
Citation: Barbaud, A.; Lascombe, I.;

Péchery, A.; Arslan, S.; Kleinclauss, F.;

Fauconnet, S. GW501516-Mediated

Targeting of Tetraspanin 15 Regulates

ADAM10-Dependent N-Cadherin

Cleavage in Invasive Bladder Cancer

Cells. Cells 2024, 13, 708. https://

doi.org/10.3390/cells13080708

Academic Editors: Takatsune Shimizu

and Hideyuki Takeshima

Received: 7 March 2024

Revised: 12 April 2024

Accepted: 13 April 2024

Published: 19 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cells

Article

GW501516-Mediated Targeting of Tetraspanin 15 Regulates
ADAM10-Dependent N-Cadherin Cleavage in Invasive Bladder
Cancer Cells
Alexandre Barbaud 1,†, Isabelle Lascombe 1,†, Adeline Péchery 1, Sergen Arslan 1, François Kleinclauss 2

and Sylvie Fauconnet 1,2,3,*

1 SINERGIES–LabEx LipSTIC ANR-11-LABX-0021, Université de Franche-Comté, F-25000 Besançon, France;
isabelle.lascombe@univ-fcomte.fr (I.L.)

2 CHU Besançon, Service Urologie, Andrologie et Transplantation Rénale, F-25000 Besançon, France
3 CHU Besançon, Centre Investigation Clinique, Inserm CIC 1431, F-25000 Besançon, France
* Correspondence: sylvie.fauconnet@univ-fcomte.fr
† These authors contributed equally to this work.

Abstract: Bladder cancer aggressiveness is correlated with abnormal N-cadherin transmembrane
glycoprotein expression. This protein is cleaved by the metalloprotease ADAM10 and the γ-secretase
complex releasing a pro-angiogenic N-terminal fragment (NTF) and a proliferation-activating soluble
C-terminal fragment (CTF2). Tetraspanin 15 (Tspan15) is identified as an ADAM10-interacting protein
to induce selective N-cadherin cleavage. We first demonstrated, in invasive T24 bladder cancer cells,
that N-cadherin was cleaved by ADAM10 generating NTF in the extracellular environment and
leaving a membrane-anchored CTF1 fragment and that Tspan15 is required for ADAM10 to induce
the selective N-cadherin cleavage. Targeting N-cadherin function in cancer is relevant to preventing
tumor progression and metastases. For antitumor molecules to inhibit N-cadherin function, they
should be complete and not cleaved. We first showed that the GW501516, an agonist of the nuclear
receptor PPARβ/δ, decreased Tspan15 and prevented N-cadherin cleavage thus decreasing NTF.
Interestingly, the drug did not modify ADAM10 expression, which was important because it could
limit side effects since ADAM10 cleaves numerous substrates. By targeting Tspan15 to block ADAM10
activity on N-cadherin, GW501516 could prevent NTF pro-tumoral effects and be a promising
molecule to treat bladder cancer. More interestingly, it could optimize the effects of the N-cadherin
antagonists those such as ADH-1 that target the N-cadherin ectodomain.
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1. Introduction

N-cadherin is a transmembrane glycoprotein mediating calcium-dependent inter-
cellular adhesion [1]. It is expressed in neural, fibrous, and muscle tissues as well as in
cardiomyocytes, fibroblasts, and glial and mesenchymal cells [2]. In addition to its adhesion
function, N-cadherin is essential for several biological processes such as embryogenesis, cell
migration, and cellular signaling [3]. In epithelial cancers, the abnormal expression of N-
cadherin is associated with the loss of E-cadherin, a process named cadherin switch, which
is a hallmark of the epithelial-mesenchymal transition reported in different cancers and
in bladder cancer [4]. N-cadherin promotes tumor cell survival, migration, and invasion,
and its high expression level is often associated with a poor prognosis [5]. In a previous
study, we detected an aberrant expression of N-cadherin in high-grade non-muscle invasive
bladder cancer confined to the lamina propria by immunohistochemistry and identified
this adhesion molecule as an independent predictor of tumor progression [6].

Targeting N-cadherin function in cancer cells is relevant to preventing primary tumor
progression and controlling the dissemination of metastases. This requires understanding
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the regulation of this adhesion molecule. N-cadherin is the target of a protease-mediated
cleavage. In particular, ADAM10 (a disintegrin and metalloprotease 10) is responsible for
an initial proteolytic processing of N-cadherin leading to the release of a N-terminal extra-
cellular fragment NTF (95 kDa) and leaving a membrane-anchored C-terminal fragment
CTF1 (40 kDa) at the cytoplasmic surface. CTF1 is further cleaved by the presenilin-1/γ-
secretase complex producing a soluble CTF2 (35 kDa) [7,8]. NTF and CTF2 fragments are
implicated in different cellular signaling pathways. CTF2 acts as a transcription regula-
tor promoting β-catenin-mediated target gene expression, such as cyclin D1 proliferating
gene [9], and repressing CBP/CREB-mediated transcription by triggering CBP proteaso-
mal degradation [7]. NTF stimulates neurite outgrowth through the fibroblast growth
factor receptor-dependent activation [10]. It increases endothelial cell migration and an-
giogenesis [11], as well as the survival of endothelial cells and vascular smooth muscle
cells [12]. In patients with malignant bone and soft tissue tumors, a high level of serum
N-cadherin/NTF was correlated with a high histological grade and tumor size (>5 cm). In
addition, it was associated with a lower rate of disease-free survival, local recurrence-free
survival, metastasis-free survival, and overall survival [13]. More elevated concentrations
of soluble N-cadherin were detected in the serum of prostate cancer patients compared to
their healthy counterparts [14].

In the fight against cancer, blocking NTF generation by targeting ADAM10 proteolytic
activity could be a relevant therapeutic strategy. In fact, ADAM10 is highly upregulated in
cancer, including bladder cancer [15]. Preventing its expression or activity is therefore being
considered as an anti-cancer therapy. However, ADAM10 is responsible for the extracellular
region shedding of a large variety of transmembrane proteins such as Notch, amyloid
precursor protein, prion protein, growth factor/cytokine receptors, adhesion molecules,
and tumor antigens. Through the cleavage of some of these cell surface substrates, ADAM10
is implicated in development and neuroprotection [16]. Direct action on ADAM10 activity
could result in multiple toxic side effects. It is therefore important to avoid blocking its
proteolytic activity.

Recently, the transmembrane protein tetraspanin 15 (Tspan15) has been characterized
as a positive regulator of ADAM10-promoted cleavage of N-cadherin [17–19]. Tspan15
belongs to a family of six tetraspanins (Tspan5, Tspan10, Tspan14, Tspan15, Tspan17, and
Tspan33) that have been identified as specific ADAM10-interacting protein partners. They
form the TspanC8 subgroup characterized by the presence of eight cysteines in the large
extracellular loop [20]. According to TspanC8 associated with ADAM10, the enzyme has
specificity for a given substrate. Specifically targeting Tspan15 seems more appropriate to
block the enzyme activity of ADAM10 on N-cadherin.

Our aim was to prevent the proteolytic activity of the molecular scissor formed by the
Tspan15/ADAM10 complex using a pharmacological inhibitory strategy to block the pro-
duction of N-cadherin/NTF. Thus, we evaluated the inhibitory capacity of the GW501516
drug (IUPAC: {4-[({4-methyl-2-[4-(trifluoromethyl)phenyl]-1,3-thiazol-5-yl}methyl)sulfanyl]-
2-methylphenoxy}acetic acid) on the function of the Tspan15/ADAM10 complex. GW501516
is a high-affinity synthesized agonist of the nuclear receptor PPARβ/δ (Peroxisome
Proliferator-Activated Receptor β/δ) [21]. In a previous study, we reported that exposure
of proliferating T24 invasive bladder cancer cells to 25 µM GW501516 led to a diminution
in cell viability, a G2/M cell cycle arrest, and the triggering of apoptosis [22]. In addition,
in same cells, 15 µM drug decrease the full-length N-cadherin level [23].

In this study, we demonstrated (1), for the first time, N-cadherin shedding in invasive
urothelial cancer cells by ADAM10, (2) the involvement of Tspan15 in ADAM10-mediated
cleavage of N-cadherin, (3) the requirement of Tspan15 inhibition to decrease NTF, and (4),
for the first time, in addition to reducing the full-length N-cadherin, the inhibitory effect
of GW501516 on N-cadherin/NTF releasing through the decrease of Tspan15 level and
consequently on ADAM10 proteolytic activity.
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2. Materials and Methods
2.1. Chemicals

The PPARβ/δ agonist GW501516 was provided by Enzo Life Sciences (Villeurbanne,
France). L-165041 (another PPARβ/δ agonist) was obtained from Calbiochem (San Diego,
CA, USA). Batimastat (broad spectrum matrix metalloprotease inhibitor), GI254023X (se-
lective ADAM10 metalloproteinase inhibitor), and DAPT (selective γ-secretase inhibitor)
were obtained from R&D Systems (Lille, France). GSK0660 (PPARβ/δ antagonist) was
obtained from CliniSciences (Nanterre, France). The final concentration of organic solvent
(dimethylsulfoxide) was less than 0.1%, which had no effect on cell viability.

