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Abstract

Purpose: FXYD5/Dysadherin (FXYD5/Dys) is associated with cancer progression and aggressiveness. This study evaluated FXYD5/Dysadherin
(FXYD5/Dys) expression in Prostate cancer (PCa) cell lines and tumors, and its association with Epithelial to Mesenchymal Transition (EMT) mark-
ers and Clinico-pathological parameters.

Methods: Expression of FXYD5/Dys and EMT markers was analysed in PCa cell cultures, PC3-derived mice tumors and human tumors using GEO
and TCGA datasets, and in urine cell sediment of Benign Prostatic Hyperplasia (BPH) and PCa patients.

Results: Medium/high metastatic potential cell lines (C4-2B, DU-145, PC3) expressed higher (P<0.05) levels of FXYD5/Dys mRNA and protein,
lower (P<0.05) E-cadherin, and higher (P<0.05) Zeb1, Slug, N-cadherin, and Vimentin mRNA levels than low metastatic potential cell lines (LNCaP,
22Rv1, C4-2). PC3 cells treatment with FXYD5/Dys siRNA resulted in reversed expression of EMT markers and higher (P<0.05) cell-cell adhesion.
Gene expression analysis done on a dataset from an in vivo PCa model of subcutaneous tumors with low (LMP) and High (HMP) Metastatic Potential
(GSE7930) revealed higher (P<0.05) FXYD5/Dys mRNA levels and an EMT profile in the HMP tumors. PCa TCGA dataset analysis revealed a higher
(P<0.05) FXYD5/Dys expression and a lower (P<0.05) free-disease survival, higher (P<0.05) Gleason, Stage, and Grade Group, and an EMT profile. A
multiple regression analysis identified FXYD5/Dys as a high tumour Stage predictor. Urine sediment FXYD5/Dys mRNA levels were higher (P<0.05)
in PCa than in BPH-diagnosed men.

Conclusion: FXYD5/Dys high expression was associated with an EMT profile, disease progression, and aggressiveness in PCa.
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Introduction

Prostate cancer (PCa) is the second most frequently diagnosed
cancer in men, with over 1.4 million cases reported in 2022 [1].
While a large proportion of PCa is diagnosed in early stages and
have slow evolution, its course varies from indolent to metastatic
[2]. Understanding its molecular basis is highly relevant to identi-
fy entities associated with tumor progression and aggressiveness.
Expression of the cell-cell adhesion protein epithelial cadherin (E-
cadherin) is highly relevant in maintaining prostate epithelial in-
tegrity, and preventing carcinogenesis [3]. A decrease in E-cadherin
expression and function(s) is a key event in Epithelial to Mesenchy-
mal Transition (EMT), a process that stands out among the molec-
ular mechanisms involved in tumor progression and metastasis in
numerous solid tumors [4]. The E-cadherin decrease triggers sever-
al changes, among them the gain of mesenchymal markers such as
Vimentin [5]. Also, an increase in Neural Cadherin (N-cadherin) [6],
an event regulated by transcriptional repressors, i.e. Twist, Snail,
Zeb1 and Zeb?2 that elicit EMT and negatively modulate E-cadherin
expression [7]. The EMT process results in the acquisition of a mes-
enchymal phenotype and the development of a progressive motile
and invasive behaviour [4]. In PCa, several studies have identified a
decrease in E-cadherin expression and other EMT-related changes,
and highlighted the relevance of the EMT process in tumor progres-
sion, increased stemness properties, drug resistance, and metasta-
sis [8,9].

Among E-cadherin expression negative modulators, FXYD5/
Dysadherin (FXYD5/Dys) has been reported in several tumors.
FXYD5/Dys, a member of the FXYD protein family that contain a
conserved F-X-Y-D motif in the transmembrane domain, is a type |
transmembrane glycoprotein initially identified as a cancer-related
protein and associated with decreased E-cadherin expression and
reduced cell-cell adhesion [10]. Increased expression of FXYD5/
Dys has been associated with tumor progression and poor outcome
of cancer patients in numerous tumors [11,12]. The FXYD5/Dys
negative impact on cell-cell adhesion is associated to steric hin-
drance, actin cytoskeleton competition, and post-transcriptional
negative regulation of E-cadherin [13]. Also, an increased expres-
sion of FXYD5/Dys has been associated to activation of TGF-f and
NF-kB pathways [14], and with expression and secretion of Chemo-
kine (CC Motif)-Ligand 2 or CCL2, a cytokine associated with tum-
origenesis and metastasis [15], and previously reported as a PCa
progression marker [16,17]. The expression of FXYD5/Dys and its
association with tumor progression and aggressiveness in PCa has
not been reported.

