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Background: Accumulating evidence has revealed the critical roles of N6-methyladenosine (m6A) modification of
mRNA in various cancers. However, the biological function and regulation of m6A in bladder cancer (BC) are not
yet fully understood.
Methods:Weperformed cell phenotype analysis and established in vivomouse xenograftmodels to assess the ef-
fects of m6A-modified ITGA6 on BC growth and progression. Methylated RNA immunoprecipitation (MeRIP),
RNA immunoprecipitation and luciferase reporter and mutagenesis assays were used to define the mechanism
of m6A-modified ITGA6. Immunohistochemical analysis was performed to assess the correlation between
METTL3 and ITGA6 expression in bladder cancer patients.
Findings:We show that them6AwriterMETTL3 and eraser ALKBH5 altered cell adhesion by regulating ITGA6 ex-
pression in bladder cancer cells. Moreover, upregulation of ITGA6 is correlated with the increase in METTL3 ex-
pression in human BC tissues, and higher expression of ITGA6 in patients indicates a lower survival rate.
Mechanistically, m6A is highly enriched within the ITGA6 transcripts, and increased m6A methylations of the
ITGA6 mRNA 3’UTR promotes the translation of ITGA6 mRNA via binding of the m6A readers YTHDF1 and
YTHDF3. Inhibition of ITGA6 results in decreased growth and progression of bladder cancer cells in vitro and
in vivo. Furthermore, overexpression of ITGA6 inMETTL3-depleted cells partially restores theBC adhesion,migra-
tion and invasion phenotypes.
Interpretation:Our results demonstrate an oncogenic role of m6A-modified ITGA6 and show its regulatorymech-
anisms in BC development and progression, thus identifying a potential therapeutic target for BC.
Fund: This work was supported by National Natural Science Foundation of China (81772699, 81472999).
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Bladder cancer (BC) is one of the most common urogenital
cancers, with an estimated 549,000 new cases and 200,000 deaths in
2018 [1]. BC is classified as non- muscle-invasive BC (NMIBC) and
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muscle-invasive BC (MIBC). NMIBCs, which account for approximately
75% of BC, frequently recur, and in 10–30% of patients, NMIBC pro-
gresses to MIBC, which has a reduced survival rate and frequent distant
metastasis [2]. Despite recent advances in pathological diagnosis and
clinical treatment, BC remains amajor cause of cancer-relatedmorbidity
and mortality due to high heterogeneity and recurrence rates together
with limited treatment options [3,4]. Therefore, there is an urgent
need to characterize the underlyingmolecularmechanism of BC tumor-
igenesis for the development of new therapeutic strategies.

Dynamic epigenetic modification of DNA and histone plays a critical
role in gene expression. In recent years, RNAmodifications, collectively
referred to as the “epitranscritptomes”, have been suggested to repre-
sent an additional layer of gene regulation [5]. Among these
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

Emerging studies have revealed that m6Amodification and the as-
sociated regulatory proteins play critical roles in the pathogenesis
of various types of cancers. However, the expression pattern of
the samem6A-regulated proteins and their target mRNAsmay dif-
fer in various cancers, indicating that the m6A modification path-
way could have oncogenic or tumour-suppressive functions in
different types of tumours. Recently, our study and another
study showed thatMETTL3promotes bladder cancer progression.
Because thousands of genes exhibit m6A modification, the mech-
anistic link betweenm6A and BC developmentwarrants further in-
vestigation. ITGA6 has been shown to play an important role in
the development and progression of various types of cancers. Al-
though the expression levels of ITGA6 were significantly associ-
ated with the incidence of intravesical recurrence and ITGA6 is
one of 18 genes that defined the “tumour differentiation signature”
applied for BC stratification, its role in BC is largely unknown.

Added value of this study

We provide evidence that the m6A writer METTL3 and eraser
ALKBH5 modulate ITGA6 expression through m6A-based post-
transcriptional regulation; the m6A readers YTHDF1/YTHDF3
preferentially recognize m6A residues in the ITGA6 3′UTR, and
promote the ITGA6 translation, revealing a novel regulatory path-
way of m6A-modified ITGA6 in BC. Importantly, we demonstrate
that ITGA6 is a critical downstream target of METTL3 in promot-
ing the growth and progression of bladder cancer cells in vitro
and in vivo. These findings not only uncover an oncogenic role
of ITGA6 in BC development and progression, but also reveal a
novel post-transcriptional, m6A-dependent mechanism of ITGA6
expression.