2.2. Cell Culture and Treatments

The T24 human bladder cancer cell line was obtained from ATCC (ATCC®HTB-4TM).
T24 cells were maintained in Mc COY’s 5a medium containing L-glutamine and supple-
mented with 10% fetal calf serum (FCS) (Invitrogen, Cergy Pontoise, France), 1% antibiotic
antimycotic mixture (10 mg/mL streptomycin, 10,000 units/mL penicillin, 25 µg/mL am-
photericin B), and 15 mM Hepes (Sigma, Saint-Quentin-Fallavier, France) at 37 ◦C in a
humidified 5% CO2, 95% O2 air incubator. Cells were tested for the absence of mycoplasma
before the beginning of experiments. According to the experiments, cells were seeded in 12-
or 6-well plates and cultured with 5% FCS. Before any treatment, cells were washed twice
with FCS-free medium and then incubated with 10 µM DAPT, 5 µM Batimastat, GI254023X,
or different concentrations of GW501516 (1, 15, or 25 µM) with or without the PPARβ/δ
antagonist GW0660 (10 µM) or L-165041 (15 µM). Drug exposure times vary according to
the experiments.

2.3. Western Blotting Analysis

After treatment, cells were washed with PBS 1X and scraped in lysis buffer RIPA
(50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Nonidet P40, 0.5% sodium des-
oxycholate) supplemented with protease inhibitors (Roche Diagnostics, Meylan, France).
Then, whole cell lysates were sonicated and centrifuged at 10,000× g for 10 min at 4 ◦C.
Protein concentration was estimated using the Bio-Rad protein assay (Bio-Rad, Marnes-la-
Coquette, France). Total protein extracts (30 µg) were solved in Laemmli buffer (Bio-Rad)
and separated by a 7.5 or 12% SDS-PAGE. Proteins were transferred onto PVDF mem-
branes (GE Healthcare, Buckinghamshire, UK), and non-specific binding was blocked in
TBS-Tween 20 buffer (0.5 mM Tris-HCl, 45 mM NaCl, 0.05% Tween 20, pH 7.4) containing
5% nonfat milk or bovine serum albumin. Membranes were incubated with the following
appropriate primary antibodies: Anti-ADAM10 (clone 14194, 1:1000) was from Cell Sig-
naling (Ozyme, St Quentin en Yvelines, France). Anti-β-actin (clone AC-15, 1:40,000) and
anti-N-cadherin (clone GC-4, 1:1000) were from Sigma. Anti-PPARβ/δ (clone H-74, 1/500)
was from Santa Cruz Biotechnology (Clinisciences, Nanterre, France). Anti-N-cadherin
(clone 3B9, 1/2000) and anti-tetraspanin 15 (#PA5-42948, 1/1000) were from ThermoFisher
Scientific (Illkirch, France). Bound primary antibodies were detected using HRP-conjugated
secondary antibodies: anti-rabbit IgG (1:5000 or 1:10,000), anti-mouse IgG (1:10,000), and
anti-goat IgG (1/10,000) were from Dako Agilent Technologies (Les Ulis, France). Proteins
were visualized by using an enhanced chemiluminescence detection method (GE Health-
care) followed by film exposure (Hyperfilm ECL, GE Healthcare) or by using ChemiDoc
XRS+ (version 5.1) with image lab software (Bio-Rad). Densitometric analysis was per-
formed using both Image J software (version 1.54i) and ChemiDoc XRS+ with image lab
software (version 1709690).

2.4. Acetone Precipitation of T24 Cell Culture Supernatants

T24-cell conditioned media were collected and centrifuged (300× g, 10 min, room
temperature; 2000× g, 10 min, room temperature) to discard all cellular fragments (living
and dead cells). Supernatants were then concentrated using PierceTM Protein concentrators
PES 3K (Thermo Fisher Scientific, Illkirch, France). Concentrated supernatants were diluted
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in 4 volumes of cold (−20 ◦C) acetone and precipitated samples were stored overnight at
−80 ◦C. The precipitates were centrifuged (10,000× g, 10 min, 4 ◦C) and the supernatants
were carefully removed. Pellets were air-dried at room temperature to eliminate any
acetone residue. For SDS-PAGE analysis, pellets were resuspended in 2X Laemmli buffer.

2.5. RNA Isolation and RTq-PCR Analysis

Total RNA was extracted using TRI REAGENT® (Euromedex, Mundelsheim, France).
Contaminating genomic DNA was removed with an RNase-free DNase I treatment (Invitrogen)
according to the manufacturer’s instructions. Total RNA (3 µg) was then reverse transcribed
into cDNA with 200 U MMLV RT (Invitrogen) and 500 ng oligo(dT) primers (Invitrogen) fol-
lowing the manufacturer’s guidelines. PCR assays were performed with the 7500 Real Time
PCR System (Applied Biosystems, Courtaboeuf, France) using TaqMan or SYBR®Green
technology. PCR using TaqMan technology was performed in a final volume of 20 µL
containing 12.5 µL of TaqMan Gene Expression PCR Master Mix (Applied Biosystems),
5 µL of cDNA diluted 1:20, 100 nM of cdh2 or atp5β TaqMan probe (Eurogentec, Seraing,
Belgium), and 1 µM of each primer (Eurogentec) for cdh2 and 500 nM for atp5β. PCR
with SYBR® Green technology was performed in a reaction mixture of 20 µL containing
12.5 µL of Fast Start DNA Master Hybridization probe (Applied Biosystems), 5 µL of
cDNA diluted 1:20, 100 nM of each primer for Adam10, 200 nM for Tetraspanin, and rpl38
or 300 nM for atp5β and Adrp. Primer and probe sequences are listed in Table S1. The Taq
polymerase was activated at 50 ◦C for 2 min, followed by a denaturation step at 95 ◦C for
10 min. Then, whatever technology was used, PCR mixtures were subjected to 40 cycles
of amplification. The following PCR cycle settings were used: denaturation at 95 ◦C for
15 sec, hybridization/elongation at 60 ◦C for 1 min. Each reaction was run in triplicates
with three independent experiments. The fold difference in expression of the target genes
between control and treated cells was calculated by the 2−∆∆Ct method [24]. ATP5β and
rpl38 were used as reference genes.

2.6. RNA Interference and Cell Transfection

Control siRNA (negative control for evaluating RNAi off-target effects, sc-37007),
PPARβ/δ (sc-36305), Adam10 (sc-41410), and Tspan15 (sc-90664) specific siRNA (pool of
3 target-specific 19–25 nucleotide siRNAs) were from Santa Cruz Biotechnology. T24 cells
were seeded in 24-well plates (80,000 cells/well) and cultured in Mc COY’s 5a medium
with 5% FCS without antibiotics. After 24 h, at 70–80% confluence, cells were transfected
with 10, 25, or 50 nM siRNA using LipofectamineTM 2000 reagent (Invitrogen) according to
the manufacturer’s instructions. After 24 h transfection, cells were incubated in serum-free
medium without (control cells) or with 15 µM GW501516 for 24 h more and then were
harvested for RNA or protein analyses.

2.7. Plasmids and Transfection

Control plasmid and plasmid encoding Tspan15 protein were purchased from Vec-
torBuilder (Chicago, IL, USA). T24 cells were seeded in 24-well plates and cultured in Mc
COY’s 5a medium with 5% FCS without antibiotics. At 85–90% confluency, cells were trans-
fected with increasing concentrations of plasmid (250, 500, 1000 ng) using LipofectamineTM

2000 reagent (Invitrogen) as specified by the manufacturer’s recommendations. After 24 h
transfection, cells were incubated in a serum-free medium for 24 h more and then were
harvested for RNA or protein analyses.

