonomous Community of
the Basque Country. Open access funding enabled and
organized by ProjektDEAL.

Conflict of interest

The authors declare no conflict of interest.

1966 Molecular Oncology 15 (2021) 1956-1969 © 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.



T. Spethmann et al.

Author contributions

TS performed experiments and wrote the manuscript;
LCB analyzed data and aided in writing the manu-
script; VL analyzed data and reviewed the manuscript;
AKA analyzed data and reviewed the manuscript; JSS
performed experiments; SB performed experiments; RS
analyzed data; GS provided resources; HH provided
resources; RK analyzed data and reviewed the manu-
script; US provided resources and reviewed the MS;
TL analyzed data, supervised the study, and reviewed
the MS.

References

1 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre
LA & Jemal A (2018) Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J
Clin 68, 394-424.

2 Egevad L, Granfors T, Karlberg L, Bergh A & Stattin
P (2002) Prognostic value of the Gleason score in
prostate cancer. BJU Int 89, 538-542.

3 Ozkan TA, Eruyar AT, Cebeci OO, Memik O, Ozcan L
& Kuskonmaz I (2016) Interobserver variability in
Gleason histological grading of prostate cancer. Scand J
Urol 50, 420-424.

4 Aktary Z, Alace M & Pasdar M (2017) Beyond cell-cell
adhesion: plakoglobin and the regulation of
tumorigenesis and metastasis. Oncotarget 8, 32270—
32291.

5 Zhan T, Rindtorff N & Boutros M (2017) Wnt
signaling in cancer. Oncogene 36, 1461-1473.

6 Kypta RM & Waxman J (2012) Wnt/B-catenin
signalling in prostate cancer. Nat Rev Urol 9, 418-428.

7 Murillo-Garzén V & Kypta R (2017) WNT signalling
in prostate cancer. Nat Rev Urol 14, 683-696.

8 Kolligs FT, Kolligs B, Hajra KM, Hu G, Tani M, Cho
KR & Fearon ER (2000) y-Catenin is regulated by the
APC tumor suppressor and its oncogenic activity is
distinct from that of B-catenin. Genes Dev 14, 1319—
1331.

9 Pan H, Gao F, Papageorgis P, Abdolmaleky HM,
Faller DV & Thiagalingam S (2007) Aberrant activation
of y-catenin promotes genomic instability and oncogenic
effects during tumor progression. Cancer Biol Ther 6,
1638-1643.

10 Winn RA, Bremnes RM, Bemis L, Franklin WA,
Miller YE, Cool C & Heasley LE (2002) y-Catenin
expression is reduced or absent in a subset of human
lung cancers and re-expression inhibits transformed cell
growth. Oncogene 21, 7497-7506.

11 Rieger-Christ KM, Ng L, Hanley RS, Durrani O, Ma
H, Yee AS, Libertino JA & Summerhayes IC (2005)

Molecular Oncology 15 (2021) 1956-1969 © 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.

19

20

21

22

Opposing prognostic relevance of JUP in PCa

Restoration of plakoglobin expression in bladder
carcinoma cell lines suppresses cell migration and
tumorigenic potential. Br J Cancer 92, 2153-2159.
Simcha I, Geiger B, Yehuda-Levenberg S, Salomon D
& Ben-Ze’ev A (1996) Suppression of tumorigenicity by
plakoglobin: an augmenting effect of N-cadherin. J Cell
Biol 133, 199-209.

Miravet S, Piedra J, Miré F, Itarte E, de Herreros AG
& Dunach M (2016) The transcriptional factor Tcf-4
contains different binding sites for B-catenin and
plakoglobin. J Biol Chem 291, 18854.

Aktary Z & Pasdar M (2012) Plakoglobin: role in
Tumorigenesis and Metastasis. Int J Cell Biol 2012,
e189521.

Clairotte A, Lascombe I, Fauconnet S, Mauny F, Félix
S, Algros M-P, Bittard H & Kantelip B (2006)
Expression of E-cadherin and o-, B-, y-catenins in
patients with bladder cancer identification of y-catenin
as a new prognostic marker of neoplastic progression in
T1 superficial urothelial tumors. Am J Clin Pathol 125,
119-126.

Tziortzioti V, Ruebel KH, Kuroki T, Jin L, Scheithauer
BW & Lloyd RV (2001) Analysis of B-catenin
mutations and o-, -, and y-catenin expression in
normal and neoplastic human pituitary tissues. Endocr
Pathol 12, 125-136.

