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Knockdown of YAP1 Reduces YTHDF3 to Stabilize
SMAD7 and thus Inhibit Bladder Cancer Stem Cell
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Background: The previous study has proved the oncogenic role of Yes-associated protein 1 (YAP1) in bladder cancer (BLCA),
thus this study focused on its impact on bladder cancer stem cells (BCSCs) and underlying mechanism.

Method: BCSCs were obtained by treating human BLCA cells UMUC3 with cisplatin and identified by measuring
CD133" in UMUC3/BCSCs via flow cytometry. YAPI1 interaction proteins and mothers against decapentaplegic homolog 7
(SMAD7) N6-methyladenosine (m6A) site were analyzed by bioinformatics. BCSCs were transfected. SMAD7 mo6A level,
YTH domain-containing family proteins 3 (YTHDF3)-SMAD?7 interaction, YAP1/YTHDF3 expression in BCSCs were as-
sessed by methylated RNA immunoprecipitation (MeRIP), RNA immunoprecipitation (RIP) or quantitative reverse tran-
scription PCR (qRT-PCR), respectively. BCSC proliferation was detected by 5-Bromo-2-deoxyuridine (BrdU) staining.
UMUC3/BCSC migration/invasion and tumour sphere formation were determined by Transwell or tumour sphere formation
assays. YAP1/YTHDF3/SMAD7/transforming growth factor (TGF)-31/stemness marker expressions in UMUC3/BCSCs were
measured by Western blot assay.

Result: BCSCs showed higher CD133" ratio, expressions of stemness marker/YAP1/YTHDF3/TGF-$1, lower SMAD7
expression and greater invasion/migration/tumour sphere formation capabilities than UMUC3 cells. YAP1 knockdown
decreased SMAD7 m6A level and impaired YTHDF3-SMAD?7 interaction in BCSCs. YAP1 silencing inhibited cell
growth/invasiveness/migration/tumour sphere formation and stemness-associated protein/YTHDF3/TGF-31 expressions while
upregulating SMAD?7 expression in BCSCs, which was offset by YTHDF3 overexpression.

Conclusion: Thessilencing of YAP1 in BCSCs impedes the YTHDF3-mediated degradation of m6A-modified SMAD7, culminating
in diminished cell stemness.
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Introduction tribute to the high recurrence rate of BLCA, thereby emerg-
ing as potential targets in BLCA treatment [4]. The stem-
ness phenotype serves as a hallmark of tumor progression,
with increased stemness observed during BLCA develop-
ment [5]. N6-methyladenosine (m6A) modification, known
to regulate stemness properties across various cancers, in-
cluding BLCA, serves as an indicator for cancer diagnosis,
treatment, and prognosis [6]. The m6A “reader” protein
YTH domain-containing family protein 3 (YTHDEF3) plays
a crucial role in mRNA translation or degradation [7], and
its involvement in BLCA progression through mRNA mod-
ification has been documented [8].

Bladder cancer (BLCA) stands as a prevalent uri-
nary malignancy marked by heightened incidence rates,
widespread prevalence, mortality, and substantial medical
costs, constituting a significant health burden [1,2]. The pri-
mary treatment for BLCA remains transurethral cystectomy
with bladder preservation, yet it is susceptible to postopera-
tive recurrence. Additional therapeutic modalities predom-
inantly involve systemic approaches centered on cisplatin-
based regimens; however, chemotherapy is associated with
numerous adverse reactions, limited patient tolerance, and
susceptibility to drug resistance [3]. Hence, the exploration

. ; . . Yes-associated protein 1 (YAP1) serves as a transcrip-
of novel therapeutic avenues against BLCA is imperative to

tional co-activator involved in various cellular processes in-

achieve improved outcomes.

Cancer stem cells (CSCs), characterized by undiffer-
entiated cells with stem-like properties, significantly con-

cluding proliferation, migration, differentiation and apopto-
sis [9]. Elevated YAP1 expression in BLCA correlates with
poorer prognosis and overall survival rates among patients,
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while also driving cancer progression through the promo-
tion of epithelial-mesenchymal transition (EMT) of tumour
cells [10]. Activation of EMT has been shown to induce
tumorigenicity and stemness in BLCA [11]. Furthermore,
YAPI is implicated in m6A modification, as it regulates the
expression levels of m6A modulators, leading to increased
gene methylation levels [12]. These findings suggest a po-
tential relationship between YAP1 and the stemness pheno-
type of BLCA through m6A modification.