Implications of all the available evidence

Our study provides a promising therapeutic target for the treat-
ment of BC by revealing the oncogenic role of m6A-modified
ITGA6 and its regulatory mechanisms in BC development and
progression.
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modifications, N6-methyladenosine (m6A) modification is the most
abundant internal modification of mRNAs. m6A modification is
catalysed by the m6A methyltransferase complex (“writer”) composed
of Methyltransferase-like 3 and 14 (METTL3 and METTL14), Wilms
tumour 1-associated protein (WTAP), vir like m6A methyltransferase
associated (VIRMA, also known as KIAA1429), RNA-binding motif pro-
tein 15 (RBM15) and zinc finger CCCH-type containing 13 (ZC3H13)
[6–9], and can be removed by m6A demethylases (“erasers”) including
FTO and ALKBH5 [10,11]. A group of YT521-B homology (YTH)
domain-containing proteins (YTHDFs) have been identified as m6A
readers that can recognize m6A marks and mediate m6A functions
[12–14]. Recent studies have shown that m6Amodification can regulate
multiple RNA-related processes, such as RNA stability [13], translation
[14], and alternative splicing [15,16]. Emerging studies have revealed
that m6A modification and the associated regulatory proteins play crit-
ical roles in the pathogenesis of various types of cancers [17–23], includ-
ing leukaemia, brain tumour, breast cancer, liver cancer, cervical cancer,
endometrial cancer, and lung cancer. Moreover, numerous target genes
modified by m6A play essential regulatory roles in tumour occurrence
and development [19,24]. However, the expression pattern of these
m6A-regulated proteins and their target mRNAs may differ in various
cancers, indicating that the m6A modification pathway could play an
oncogenic or tumour-suppressive role in different types of tumours
[24,25]. To date, knowledge of the mechanistic link between m6A and
BC development is rather limited.

In our previous studies, we found that METTL3 expression is upreg-
ulated in human bladder cancer samples and associated with bladder
cancer progression. Additionally, METTL3 promotes the bladder cancer
tumorigenesis [26]. To further investigate the functions and the under-
lying molecular mechanisms of m6A modification and the associated
regulatory targets in BC development, we identified adhesive molecule
integrin alpha-6 (ITGA6) as a target of m6A modification regulated by
METTL3 and ALKBH5. ITGA6 is a member of the Integrin family that is
known to mediate interactions with the ECM and enhance multiple
cell motility and cell signalling outputs. ITGA6 is overexpressed in mul-
tiple types of cancers, promoting tumorigenesis andmetastasis [27–29].
However, the role and underlying molecular mechanisms of ITGA6 in
bladder cancer are unclear. Our results reveal an oncogenic role of
m6A-modified ITGA6 and its regulatorymechanisms in BC development
and progression, identifying a potential therapeutic target for BC.

2. Materials and methods

2.1. Clinical samples

FFPE tissues from 186 bladder cancer patients in this study, who
underwent radical cystectomy and bladder biopsies between February
2010 and September 2017, were obtained from the the Department of
Pathology archives at the First Affiliated Hospital of Sun Yat-sen Univer-
sity (Guangzhou, China) and the First Affiliated Hospital of Guangzhou
Medical University (Guangzhou, China). A bladder cancer tissue micro-
array (HBlaU066Su01) was purchased from Shanghai Outdo Biotech.
This study was approved by the Institutional Ethics Committee for Clin-
ical Research and Animal Trials of the First Affiliated Hospital of Sun Yat-
senUniversity [(2016)067]. Informed consentwas obtained from all pa-
tients prior to analysis.

2.2. Immunohistochemistry

Paraffin sectionswith a thickness of 4 μmwere baked for 2 h at 55 °C.
Prior to immunostaining, paraffin sections were deparaffinized and
rehydrated in an alcohol series, followed by antigen retrieval with mi-
crowave (MW) heating in Tris-EDTA buffer (pH 9.0). Sections were
blockedwith 5% normal goat serumand incubatedwith the appropriate
primary antibodies (anti-METTL3, CST, 1:100 dilution; anti-ITGA6, CST,
1:100 dilution) at 4 °C overnight. Then immunoreactionswere detected
with an UltraSensitive™ S-P Ultrasensitive Kit (HRP, anti-rabbit) and vi-
sualized with DAB substrate. Images were acquired with a ZEISS Axio
Imager.Z2 Microscope. IHC staining was assessed using a semi-
quantitative scoring method by recording both the area of positive
staining and the staining intensity. The area of positive staining was de-
fined as 0%, b25%, 25%–50%, 50%–75% or N75% positively stained cells
and was scored as 1, 2, 3, or 4, respectively. The staining intensity was
defined as no staining (0), weak staining (1), moderate staining (2),
or strong staining (3). The immunoreactivity score (IHS) was calculated
by multiplying the positive area scores by the staining intensity score.
An IHS of b8 was defined as low expression, and an HIS of ≥8 was de-
fined as high expression.