The expression of FXYD5/Dys and EMT markers was evaluated
in six PCa cell lines, in datasets of low and high aggressiveness PCa
tumors developed in mice from PC3 cells, and in a large cohort of
PCa patients from The Cancer Genome Atlas (TCGA) with different
clinicopathological parameters (Gleason score, Tumor Stage, Grade
Group (GG) and Disease-Free Survival). Moreover, FXYD5/Dys ex-
pression was modulated in PC3 cells to evaluate its impact upon cell
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behaviour. Finally, FXYD5/Dys mRNA levels in the urine cell sedi-
ment of PCa and BPH patients were determined.

Materials and Methods
Bioinformatics

Messenger RNA expression levels were determined from a gene
expression dataset (GSE7930; GEO) of tumors developed in mice
by injection of PC3 cells, as previously reported [18]. In addition,
gene expression analysis of 497 PCa samples of the Prostate Can-
cer TCGA (PRAD version 16.08.2016; TCGA), downloaded from the
UCSC Xena web tool, was done.

Patient Urine Samples

Urine samples were obtained from patients subjected to pros-
tate biopsy because of increased serum PSA levels (>4.0 ng/ml)
and/or an abnormal diagnostic Digital Rectal Exam, attending the
Department of Urology of the Vall d’'Hebron Hospital in Barcelona,
Spain. Eight samples from patients diagnosed with Bening Prostat-
ic Hyperplasia (BPH) and 18 with PCa (4 Gleason 6; 12 Gleason 7;
1 Gleason 8 and 1 Gleason 9-10) were included in the evaluation.
The Vall d’Hebron Hospital IRB approved the protocol; all patients
signed a written informed consent. Procedures for urine sample
collection and processing were previously reported [19].

Antibodies

Primary antibodies: Anti-E-cadherin (610181 (BD), HECD-1
(Thermo), H-108 (Santa Cruz Biotec, SCBT)); anti-N-cadherin (H-
63, SCBT); anti-Vimentin (Clone V9, Dako); anti-B-catenin (610153,
BD); anti-GAPDH (14C10, Cell Signaling). Anti FXYD5/Dys NCC-M53
(kindly provided by Dr. S. Hirohashi) and L-15 (sc-30603, goat poly-
clonal, towards the N-terminal end; SCBT), and FL-178 (sc-98246,
rabbit polyclonal, towards residues 1-178; SCBT). In control experi-
ments, primary antibodies were replaced by purified mouse, rabbit
or goat IgGs (Sigma-Aldrich).

Secondary Antibodies: Cy3-labelled anti-mouse or anti-rabbit
(Sigma- Aldrich) and FITC-labelled anti-mouse (Vector) for immu-
nocytochemistry protocols; anti-mouse, anti-rabbit or anti-goat
(Vector; Sigma-Aldrich) IgGs coupled to HRP for Western immuno-
blotting procedures.

Cell Cultures

Six PCa cell lines selected as in vitro models (LNCaP, 22Rv1, C4-
2, C4-2B, DU-145 and PC3) were cultured under standard condi-
tions (ATCC; Manassas, VI, USA). Cell lines were cultured in RPMI
1640 culture medium in the presence of 10% heat-inactivated fetal
bovine serum, 100 UI/mL penicillin and 100 mg/mL streptomycin,
and incubated at 37°C in a humidified atmosphere of 5% CO, in
air (standard conditions). Low-passage cell lines were used in all
cases; in addition, quality control tests were done by monitoring
cell morphology and growth rates, as well as mycoplasma detection
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with Hoechst 33342 (Sigma Aldrich). In a set of experiments, PC3
cells were treated with 10 ng/mL rec-TGF-$1 (TONBO Biosciences)
[14].

Transient Transfection Assay

PC3 cells transient transfection with a specific commercial siR-
NA was done to knockdown endogenous FXYD5/Dys expression,
as previously reported [14]. Scramble (37007, SCBT) and specific
(45745, SCBT) siRNAs (100 pmoles/mL) were transfected into PC3
cells according to the manufacturer’s instructions.