Interactive genes of YAPI, cancer stemness and
BLCA, mothers against decapentaplegic homolog 7
(SMAD7) were selected for the investigation of YAPI
mechanisms in this study and m6A sites of SMAD7
were obtained from the RMBase database. SMAD?7 is
an antagonist of the transforming growth factor (TGF)-f
signaling [13], which plays a promoting role in cancer
development by facilitating the EMT of cancer cells [14].
In BLCA, overexpression of SMAD7 negatively regulated
EMT to restrain tumour metastasis [15]. Evidence has
revealed the inverse correlation between SMAD7 and
YAP1 in liver cancer [16]. In addition, SMAD7 mRNA
expression is negatively controlled by m6A modulator
methyltransferase-like 3 (METTL3) [17], while YTHDF3
is involved in the regulation of METTL3-modified gene
expression [18]. Since YAP1 has been demonstrated to
upregulate YTHDF?3 level to induce gene degradation [19],
it may also affect SMAD7 expression via YTHDF3.

Based on these findings, we assumed that YAP1 con-
tributes to BLCA stemness by regulating the expression of
mo6A-methylated SMAD?7 via YTHDEF3.

Materials and Methods

Cell Culture and Induction

The human BLCA cell line UMUC3 (CL-0463, Pro-
cell, Wuhan, China) was cultured in Minimum Essen-
tial Medium (MEM, PM150410, Procell, Wuhan, China),
supplemented with Non-Essential Amino Acids (NEAA),
10% Fetal Bovine Serum (FBS, C0227, Beyotime, Shang-
hai, China), and 1% Penicillin-Streptomycin Solution
(PB180120, Procell, Wuhan, China). Cultures were main-
tained at 37 °C in a 5% CO3 atmosphere in an incubator
(E3293, Beyotime, Shanghai, China). To isolate bladder
cancer stem cells (BCSCs), UMUCS3 cells were subjected to
daily treatment with 6.66 pM cisplatin (PHR1624, Merck,
Darmstadt, Germany) for 90 days, followed by treatment
with 13.32 uM cisplatin/day for an additional 14 days [20].
Prior to experiments, all cells underwent routine STR iden-
tification and mycoplasma contamination tests to confirm
absence of mycoplasma contamination.

Flow Cytometry
To isolate CD1337 cells, 1 x 10° BCSCs/UMUC3

cells were blocked with 1% Bovine Serum Albumin (BSA,
10711454001, Roche, Basel, Switzerland) for 20 minutes.
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Subsequently, cells were incubated with PE-conjugated
anti-CD133 antibody (ab252128, 1:1000, Abcam, London,
UK) at 4 °C for 1 hour (h). The proportion of CD133"
cells was determined using a FACSCalibur flow cytometer
(BECKMAN COULTER, Brea, CA, USA).

Bioinformatic Analysis

The protein-protein interaction (PPI) network of
YAP1 was retrieved from the STRING database (https://cn
.string-db.org/).

Transfection

Short hairpin RNA targeting YAPI (ShYAPI,
TR308332, CCACCAAGCTAGATAAAGAAA) and
negative control pRS vector (ShANC, TR20003), as well
as the YTHDEF3 overexpression plasmid (RC208423) and
its negative control pCMV6-Entry vector (PS100001),
were procured from OriGene Technologies (Rockville,
MD, USA). The coding sequence (CDS) of the YAPI
gene is provided in the Supplementary Materials. BC-
SCs were transfected with ShNC/NC/ShYAP1/YTHDEF3
overexpression plasmid or co-transfected with ShNC plus
NC/ShYAPI plus YTHDEF3 overexpression plasmid using
Lipofectamine™ 3000 Transfection Reagent (L3000008,
ThermoFisher, Waltham, MA, USA). A total of 1 x 10°
BCSCs were seeded into 96-well plates and cultured until
reaching 90% confluence. DNA (0.2 pg) was diluted in 10
pL of serum-free medium and mixed with 0.4 uL of P3000
Reagent, while ShRNA was diluted in serum-free medium.
Subsequently, 5 pL of DNA/ShRNA was incubated with 5
pL of diluted Lipofectamine™ 3000 Reagent for 15 min at
room temperature. The resulting complex was then added
to the cells and incubated at 37 °C for 48 h.