Tada H, Hatoko M, Tanaka A, Kuwahara M &
Muramatsu T (2000) Expression of desmoglein I and
plakoglobin in skin carcinomas. J Cutan Pathol 27, 24—
29.

Morita N, Uemura H, Tsumatani K, Cho M, Hirao Y,
Okajima E, Konishi N & Hiasa Y (1999) E-cadherin
and o -, B - and y -catenin expression in prostate
cancers: correlation with tumour invasion. Br J Cancer
79, 1879-1883.

Ueda G, Sunakawa H, Nakamori K, Shinya T,
Tsuhako W, Tamura Y, Kosugi T, Sato N, Ogi K &
Hiratsuka H (2006) Aberrant expression of - and vy-
catenin is an independent prognostic marker in oral
squamous cell carcinoma. Int J Oral Maxillofac Surg
35, 356-361.

Bremnes RM, Veve R, Gabrielson E, Hirsch FR, Baron
A, Bemis L, Gemmill RM, Drabkin HA & Franklin
WA (2002) High-throughput tissue microarray analysis
used to evaluate biology and prognostic significance of
the E-cadherin pathway in non-small-cell lung cancer. J
Clin Oncol 20, 2417-2428.

Holen I, Whitworth J, Nutter F, Evans A, Brown HK,
Lefley DV, Barbaric I, Jones M & Ottewell PD (2012)
Loss of plakoglobin promotes decreased cell-cell
contact, increased invasion, and breast cancer cell
dissemination in vivo. Breast Cancer Res 14, 3000.
Huang L, Ji H, Yin L, Niu X, Wang Y, Liu Y, Xuan
Q, Li L, Zhang H, Zhou X et al, (2019) High
expression of plakoglobin promotes metastasis in

1967



Opposing prognostic relevance of JUP in PCa

23

24

25

26

27

28

29

30

31

1968

invasive micropapillary carcinoma of the breast via
tumor cluster formation. J Cancer 10, 2800-2810.
Aceto N, Bardia A, Miyamoto DT, Donaldson MC,
Wittner BS, Spencer JA, Yu M, Pely A, Engstrom A,
Zhu H et al, (2014) Circulating tumor cell clusters are
oligoclonal precursors of breast cancer metastasis. Cell
158, 1110-1122.

van Oort IM, Tomita K, van Bokhoven A,
Bussemakers MJG, Kiemeney LA, Karthaus HFM,
Witjes JA & Schalken JA (2007) The prognostic value
of E-cadherin and the cadherin-associated molecules o-,
f3-, y-catenin and p120ctn in prostate cancer specific
survival: a long-term follow-up study. Prostate 67,
1432-1438.

Pontes-Junior J, Reis ST, Dall'Oglio M, Neves de
Oliveira LC, Cury J, Carvalho PA, Ribeiro-Filho LA,
Moreira Leite KR & Srougi M (2009) Evaluation of the
expression of integrins and cell adhesion molecules
through tissue microarray in lymph node metastases of
prostate cancer. J Carcinog 8, 3.

Shiina H, Breault JE, Basset WW, Enokida H,
Urakami S, Li L-C, Okino ST, Deguchi M, Kaneuchi
M, Terashima M et al, (2005) Functional loss of the
y-catenin gene through epigenetic and genetic
pathways in human prostate cancer. Cancer Res 65,
2130-2138.

Lange T, Ullrich S, Miiller I, Nentwich MF, Stiibke K,
Feldhaus S, Knies C, Hellwinkel OJC, Vessella RL,
Abramjuk C et al, (2012) Human prostate cancer in a
clinically relevant xenograft mouse model: identification
of B(1,6)-branched oligosaccharides as a marker of
tumor progression. Clin Cancer Res 18, 1364-1373.
Lange T, Kupfernagel M, Wicklein D, Gebauer F,
Maar H, Briigge K, Miiller I, Simon R, Schlomm T,
Sauter G et al, (2014) Aberrant presentation of HPA-
reactive carbohydrates implies selectin-independent
metastasis formation in human prostate cancer. Clin
Cancer Res 20, 1791-1802.

Schlomm T, Iwers L, Kirstein P, Jessen B, Kollermann
J, Minner S, Passow-Drolet A, Mirlacher M, Milde-
Langosch K, Graefen M et al, (2008) Clinical
significance of p53 alterations in surgically treated
prostate cancers. Mod Pathol 21, 1371-1378.
Weischenfeldt J, Simon R, Feuerbach L, Schlangen K,
Weichenhan D, Minner S, Wuttig D, Warnatz H-J,
Stehr H, Rausch T et al, (2013) Integrative genomic
analyses reveal an androgen-driven somatic alteration
landscape in early-onset prostate cancer. Cancer Cell
23, 159-170.