Hanging Drop Assay

To promote cellular aggregates formation, PCa cells were cul-
tured under independent-anchorage conditions, as previously re-
ported [20].

Migration and Invasion Assays

Both procedures were done on PC3 siRNA control and FXYD5/
Dys cells as previously described [14].

Protein Extraction/Western Immunoblotting Protocols

Cell lines protein extracts were prepared and processed for
Western immunoblotting as previously reported [20]. Membranes
were developed with specific antibodies towards E-cadherin
(610181, 0.25 pg/mL), N-cadherin (2 ug/mL), Vimentin (2 pg/mL),
FXYD5/Dys (NCC-M53, 1 pg/mL) and GAPDH (2 pg/mL). The use
of the antibodies was previously validated [20]. Inmunodetection
was specific, since no signal was found when the primary antibody
was replaced with normal IgG (data not shown).

Immunocytochemistry and Immunohistochemistry

Cells grown on glass coverslips were subjected to immuno-
cytochemical analysis to assess E-cadherin (HECD-1 6 pg/mL),
[-catenin (4 pg/mL), N-cadherin (2 pg/mL), Vimentin (2 pg/mL)
and FXYD5/Dys (FL-178 4 pg/mL) immunolocalization [20]. Nu-
clear cell staining was done with Hoechst 33342. To assess filamen-
tous actin (F-actin), cells were stained with AlexaFluor 488 Phalloi-
din (Thermo). Immunohistochemical analysis of FXYD5/Dys (L-15
4 pg/mL) and E-cadherin (H-108 2 pg/mL) was done in tissue
sections of subcutaneous PC3-cell tumors, using a commercial kit
(immunoCruz ABC, SCBT).

RNA Extraction and RT-PCR Procedures

TRIzol™ (Thermo) RNA isolation, cDNA synthesis and qRT-PCR
analysis was performed as previously reported [20]. Negative con-
trols (omitting RNA or reverse transcriptase) were included. RNA
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from urine cell sediments recovered after prostatic massage was
purified and FXYD5/Dys expression levels using GAPDH as house-
keeping control gene were assessed.

Statistical Analysis

Experiments were carried out at least three times. Data is pre-
sented as mean * Standard Error of the Mean (SEM). Cell lines stud-
ies were analysed with Kruskal Wallis test followed by orthogonal
contrast analysis to compare results between low (LNCaP/22Rv1/
C4-2) and high (C4-2B/DU-145/PC3) aggressiveness PCa cells. The
Mann-Whitney test was applied to compare two groups’ results,
and the Kruskal Wallis test followed by the Dunn test for multiple
comparisons was applied for do three group analyses. The Spear-
man correlation coefficient (p, rho) was used to perform correla-
tion analyses for several markers. FXYD5/Dys expression and pa-
tient Recurrence Free Survival (RFS) were assessed by means of the
Kaplan Meier method. FXYD5/Dys expression cut-off value (low/
high) was determined using the web http://molpath.charite.de/
cutoff. A multiple logistic regression analysis to identify PCa patho-
logic Stage predictor variables was done. Analyses were performed
on GraphPad Prism version 5 (GraphPad Software) and R (version
3.4.4).