Methylated RNA Immunoprecipitation (MeRIP)

An No6-methyladenosine (m64) MeRIP Kit (GS-ET-
001, CloudSeq, Shanghai, China, http://www.cloud-seq
.com.cn/) was utilized to detect SMAD7 m6A levels.
Total RNA was extracted from normal/ShNC-/ShYAPI-
transfected BCSCs using a PureLink RNA Mini Kit
(12183018A, ThermoFisher, Waltham, MA, USA). The
isolated total RNA was dissolved in RNase-free water, pu-
rified with ethanol, and subsequently fragmented to approx-
imately 200 nucleotides in length. RNA concentration was
measured using an RNA 6000 Pico kit (5067-1513, Agilent,
Santa Clara, CA, USA).

Protein A/G beads (25 pL) were incubated with 2
pL of anti-m6A antibody (ab286164, Abcam, London,
UK) or control Rabbit Anti-Human Immunoglobulin G
(IgG, ab6715, Abcam, London, UK) on a shaker for 1
h at room temperature to allow for antibody conjuga-
tion. Subsequently, the fragmented RNAs (3 pg) were
mixed with RNase-free water and IP buffer (50 uL) to pre-
pare the MeRIP reaction mixture (250 pL). The antibody-
conjugated beads were then incubated with the MeRIP re-
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action mixture (250 pL) for 1 h at 4 °C to immunopre-
cipitate m64-RNA complexes. Following immunoprecip-
itation, the complexes were eluted from the beads, pu-
rified, and subjected to quantitative reverse transcription
PCR (qRT-PCR) to measure the level of SMAD7. Results
were calculated as SMAD?7 level/Input.

RNA Immunoprecipitation (RIP)

The interaction between YTHDF3 and SMAD?7 in
untreated/ShNC-/ShY4PI-transfected BCSCs was assessed
using a Magna RIP kit (17-704, Sigma-Aldrich, Darm-
stadt, Germany). A total of 2 x 105 BCSCs were lysed
with Lysis Buffer and centrifuged at 40,000 x g for 10 min
at 4 °C to obtain the cell lysate. Protein A/G magnetic
beads were then incubated with 5 pg of anti-YTHDF3 an-
tibody (ab220161, Abcam, London, UK) or IgG for 1 h at
room temperature to facilitate antibody conjugation. Sub-
sequently, the antibody-conjugated beads were incubated
with 800 pL of the cell lysate overnight at 4 °C to immuno-
precipitate YTHDF3-RNA complexes.

Following immunoprecipitation, the complexes were
eluted from the beads, purified, and the expression of
SMAD7 within the complexes was measured using qRT-
PCR.

Quantitative Reverse Transcription PCR (qRT-PCR)

RNA extraction from normal/transfected BCSCs was
performed as previously described, followed by cDNA
synthesis using a PrimeScript™ Kit (6210A, TaKaRa,
Shiga, Japan). QRT-PCR was conducted using PowerUp™
SYBR™ Green Master Mix (A25742, Applied Biosys-
tems, Foster, CA, USA) on the LightCycler® 96 Sys-
tem (05815916001, Roche, Basel, Switzerland). The am-
plification conditions were set as follows: 97 °C for 15
s, followed by 30 cycles at 90 °C for 5 s, 60 °C for
40 s, and 72 °C for 1 min. RNA expression levels
were calculated using the 2~22CT method and normalized
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
The primer sequences used were as follows:

SMAD7 (m6A4):

Forward (F): 5'-GTCCGAATTGAGCTGTCCGA-3/;

Reverse (R): 5'-AACCCTCTCTGCCAATGTGT-3'.

SMAD?7:

F: 5'-CAGCGGCCCAAUGACCACGAGUUUA-3’;

R: 5’-UAAACUCGUGGUCAUUGGGCCGCUG-3'.

YAPI:

F: 5'-TAGCCCTGCGTAGCCAGTTA-3’;

R: 5-TCATGCTTAGTCCACTGTCTGT-3'.