2.3. Cell culture

Human uroepithelial cells (SV-HUC-1) and 293T cells were obtained
from the American Type Culture Collection (Manassas, VA). The human
bladder cancer cell lines T24, UM-UC-3, 5637, and J82 were purchased
from the Institute of Cell Biology, Chinese Academy of Sciences (Shang-
hai, China). SV-HUC-1 or 293T cells with overexpression of METTL3
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(OE-METTL3) or depletion of ALKBH5 (KO-ALKBH5), T24 or UM-UC-3
cells overexpression of ALKBH5 (OE-ALKBH5) or depletion of METTL3
(KO-METTL3) were generated in our laboratory. SV-HUC-1 cells were
cultured in Ham's F-12K (Kaighn's) medium (Gibco, USA), and 293T
cells were cultured in DMEM (Gibco, USA). T24 cells and 5637 cells
were cultured in RPMI1640 medium (Gibco, USA), and UM-UC-3 cells
and J82 cells were cultured in MEM (Gibco, USA). All media were sup-
plemented with 10% foetal bovine serum (Gibco, USA). Cells were cul-
tured in a water-saturated atmosphere under 5% CO2 at 37 °C. All cell
lines tested negative for mycoplasma contamination using a PCR-
based universal mycoplasma detection kit.
2.4. Plasmid construction and mutagenesis assays

ITGA6 expression plasmids were generated by cloning the full-
length ORF of human ITGA6 (NM_ 001079818.2) into the LentiORF
PLEX vector. Lentivira vectors expressing sgRNA targeting ITGA6 were
constructed according to the lentiCRISPR v2 protocol. The lentiCRISPR
v2 plasmid was a gift from Feng Zhang (Addgeneplasmid#52961).The
sgRNAswith the highest scores and least off-target effectswere selected
using an online tool (https://chopchop.rc.fas.harvard.edu/index.php).
The sgRNAs sequences are listed in Table S1. The 3′UTR of ITGA6 was
cloned from HUVECs. ITGA6–3′UTR was inserted into the dual-
luciferase-containing psiCHECK™-2 vector (Promega). The DNA frag-
ments of the psiCHECK™-2-ITGA6 3’UTR containing the wild-type
m6A motifs as well as the mutant motifs (in which A was replaced by
T) were generated by site-directed mutagenesis. The primers used for
mutagenesis are listed in Table S1.
2.5. Lentiviral transduction to establish stable cell lines

For virus transduction, 293T cells were transfected with the appro-
priate lentiviral vector according to the Lipofectamine® 3000 reagent
(Invitrogen) protocol. The LentiORF pLEX-MCS vector was used for
overexpression, with the target plasmid and the packaging plasmids
pCMV-dR8.2-dvpr and PLP-VSVG at a 1:1:0.5 ratio. The LentiCRISPR v2
was used for CRISPR-Cas9, with the target plasmid and the packaging
plasmids PAX2 and PLP-VSVG at a 1:1:0.5 ratio. To establish stable cell
lines, target cells were transduced by using the above lentiviruses
with polybrene (8 μg /ml, Sigma). After 12 h of transduction, cells
were cultured further. Then the cells were selected with 1 μg /ml puro-
mycin (Sigma) for 5 days.
2.6. RNA isolation and qRT-PCR

Total RNA was extracted using TRIzol (Invitrogen) according to the
manufacturer's instructions. cDNA synthesis was performed using
PrimeScript™RT Reagent Kit with gDNA Eraser (TaKaRa). Quantitative
real-time PCR (qPCR) using Fast SYBR Green PCR Master Mix (Applied
Biosystems) was performed on a Step-One Fast Real-time PCR System
(Applied Biosystems). All data were analysed using the 2-△△CT method.
The primer sequences are shown in Table S1.
2.7. Western blotting analysis

SDS loading buffer was added to samples and boiled for 10 min.
Samples were loaded on 8–10% SDS-PAGE gels and subjected to immu-
noblotting with different antibodies (see Table S2). After incubation
with horseradish-peroxidase-conjugated secondary antibodies (CST)
at room temperature for 1 h, immunorections were visualized using
ECL Plus (Thermo Scientific). The band intensities were measured by
ImageJ.
2.8. Cell adhesion assay

Briefly, cells were seeded in equal numbers into 96-well plates pre-
viously coated with laminin (12 μg/ml, Corning). Cells were incubated
in a CO2 incubator at 37 °C for 1 h. Then, cells were fixed with 4% para-
formaldehyde for 15min and stained with crystal violet for 10min. Im-
ages were acquired with a ZEISS Axio Imager.Z2 microscope. Plates
were incubated with 2% SDS at room temperature for 30 min and read
at 570 μm.