2.8. Statistical Analysis

Data were expressed as mean ± SD of three independent experiments or as specified
for each figure. The significant differences between groups were evaluated using the two-
tailed unpaired Student’s t-test. A p-value < 0.05 was considered statistically significant.
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3. Results
3.1. N-Cadherin Cleavage over Time in T24 Bladder Carcinoma Cells

To assess the cell density from which N-cadherin cleavage was observed in invasive
bladder cancer cells, T24 cells were seeded in a 5% FCS-supplemented medium and were
cultured for 2, 3, 4, 5, and 6 days. For each time point, cells were incubated in a serum-
free medium for 24 h, and the experiment was stopped to harvest proteins for analysis.
The expression of the 135 kDa entire N-cadherin increased very slightly with the cell
density (Figure 1A). At 3 days of culture, a 37 kDa C-terminal fragment (CTF) was slightly
detected with a maximum from 5 days of culture (Figure 1A) as well as a 95 kDa N-
terminal fragment (NTF) in cell-supernatants (Figure 1B). It should be noted that we had
to expose the autoradiographic film for a longer time to observe the CTF fragment, which
is probably CTF1. These results suggested that the presenilin-1/γ-secretase complex is
inhibited in confluent T24 cells. The presence of these fragments meant that N-cadherin
was cleaved in untreated T24 cells corresponding to controls. For all following experiments,
cells were cultured for 5 days before analysis. Specifically, they were incubated in a 5%
FCS-supplemented medium for 4 days, and after two washes in a serum-free medium, they
were placed in FCS-free medium one day more (thus 5 days in culture), with or without
treatment in the presence of a chemical molecule. We stopped our experiments after 5 days
of culture (4 days in 5% FCS and 24 h in FSC-free medium) because, at this experimental
time point, we had an increase of the N-cadherin full-length and a meaningful rise of CTF
and NTF levels.
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Figure 1. Detection of N-cadherin cleavage fragments according to T24 cell density. Cells were
seeded in a medium containing 5% serum for 2, 3, 4, 5, or 6 days. At each experimental time, they
were incubated in a serum-free medium for the last 24 h. (A) A C-terminal fragment (CTF) was
revealed by Western-blotting analysis from whole cell lysates with the 3B9 antibody directed against
the intracellular part of N-cadherin. β-actin was used as an internal loading control. (B) An N-
terminal fragment (NTF) was detected in T24 cell-conditioned media with the GC-4 antibody directed
against the extracellular domain of N-cadherin. The graphs depict densitometric analysis results of
Western blots by using ImageJ. Data are means ± SD of three independent experiments performed in
triplicates (* p < 0.05).

3.2. ADAM10 and γ-Secretase Complex Induced N-Cadherin Cleavage

To specify the proteases involved in N-cadherin cleavage, T24 cells were treated with
specific chemical inhibitors to prevent the activity of the enzymes. DAPT was used to inhibit
the γ-secretase complex and thus to avoid CTF1 cleavage. Batimastat (a broad-spectrum
matrix metalloprotease inhibitor) or GI254023X (a selective ADAM10 metalloproteinase
inhibitor) were used to suppress ADAM10 activity and thus NTF generation. As shown
in Figure 2A, cells were incubated with increasing concentrations of DAPT (5, 10, 20 µM).
From whole cell lysates, N-cadherin full-length was not modified. CTF1 fragment was
observed at 5 µM DAPT with a maximum level indicating that this inhibitor concentration
was sufficient to block the enzyme activity. The remaining CTF1 fragment was not cleaved
into CTF2 in the presence of the γ-secretase inhibitor, which is why it was still disclosed
on immunoblot. Therefore, in Figure 1, the CTF fragment observed at the size of 37 kDa
was CTF1. As presented in Figure 2B, cells were stimulated or not with 5 µM Batimastat
or GI254023X for 24 h. The GC-4 antibody directed against the extracellular domain of
N-cadherin was used. Thus, it can detect both the entire form of N-cadherin in whole cell
lysates and the N-cadherin/NTF in the extracellular medium. Soluble N-cadherin/NTF
level was determined from acetone-precipitated T24 cell culture supernatants with this
antibody. NTF was detected in untreated T24 cell-conditioned media but, as expected, was
no longer found in MMP/ADAM10 inhibitor-exposed cells, indicating that the enzyme was
completely inhibited. From there, we focused our study on ADAM10-mediated ectodomain
shedding of N-cadherin. Thus, to confirm the involvement of this enzyme in the generation
of N-cadherin/NTF, cells were transiently transfected with siRNA targeting ADAM10
to knockdown ADAM10 protein expression, or a scrambled siRNA used as a negative
control. As expected, analyses of ADAM10 mRNA by RTq-PCR or ADAM10 protein by
Western blotting validated the decreased expression of the enzyme in T24 cells. Thus, in
ADAM10 siRNA-transfected cells, and in comparison with control siRNA-transfected cells,
a significant depletion of ADAM10 was observed at both mRNA (Figure 2C) and protein
levels for both pro- and mature forms (Figure 2D). As a result, a significant decrease in the
amount of NTF released in T24 cell-supernatants was observed (Figure 2E). As expected,
this was associated with an increase in full-length N-cadherin (Figure 2F). Thus, for the
first time in T24 bladder cancer cells, our results showed that the full-length N-cadherin
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was a substrate for ADAM10. Through cleavage of this membrane protein, the enzyme
releases the NTF fragment into the extracellular environment. When it is inhibited, NTF is
no longer detected.
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lysates were subjected to immunoblotting with the 3B9 antibody raised against the cytoplasmic domain
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to reveal the membrane-anchored CTF1 of N-cadherin. β-actin was used as an internal loading
control. The graphs depict densitometric analysis results of Western blots by using ImageJ. Data are
means ± SD of three independent experiments performed in triplicates (* p < 0.05). (B) Cells were
treated with 5 µM Batimastat (a broad-spectrum matrix metalloprotease inhibitor) or 5 µM GI254023X
(a selective ADAM10 metalloproteinase inhibitor) for 24 h. The T24 cell culture supernatants were
analyzed by Western blotting with GC-4 antibody to detect the N-cadherin extracellular domain
(NTF). Total cell lysate was used as a positive control for N-cadherin expression. The graph depicts
densitometric analysis results of Western blots by using ImageJ. Data are means ± SD of three
independent experiments performed in triplicates (* p < 0.05). (C) Validation of ADAM10 knockdown
efficiency at the mRNA level by RTq-PCR analysis in T24 cells transfected with 25 nM ADAM10
siRNA. (D) Western blotting analysis of ADAM10 protein (proform and mature form) depletion in
ADAM10 siRNA transfected T24 cells. β-actin was used as an internal loading control. The graphs
depict densitometric analysis results of Western blots by using ImageJ. Data are means ± SD of three
independent experiments performed in triplicates (* p < 0.05). (E) N-cadherin/NTF level detection in
T24 cell-supernatants from ADAM10 siRNA transfected cells by Western blotting. Total cell lysate
was used as a positive control for N-cadherin expression. The graph depicts densitometric analysis
results of Western blots by using ImageJ. Data are means ± SD of three independent experiments
performed in triplicates (* p < 0.05). (F) N-cadherin full-length expression analysis by Western blotting
in ADAM10 siRNA transfected cells. β-actin was used as an internal loading control. The graph
depicts densitometric analysis results of Western blots by using ImageJ. Data are means ± SD of three
independent experiments performed in triplicates (* p < 0.05).

3.3. Tspan15 Involvement in N-Cadherin Extracellular Cleavage

To examine whether Tspan15, described as a regulator of the selective cleavage of
ADAM10 for N-cadherin [17] is involved in N-cadherin ectodomain shedding observed
in T24 cells, its expression was analyzed by silencing its transcripts. Thus, T24 cells were
transiently transfected with siRNA targeting Tspan15 to knockdown Tspan15 protein ex-
pression, or a scrambled siRNA was used as a negative control. As expected, Tspan15
knockdown by 25 nM Tspan15 siRNA, resulted in the reduction of Tspan15 mRNA level and
consequently of Tspan15 protein level (Figure 3A,B). This Tspan15 siRNA was specific since
the transcript expression of the other members of the TspanC8 family (Tspan5, Tspan10,
Tspan14, Tspan17, and Tspan33) was not abolished (Figure 3C) in Tspan15 siRNA trans-
fected T24 cells compared to cells transfected with control siRNA. A significant decrease of
Tspan15 following the Tspan15 siRNA transfection was associated with the diminution of
N-cadherin/NTF production and the increased expression of the full-length N-cadherin
(Figure 3D). It is worth noting that the Tspan15 silencing did not impact the expression of
ADAM10 at both mRNA (Figure 3E) and proform and mature protein levels (Figure 3F).
Taken together, these data indicated, for the first time in T24 bladder cancer cells, that
Tspan15 was implicated in the ectodomain cleavage of N-cadherin by ADAM10 since block-
ing Tspan15 alone reduced the NTF amount released in the extracellular compartment.