YTHDF3:

F: 5'-TCAGAGTAACAGCTATCCACCA-3’;

R: 5-GGTTGTCAGATATGGCATAGGCT-3'.

GAPDH:

F: 5'-AGCTGAACGGGAAGCTCACT-3/;

R: 5-TGCTTAGCCAAATTCGTTG-3'.

5-Bromo-2-Deoxyuridine (BrdU) Staining

Transfected BCSCs (5 x 102 cells) were seeded onto
24-well plates supplemented with 10 uM BrdU label-
ing solution (ab142567, Abcam, London, UK) and incu-
bated for 24 h at 37 °C with 5% COs. Following in-
cubation, the BrdU labeling solution was removed, and
the cells were washed thrice with PBS Tween-20 (28352,
ThermoFisher, Waltham, MA, USA). Subsequently, the
cells were treated with 2.5 M HCL at room temperature
for 1 h for DNA hydrolysis. Afterward, the cells were
fixed in 4% paraformaldehyde (P1110, Solarbio, Beijing,
China), permeabilized with 0.3% Triton-X-100 (HFH10,
ThermoFisher, Waltham, MA, USA), and blocked with 5%
BSA at room temperature for 1 h.

Next, BCSCs were incubated with anti-BrdU anti-
body (ab6326, 1:100, Abcam, London, UK) overnight at
4 °C. Following three washes with PBS Tween-20, Alexa
Fluor® 488-conjugated goat anti-rat IgG (ab150165, 1:300,
Abcam, London, UK) was added for cell incubation at
room temperature for 1 h. The cell nuclei were counter-
stained with 4',6-diamidino-2-phenylindole (DAPI, D3571,
ThermoFisher, Waltham, MA, USA). BrdU-positive cells
were counted under the field of a fluorescence microscope
(TE2000, Nikon, Tokyo, Japan).

Transwell Assay

For cell migration detection, HTS 24-well insert plates
(354144, Corning Life Sciences, Corning, NY, USA) were
employed, while 24-well Matrigel-precoated BioCoat™
cell culture inserts (354480, Corning Life Sciences, Corn-
ing, NY, USA) were utilized for cell invasion analysis.
UMUCS3 cells and normal/transfected BCSCs (1 x 10%)
were trypsinized and plated in 600 pL serum-free culture
medium on the Matrigel-coated upper chamber, while the
lower chamber was filled with 600 pL. complete culture
medium with 10% FBS.

After a 24-h incubation period at 37 °C, cells at-
tached to the upper surface of the membrane were removed
and the migrated/invaded cells on the lower surface were
stained with 0.1% crystal violet (C0121, Beyotime, Shang-
hai, China) and observed under a BX51 light microscope
(OLYMPUS, Tokyo, Japan) (magnification x 250, scale
bar = 50 pm).

Tumour Sphere Formation

UMUCS3 cells/BCSCs, with or without transfection,
were cultured in 24-well plates at a density of 5000 cells
per well. The culture medium consisted of serum-free
RPMI-1640 (PM150110, Procell, Wuhan, China), sup-
plemented with 20 ng/mL fibroblast growth factor (FGF,
F0291, Merck, Darmstadt, Germany), epidermal growth
factor (EGF, E9644, Sigma-Aldrich, Darmstadt, Germany),
5 ug/mL insulin (19278, Sigma-Aldrich, Darmstadt, Ger-
many), and 2% B27 (a1486701, Gibco, Grand Island, NY,
USA). Cultures were maintained for 7 days. Tumor spheres
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were visualized using a BX51 microscope (OLYMPUS,
Tokyo, Japan) (magnification x 200, scale bar = 100 um)
[21].

Western Blot Assay

Total proteins were extracted from normal
UMUC3/BCSCs and transfected BCSCs using the
Minute™ Total Protein Extraction Kit (SD-001/SN-002,
Invent Biotechnologies, Eden Prairie, MN, USA) and quan-
tified using a Quick Start Bradford assay kit (5000201,
Bio-Rad, Hercules, CA, USA). Protein separation was
carried out using SDS-PAGE Hepes Electrophoresis Buffer
(P0552, Beyotime, Shanghai, China), and the isolated pro-
teins were loaded onto Polyvinylidene Fluoride (PVDF)
membranes (03010040001, Roche, Basel, Switzerland).
Subsequently, the membranes were blocked with 5% skim
milk at room temperature for 1 h.