2.9. Cell proliferation assay

A total of 5000 cells were seeded into each well of five 96-well cul-
ture plates and cultured in a humidified, 5% CO2 atmosphere. One 96-
well plate was removed at 24 h, 48 h, 72 h, 96 h, and 120 h, and add
20 μl of CellTiter 96® AQueous One Solution Reagent (Promega) in
100 μl of culture medium was added to each well containing samples.
The plate was incubated the plate at 37 °C for 2 h in a humidified, 5%
CO2 atmosphere. Finally, the absorbance was recorded at at 490 nm
using a SYNERGY H1 microplate reader (Bio Tek).

2.10. Cell migration assay

A total of 1 × 105 cells were plated in 96-well Image-Lock plates
(Essen Bioscience). Cells were examined for confluency as a monolayer
via light microscopy before scratch wounds weremade. Scratches were
made by using a WoundMaker™ (Essen BioScience). The mediumwas
replaced with medium containing 1% foetal bovine serum (FBS). Plate
were placed into the IncuCyte ZOOM™ (Essen BioScience) apparatus,
and images of the collective cell spreading were recorded every 1 h
for a total duration of 24 h.

2.11. Cell invasion assay

Transwell Matrigel invasion assays were performed using 24-well
Transwell inserts with an 8 μm pore size (Corning). First, a 24-well per-
meable support plate was coated with 200–300 μg/ml of Corning
Matrigel matrix (Corning Cat. No. 354234). After 24 h, 1 × 105 cells in
200 μl of culture medium without FBS were plated in the upper cham-
bers, and 500 μl of culture medium containing 20% FBS was placed in
each bottom chamber and incubated for 24 h at 37 °C. The invaded
cells were fixed with 100% methanol for 30 min and stained with 0.1%
crystal violet solution for 30 min at room temperature. The invaded
cells were counted under a ZEISS Axio Imager.Z2 microscope.

2.12. Flow cytometry

After cell digestion, cells were washed with PBS, and primary anti-
body (integrin α6/CD49f, 2.5 μg/106 cells, R&D Systems) was added
for 30 min in a dark chamber. Cells were detected by flow cytometry
(Beckman Coulter) and data were analysed using Summit v. 5.3.

2.13. Methylated RNA immunoprecipitation (MeRIP)

The MeRIP assay was performed according to the reported protocol
[30]. Briefly, anti-m6A primary antibody (Synaptic Systems) was incu-
bated with Pierce™ Protein A/G Magnetic Beads (Thermo Scientific)
for 3 h at 4 °C. Then,mRNAwas fragmented with an RNA fragmentation
kit (Ambion) and incubated with the mixture overnight at 4 °C. Cap-
tured RNA was washed 5 times, eluted with m6A nucleotide solution
and purified with an Oligo Clean & Concentrator kit (Zymo).

2.14. Sucrose gradient centrifugation and polysome fractionation

Sucrose gradient centrifugation and polysome fractionation were
performed as previously described [31]. Briefly, cells were lysed in
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polysome cell extraction buffer (50 mMMOPS, 15 mMMgCl2, 150 mM
NaCl, 100 μg/ml cycloheximide, 0.5% Triton X-100, 1 mg/ml heparin,
200 U RNaseOUT, 2mMPMSF, and 1 μMbenzamine) on ice. Cellular de-
bris was cleared by centrifugation at 13,000 ×g for 10 min at 4 °C. Ex-
tracts were loaded on a 10–50% sucrose gradient and centrifuged at
36,000 rpm for 2.5 h at 4 °C in an SW 41 Ti rotor (Beckman coulter).
Then RNA in the polysome fraction was extracted for qRT-PCR.

2.15. Dual luciferase reporter assay

Cells were seeded into the individualwells of a 24-well plate and co-
transfected with vectors according to the Lipofectamine®3000 reagent
(Invitrogen) protocol. After 48 h, the firefly and Renilla luciferase activ-
ities were measured by a Dual Luciferase Reporter Assay System
(Promega). The relative luciferase activities were assessed in a
SYNERGY microplate reader (BioTek). Each group was analysed in
triplicate.

2.16. RNA immunoprecipitation (RIP)

RIP assays were performed as according to the manufacturer's in-
structionswithMagnaRIP™RNA-Binding Protein Immunoprecipitation
Kit (Millipore, USA). Normal rabbit IgGwas used as the negative control,
and anti-SNRNP70was used as the positive control. Finally, the isolated
RNAwas analysed by qRT-PCR, and the isolated proteinwas analysed by
Western blotting.

2.17. siRNA transfection

The siRNA used in this paper was synthesized by Sangon Biotech
(Shanghai), and the siRNA oligonucleotide sequences are shown in
Table S3. The synthesized siRNA was added to RNase-free water to pre-
pare a 10 μM solution. Target cells were transiently transfected with
Lipofectamine® RNAiMAX transfection reagent (Invitrogen) according
to the instructions.