3.4. Overexpression of Tspan15 Increased N-Cadherin/NTF Generation

To confirm the involvement of Tspan15 in N-cadherin extracellular cleavage, we evalu-
ated the level of N-cadherin/NTF after Tspan15 protein overexpression experiments carried
out by transfecting T24 cells with a vector encoding Tspan15 protein. Increasing amounts
of Tspan15 plasmid were transfected in T24 cells, and mRNA and protein expression were
evaluated by RTq-PCR and Western blotting analyses. As shown in Figure 4A, Tspan15
mRNA level increased 42-, 374-, and 3000-fold with 250, 500, and 1000 ng Tspan15 construct,
respectively, indicating that the transfection was effective. The Tspan15 transcript over-
expression obtained in T24 cells transfected with 250 ng Tspan15 plasmid was associated
with an increase in the Tspan15 protein level (Figure 4B). As expected, and compared with
control plasmid-transfected cells, the level of N-cadherin/NTF in T24 supernatants was
higher in Tspan15 plasmid-transfected cells (Figure 4C), and this was associated with a
decrease of the full-length N-cadherin (Figure 4D). Control supernatant and total cell lysate
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from non-transfected cells were used as positive controls for GC-4 antibody binding. These
data showed that an increase of Tspan15 expression in cells leads to a rise of NTF amount
in the extracellular medium, meaning that ADAM10 proteolytic activity is enhanced.
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Figure 3. Tspan15 controls ADAM10-mediated cleavage of N-cadherin in T24 cells. (A) Validation
of Tspan15 knockdown efficiency at the mRNA level by RTq-PCR analysis in T24 cells transfected
with 25 nM TSPAN15 siRNA. Data are means ± SD of three independent experiments performed in
triplicates (* p < 0.05). (B) Western blotting analysis of TSPAN15 protein depletion in TSPAN15 siRNA
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transfected T24 cells. β-actin was used as an internal loading control. The graph depicts densitometric
analysis results of Western blots by using ImageJ. Data are means ± SD of three independent
experiments performed in triplicates (* p < 0.05). (C) Expression analysis of the different members of
the TspanC8 group in TSPAN15 siRNA transfected T24 cells. (D) N-cadherin/NTF level detection in
T24 cell-supernatants from TSPAN15 siRNA transfected cells by Western blotting. Total cell lysate
was used as a positive control for N-cadherin expression. The graph depicts densitometric analysis
results of Western blots by using ImageJ. Data are means ± SD of three independent experiments
performed in triplicates (* p < 0.05). N-cadherin full-length expression analysis by Western blotting
in TSPAN15 siRNA transfected cells. β-actin was used as an internal loading control. The graph
depicts densitometric analysis results of Western blots by using ImageJ. Data are means ± SD of three
independent experiments performed in triplicates (* p < 0.05). (E) Adam10 mRNA expression analysis
by RTq-PCR in T24 cells transfected with 25 nM TSPAN15 siRNA. Data are means ± SD of three
independent experiments performed in triplicates. (F) Western blotting analysis of ADAM10 protein
expression (proform and mature form) in TSPAN15 siRNA transfected T24 cells. β-actin was used
as an internal loading control. The graphs depict densitometric analysis results of Western blots by
using ImageJ. Data are means ± SD of three independent experiments performed in triplicates.

3.5. GW501516 Exposure Reduced N-Cadherin Extracellular Fragment Releasing

N-cadherin/NTF was reported to promote angiogenesis [11], which is an essential
process for tumor growth and metastasis development [25]. Our objective was to block NTF
production through the inhibition of N-cadherin extracellular cleavage by using GW501516,
a PPARβ/δ chemical agonist. In a previous work [22], we showed that this molecule
reduced the viability of T24 cells, and this result is confirmed in this study (Figure S2),
demonstrating the anti-cancer effect of GW501516 on the bladder. To evaluate the effect of
the drug on NTF production, T24 cells were treated or not with increasing concentrations
of GW501516 (0, 1, 15, 25 µM) for 24 h. Soluble N-cadherin/NTF level was analyzed from
acetone-precipitated cell culture supernatants by Western blotting. As shown in Figure 5A,
the NTF generation was reduced from 15 µM GW501516 with a greater effect at 25 µM.
Unexpectedly, we did not observe an increase of the full-length N-cadherin expression from
the whole cell lysates but rather a significant decrease from the 15 µM drug (Figure 5B). This
was associated with a decrease of cdh2 transcripts at the same concentrations (Figure 5C).
This result confirms what we had already observed [23], meaning that GW501516 decreases
the entire form of N-cadherin. Therefore, the agonist reduces both full-length N-cadherin
and the extracellular fragment NTF.

A kinetic of GW501516 effect was then performed with cells treated or not with the
PPARβ/δ agonist (25 µM) for 0.5, 1, 2, 3, 6, 9, 12, and 24 h. A significant decrease of the
full-length N-cadherin was observed after 24 h treatment (Figure 5D). NTF was faintly
detected from 6 h with a maximum rate at 24 h in control cells. Interestingly, soluble
N-cadherin was no longer spotted at 6 and 9 h in GW501516-stimulated cells and remained
detected at 12 and 24 h but to a lesser extent in comparison with the control condition
(Figure 5E). Overall, these results allowed us to identify a drug (GW501516) able to decrease
the generation of N-cadherin/NTF in invasive bladder cancer cells.

3.6. GW501516 Did Not Impact the Expression of ADAM10 in T24 Cells

The association of GW501516-mediated decrease of NTF production with a diminution
of ADAM10 proteolytic action was examined. Thus, to investigate whether GW501516
down-regulated ADAM10, T24 cells were stimulated with increasing concentrations of the
PPARβ/δ agonist (0, 1, 15, 25 µM) and assessed for mRNA and protein expression by RTq-
PCR and Western-blotting analyses. As shown in Figure 6A,B, ADAM10 expression was
not modified by the drug at both mRNA and protein levels. And yet, GW501516 was active
on gene expression since the plin2 gene (perilipin 2), a known direct PPARβ/δ target [26],
was increased after treatment from the concentration of 1 µM (Figure 6C). These findings
suggested that the depletion of NTF upon GW501516 exposure was not the consequence
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of the decrease of ADAM10 expression but may be due to indirect action on Tspan15, a
protein that regulates ADAM10 activity on N-cadherin.
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Figure 4. N-cadherin/NTF is raised upon increasing amounts of Tspan15. (A) Tspan15 mRNA
expression analysis by RTq-PCR in T24 cells after transfection of empty vector (control plasmid) or
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increasing amounts of TSPAN15 plasmid (250, 500, 1000 ng). Fold inductions represent a comparison
with control plasmid transfected cells (set at 1). (B) Western blotting analysis of TSPAN15 protein
expression in TSPAN15 plasmid transfected T24 cells. β-actin was used as an internal loading control.
The graph depicts densitometric analysis results of Western blots by using ImageJ. Data are means
± SD of three independent experiments performed in triplicates (* p < 0.05). (C) N-cadherin/NTF
level detection in T24 cell-supernatants from TSPAN15 plasmid transfected cells by Western blotting.
Control supernatant was used as a positive control for NTF production in non-transfected cells,
and total cell lysate was used as a positive control for N-cadherin expression. The graph depicts
densitometric analysis results of Western blots by using ImageJ. Data are means ± SD of three
independent experiments performed in triplicates (* p < 0.05). (D) N-cadherin full-length expression
analysis by Western blotting in TSPAN15 plasmid transfected cells. Control total cell lysate was used
as a positive control for N-cadherin expression. β-actin was used as an internal loading control. The
graph depicts densitometric analysis results of Western blots by using ImageJ. Data are means ± SD
of three independent experiments performed in triplicates (* p < 0.05).
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Figure 5. Reduction of N-cadherin/NTF release after GW501516 treatment of T24 cells. (A) T24 cells
were treated with increasing concentrations of GW501516 (1, 15, 25 µM). The culture supernatants
were analyzed by Western blotting with GC-4 antibody to detect the N-cadherin extracellular domain
(NTF). Total cell lysate was used as a positive control for N-cadherin expression. The graph depicts
densitometric analysis results of Western blots by using ImageJ. Data are means ± SD of three
independent experiments performed in triplicates (* p < 0.05). (B) N-cadherin full-length expression
analysis by Western blotting in T24 cells stimulated with increasing concentrations of GW501516
(1, 15, 25 µM). β-actin was used as an internal loading control. The graph depicts densitometric
analysis results of Western blots by using ImageJ. Data are means ± SD of three independent
experiments performed in triplicates (* p < 0.05). (C) Cdh2 mRNA expression was analyzed by RTq-
PCR. Fold inductions represent a comparison with vehicle-treated cells (set at 1) in the absence
of GW501516. Data are means ± SD of three independent experiments performed in triplicates
(* p < 0.05). (D) Kinetic of GW501516 effect on N-cadherin full length. T24 cells were treated or not
with 25 µM GW501516 for the indicated times. N-cadherin full-length expression was analyzed by
Western blotting. β-actin was used as an internal loading control. The graph depicts densitometric
analysis results of Western blots by using ImageJ. Fold inductions represent a comparison with
vehicle-treated cells (set at 1) in the absence of GW501516 for each experimental time point. Data
are means ± SD of three independent experiments performed in triplicates (* p < 0.05). (E) Kinetic
of GW501516 effect on NTF generation. T24 cells were treated or not with 25 µM GW501516 for the
indicated times. The culture supernatants were analyzed by Western blotting with GC-4 antibody. The
graph depicts densitometric analysis results of Western blots by using ImageJ. Data are means ± SD
of three independent experiments performed in triplicates (* p < 0.05).