Results
Expression of FXYD5/Dys and EMT markers in PCa cell lines

First, expression of FXYD5/Dys and EMT markers in six PCa cell
lines, grouped in low (LNCaP, 22Rv1, C4-2) and high (C4-2B, DU-
145, PC3) aggressiveness (based on their metastatic potential) was
evaluated. qRT- PCR analysis revealed differences among cells, find-
ing lower E-cadherin mRNA levels in more aggressive cells (P<0.01
between subgroups; Figure 1.A, left). In agreement with these find-
ings, lower levels of the 120 KDa full-length cell-cell adhesion pro-
tein were found in C4-2B, DU-145 and PC3 cells (P<0.001; Figure
1.A, right). The 38-KDa E-cadherin CTF1 digestion fragment was
only detected in the low aggressiveness PCa cell group. Expression
analysis of transcriptional repressors revealed differences among
cells in Slug, Zeb1 and Zeb2 mRNA levels (P<0.001), with higher
levels in the highly aggressive cells (P<0.001) (Figure 1.B). No sig-
nificant changes in Twist and Snail were found (data not shown).
N-cadherin and Vimentin mRNA levels were higher (P<0.001) in
aggressive cells, and proteins were only immunodetected in these
cells (Figure 1.C). ESRP1 and ESRP2, RNA binding proteins respon-
sible for a splicing regulated program essential for epithelial cells
morphology and function, depicted lower expression levels in high-
ly aggressive cells (ESRP1: P<0.05, ESRP2: P<0.001) (Figure 1.D).
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Figure 1. A. Left. E-cadherin mRNA expression assessed by
quantitative real time PCR (qRT-PCR). 2% values were calculated
as described in Materials and Methods, and GAPDH was selected
as housekeeping gene. Statistical analysis done using Kruskal Wal-
lis test, followed by orthogonal contrasts done to compare mRNA
expression between low (LNCaP, 22Rv1, C4-2) and high (C4-2B,
DU-145, PC3) aggressiveness PCa cell lines. **P<0.01. Right: Im-
munodetection of E-cadherin protein after SDS-PAGE and Western
immunoblotting analysis. (Anti E-cadherin 610181: 0.25 pg/mL).
GAPDH selected as loading control (Anti GAPDH 14C10: 2 pg/mL).
Numbers represent results of densitometric analysis of E-cadherin

signal; intensity determined using the Image ] program, and nor-
malized using loading control signal intensity. B. nRNA expression
analysis of Slug, Zeb1 and Zeb2 transcriptional represors assessed
using qRT-PCR (Kruskal Wallis test, ***P<0.001). C. Top: qRT-PCR
mRNA expression analysis of N-cadherin (left) and Vimentin (right)
mRNA level by qRT-PCR. ***P<0.001. Bottom: Inmunodetection of
N-cadherin and Vimentin proteins after SDS-PAGE and Western
immunoblotting analysis (Anti N-cadherin H-63: 2 ug/mL; Anti Vi-
mentin Clon V9: 2 pg/mL). Loading control done with GAPDH. (see
A.).D.qRT- PCR mRNA expression analysis of splicing factors ESRP1
and ESRP2 (*P<0.05; **P<0.01).
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Evaluation of FXYD5/Dys mRNA expression revealed higher
levels in C4-2B, DU-145 and PC3 cells (P<0.001) (Figure 1.E, left).
While the FXYD5/Dys protein was only detected in these cells, a
~55 KDa protein form was immunodetected in C4-2B and DU-145
cells and a ~50 KDa form in PC3 cells (Figure 1.E, right), probably
caused by differences in the O-linked glycosidic branches. Immuno-
localization analysis of FXYD5/Dys in PC3 cells revealed a strong
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signal in the cytoplasm and plasma membrane, suggesting an active
protein expression. Cells also showed a low E- cadherin cell signal,
and a strong N-cadherin and Vimentin signal (Figure 1.F). Staining
was specific, with a lack of signal in cells incubated with control IgG.
PC3 cell tumors generated in nude mice showed a strong specific
FXYD5/Dys signal and low E-cadherin levels, consistent with find-
ings in cells grown in monolayers (Figure 1.G).
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Figure 1. E. Left: qRT-PCR mRNA expression analysis of FXYD5/
Dys (***P<0.0001). Right: Inmunodetection of FXYD5/Dys pro-
tein after SDS-PAGE and Western immunoblotting analysis (Anti
FXYD5/Dys NCC-M53: 1 pg/mL). Loading control was done with
GAPDH (see A). F. Fluorescence immunocytochemistry and confocal
laser microscopy analysis of FXYD5/Dys in PC3 cells (Anti FXYD5/
Dys FL-178, 4 pg/mL), adherent complex (E-cadherin, Beta-catenin

and filamentous (F) actin) and mesenchymal markers (N-cadher-
in and Vimentin) in PC3 cells. Negative controls are included; cell
nuclei visualized using Hoechst 33342. Bar: 50 pum (20x magnifica-
tion) and 20 pm (40x magnification). G. Colorimetric immunohis-
tochemistry assay of FXYD5/Dys (Anti FXYD5/Dys L-15, 4 pg/mL)
and E-cadherin (H-108, 2 pg/mL) in paraffin sections of tumors
generated by injection of PC3 in nude mice. Contrast staining was
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performed using hematoxylin. Controls were done in which the pri-
mary antibody was replaced by IgG (goat for FXYD5/Dys detection;
rabbit for E-cadherin detection) added at the same concentration.
Bar: 50 um (20x magnification).