2.18. Sphere formation assay

Single-cell suspensions of cancer cells were plated in 60 mm ultra-
low attachment culture dishes (Corning) at 12000 cells per well in
sphere formation medium (serum-free RPMI 1640 medium containing
1× B-27(Gibco), 40 ng/ml EGF (Pepro Tech), and 20 ng/ml bFGF
(Pepro Tech). On the third day, the culture mediumwas completely as-
pirated into a centrifuge tube, and centrifuged at 1000 rpm for 3 min,
and the supernatant was then discarded. The cells were resuspended
by adding fresh sphere formation medium. Three-dimensional tumour
spheres growing from non-adherent clones were observed on the 7th
day of culture. Tumour spheres with a diameter of ≥50.0 μm were
counted. The sphere formation efficiency (SFE) was calculated using
the following equation: SFE (%) = (# of spheres per well)/(# of cells
seeded per well) × 100%.

2.19. Nudemouse subcutaneous transplantation tumour model and in vivo
cancer metastasis model

All animal experimental procedures were approved by the Institu-
tional Ethics Committee for Clinical Research and Animal Trials of the
First Affiliated Hospital of Sun Yat-sen University. For the subcutaneous
implantation model, 1 × 107 cells were subcutaneously implanted into
5-week-old BALB/cJNju-Foxn1nu/Nju nude mice (Nanjing Biomedical
Research Institute of Nanjing University). Mice were sacrificed
4 weeks after subcutaneous implantation. Tumour formation and
growth were assessed weekly. Tumour volume was calculated as fol-
lows: tumour volume = 1/2 × a × b2, where a = length, and b =
width. For the cancer metastasis model, 1 × 106 cells were introduced
into 5-week-old nude mice of the same strain by tail vein injection.
Six weeks after injection, lung metastases were observed.

2.20. Statistical analysis

Error bars denote standard deviations (SDs) or standard errors of the
mean (SEMs). Two groups of independent samples were compared by
Student's t-test. The results of the cell l proliferation and cell migration
experiments were analysed using repeated measure ANOVA. Protein
expression data for bladder cancer clinical tissue sectionswere analysed
using the Chi-square test. Pearson correlation was used for correlation
analysis. ITGA6-related survival rate data were compared using the
log-rank test. For a test with a size of α = 0.05, p b .05 was considered
statistically significant (*p b .05, **p b .01, ***p b .001, ****p b .001).

3. Results

3.1. METTL3 or ALKBH5 affected cell adhesion by regulating ITGA6 expres-
sion in BC cells

The change in tumour cell adhesion is one of the critical factors dur-
ing oncogenesis. To study the role of the m6A pathway in BC develop-
ment and progression, we first examined whether BC cell adhesion
was affected by them6Awriter METTL3 and eraser ALKBH5. Our results
revealed that depletion of METTL3 or overexpression of ALKBH5 in T24
and UM-UC-3 bladder cancer cells resulted in decreased cell adhesion
(Fig. 1a–d). However, forced expression of METTL3 in human
uroepithelial SV-HUC-1 cells strongly increased cell adhesion compared
with that of control cells (Fig. 1e). In addition, depletion of ALKBH5 pro-
moted cell adhesion in SV-HUC-1 cells (Fig. 1f). These results indicated
that m6A modifying enzymes regulate cell adhesion, with the m6A
writerMETTL3 promoting but ALKBH5 inhibiting cell adhesion. To iden-
tify the direct targets of METTL3 and ALKBH5 involved in cell adhesion,
we examined the protein expression of a panel of adhesionmolecules in
METTL3- or ALKBH5-modified BC and uroepithelial SV-HUC-1 cells. We
found that either forced expression of METTL3 or depletion of ALKBH5
resulted in increased ITGA6 protein levels in SV-HUC-1 cells as detected
by Western blotting. However, the ITGA6 mRNA levels were not con-
comitantly increased (Fig. 1g, h, m). Conversely, depletion of METTL3
in T24 and UM-UC-3 cells significantly reduced the expression of the
ITGA6 protein without affecting mRNA expression (Fig. 1i,j,m). We
also measured the expression of the ITGA6 protein in various stable
cell lines by flow cytometric analysis, and obtained results similar to
those of Western blotting (Additional file 1: Fig. S1a–d), suggesting
that ITGA6 is an important adhesion molecule regulated by METTL3
and ALKBH5. Furthermore, we rescued METTL3/ALKBH5 expression in
the same cell types to validate the influence of these enzymes on cell ad-
hesion and ITGA6 expression and found that rescue of METTL3/ALKBH5
expression regulated ITGA6 expression and cell adhesion (Additional
file 1: Fig.S2a–c). Overall, our data indicated that METTL3 and ALKBH5
affected cell adhesion by regulating ITGA6 protein expression in BC
cells.