3.7. GW501516 Exposure Reduced Tspan15 Expression in T24 Cells

We have demonstrated that Tspan15 inhibition by RNA interference strategy led to a
decrease of N-cadherin ectodomain shedding and thus to a diminution of NTF releasing.
We showed also that GW501516 decreased the NTF amount in T24 cell-supernatants, but
without targeting ADAM10 directly. Since Tspan15 is involved in ADAM10-mediated
cleavage of N-cadherin, we then wondered whether GW501516 could act by regulating the
expression of Tspan15. T24 cells were, therefore, treated with increasing concentrations of
the drug (1, 15, 25 µM) for 24 h. Tspan15 mRNA level was evaluated by RT-qPCR with
two different primer pairs. As shown in Figure 7A, there was a significant decrease in
transcripts with primer 1 and primer 2 in a dose-dependent manner from 15 µM GW501516.
This was correlated with the Tspan15 protein level as evidenced by Western blotting in total
cell lysate (Figure 7B). The inhibitory effect of PPARβ/δ activation on Tspan15 expression
was not specific to GW501516. It was also observed with another agonist, L-165041, at both
mRNA (Figure 7C) and protein levels (Figure 7D) of Tspan15. It is important to note that
GW501516 did not modify the level of the other TspanC8 mRNA (Figure S1).
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Figure 6. ADAM10 is not regulated by PPARβ/δ in T24 cells. Cells were treated with increasing
concentrations of GW501516 (1, 15, 25 µM) for 24 h. (A) Adam10 mRNA expression was analyzed
by RTq-PCR. Fold inductions represent a comparison with vehicle-treated cells (set at 1) in the
absence of GW501516. Data are means ± SD of three independent experiments performed in
triplicates. (B) Western blotting analysis of ADAM10 protein (proform and mature form) in control
and stimulated cells. β-actin was used as an internal loading control. The graphs depict densitometric
analysis results of Western blots by using ImageJ. Data are means ± SD of three independent
experiments performed in triplicates. (C) Plin2, a PPARβ target gene, was used as a positive control
to validate the efficiency of GW501516. Plin2 mRNA expression was analyzed by RTq-PCR. Fold
inductions represent a comparison with vehicle-treated cells (set at 1) in the absence of GW501516.
Data are means ± SD of three independent experiments performed in triplicates (* p < 0.05).
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Figure 7. Tspan15 is down-regulated by GW501516 in T24 cells. Cells were treated with increasing
concentrations of GW501516 (1, 15, 25 µM) for 24 h. (A) Tspan15 mRNA expression was analyzed
by RTq-PCR with two different primer pairs (primers 1 or primers 2). Fold inductions represent a
comparison with vehicle-treated cells (set at 1) in the absence of GW501516. Data are means ± SD of
three independent experiments performed in triplicates (* p < 0.05). (B) Western blotting analysis of
TSPAN15 protein in control and stimulated cells. β-actin was used as an internal loading control. The
graph depicts densitometric analysis results of Western blots by using ImageJ. Data are means ± SD
of three independent experiments performed in triplicates (* p < 0.05). (C) Cells were stimulated by
15 µM GW501516 or 15 µM L-165041 (another PPARβ/δ agonist) for 24 h. Tspan15 mRNA expression
was analyzed by RTq-PCR. Fold inductions represent a comparison with vehicle-treated cells (set at 1)
in the absence of agonists. Data are means ± SD of three independent experiments performed in
triplicates (* p < 0.05). (D) Western blotting analysis of TSPAN15 protein in control and stimulated
cells. β-actin was used as an internal loading control. The graph depicts densitometric analysis
results of Western blots by using ImageJ. Data are means ± SD of three independent experiments
performed in triplicates (* p < 0.05).

3.8. GW501516 Acts through PPARβ/δ-Dependent Mechanisms on Tspan15 Expression in
T24 Cells

To determine whether PPARβ/δ transactivation was essential for GW501516-promoted
decrease of Tspan15 expression, T24 cells were treated by 25 µM drug alone or in combina-
tion with 10 µM GSK0660, a selective PPARβ/δ antagonist. Decreased Tspan15 was clearly
observed when exposed to GW501516 alone but not when combined with GSK0660. The
effect of GW501516 on the decrease of the Tspan15 protein level was significantly reversed
by GSK0660 (Figure 8A), meaning that the molecule acts through PPARβ/δ activation since
after the blockade of the receptor, the level of Tspan15 was no more diminished. An RNA
interference method was then applied to knockdown PPARβ/δ expression. T24 cells were
transfected with 50 nM PPARβ/δ siRNA or a control siRNA and then stimulated or not
with 25 µM GW501516. In control siRNA-transfected cells, PPARβ/δ level was increased
2-fold in GW501516-treated cells compared to untreated cells. As expected, PPARβ/δ
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silencing was observed in T24 cells transfected with PPARβ/δ siRNA compared to cells
transfected with a control siRNA in control cells (Figure 8B). In PPARβ/δ knockdown
cells, the increase of the receptor was abolished upon GW501516 exposure (Figure 8B). As
presented in Figure 8C, Tspan15 down-regulation by GW501516 was reversed by siRNA-
mediated knockdown of PPARβ/δ. Consequently, the decrease of NTF production upon
GW501516 exposure was reversed by the PPARβ/δ antagonist (Figure 8D) and the silencing
of the nuclear receptor PPARβ/δ by a specific siRNA (Figure 8E).
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Figure 8. Tspan15 expression depends on PPARβ/δ transactivation. (A) T24 cells were treated with
15 µM GW501516 in the absence or presence of 10 µM GSK0660 (a PPARβ/δ antagonist) for 24 h.
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TSPAN15 protein expression was analyzed by Western blotting from control and stimulated cells.
β-actin was used as an internal loading control. The graph depicts densitometric analysis results of
Western blots by using ImageJ. Data are means ± SD of three independent experiments performed
in triplicates (* p < 0.05). (B) Western blotting analysis of PPARβ/δ protein depletion in control and
GW501516-stimulated cells transfected with PPARβ/δ siRNA or a control siRNA. β-actin was used
as an internal loading control. The graph depicts densitometric analysis results of Western blots
by using ImageJ. Data are means ± SD of three independent experiments performed in triplicates
(* p < 0.05). (C) Western blotting analysis of TSPAN15 protein in control and GW501516-stimulated
cells transfected with PPARβ/δ siRNA or a control siRNA. β-actin was used as an internal loading
control. The graph depicts densitometric analysis results of Western blots by using ImageJ. Data
are means ± SD of three independent experiments performed in triplicates (* p < 0.05). (D) N-
cadherin/NTF level detection in T24 cell supernatants by Western blotting from cells stimulated
with GW501516 alone or in combination with GSK0660. Total cell lysate was used as a positive
control for N-cadherin expression. The graph depicts densitometric analysis results of Western blots
by using ImageJ. Data are means ± SD of three independent experiments performed in triplicates
(* p < 0.05). (E) N-cadherin/NTF level detection in T24 cell-supernatants by Western blotting from
cells transfected with PPARβ/δ siRNA or a control siRNA. Total cell lysate was used as a positive
control for N-cadherin expression. The graph depicts densitometric analysis results of Western blots
by using ImageJ. Data are means ± SD of three independent experiments performed in triplicates
(* p < 0.05).

Collectively, these results showed that GW501516 decreased Tspan15 expression and,
as a result, the generation of N-cadherin/NTF through PPARβ/δ-dependent mechanisms.
Both transactivation of the receptor and its presence in T24 cells are responsible for the
effect of PPARβ/δ agonists.

4. Discussion

In view of its aberrant expression in carcinomas and especially in urothelial bladder
cancer [6], its role in cell motility, invasion, angiogenesis, and resistance to apoptosis, N-
cadherin is a prime target for anti-tumor therapies. Molecular targeting of this protein to
inhibit its expression and/or block its function is a relevant approach to prevent tumor
progression and the development of metastases. As such, several antagonists have been
developed: monoclonal antibodies, and linear or cyclic synthetic peptides, targeting the
EC1 to EC4 motifs of the extracellular domain, thus blocking the intercellular adhesion
and interactions of N-cadherin with the FGFR pathway [27]. However, these anti-cancer
molecules are not currently used to treat patients. However, they are still undergoing
clinical trials. It should be noted that they have no effect on the N-cadherin cleavage
process. They are potentially able to block the function of the full-length N-cadherin. Since
N-cadherin is cleaved by ADAM10, these N-cadherin antagonists are also able to inhibit
the function of NTF. However, they do not affect the release of CTF2, which can act as a
proliferating gene transcription regulator.