Next, a PC3 cell-silencing protocol was done, leading to 80%
decrease in FXYD5/Dys mRNA levels and undetectable protein lev-
els (Figure 1.H). Since FXYD5/Dys pro-metastatic role has been at-
tributed to decreased cell-cell adhesion, the hanging drop method
was applied to treated cells, and cell aggregates (area >20,000 (pix-
els)2) were estimated, finding that siRNA-FXYD5/Dys cells formed
larger aggregates (Figure 1.I). Evaluation of cell migration (Figure
1.J) and invasion (Figure 1.K) revealed reduced (P<0.01) properties
in PC3 siRNA-FXYD5/Dys cells. In agreement with these observa-
tions, mRNA levels of two invasion/metastasis-associated molecu-
lar markers, MMP9 and EZH2 (Figure 1.L) were lower (P<0.05) in
PC3 siRNA FXYD5/Dys cells.

Figure 1. H. Left: Quantitative analysis of FXYD5/Dys mRNA
expression by qRT-PCT in PC3 cells treated with Scramble siR-
NA (Control) and FXYD5/Dys siRNA (siRNA FXYD5/Dys) (Mann
Whitney test, **P<0.01). Right: Immunodetection of FXYD5/Dys
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protein after SDS-PAGE and Western immunoblotting analysis in
PC3 siRNA Control and PC3 siRNA FXYD5/Dys cells (Anti FXYD5/
Dys NCC-M53: 1 pg/mL). Loading control was done with GAPDH
(Anti GAPDH 14C10: 2 pg/mL). I. Evaluation of the cell-cell adhe-
sion capacity of PC3 siRNA Control and PC3 siRNA FXYD5/Dys cells
by means of the Hanging Drop method. Representative images of
cells grown in suspension for 24 h are shown. J. Evaluation of the
migration behavior of PC3 siRNA Control and PC3 siRNA FXYD5/
Dys cells by the Transwell™ Migration test. Left: The number of
cells that were able to migrate through the transwell after 8 h incu-
bation was measured and plotted (Mann Whitney test, **P<0.01).
Right: A representative image is shown. K. Left: Evaluation of the
invasive capacity of PC3 siRNA Control and PC3 siRNA FXYD5/Dys
cells by the Transwell™ Invasion Test, done in the presence of an
extracellular matrix. The number of cells that were able to invade
was measured and plotted (Mann Whitney test, **P<0.01). Right: A
representative image is shown. L. Quantitative analysis of the EZH2
(Left) and MMP9 (right) mRNA expression by qRT-PCR in PC3 cells
transiently transfected with a scramble siRNA (siRNA Control) or
with an FXYD5/Dys specific siRNA (siRNA FXYD5/Dys) (Mann
Whitney test, *P<0.05).
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Figure 1: Expression analysis of EMT markers and FXYD5/Dys in established human PCa cell lines.
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Gene Expression Analysis of PC3-Derived Tumors with Low
and High Metastatic Potential

The association between FXYD5/Dys expression and EMT was
assessed in a gene expression dataset from an in vivo PCa pro-
gression model of PC3 cells-derived mouse subcutaneous tumors
with low (LMP) and high (HMP) metastatic potential [18]. In line
with results shown above, higher (P<0.05) FXYD5/Dys and lower

Copyright© Vazquez-Levin Ménica Hebe

(P<0.05) E-cadherin expression was determined in HMP tumors.
Neither N-cadherin nor Vimentin mRNA levels show difference be-
tween LMP and HMP tumors. Similar expression levels were deter-
mined for ESRP1and ESRP2 in LMP and HMP tumors. On the other
hand, increased (P<0.05) levels of Twist, Snail and Zeb1 transcripts
were found in HMP PC3-tumors, but no differences were found for
Zeb?2 and Slug (Table 1).

Table 1: Expression of FXYD5/Dys and EMT markers expression in an in vivo PCa progression model of PC3 cells-derived mouse
subcutaneous tumors with low (LMP) and high (HMP) metastatic potential.