3.2. ITGA6 was significantly upregulated in BC and correlated with the
prognosis of BC patients

Previous studies showed that METTL3 expression is upregulated in
multiple types of cancers [18,20,32]. Given that METTL3 acts as an
m6A writer and regulates ITGA6 expression, we measured METTL3
and ITGA6 expression in bladder cancer cell lines and tissue microar-
rays. The results showed that METTL3 and ITGA6 protein were
expressed at a significantly higher level in bladder cancer cell lines
(T24, UM-UC-3, 5637, and J82) than in human uroepithelial SV-HUC-1
cells (Fig. 2a,b, Additional file 1: Fig. S1e). However, the expression of
ITGA6mRNA did not significantly differ in the above cells (Fig. 2c), sug-
gesting the post-transcriptional regulation of ITGA6 expression in BC
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Fig. 2. ITGA6was significantly upregulated in BC and correlatedwith the prognosis of BC patients. a, bWestern blotting (left) ofMETTL3 (a) and ITGA6 (b) in bladder cancer cells. The chart
(right) shows the relative ITGA6 integrated density in theWestern blotting results. * p b .05, ** p b .01, *** p b .001, **** p b .0001. (one-way ANOVA, Dunnett ‘s test). c RT-qPCR analysis of
ITGA6 mRNA expression in bladder cancer cells compared with that in SV-HUC-1 cells. d, e ITGA6 (d) and METTL3 (e) expression in bladder cancer patient tumour microarrays (TMAs).
Representative images of IHC staining for ITGA6 andMETTL3 in tumour and paratumour tissues of TMAs. Bar= 200 μm, 50×. Bar= 50 μm, 400×. The graph (right) shows that ITGA6 and
METTL3were significantly upregulated in bladder cancer TMAs. Tumour, n=56. Paratumour,n=10. **p b .01, ****p b .0001. (Student's t-test). f Correlation analysis of ITGA6 andMETTL3
expression in tissue microarrays; r = 0.4067, p= .0007. (Pearson's correlation analysis). g The Kaplan-Meier survival curve indicates that patients with high ITGA6 expression had low
survival rates. h IHC staining of bladder cancer patient tumour samples revealed that the level of ITGA6 expression was positively correlated with histological grade and stage. The chart
shows the statistical analysis of ITGA6 in bladder cancer clinical pathology sections. PUNLMP (papillary urothelial neoplasms of lowmalignant potential)=4, Low-grade=80, High-grade
= 102. All bar plot data are the means ± SEMs of three independent experiments.
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cells. Additionally, we used patient samples to evaluated the clinical rel-
evance of ITGA6 expression in bladder cancer. Immunohistochemical
(IHC) staining of BC tissue microarrays revealed that ITGA6 and
METTL3 expressionwasmoderate or high inmost of the bladder cancer
samples, but weak or not detectable in the majority of the paratumour
controls (Fig. 2d, e). Moreover, analysis of the IHC staining showed
that the expression of ITGA6 was highly correlated with that of
Fig. 1. METTL3 and ALKBH5 affected cell adhesion by regulating ITGA6 expression in BC cells
(b) cells. c Overexpression of METTL3 (OE-METTL3) enhanced the adhesion of SV-HUC-1 ce
Overexpression of ALKBH5 (OE-ALKBH5) enhanced the adhesion of T24 (e) or UM-UC-3 (f) ce
(h) SV-HUC-1 cells. The chart (right) shows the relative ITGA6 integrated density in the Wes
UM-UC-3 (j) cells. The chart (right) shows the relative ITGA6 integrated density in the Weste
UM-UC-3 (l) cells. The chart (right) shows the relative ITGA6 integrated density in the Weste
bar plot data are the means ± SDs or means ± SEMs of three independent biological replicate
METTL3 in human tissue microarrays (Fig. 2f) and that a higher expres-
sion level of ITGA6 in patients indicated a lower survival rate (Fig. 2g).
Furthermore,we found that the level of ITGA6 expressionwas positively
correlated with histological grade and stage in bladder cancer patient
tumour samples (p = .001) (Fig. 2h, Table 1). From these collective re-
sults,we conclude that the expression of ITGA6wasupregulated and led
to a worse prognosis in BC patients.
. a, b Depletion of METTL3 (KO-METTL3) decreased the adhesion of T24 (a) or UM-UC-3
lls. d Depletion of ALKBH5 (KO-ALKBH5) enhanced the adhesion of SV-HUC-1 cells. e, f
lls. g, h Western blotting of 14 cell adhesion molecules in OE-METTL3 (g) or KO-ALKBH5
tern blotting results. I, j Western blotting of ITGA6 in KO-METTL3 T24 (i) or KO-METTL3
rn blotting results. K, l Western blotting of ITGA6 in OE-ALKBH5 T24 (k) or OE-ALKBH5
rn blotting results. m RT-qPCR analysis of ITGA6 mRNA expression in stable cell lines. All
s. *p b .05, ** p b .01, *** p b .001, (Student's t-test).