NTF generation results from ADAM10 proteolytic activity on N-cadherin ectodomain [17].
Elevated levels of this pro-angiogenic peptide have been detected in the serum of cancer
patients [14]. In this context, our study focused on the effect of a synthetic PPARβ/δ
agonist, GW501516, with the aim of blocking NTF production by acting on N-cadherin
cleavage. GW501516 is reported to inhibit pancreatic cancer cell invasion through the
suppression of MMP-9 expression [28]. It blocked breast cancer cell migration and inva-
sion [29]. It inhibited tumor growth in mice xenografted with MDA-MB-231 cells through
PPARβ/δ/c-MYC interaction [30]. It triggered nasopharyngeal carcinoma cell apopto-
sis [31] and decreased hepatoma cell proliferation [32]. In previous work, we demonstrated
that exposure of proliferating T24 invasive bladder cancer cells to 25 µM GW501516 led to
a diminution in cell viability, a G2/M cell cycle arrest, and the triggering of apoptosis [22].
In addition, in the same cells, 15 µM of the drug decreased the full-length N-cadherin
level [23]. In this study, we confirmed our results on the full-length N-cadherin since we
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showed that GW501516 decreases cdh2 expression; it diminishes the N-cadherin whole
form level, and we demonstrated for the first time in T24 invasive bladder cancer cells,
that it does not modify ADAM10 expression but decreases the expression of Tspan15
(mRNA and protein), a regulator of ADAM10. All this tends to reduce the NTF level in the
extracellular environment.

We have highlighted a decrease in cdh2 gene expression, which could result from
regulation at the transcriptional level through a PPARβ/δ-dependent mechanism. In
general, the genomic action of PPARβ/δ involves its binding, as a heterodimer with RXR,
to a PPRE sequence, then its activation by an agonist, leading to the release of corepressors
and the recruitment of co-activators. However, no PPRE sequence has been identified in
the promoter of cdh2. GW501516 could then increase the expression of a corepressor, or
decrease that of a co-activator, or block its transcriptional activity. BCL-6 is a PPARβ/δ-
associated transcriptional repressor [28] and GW501516-activated PPARβ/δ releases this
repressor, which suppresses the function of NFκB, a cdh2 activator binding to a NFκB
site located in the cdh2 promoter region [33]. A microRNA could also be responsible for
the decrease in cdh2 expression. Interestingly, miR-124 targets the cdh2 transcript [34],
and above all it has a promoter containing a PPRE sequence [35]. Therefore, GW501516-
activated PPARβ/δ could increase the expression of miR-124, which would induce the
degradation of cdh2 transcripts and/or the inhibition of their translation, which would also
explain the decrease in the protein level of N-cadherin. Further investigations are needed
to validate all these hypotheses.

ADAM10 is overexpressed in many cancers and linked to tumor progression. Its impli-
cation in urothelial carcinogenesis is poorly documented. ADAM10 is highly expressed in
bladder cancer tissues compared to normal bladder counterparts and it is associated with
elevated tumor stage and grade. ADAM10 knockdown leads to decreased cell proliferation,
migration, and invasion and induces chemoresistance of bladder cancer cells [15]. In this
context, ADAM10 has emerged as a promising therapeutic goal to treat cancer. But, to date,
no inhibitory therapy directed against ADAM10 has been approved. This is because the
activity of this enzyme is beneficial in other pathologies such as Alzheimer’s disease [36].
Considering the positive and negative effects of ADAM10 depending on the pathology
under consideration, and thus to avoid deleterious side effects, targeting ADAM10 activity
specifically to a particular substrate is more relevant.

ADAM10 is a TspanC8-associated protein. Each of the six described TspanC8-ADAM10
proteolytic complexes is characterized by a substrate selectivity based on different confor-
mations of ADAM10 in each complex. TspanC8 is involved in the exit of ADAM10 from
the endoplasmic reticulum, its maturation, and its localization in late endosomes or at the
cell surface [37,38]. The Tspan15/ADAM10 was identified to mainly cleave N-cadherin. In
addition, this TspanC8 interacts with ADAM10 in the endoplasmic reticulum (ER), causing
its maturation and promoting its transport to the plasma membrane by speeding up its exit
from ER and stabilizing its active form [17–19,39]. Our data demonstrated, for the first time
in T24 invasive bladder cancer cells, the requirement of Tspan15 in ADAM10-mediated
shedding of N-cadherin ectodomain. More interestingly, we show for the first time that
while GW501516 had no effect on ADAM10, it reduced the expression of Tspan15 at both
mRNA and protein levels. To date, no study has described the structure of the Tspan15
gene promoter, so no PPRE sequence has been identified. Nevertheless, GW501516 acted
through PPARβ/δ-dependent mechanisms since in combination with an antagonist or
in the presence of PPARβ/δ-siRNA, the decreased expression of Tspan15 was reversed,
and, consequently, the diminution in soluble N-cadherin was much less important. The
Tspan15-decrease induced by the PPARβ/δ agonist could be due to the overexpression of a
transcriptional repressor, the inhibition of an activator, or the action of a miRNA. At present,
none of these mechanisms have been mentioned in the scientific literature. However, one
study reported the inhibitory effect of miR-339-5p on Tspan15 expression [40]. GW501516
could then increase the expression of this miRNA.
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The therapeutic modulation of Tspan15 expression is an attractive approach to treating
cancer since Tspan15 is overexpressed in several cancers. One study reported that the
expression of Tspan15 (mRNA and protein) was increased in squamous cell carcinomas of
the esophagus (OSCC) and in OSCC-derived cell lines. Moreover, the invalidation of the
Tspan15 gene inhibits the migratory and invasive capacities of the cells without affecting
their proliferation. Thus, Tspan15 may activate signaling pathways that cause metastasis
formation. In addition, ADAM10 expression was reduced in Tspan15-depleted cells. This
was associated with less production of N-cadherin/NTF and weak immunodetection of
nuclear β-catenin. The Tspan15-mediated pathway for OSCC formation would involve
ADAM10, N-cadherin, and β-catenin [41]. Furthermore, positive immunodetection of
Tspan15 in hepatocellular carcinoma was correlated to cancer recurrence, and its overex-
pression in hepatoma cell line HepG2 increased cell proliferation through CTGF (connective
tissue growth factor) production and ERK1/2 phosphorylation [42]. To date, no data are
available on the expression of Tspan15 in relation to the grade and stage of bladder cancer.

In our T24 bladder cancer cell model, after treatment of cells with GW501516, a de-
crease in the soluble N-cadherin level was detected in the extracellular compartment,
suggesting a reduction in proteolytic cleavage of N-cadherin, possibly due to a decrease in
the presence of Tspan15 at the plasma membrane. We detected Tspan15 in T24 cells and
demonstrated that it was crucial for ADAM10-mediated cleavage of N-cadherin. Impor-
tantly, we showed that GW501516 inhibited only Tspan15 without affecting ADAM10 in
these cells. Thus, Tspan15 would no longer interact with ADAM10 and therefore would
not allow the metalloproteinase to cleave N-cadherin. The GW501516-mediated decrease
in Tspan15 expression would have two consequences: it reduces Tspan15/ADAM10 inter-
action thus impacting ADAM10 maturation and membrane addressing and therefore its
activity; both effects contribute to the inhibition of N-cadherin cleavage. Other experiments
are needed and in progress to clarify this point.

5. Conclusions

Our results reveal the potential therapeutic interest of GW501516 and thus of PPARβ/δ
agonists. This drug reduces N-cadherin cleavage by acting directly on Tspan15. It reduces
its expression, thus impacting ADAM10 activity on N-cadherin cleavage without affecting
the expression of ADAM10. This could have several advantages: blocking the role of
Tspan15 in the development of metastases, reducing the production of NTF and CTF-2
fragments and thus their functions (activation of angiogenesis for NTF and proliferative
effect for CTF-2), and preventing the release of β-catenin and its transcriptional action
on proliferative genes. GW501516 could potentiate the effect of N-cadherin antagonists
such as ADH-1 or GC-4, which target the ectodomain of the protein. Such a combined
treatment would allow GW501516 to maintain the full-length N-cadherin, while ADH-1
(or GC-4) would block the action of N-cadherin. This therapeutic combination could be
more effective than N-cadherin antagonists alone in the treatment of cancer, particularly
bladder cancer.

Supplementary Materials: The following supporting information can be downloaded at: https:
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decreases the viability of T24 cells.

Author Contributions: Conceptualization, I.L. and S.F.; methodology, A.B., I.L., A.P., S.A. and
S.F.; data analysis, A.B., I.L., A.P., S.A. and S.F.; writing—original draft preparation, I.L. and S.F.;
writing—review and editing, I.L. and S.F.; supervision, I.L., F.K. and S.F.; funding acquisition, I.L.
and S.F. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by grants from Région Franche-Comté, LabEx LipSTIC ANR-11-
LABX-0021.