Transcript LMP HMP P
FXYD5/Dys 1638.0 + 68.3 2051.0 £ 31.8 0.05
E-cadherin 107.3+£2.01 87.2+3.1 0.05
N-cadherin 2368.0 £ 85.7 3407.0 £227.0 0.1
Vimentin 15962.0 £ 191.8 16106.0 + 589.0 0.35
ESRP1 162.0 £6.9 151.6 £ 0.6 0.35
ESRP2 428.7+8.2 403175 0.1
Twist 216.5+10.4 307.2 £32.0 0.05
Snail 181.2+4.8 226.2+18.0 0.05
Slug 1219.0 £ 69.9 1434.0 +199.0 0.2
Zebl 684.5+79.9 1278.0 +131.9 0.05
Zeb2 26.7£1.2 26.7£1.2 0.5

Note*: Results are expressed as mean + SEM. Statistical analysis done by means of Mann Whitney test.

PCa Global Expression Analysis of FXYD5/Dys and its Associa-
tions with EMT Markers

Next, to evaluate FXYD5/Dys expression in association with
clinicopathological parameters, specifically Gleason score, Tumor
Stage, and GG, TCGA RNAseq gene expression dataset was ana-
lysed. Results of E-cadherin expression levels from the dataset
also were retrieved. As result, higher (P=0.0270) FXYD5/Dys and
lower (P<0.0001) E-cadherin mRNA levels were found in Glea-
son 8-10 tumors when compared to Gleason 6-7 ones. Moreover,
higher (P=0.0015) FXYD5/Dys and lower E- cadherin (P=0.0076)
transcript levels were found in Stage T3-T4 tumors compared to
Stage T2 tumors. Lastly, GG5 tumors depicted higher (P=0.0117)
FXYD5/Dys levels than GG2-4 tumors. E-cadherin expression was
lower (P<0.0001) among GG tumors (GG1 vs GG5; GG2-4 vs GG5)
(Table 2.A). To evaluate the association between FXYD5/Dys and
the tumor EMT profile, TCGA samples were grouped based on Low
or High FXYD5/Dys expression and EMT markers evaluated in each
group. High FXYD5/Dys expression tumors showed low E-cadherin
levels, and depicted a negative correlation (r=-0.4556; P<0.00001;
Figure 2.A). In addition, high FXYD5/Dys samples depicted lower

levels of ESRP1 and ESRP2 and higher levels of Snail, Slug, Zeb1
and Zeb2, as well as higher levels of N-cadherin and Vimentin
(P<0.0001) in the high DXYD5/Dys subgroup (Table 2B). Next,
a PCa survival analysis (Kaplan Meier curves and Log-Rank test)
revealed a higher Recurrence Free Survival (RFS) in PCa patients
with low FXYD5/Dys mRNA tumor levels than in patients with high
FXYD5/Dys levels (HR: 0.4981; P=0.03115); 46 diseases were list-
ed in 329 (0.1398) cases of high FXYD5/Dys expression, and 6 of
107 (0.056) showing low FXYD5/Dys levels (Figure 2.B).

Figure 2. A. Association between FXYD5/Dys and E-cadherin
mRNA expression in PCa. Correlation analysis of E-cadherin and
FXYD5/Dys mRNA levels (r=-0.4556, ***P<0.0001). Data was ex-
tracted from TCGA, cohort Prostate Cancer TCGA (PRAD) dataset. B.
Kaplan-Meier survival curves were constructed to evaluate the im-
pact of FXYD5/Dys, upon PCa patient survival (*P <0.05, Log Rank
test). C. Detection of FXYD5/Dys mRNA in urine cellular sediment
from Bening Prostatic Hyperplasia (BPH) and PCa samples. Quanti-
tative analysis of FXYD5/Dys mRNA levels were assessed in 8 BPH
and 18 PCa urine cellular sediment samples by qRT-PCR (*P<0.05;
unpaired t test).
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Figure 2: FXYD5/Dys, E-cadherin, and patient survival.

Table 2: FXYD5/Dys and E-cadherin expression in PCa samples. Gleason, Stage and GG.