Table 1
Correlation expression of ITGA6 and clinicopathological variables in186 cases of BC.

Cases Feature ITGA6 N p-Value

Low High

Gender Male 39 (26.2%) 110 (73.8%) 149 N0.05 (0.0849)
Female 15 (40.5%) 22 (59.5%) 37

Age b60 33 (41.8%) 46 (58.2%) 79 N0.05 (0.5446)
≥60 40 (37.4%) 67 (62.6%) 107

Stage NMIBC (Ta/T1/Tis) 40 (41.7%) 56 (58.3%) 96 b0.05 (0.0471)
MIBC (T2-T4) 25 (27.8%) 65 (72.2%) 90

Grade PUNLMP 3 (75.0%) 1 (25.0%) 4 b0.05 (0.0198)
Low grade 37 (46.3%) 43 (53.7%) 80
High grade 30 (29.4%) 72 (70.6%) 102
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3.3. METTL3 and ALKBH5 reciprocally regulate ITGA6mRNAm6Amodifica-
tion and translation

To explore the molecular mechanisms underlying the METTL3- or
ALKBH5-mediated regulation of ITGA6, we first determined whether
m6A modification exists in ITGA6 mRNA. By analysing our previous
Fig. 3.METTL3 and ALKBH5 regulate ITGA6mRNAm6Amodification and translation. am6A sites
enrichment in the ITGA6 mRNA 3′UTR was validated byMeRIP-qPCR in control and KO-METTL
control, OE-METTL3 and KO-ALKBH5 SV-HUC-1 cells. d, e ITGA6 mRNA stability in control, OE-
indicated time points after treatment with actinomycin D (Act D). f, g ITGA6 protein stability in
the indicated time points after treatment with cycloheximide (CHX). h, i RT-qPCR analysi
centrifugation in control, OE-METTL3 (h), and KO-ALKBH5 (i) SV-HUC-1 cells. All bar plot da
error bars denote the SDs of technical triplicates. *p b .05, **p b .01, ****p b .0001. (Student's t-t
methylated RNA immunoprecipitation combined with RNA sequencing
(MeRIP-seq) data from SV-HUC-1 cells, we identified the m6A peak re-
gion located in the 3′UTR of ITGA6 (Fig. 3a). Moreover, Methyl Tran-
scriptome DataBase (MeT-DB) [33] analysis of ITGA6 indicated that
the m6A methylation sites were mainly in the 3′UTR region of ITGA6
mRNA (Additional file 1: Fig. S3). To verify that m6A-modified ITGA6
is regulated byMETTL3 and ALKBH5, we performedMeRIP-qPCR exper-
iments in METTL3-depleted T24 cells and in METTL3-overexpressing or
ALKBH5-depleted SV-HUC-1 cells. The results showed that depletion of
METTL3 significantly decreased the m6A modification in the ITGA6
mRNA 3′UTR (Fig. 3b). Conversely, either METTL3 overexpression or
ALKBH5 depletion significantly promoted m6A modification in the
ITGA6 mRNA 3′UTR (Fig. 3c). To determine whether the stability of
ITGA6 mRNA is affected by m6A, we conducted RNA stability assays
and found that overexpression of METTL3 or depletion of ALKBH5 had
little effect on the stability of ITGA6mRNA (Fig. 3d, e). To assess the po-
tential effects of METTL3 on ITGA6 protein stability, we treated cells
with cycloheximide (CHX) to block translation and measured
ITGA6 degradation. As shown in Fig. 3f and g, the degradation
rates of the ITGA6 protein were clearly unchanged in either
in the ITGA6mRNA3′UTR are shown from theofMeRIP-Seq data in SV-HUC-1 cells. bm6A
3 T24 cells. c m6A enrichment in the ITGA6 mRNA 3′UTR was validated byMeRIP-qPCR in
METTL3 (d), and KO-ALKBH5 (e) SV-HUC-1 cells. RT-qPCR analysis of ITGA6 mRNA at the
control, OE-METTL3 (f), and KO-ALKBH5 (g) SV-HUC-1 cells. Western blotting of ITGA6 at
s of the ITGA6 mRNA abundance in polysome fractions collected by sucrose gradient
ta are the means ± SEMs of three independent experiments except in (b, c), where the
est).
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METTL3-overexpressing or ALKBH5-depleted SV-HUC-1 cells compared
with those in control cells. We then compared the polysome-bound
(translationally active) ITGA6 mRNA levels in METTL3-overexpressing
or ALKBH5-depleted cellswith those in control cells. The results showed
that the polysome-bound ITGA6 mRNA levels were significantly in-
creased in METTL3-overexpressing or ALKBH5-depleted SV-HUC-1
cells compared with those in control cells (Fig. 3h, i). In contrast, deple-
tion of METTL3 in T24 cells significantly reduced the proportion of
ITGA6 transcripts in the polysome fractions, suggesting thatMETTL3 en-
hances the proportion of ITGA6 mRNAs undergoing active translation
(Additional file 1: Fig. S4a). Overall, our data indicated that METTL3
andALKBH5 reciprocally act on the 3′UTR of ITGA6mRNA form6Amod-
ification and translation.
Fig. 4.m6Amotifs within the 3′UTR of ITGA6 promote the translation of ITGA6mRNA. a psiCHEC
4 putative wild-typem6Amotifs (WT) ormutant (A-to-Tmutation)m6A sites (MUT1,MUT2,M
them6A sites (96, 111, 195, and 233) is numbered relative to thefirst nucleotide of the 3′UTR. b R
singlemutation ofm6A sites 1, 2, 3, or 4 (MUT1,MUT2,MUT3, orMUT4) inMETTL3-overexpress
activity. c Relative luciferase activity of psiCHECK™-2-ITGA6 3′UTRwith either wild-type (WT)
andMETTL3-overexpressing 293 T cells. Renilla luciferase activity was measured and normalize
was validated byMeRIP-qPCR in control and OE-METTL3 293T cells after transfection of theWT
the ITGA6 3′UTR. e Renilla luciferase activity was detected in vitro using the Flexi Rabbit Reticul
MUT1+ 2,MUT1+ 2+ 3, or MUT1+ 2+ 3+ 4)were transcribed in vitro in the absence or p
except in (c), where the error bars denote the SDs of technical triplicates. *p b .05, **p b .01, **
3.4. m6A motifs within the 3′ UTR of ITGA6 promote ITGA6 mRNA
translation