Minner S, Enodien M, Sirma H, Luebke AM, Krohn
A, Mayer PS, Simon R, Tennstedt P, Miiller J, Scholz
L et al, (2011) ERG status is unrelated to PSA
recurrence in radically operated prostate cancer in the
absence of antihormonal therapy. Clin Cancer Res 17,
5878-5888.

32

33

34

35

36

37

39

40

41

T. Spethmann et al.

Burkhardt L, Fuchs S, Krohn A, Masser S, Mader M,
Kluth M, Bachmann F, Huland H, Steuber T, Graefen
M et al, (2013) CHDI1 Is a 5921 tumor suppressor
required for ERG rearrangement in prostate cancer.
Cancer Res 73, 2795-2805.

Kluth M, Meyer D, Krohn A, Freudenthaler F, Bauer
M, Salomon G, Heinzer H, Michl U, Steurer S, Simon
R et al, (2015) Heterogeneity and chronology of 6q15
deletion and ERG-fusion in prostate cancer. Oncotarget
7, 3897-3904.

Krohn A, Diedler T, Burkhardt L, Mayer P-S, De Silva
C, Meyer-Kornblum M, Kotschau D, Tennstedt P,
Huang J, Gerhéuser C et al, (2012) Genomic deletion
of PTEN is associated with tumor progression and
early PSA recurrence in ERG fusion-positive and
fusion-negative prostate cancer. Am J Pathol 181, 401—
412.

Krohn A, Seidel A, Burkhardt L, Bachmann F, Mader
M, Grupp K, Eichenauer T, Becker A, Adam M,
Graefen M et al, (2013) Recurrent deletion of 3p13
targets multiple tumour suppressor genes and defines a
distinct subgroup of aggressive ERG fusion-positive
prostate cancers. J Pathol 231, 130-141.

Minner S, Jessen B, Stiedenroth L, Burandt E,
Kollermann J, Mirlacher M, Erbersdobler A,
Eichelberg C, Fisch M, Brimmendorf TH ez al, (2010)
Low level Her2 overexpression is associated with rapid
tumor cell proliferation and poor prognosis in prostate
cancer. Clin Cancer Res 16, 1553-1560.

Schroder J, Schumacher U & Bockelmann LC (2020)
Thioredoxin Interacting Protein (TXNIP) Is
differentially expressed in human tumor samples but is
absent in human tumor cell line xenografts:
implications for its use as an immunosurveillance
marker. Cancers 12, 3028.

Varambally S, Yu J, Laxman B, Rhodes DR, Mehra R,
Tomlins SA, Shah RB, Chandran U, Monzon FA,
Becich MJ et al, (2005) Integrative genomic and
proteomic analysis of prostate cancer reveals signatures
of metastatic progression. Cancer Cell 8, 393-406.
Chandran UR, Ma C, Dhir R, Bisceglia M, Lyons-
Weiler M, Liang W, Michalopoulos G, Becich M &
Monzon FA (2007) Gene expression profiles of
prostate cancer reveal involvement of multiple
molecular pathways in the metastatic process. BMC
Cancer 7, 64.

Yu YP, Landsittel D, Jing L, Nelson J, Ren B, Liu L,
McDonald C, Thomas R, Dhir R, Finkelstein S et al,
(2004) Gene expression alterations in prostate cancer
predicting tumor aggression and preceding development
of malignancy. J Clin Oncol 22, 2790-2799.

Epstein JI, Feng Z, Trock BJ & Pierorazio PM (2012)
Upgrading and downgrading of prostate cancer from
biopsy to radical prostatectomy: incidence and
predictive factors using the modified gleason grading

Molecular Oncology 15 (2021) 1956-1969 © 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of

Federation of European Biochemical Societies.



T. Spethmann et al.

42

43

44

45

46

47

48

49

50

51

Molecular Oncology 15 (2021) 1956-1969 © 2021 The Authors. Molecular Oncology published by John Wiley & Sons Ltd on behalf of

system and factoring in tertiary grades. Eur Urol 61,
1019-1024.

Wu L, Zhao JC, Kim J, Jin H-J, Wang C-Y & YuJ
(2013) ERG is a critical regulator of Wnt/LEF1
signaling in prostate cancer. Cancer Res 73, 6068-6079.
Bubendorf L, Sauter G, Moch H, Schmid H-P, Gasser
TC, Jordan P & Mihatsch MJ (1996) Ki67 Labelling
index: an independent predictor of progression in
prostate cancer treated by radical prostatectomy. J
Pathol 178, 437-441.