A. Gleason
6-7 8-10 P
E-cadherin 0.1346 + 0.0335 -0.1602 + 0.0662 <0.0001
FXYD5/Dys 0.0877 + 0.0487 0.0630 + 0.0604 0.027
B. Stage
T2 T3-4 P
E-cadherin 0.1191 + 0.0423 -0.0503 + 0.0491 0.0076
FXYD5/Dys -0.1735 £ 0.0596 0.0362 +0.0510 0.0015
C. GG
1 2-4 5 P
E-cadherin 0.1434 + 0.0882 0.1098 £ 0.0318 -0.1807 + 0.0676 <0.0001 (1 vs 5; 2-4vs 5)
FXYD5/Dys -0.1287 +0.1455 -0.0827 + 0.0452 0.1491 £ 0.0741 0.0117 (2-4vs 5)
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FXYD5/Dys, Cytokines and Stem Cell Markers (Low=-0.8219+0.05630, High=0.2520+0.03407; P<0.0001) in the
TCGA high FXYD5/D Fi A) 1 iti i-

The Transforming Growth Factor-beta 1 (TGF-1) was previ- _CG '8 ) 5/Dys subgroup (Figure 3.4). In addition, a posi
tive correlation (r=0.7718, P<0.0001) was found between FXYD5/

ously shown to induce EMT-related changes in PCa [21]. Moreover, . .
. L Dys and TGF-f31 expression in the TCGA cohort (Figure 3.B). More-
studies from our group showed an association between FXYD5/ ) . ;
. . . over, PC3 cells treatment with TGF-B1 resulted in a ~40% increase
Dys and TGF-B1 expression [14]. Expression of TGF-31 was higher | . . )
in FXYD5/Dys protein expression (P<0.05; Figure 3.C).
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Figure 3: FXYD5/Dys, TGF-31 and CCL2.
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FXYD5/Dys expression has been related with increased met-
astatic capacity [10-12;22]. The pro-metastatic role may be as-
sociated both to its antiadhesive role and to the induction of the
expression and secretion of the CC-Motif-Chemokine Ligand
2, CCL2 [23]. Assessment of CCL2 expression in Low and High
FXYD5/Dys tumors revealed a higher expression in the latter
(Low=-1.069+0.1449, High=0.3357+0.07753; P<0.0001) Figure
3.D, left). In addition, a positive correlation between CCL2 and
FXYD5/Dys mRNA levels was found (r=0.4724, p<0.0001; Figure
3.D, right). Since FXYD5/Dys expression also promotes a stem cell
like phenotype [24], expression of Oct4, Nanog, CD133 and CD44
markers was analysed, finding higher (P<0.0001) levels of CD133
and Oct4 in FXYD5/Dys high- expression tumors (CD133: Low=-
1.291+0.1953, High=0.1598+0.1048; Oct4: Low=-0.5891+0.1077,
High=0.1642+0.0714).

Figure 3. A. Quantitative analysis of FXYD5/Dys mRNA expres-
sion and its association with expression of TGF-B1 done with a
dataset from TCGA. Samples were grouped based on FXYD5/Dys
mRNA expression levels (Low and High), and subjected to analy-
sis for each gene (Mann Whitney test; ***P<0.0001). B. Correla-
tion analysis of FXYD5/Dys mRNA levels and TGF-f1 (r= 0.7718,
*#*P<(0.0001). Data was extracted from TCGA. C. PC3 cells were
treated with TGF-B1 or vehicle (Control) as previously reported.
Left: Immunodetection of FXYD5/Dys (Anti FXYD5/Dys NCC-M53:
1 pg/mL). Loading control was done with GAPDH (Anti GAPDH
14C10: 2 pg/mL). Numbers in image are the result of densitometric
analysis of FXYD5/Dys signal; intensity was determined using the
Image ] program, and normalized using the signal intensity of the
loading control (*P<0.05). D. Quantitative analysis of FXYD5/Dys
mRNA levels and association with CCL2 expression. Samples were
grouped based on FXYD5/Dys mRNA expression levels (Low and
High) (Mann Whitney test; ***P<0.0001). E. Correlation analysis of
CCCL2 and FXYD5/Dys mRNA levels (r= 0.4724, ***P<0.0001). Data
was extracted from TCGA.

Regression Analysis and PCa FXYD5/Dys Predictive Value

A correlation analysis done with FXYD5/Dys and 20 PCa genes
evaluated in this study revealed the highest associations between
FXYD5/Dys, Vimentin and TGF-f1. A logistic regression analysis
done with 21 genes as independent variables and pathologic Tu-
mor Stage (dichotomized in Low (T2a-c, T3a) and High (T3b, T4)
Stage), identified FXYD5/Dys as a predictive variable in 2 of 3 val-
idated models of 200 random samples resampled from the TCGA
dataset. A 74% sensitivity and 63% specificity were determined.