Thereafter, the blocked membranes were reacted with
primary antibody against YAP1 (ab52771, 1:5000, 72 kDa,
Abcam, London, UK), YTHDF3 (ab220161, 1:1000, 73
kDa, Abcam, London, UK), SMAD7 (ab216428, 1:1000,
46 kDa, Abcam, London, UK), TGF-S1 (ab215715,
1:1000, 44 kDa, Abcam, London, UK), CD133 (ab222782,
1:2000, 97 kDa, Abcam, London, UK), octamer-binding
transcription factor 4 (Oct-4, ab181557, 1:1000, 45 kDa,
Abcam, London, UK), Nanog (ab109250, 1:1000, 37 kDa,
Abcam, London, UK) or internal control GAPDH (ab9485,
1:2500, 37 kDa, Abcam, London, UK) at 4 °C overnight,
followed by 1-h incubation with secondary antibody Goat
Anti-Rabbit IgG (ab205718, 1:2000, Abcam, London, UK).
Blots were visualized using the Chemiluminescence HRP
Substrate (T7101Q, TaKaRa, Shiga, Japan) and detected by
TotalLLab TL 120 software (Nonlinear Dynamics Ltd., New-
castle, UK).

Statistical Analysis

Statistical analysis was conducted using GraphPad
Prism 8.0 software (GraphPad, San Diego, CA, USA). Mea-
surement data were expressed as mean =+ standard devia-
tion (SD). One-way Analysis of Variance (ANOVA) was
utilized for comparisons among multiple groups, while an
independent sample #-test was employed for comparisons
between two groups, with the post-hoc analysis of Tukey
test. In addition, the normality is tested using Shapiro Wilk
test, and the homogeneity of variance is tested using Levene
test. A p-value less than 0.05 was considered statistically
significant.

Results

BCSCs Exhibited High Stemness and Capabilities of
Migration, Invasion and Tumour Sphere Formation

A higher proportion of CD1337 cells was observed in
BCSCs compared to UMUCS3 cells (Fig. 1A,B, p < 0.001).
Furthermore, levels of stemness markers CD133, Oct-4,
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and Nanog were elevated in BCSCs compared to UMUC3
cells (Fig. 1C,D, p < 0.01). The Transwell assay revealed
that BCSCs exhibited stronger migration and invasion ac-
tivities than UMUCS3 cells (Fig. 1E-G, p < 0.001). More-
over, the quantity of tumor spheres formed by BCSCs was
significantly greater than that observed in UMUC3 cells
(Fig. IH,I, p < 0.001).

YAPI-Interacting Protein SMAD7 was Lowly
Expressed in BCSCs while YAPI, YTHDF3 and
TGF-B1 were Highly Expressed in BCSCs

The PPI network depicted interacting proteins of
YAP1 (Fig. 2A). Results from the Western blot assay re-
vealed elevated levels of YAPI, YTHDF3, and TGF-31
proteins, along with decreased levels of SMAD?7 protein in
BCSCs compared to UMUCS3 cells (Fig. 2B,C, p < 0.001).

Knockdown of YAP1 Inhibited the Proliferation,
Migration and Invasion Abilities and Decreased
Stemness-Related Protein Levels in BCSCs

Silencing of YAPI in BCSCs resulted in decreased
YAPI mRNA expression (Fig. 3A, p < 0.001). BCSC pro-
liferation was inhibited by ShYAP! (Fig. 3B,C, p < 0.001).
Furthermore, YAP1 inhibition in BCSCs reduced CD133,
Oct-4, and Nanog protein levels (Fig. 3D-G, p < 0.01).
Following the transfection of ShY4P/ in BCSCs, a signif-
icant decrease in cell migration and invasion rates was ob-
served (Fig. 3H-J, p < 0.001).

YAPI Knockdown Restrained Tumour Sphere
Formation as well as YAP1, YTHDF3 and TGF-1
Expression Levels while Increasing SMAD7
Expression in BCSCs

Inhibition of YAP1 resulted in a decrease in the num-
ber of tumor spheres in BCSCs (Fig. 4A,B, p < 0.001). Pro-
tein levels of YAP1, YTHDF3, and TGF-31 all decreased,
while that of SMAD?7 increased in ShY4PI-transfected BC-
SCs (Fig. 4C,D, p < 0.001).