Institutional Review Board Statement: Not applicable.

https://www.mdpi.com/article/10.3390/cells13080708/s1
https://www.mdpi.com/article/10.3390/cells13080708/s1


Cells 2024, 13, 708 20 of 21

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Cavallaro, U.; Schaffhauser, B.; Christofori, G. Cadherins and the tumour progression: Is it all in a switch? Cancer Lett. 2002, 176,

123–128. [CrossRef]
2. Noronha, C.; Ribeiro, A.S.; Taipa, R.; Castro, D.S.; Reis, J.; Faria, C.; Paredes, J. Cadherin Expression and EMT: A Focus on Gliomas.

Biomedicines 2021, 9, 1328. [CrossRef] [PubMed]
3. Gooding, J.M.; Yap, K.L.; Ikura, M. The cadherin-catenin complex as a focal point of cell adhesion and signalling: New insights

from three-dimensional structures. Bioessays 2004, 26, 497–511. [CrossRef]
4. Bryan, R.T. Cell adhesion and urothelial bladder cancer: The role of cadherin switching and related phenomena. Philos. Trans. R.

Soc. B Biol. Sci. 2015, 370, 20140042. [CrossRef] [PubMed]
5. Mariotti, A.; Perotti, A.; Sessa, C.; Rüegg, C. N-cadherin as a therapeutic target in cancer. Expert Opin. Investig. Drugs 2007, 16,

451–465. [CrossRef]
6. Lascombe, I.; Clairotte, A.; Fauconnet, S.; Bernardini, S.; Wallerand, H.; Kantelip, B.; Bittard, H. N-cadherin as a novel prognostic

marker of progression in superficial urothelial tumors. Clin. Cancer Res. 2006, 2, 2780–2787. [CrossRef]
7. Marambaud, P.; Wen, P.H.; Dutt, A.; Shioi, J.; Takashima, A.; Siman, R.; Robakis, N.K. A CBP binding transcriptional repressor

produced by the PS1/epsilon-cleavage of N-cadherin is inhibited by PS1 FAD mutations. Cell 2003, 114, 635–645. [PubMed]
8. Uemura, K.; Kihara, T.; Kuzuya, A.; Okawa, K.; Nishimoto, T.; Ninomiya, H.; Sugimoto, H.; Kinoshita, A.; Shimohama, S.

Characterization of sequential N-cadherin cleavage by ADAM10 and PS1. Neurosci. Lett. 2006, 402, 278–283. [CrossRef]
9. Uemura, K.; Kihara, T.; Kuzuya, A.; Okawa, K.; Nishimoto, T.; Bito, H.; Ninomiya, H.; Sugimoto, H.; Kinoshita, A.; Shimohama, S.

Activity-dependent regulation of beta-catenin via epsilon-cleavage of N-cadherin. Biochem. Biophys. Res. Commun. 2006, 345,
951–958. [CrossRef]

10. Utton, M.A.; Eickholt, B.; Howell, F.V.; Wallis, J.; Doherty, P. Soluble N-cadherin stimulates fibroblast growth factor receptor
dependent neurite outgrowth and N-cadherin and the fibroblast growth factor receptor co-cluster in cells. J. Neurochem. 2001, 76,
1421–1430. [CrossRef]

11. Derycke, L.; Morbidelli, L.; Ziche, M.; De Wever, O.; Bracke, M.; Van Aken, E. Soluble N-cadherin fragment promotes angiogenesis.
Clin. Exp. Metastasis 2006, 23, 187–201. [CrossRef] [PubMed]

12. Lyon, C.A.; Johnson, J.L.; Williams, H.; Sala-Newby, G.B.; George, S.J. Soluble N-cadherin overexpression reduces features of
atherosclerotic plaque instability. Arterioscler. Thromb. Vasc. Biol. 2009, 29, 195–201. [CrossRef] [PubMed]

13. Niimi, R.; Matsumine, A.; Iino, T.; Nakazora, S.; Nakamura, T.; Uchida, A.; Sudo, A. Soluble Neural-cadherin as a novel biomarker
for malignant bone and soft tissue tumors. BMC Cancer 2013, 13, 309. [CrossRef]

14. Derycke, L.; De Wever, O.; Stove, V.; Vanhoecke, B.; Delanghe, J.; Depypere, H.; Bracke, M. Soluble N-cadherin in human
biological fluids. Int. J. Cancer 2006, 119, 2895–2900. [CrossRef]

15. Fu, L.; Liu, N.; Han, Y.; Xie, C.; Li, Q.; Wang, E. ADAM10 regulates proliferation, invasion, and chemoresistance of bladder cancer
cells. Tumour Biol. 2014, 35, 9263–9268. [CrossRef] [PubMed]

16. Pruessmeyer, J.; Ludwig, A. The good, the bad and the ugly substrates for ADAM10 and ADAM17 in brain pathology, inflamma-
tion and cancer. Semin. Cell Dev. Biol. 2009, 20, 164–174. [CrossRef]

17. Prox, J.; Willenbrock, M.; Weber, S.; Lehmann, T.; Schmidt-Arras, D.; Schwanbeck, R.; Saftig, P.; Schwake, M. Tetraspanin15
regulates cellular trafficking and activity of the ectodomain sheddase ADAM10. Cell. Mol. Life Sci. 2012, 69, 2919–2932. [CrossRef]
[PubMed]

18. Jouannet, S.; Saint-Pol, J.; Fernandez, L.; Nguyen, V.; Charrin, S.; Boucheix, C.; Brou, C.; Milhiet, P.E.; Rubinstein, E. TspanC8
tetraspanins differentially regulate the cleavage of ADAM10 substrates, Notch activation and ADAM10 membrane compartmen-
talization. Cell. Mol. Life Sci. 2016, 73, 1895–1915. [CrossRef]

19. Noy, P.J.; Yang, J.; Reyat, J.S.; Matthews, A.L.; Charlton, A.E.; Furmston, J.; Rogers, D.A.; Rainger, G.E.; Tomlinson, M.G. TspanC8
Tetraspanins and A Disintegrin and Metalloprotease 10 (ADAM10) Interact via Their Extracellular Regions: Evidence For Distinct
Binding Mechanisms For Different TspanC8 Proteins. J. Biol. Chem. 2016, 291, 3145–3157. [CrossRef]

20. Matthews, A.L.; Szyroka, J.; Collier, R.; Noy, P.J.; Tomlinson, M.G. Scissor sisters: Regulation of ADAM10 by the TspanC8
tetraspanins. Biochem. Soc. Trans. 2017, 45, 719–730. [CrossRef]

21. Kliewer, S.A.; Umesono, K.; Noonan, D.J.; Heyman, R.A.; Evans, R.M. Convergence of 9-cis retinoic acid and peroxisome
proliferator signalling pathways through heterodimer formation of their receptors. Nature 1992, 358, 771–774. [CrossRef]
[PubMed]

22. Péchery, A.; Fauconnet, S.; Bittard, H.; Lascombe, I. Apoptotic effect of the selective PPARβ/δ agonist GW501516 in invasive
bladder cancer cells. Tumour Biol. 2016, 37, 14789–14802. [CrossRef]

23. Elie-Caille, C.; Lascombe, I.; Péchery, A.; Bittard, H.; Fauconnet, S. Molecular and nanoscale evaluation of N-cadherin expression
in invasive bladder cancer cells under control conditions or GW501516 exposure. Mol. Cell. Biochem. 2020, 471, 113–127. [CrossRef]

https://doi.org/10.1016/S0304-3835(01)00759-5
https://doi.org/10.3390/biomedicines9101328
https://www.ncbi.nlm.nih.gov/pubmed/34680444
https://doi.org/10.1002/bies.20033
https://doi.org/10.1098/rstb.2014.0042
https://www.ncbi.nlm.nih.gov/pubmed/25533099
https://doi.org/10.1517/13543784.16.4.451
https://doi.org/10.1158/1078-0432.CCR-05-2387
https://www.ncbi.nlm.nih.gov/pubmed/13678586
https://doi.org/10.1016/j.neulet.2006.04.018
https://doi.org/10.1016/j.bbrc.2006.04.157
https://doi.org/10.1046/j.1471-4159.2001.00140.x
https://doi.org/10.1007/s10585-006-9029-7
https://www.ncbi.nlm.nih.gov/pubmed/17028923
https://doi.org/10.1161/ATVBAHA.108.178087
https://www.ncbi.nlm.nih.gov/pubmed/19008530
https://doi.org/10.1186/1471-2407-13-309
https://doi.org/10.1002/ijc.22219
https://doi.org/10.1007/s13277-014-2201-9
https://www.ncbi.nlm.nih.gov/pubmed/24935471
https://doi.org/10.1016/j.semcdb.2008.09.005
https://doi.org/10.1007/s00018-012-0960-2
https://www.ncbi.nlm.nih.gov/pubmed/22446748
https://doi.org/10.1007/s00018-015-2111-z
https://doi.org/10.1074/jbc.M115.703058
https://doi.org/10.1042/BST20160290
https://doi.org/10.1038/358771a0
https://www.ncbi.nlm.nih.gov/pubmed/1324435
https://doi.org/10.1007/s13277-016-5305-6
https://doi.org/10.1007/s11010-020-03771-1


Cells 2024, 13, 708 21 of 21

24. Pfaffl, M.W. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic Acids Res. 2001, 29, e45–e51.
[CrossRef] [PubMed]

25. Folkman, J. Tumor angiogenesis: Therapeutic implications. N. Engl. J. Med. 1971, 285, 1182–1186.
26. Schmuth, M.; Haqq, C.; Cairns, W.J.; Holder, J.C.; Dorsam, S.; Chang, S.; Lau, P.; Fowler, A.J.; Chuang, G.; Moser, A.H.; et al.