FXYD5/Dys mRNA quantification in PCa patient urine

The identification of biomarkers in biological fluids for cancer
diagnosis and prognosis is of great interest, since these molecules
may contribute to patient management in a simple non-invasive
fashion. In particular, urine is a source of cells from the prostate
when collected after a prostate massage [25]. FXYD5/Dys tran-
script analysis was carried out by means of real-time PCR in cDNA
from PCa patients urine RNA cell sediment (n=18) or BPH (n=8),
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collected after prostate massage. Q-PCR analysis of the aforemen-
tioned samples revealed a higher (P=0.0230) expression of FXYD5/
Dys in the cell pellet of tumor samples compared to those in BPH
(BPH=-0.02513+0.00499, PCa=0.05499+0.00910) (Figure 2.C.).

Discussion

The lack of effective markers to distinguish PCa aggressive tu-
mors from those without clinical relevance at the time of diagnosis,
highlights the need to delve into its molecular mechanisms. E-cad-
herin is a key cell-cell adhesion molecule to ensure prostate epi-
thelial integrity [3]. In association with E-cadherin loss as an EMT
hallmark, previous studies reported evidence on EMT in PCa [8,9].
On the other hand, FXYD5/Dys has been reported as a negative
modulator of E-cadherin expression and function (s), and a marker
of aggressiveness in several solid tumors [10,11]. Despite its pos-
sible relevance in PCa progression and aggressiveness, no reports
on FXYD5/Dys expression in PCa have been published until now. In
the present report, evaluation of FXYD5/Dys expression in PCa cell
lines revealed higher levels of both mRNA and protein in most ag-
gressive cells, as well as in PC3-derived tumors that depicted low-
est E-cadherin levels. High FXYD5/Dys levels were associated with
high expression of E- cadherin transcriptional represors Snail, Slug,
Zeb1, Zeb2, as well as mesenchymal markers N-cadherin and Vi-
mentin, revealing a strong association between increased FXYD5/
Dys expression and a tumor EMT profile, in agreement with studies
in other tissues from our group [14,20] and others [26]. Transcript
expression analysis of TCGA samples with worst clinicopathologi-
cal features revealed higher FXYD5/Dys levels in tumors with high
Gleason score, high Tumor Stage and high GG. Moreover, a negative
association between FXYD5/Dys and E-cadherin expression was
found, and high FXYD5/Dys expression patients had lower RFS, in
line with reports in other tumors [11,12].

FXYD5/Dys silenced-PC3 cells had higher cell-cell adhesion
and lower cell migration/invasion, highlighting its association
with cell tumor progression, as shown in hepatocarcinoma, en-
dometrial and recently colon cancer [7,14,27]. Moreover, FXYD5/
Dys silenced-PC3 cells showed a decrease in MMP9 expression, in
line with recent findings in colorectal cancer [28]. TGF-B1-treated
cells showed higher FXYD5/Dys expression, and high FXYD5/Dys
tumors depicted higher TGF-f1 levels. Findings are in line with
studies in endometrial and ovarian cancer [14,26]. FXYD5/Dys was
previously proposed to promote a stem cell phenotype. In line with
these findings, a positive association was found between FXYD5/
Dys, CD133 and Oct4. Moreover, FXYD5/Dys expression was pre-
viously associated with CCL2 expression and secretion [14,15].
PCa progression and aggressiveness are associated with the CCL2
cytokine [16]; interestingly, CCL2 showed high expression levels in
TCGA dataset samples with elevated FXYD5/Dys expression. Since
FXYD5/Dys was shown to induce CCL2 expression by increasing
TNFa receptors, this would suggest an inflammatory environment,
as reported in other pathologies. There is growing evidence of
chronic inflammation contribution to PCa development/progres-
sion [29].
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Finally, to initiate studies toward FXYD5/Dys evaluation in pa-
tients with PCa using a non-invasive method, urine sediment anal-
ysis was subjected to qRT-PCR to determine whether levels detect-
ed differ from those determined in BPH patients. As result, higher
FXYD5/Dys mRNA expression was found in PCa when compared
to those diagnosed with BPH. A large cohort will help confirming
these findings, and show its potential use in the active surveillance
management of PCa patients. This the first report on FXYD5/Dys
expression, its relationship with EMT markers and clinico-patho-
logical parameters of tumor progression/aggressiveness in PCa.
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