Inhibition of YAP1 Decreased SMAD7 m6A Level
and Impaired YTHDF3-SMAD7 Interaction in
BCSCs

The level of m6A-modified SMAD7 was decreased in
YAP1-underexpressing BCSCs, as compared with that in
ShNC-transfected BCSCs (Fig. 4E, p < 0.001). RIP assay
showed that compared with IgG, anti-YTHDF3 antibody
induced the enrichment of SMAD7 RNA at a higher level
from normal BCSCs, ShNC-transfected BCSCs and YAP1-
underexpressing BCSCs (Fig. 4F, p < 0.001), which indi-
cated that YTHDF3 bound to SMAD?7. Furthermore, YAP1
silencing relative to shNC transfection in BCSCs led to an
increased SMAD?7 level in the Input group (Fig. 4F, p <
0.05), but resulted in a decreased level of SMAD7 RNA en-
riched by anti-YTHDEF3 antibody (Fig. 4F, p < 0.001), sug-
gesting that the interaction between YTHDF3 and SMAD7
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Fig. 3. Knockdown of Y4PI inhibited the proliferation, migration and invasion abilities and decreased stemness-related protein
levels in BCSCs. (A) YAPI mRNA expression in BCSCs was calculated by qRT-PCR and GAPDH was used as an internal reference.
(B,C) BCSC proliferation ability was assessed by BrdU assay (magnification x 200, scale bar =50 pm). (D—G) Protein levels of CD133,
Oct-4 and Nanog in BCSCs were measured by Western blot assay and normalized to GAPDH. (H-J) Transwell assay was carried out
for the analyzing the migration and invasion of BCSCs (magnification x 250, scale bar = 50 pm). Con group: normal BCSCs; ShNC
group: ShNC-transfected BCSCs; ShYAPI group: ShYAPI-transfected BCSCs. Con, control; ShNC, short hairpin RNA negative control;
ShYAP1, short hairpin RNA targeting YAPI; BrdU, 5-Bromo-2-deoxyuridine; qRT-PCR, quantitative reverse transcription PCR. “vs.

ShNC: *°p < 0.001, “*p < 0.01. n=3.

was disrupted in BCSCs after the inhibition of YAP1, and
this severed interaction however increased in the expres-
sion of SMAD7 RNA. Overall, the above results implied
that knockdown of YAP1 may reduce m6A modification
at SMAD?7 to prevent YTHDF3-mediated decay of m6A-
modified SMAD?.

YAP1 Knockdown-Induced Inhibition on Cell
Growth/Migration/Invasion/Stemness Maker

Expression Levels in BCSCs was Reversed by
YTHDF3 Overexpression

YTHDF3 mRNA levels in BCSCs were enhanced
by YTHDF3 overexpression (Fig. 5A, p < 0.001). This
overexpression effectively reversed the inhibitory effect


https://www.discovmed.com/

1493

ShNC ShYAP1 B
150
58
5
£ $ 100
o 58
o cc
N oG
X 20
£ 5 501 €EE
g5
o_
N O N
Bar=100 pm < & .\vg
M
Con ShNC ShYAP1
% 57 m con
YAP1 72 kDa H Il ShNC
< ,| M ShYAP1
s 4
YTHDF3 73kDa @
83
3
SMAD7 46kDa £
3 2
-
s
TGF-g1 44 kDa 2 1
K
[}
GAPDH 37 kDa @ o
YAP1 YTHDF3 SMAD7 TGF-g1
E I Con F Il Input
20- I ShNC 20- M IgG
Il ShYAP1 Il Anti-YTHDF3
& 454 5 15 Hre i
£ 10 < 10 €
o EEE EEE
= E #i
S 5 5-
0- 0-
lgG m6A Con ShNC ShYAP1