Li R, Wheeler T, Dai H, Frolov A, Thompson T &
Ayala G (2004) High level of androgen receptor is
associated with aggressive clinicopathologic features
and decreased biochemical recurrence-free survival in
prostate: cancer patients treated with radical
prostatectomy. Am J Surg Pathol 28, 928-934.

Francis JC, Thomsen MK, Taketo MM & Swain A
(2013) B-Catenin is required for prostate development
and cooperates with Pten loss to drive invasive
carcinoma. PLOS Genet 9, €1003180.

Jung SJ, Oh S, Lee GT, Chung J, Min K, Yoon J, Kim
W, Ryu DS, Kim IY & Kang DI (2013) Clinical
significance of Wnt/B-catenin signalling and androgen
receptor expression in prostate cancer. World J Mens
Health 31, 36-46.

Oh-Hohenhorst SJ, Tilki D, Ahlers A-K, Suling A,
Hahn O, Tennstedt P, Matuszcak C, Maar H, Labitzky
V, Hanika S, Starzonek S, Baumgart S, Johnsen SA,
Kluth M, Sirma H, Simon R, Sauter G, Huland H,
Schumacher U & Lange T. (2021) CHDI loss
negatively influences metastasis-free survival in RO-
resected prostate cancer patients and promotes
spontaneous metastasis in vivo. Cancer Gene Ther 1-13.
Rodrigues LU, Rider L, Nieto C, Romero L,
Karimpour-Fard A, Loda M, Lucia MS, Wu M, Shi L,
Cimic A et al, (2015) Coordinate loss of MAP3K7 and
CHDI promotes aggressive prostate cancer. Cancer Res
75, 1021-1034.

Franzen CA, Todorovi¢ V, Desai BV, Mirzoeva S,
Yang XJ, Green KJ & Pelling JC (2012) The
Desmosomal armadillo protein Plakoglobin regulates
prostate cancer cell adhesion and motility through
vitronectin-dependent Src signaling. PLoS One 7,
e42132.

Lange T, Samatov TR, Galatenko VV, Steffen P, von
Kriegstein H, Spethmann T, Wicklein D, Maar H,
Kupfernagel K, Labitzky V et al, (2020) Xenograft-
derived mRNA/miR and protein interaction networks
of systemic dissemination in human prostate cancer.
Eur J Cancer 137, 93-107.

Nagashima H, Okada M, Hidai C, Hosoda S,
Kasanuki H & Kawana M (1997) The role of cadherin-
catenin-cytoskeleton complex in angiogenesis: antisense
oligonucleotide of plakoglobin promotes angiogenesis

Federation of European Biochemical Societies.

Opposing prognostic relevance of JUP in PCa

in vitro, and protein kinase C (PKC) enhances
angiogenesis through the plakoglobin signaling
pathway. Heart Vessels Suppl 12, 110-112.

52 Yin T, Getsios S, Caldelari R, Kowalczyk AP, Miiller
EJ, Jones JCR & Green KIJ (2005) Plakoglobin
suppresses keratinocyte motility through both cell—cell
adhesion-dependent and -independent mechanisms.
Proc Natl Acad Sci U S A 102, 5420-5425.

53 Mukhina S, Mertani HC, Guo K, Lee K-O, Gluckman
PD & Lobie PE (2004) Phenotypic conversion of
human mammary carcinoma cells by autocrine human
growth hormone. Proc Natl Acad Sci U S 4 101,
15166-15171.

Supporting information

Additional supporting information may be found
online in the Supporting Information section at the end
of the article.

Table S1. Association between ERG immunostaining
results and PCa phenotype in all cancers.

Table S2. Associations between trichotomized JUP
immunostaining results and PCa phenotype in all cases
analyzed.

Table S3. Associations between trichotomized JUP
immunostaining results and PCa phenotype in the
TMPRSS2:ERG fusion-negative subset.

Table S4. Associations between trichotomized JUP
immunostaining results and PCa phenotype in the
TMPRSS2:ERG fusion-positive subset.

Table S5. Multivariate Cox regression analysis, includ-
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Fig. S2. Associations between JUP expression (tri-
chotomized THC staining tissue.

Fig. S3. Correlation of JUP gene expression with ERG
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Fig. S4. Influence of JUP on Wnt target gene expres-
sion in the TCGA prostate cancer data set analyzed
using cBioPortal.

Fig. S5. JUP gene expression and disease-free survival
in the TCGA prostate cancer data set analyzed using
cBioPortal.
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cal abstract).
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