Peroxisome proliferator-activated receptor (PPAR)-beta/delta stimulates differentiation and lipid accumulation in keratinocytes.
J. Investig. Dermatol. 2004, 122, 971–983. [CrossRef]

27. Blaschuk, O.W. N-cadherin antagonists as oncology therapeutics. Philos. Trans. R. Soc. B Biol. Sci. 2015, 370, 20140039. [CrossRef]
28. Coleman, J.D.; Thompson, J.T.; Smith, R.W., 3rd; Prokopczyk, B.; Vanden Heuvel, J.P. Role of Peroxisome Proliferator-Activated

Receptor β/δ and B-Cell Lymphoma-6 in regulation of genes involved in metastasis and migration in pancreatic cancer cells.
PPAR Res. 2013, 2013, 121956. [CrossRef]

29. Ham, S.A.; Yoo, T.; Lee, W.J.; Hwang, J.S.; Hur, J.; Paek, K.S.; Lim, D.S.; Han, S.G.; Lee, C.H.; Seo, H.G. ADAMTS1-mediated
targeting of TSP-1 by PPARδ suppresses migration and invasion of breast cancer cells. Oncotarget 2017, 8, 94091–94103. [CrossRef]

30. Ham, S.A.; Kim, E.; Yoo, T.; Lee, W.J.; Youn, J.H.; Choi, M.J.; Han, S.G.; Lee, C.H.; Paek, K.S.; Hwang, J.S.; et al. Ligand-activated
interaction of PPARδ with c-Myc governs the tumorigenicity of breast cancer. Int. J. Cancer 2018, 143, 2985–2996. [CrossRef]

31. Ji, Y.; Li, H.; Wang, F.; Gu, L. PPARβ/δ Agonist GW501516 Inhibits Tumorigenicity of Undifferentiated Nasopharyngeal
Carcinoma in C666-1 Cells by Promoting Apoptosis. Front. Pharmacol. 2018, 9, 648–660. [CrossRef]

32. Vacca, M.; D’Amore, S.; Graziano, G.; D’Orazio, A.; Cariello, M.; Massafra, V.; Salvatore, L.; Martelli, N.; Murzilli, S.; Lo Sasso,
G.; et al. Clustering nuclear receptors in liver regeneration identifies candidate modulators of hepatocyte proliferation and
hepatocarcinoma. PLoS ONE 2014, 9, e104449–e104462. [CrossRef]

33. Lee, C.H.; Chawla, A.; Urbiztondo, N.; Liao, D.; Boisvert, W.A.; Evans, R.M.; Curtiss, K. Transcriptional repression of atherogenic
inflammation: Modulation by PPARdelta. Science 2003, 302, 453–457. [CrossRef]

34. Ren, X.; Fan, Y.; Shi, D.; Xu, E.; Liu, Y. MicroRNA-124 inhibits canine mammary carcinoma cell proliferation, migration and
invasion by targeting CDH2. Res. Vet. Sci. 2022, 146, 5–14. [CrossRef]

35. Wang, D.; Shi, L.; Xin, W.; Xu, J.; Xu, J.; Li, Q.; Xu, Z.; Wang, J.; Wang, G.; Yao, W.; et al. Activation of PPARγ inhibits pro-
inflammatory cytokines production by upregulation of miR-124 in vitro and in vivo. Biochem. Biophys. Res. Commun. 2017, 486,
726–731. [CrossRef]

36. Postina, R.; Schroeder, A.; Dewachter, I.; Bohl, J.; Schmitt, U.; Kojro, E.; Prinzen, C.; Endres, K.; Hiemke, C.; Blessing, M.; et al.
Disintegrin-metalloproteinase prevents amyloid plaque formation and hippocampal defects in an Alzheimer disease mouse
model. J. Clin. Investig. 2004, 113, 1456–1464. [CrossRef]

37. Matthews, A.L.; Noy, P.J.; Reyat, J.S.; Tomlinson, M.G. Regulation of A disintegrin and metalloproteinase (ADAM) family
sheddases ADAM10 and ADAM17: The emerging role of tetraspanins and rhomboids. Platelets 2017, 28, 333–341. [CrossRef]
[PubMed]

38. Saint-Pol, J.; Eschenbrenner, E.; Dornier, E.; Boucheix, C.; Charrin, S.; Rubinstein, E. Regulation of the trafficking and the function
of the metalloprotease ADAM10 by tetraspanins. Biochem. Soc. Trans. 2017, 45, 937–944. [CrossRef]

39. Harrison, N.; Koo, C.Z.; Tomlinson, M.G. Regulation of ADAM10 by the TspanC8 Family of Tetraspanins and Their Therapeutic
Potential. Int. J. Mol. Sci. 2021, 22, 6707. [CrossRef]

40. Zhang, B.; Zhang, Z.; Li, L.; Qin, Y.R.; Liu, H.; Jiang, C.; Zeng, T.T.; Li, M.Q.; Xie, D.; Li, Y.; et al. TSPAN15 interacts with BTRC to
promote oesophageal squamous cell carcinoma metastasis via activating NF-κB signaling. Nat. Commun. 2018, 9, 1423–1435.
[CrossRef]

41. Hiroshima, K.; Shiiba, M.; Oka, N.; Hayashi, F.; Ishida, S.; Fukushima, R.; Koike, K.; Iyoda, M.; Nakashima, D.; Tanzawa, H.; et al.
Tspan15 plays a crucial role in metastasis in oral squamous cell carcinoma. Exp. Cell Res. 2019, 384, 111622–111631. [CrossRef]
[PubMed]

42. Sidahmed-Adrar, N.; Ottavi, J.F.; Benzoubir, N.; Ait Saadi, T.; Bou Saleh, M.; Mauduit, P.; Guettier, C.; Desterke, C.; Le Naour, F.
Tspan15 Is a New Stemness-Related Marker in Hepatocellular Carcinoma. Proteomics 2019, 19, e1900025. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/nar/29.9.e45
https://www.ncbi.nlm.nih.gov/pubmed/11328886
https://doi.org/10.1111/j.0022-202X.2004.22412.x
https://doi.org/10.1098/rstb.2014.0039
https://doi.org/10.1155/2013/121956
https://doi.org/10.18632/oncotarget.21584
https://doi.org/10.1002/ijc.31864
https://doi.org/10.3389/fphar.2018.00648
https://doi.org/10.1371/journal.pone.0104449
https://doi.org/10.1126/science.1087344
https://doi.org/10.1016/j.rvsc.2022.03.004
https://doi.org/10.1016/j.bbrc.2017.03.106
https://doi.org/10.1172/JCI20864
https://doi.org/10.1080/09537104.2016.1184751
https://www.ncbi.nlm.nih.gov/pubmed/27256961
https://doi.org/10.1042/BST20160296
https://doi.org/10.3390/ijms22136707
https://doi.org/10.1038/s41467-018-03716-9
https://doi.org/10.1016/j.yexcr.2019.111622
https://www.ncbi.nlm.nih.gov/pubmed/31518558
https://doi.org/10.1002/pmic.201900025
https://www.ncbi.nlm.nih.gov/pubmed/31390680

	Introduction 
	Materials and Methods 
	Chemicals 
	Cell Culture and Treatments 
	Western Blotting Analysis 
	Acetone Precipitation of T24 Cell Culture Supernatants 
	RNA Isolation and RTq-PCR Analysis 
	RNA Interference and Cell Transfection 
	Plasmids and Transfection 
	Statistical Analysis 

	Results 
	N-Cadherin Cleavage over Time in T24 Bladder Carcinoma Cells 
	ADAM10 and -Secretase Complex Induced N-Cadherin Cleavage 
	Tspan15 Involvement in N-Cadherin Extracellular Cleavage 
	Overexpression of Tspan15 Increased N-Cadherin/NTF Generation 
	GW501516 Exposure Reduced N-Cadherin Extracellular Fragment Releasing 
	GW501516 Did Not Impact the Expression of ADAM10 in T24 Cells 
	GW501516 Exposure Reduced Tspan15 Expression in T24 Cells 
	GW501516 Acts through PPAR/-Dependent Mechanisms on Tspan15 Expression in T24 Cells 

	Discussion 
	Conclusions 
	References