Fig. 4. YAP1 knockdown restrained tumour sphere formation/'YAP1, YTHDF3 and TGF-31 expression levels/SMAD7 m6A
level/’'YTHDF3-SMAD?7 interaction while increasing SMAD?7 expression in BCSCs. (A,B) Imagines of tumour spheres in BC-
SCs (magnification x 200, scale bar = 100 um) and the number of tumor spheres were counted. (C,D) Protein levels of
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BCSCs; ShNC group: ShNC-transfected BCSCs; ShYAPI group: ShYAPI-transfected BCSCs. m6A, N6-methyladenosine; MeRIP,
methylated RNA immunoprecipitation; IgG, Immunoglobulin G; RIP, RNA immunoprecipitation. *vs. IgG, vs. SANC: *p < 0.001,

€€€p < 0.001, °p < 0.05. n=3.

of YAPI knockdown on BCSC proliferation activities
(Fig. 5B,C, p < 0.001). The suppressive effects of YAP1
silencing on CD133, Oct-4, and Nanog protein expression
levels in BCSCs were counteracted by YTHDF3 overex-
pression (Fig. SD-G, p < 0.001). Furthermore, YTHDF3
overexpression also mitigated the YAP1 knockdown-
induced impairment of BCSC migration and invasion ca-
pabilities (Fig. SH-J, p < 0.001).

Effects of YAP1 Knockdown on Tumour Sphere
Formation as well as YTHDF3, TGF-31 and SMAD7
Expression Levels in BCSCs were Negated by
YTHDF3 Overexpression

YTHDF3 overexpression attenuated the YAPI
knockdown-induced repression of tumor sphere formation
ability in BCSCs (Fig. 6A,B, p < 0.001). Western blot
assay demonstrated that the YAP knockdown-induced
inhibition of YTHDF3 and TGF-/1 expression levels, as
well as the stimulation of SMAD7 expression in BCSCs,

was reversed by YTHDF3 overexpression (Fig. 6C,D, p <
0.001).
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Discussion

Tumor recurrence and drug resistance pose significant
challenges in the treatment of BLCA, with CSCs playing a
pivotal role in tumor metastasis and resistance to conven-
tional therapies [22]. Therefore, identifying novel targets
against BCSCs is imperative. This study elucidated that
knockdown of YAP mitigated the malignant characteristics
of BCSCs.

CSCs are notorious for driving tumour recurrence due
to their resistance to traditional chemotherapy, attributed to
heightened DNA damage response activities [20]. Given
their pivotal role in cancer initiation, metastasis and relapse
of cancer, targeting the self-renewal of CSCs is a poten-
tial approach for cancer treatment [23]. BCSCs, renowned
stemness properties and self-renewal capacity, exemplify
this paradigm through their ability to form tumour spheres
[24]. Makers like CD133, Oct-4 and Nanog play pivotal
roles in identifying CSCs [25]. CD133 serves as a hallmark
of stemness in various cancers and CD133% BCSCs are
associated with aggressive tumorigenicity in BLCA [26].
Oct-4 is a modulator of CSC self-renewal and its expression

is positively correlated with advanced tumour grade and re-
currence in BLCA [25]. High Nanog expression has been
found in BLCA, which indicates poor overall survival and
recurrence-free survival of BLCA patients [27]. Our study
demonstrates that BCSCs exhibit high CD133™ phenotype,
express CSC-related marker proteins, and display enhanced
invasion, migration and tumour sphere formation capabil-
ities, affirming the unfavourable characteristics of BCSCs
in BLCA progression.

YAP1 has emerged as an oncogene in various cancers,
with elevated expression particularly noted in advanced and
metastatic BLCA [28]. Its overexpression has been linked
to the promotion of proliferation and invasion of BLCA
cells [29], while YAP1 silencing has been shown to enhance
drug sensitivity and induce cell apoptosis, along with re-
ducing cell viability and migration in chemoresistant BLCA
cells [30]. Moreover, YAP1 is highly expressed in BCSCs
and is required to confer self-renewal properties to BCSCs
[30]. Previous study has shown that YAP1 interacts with
cyclooxygenase 2 for the maintenance and propagation of
BCSCs, and blocking these pathways can improve long-
term efficacy by reducing therapeutic resistance [31]. Sun
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et al. [32] found that YAPI inhibitors decrease Oct-4 and
Nanog expression levels in breast cancer cells. YAP1 also
increases the ratio of CD133% cells in small-cell lung can-
cer, which further results in the radiation resistance of can-
cer cells [33]. Consistent with these findings, our study re-
vealed high YAP1 expression in BCSCs, and knockdown of
YAP1 suppressed the malignant behaviors of BCSCs while
downregulating CSC biomarker expression levels. These
results underscore the positive regulatory role of YAP1 in
BCSC stemness.

Previous studies have documented that YAP1 can up-
regulate m6A reader YTHDEF3, leading to GAS5 degra-
dation, and promoting the progression of colorectal can-
cer [34], highlighting the significance of YAP1-YTHDF3
signaling pathway in cancer development. YTHDF3 has
been implicated in facilitating the translation of integrin
alpha-6, thereby promoting the growth and development
of BLCA cells [8]. Additionally, it has been shown to
promote migration, invasion and EMT of triple-negative
breast cancer cells [35]. Consistent with these findings, our
study demonstrated that YTHDF3 levels were downregu-
lated by ShY4P1, while YTHDF3 overexpression reversed
the inhibitory effect of ShYAP! on BCSC-induced stem-
ness. This effect may be attributed to YTHDF3-mediated
modulation of m6A-methylated gene expression levels [8].
According to the analysis of genes associated with BLCA
and YAP1, we chose SMAD?7 as the target gene in the fol-
lowing studies. Knockdown of m6A reader YTHDF2 has
been reported to promote the stability and expression of
SMAD7 [36] while YTHDF3 acts as a co-factor to accel-
erate YTHDF2-induced decay of m6A-containing mRNAs
[37]. The present study found that inhibition of YAP1 de-
creased SMAD7 m6A level and weakened the YTHDF3-
SMAD7 interaction in BCSCs, suggesting the positive reg-
ulation of YAP1 on the interaction between YTHDF3 and
m6A-modified SMAD?.

In BLCA, EMT plays a crucial role in enabling tu-
mor cells to acquire CSC characteristics, characterized
by heightened proliferation and invasion capabilities [38].
TGF-f1 is known to promote tumor invasion and metas-
tasis by inducing EMT [39]. Specifically in BLCA, TGF-
B1 has been implicated in fostering cancer cell stemness
and chemoresistance, with inhibition of TGF-31 leading
to a decrease in BCSCs [40]. SMAD?7 serves as an an-
tagonist of the TGF-3 signaling pathway, and its upregu-
lation can inhibit tumor growth and metastasis in BLCA
by blocking the TGF-£ cascade [41]. Evidence suggests
that increased mRNA expression and enhanced stability of
SMAD7 in cancers can be attributed to various modification
mechanisms [42]. The methylation of SMAD?7 is known
to activate the TGF-# signaling, which further promotes
EMT and cancer stem-cell formation [43]. The degrada-
tion of SMAD?7 induced by m6A writer METTL3 is asso-
ciated with aggressive phenotypes of cancer cells in col-
orectal cancer [18] while stabilizing SMAD7 can prevent

TGF-B-induced cancer stemness and metastasis in breast
cancer [44]. In lung cancer, the decay of SMAD7 facili-
tates cancer cell migration and invasion by enhancing TGF-
B-dependent EMT signaling [45]. In this study, upregula-
tion of TGF-A1 and downregulation of SMAD7 were found
in BCSCs, whereas their expression levels were negatively
or positively regulated by ShYAPI and further reversed by
YTHDF3 overexpression. Taken together, YAP1 knock-
down inhibits Y THDF3-induced decay of m6A-methylated
SMAD7, which further blocks the TGF-31 pathway and
consequently improves BCSC stemness. However, the
identification of precise modification site is crucial for un-
derstanding the underlying mechanism of YAP1 knock-
down on inhibiting BCSC stemness, which will be inves-
tigated in our future study.

Conclusion

In conclusion, our study elucidates that knockdown
of YAP1 impedes YTHDF3-induced degradation of moA-
methylated SMAD7, consequently inhibiting BCSC stem-
ness. Targeting YAP1 presents a promising avenue for en-
hancing the prognosis of BLCA following surgery, and it
may be a novel treatment target for BLCA. However, this
study solely focused on YAP knockdown to investigate its
impact on BCSC stemness. Future research will explore the
consequences of YAP1 overexpression on BCSC stemness.
Moreover, subsequent studies will aim to dissect the com-
plex interactions between YAP1, YTHDF3, and SMAD?7,
as well as other potential regulatory factors and signaling
pathways implicated in BLCA.
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