To elucidate the molecular mechanisms underlying the m6A-
mediated translation of ITGA6 mRNA, we first extracted m6A modifica-
tions fromGEOdatasets and found the 4m6Amotifswithin the 3′UTR of
ITGA6 at a single-nucleotide resolution by retrieving data from m6A
iCLIP (miCLIP)-Seq in CD8 T cells and A549 cells (Additional file 1:
Fig. S5a) [34]. We then cloned the ITGA6 3′UTR region, including frag-
ments with the 4 wild-type m6A motifs (WT) or mutant (A-to-T muta-
tion) m6A sites into a luciferase reporter vector to determine the
function of these m6A motifs in the regulation of ITGA6 translation
(Fig. 4a). As shown in Fig. 4b and4c, ectopically expressed METTL3
K™-2 luciferase reporter constructs containing fragments of the human ITGA6 3′UTRwith
UT3,MUT4,MUT1+ 2,MUT1+ 2+3, orMUT1+ 2+3+4) are shown. The position of
elative luciferase activity of the psiCHECK™-2-ITGA6 3′UTRwith eitherwild-type (WT) or
ing 293 T cells. Renilla luciferase activitywasmeasured and normalized to firefly luciferase
or mutant m6A sites (MUT1, MUT1+ 2,MUT1+ 2+ 3, or MUT1+ 2+ 3+ 4) in control
d to firefly luciferase activity. d m6A enrichment in the psiCHECK™-2-ITGA6mRNA 3′UTR
andMUT1+ 2+3+4 plasmids. The primer covers the junction between Renilla Luc and
ocyte Lysate System. Renilla luciferase reporter mRNAs with the ITGA6 3′UTR (WT, MUT1,
resence ofm6A. All bar plot data are themeans± SEMs of three independent experiments
*p b .001, ****p b .0001. (Student's t-test, one-way ANOVA, Dunnett ‘s test).
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promoted the activity of the luciferase construct containing the ITGA6 3′
UTR.However,mutation of any of the four sites (MUT1,MUT2,MUT3, or
MUT4) did not significantly change METTL3-augmented translation of
the luciferase reporter. Furthermore, mutation of the first or first two
m6A motifs (MUT1 or MUT1 + 2, respectively) slightly decreased
METTL3's effects on translation, while mutations of the first three or
all four motifs (MUT1 + 2 + 3 or MUT1 + 2 + 3 + 4, respectively)
completely abolished METTL3-augmented translation of the luciferase
reporter (Fig. 4c, Additional file 1: Fig. S5b), suggesting that the m6A
motifs 1–3 together are essential forMETTL3-augmented ITGA6 expres-
sion. To further validate whether the above effects are related to m6A
modifications, we conducted gene-specific m6A qPCR on the cloned
wild-type and mutant 3′UTR fragments of the ITGA6 gene (WT and
MUT1 + 2 + 3 + 4, respectively) in the 293T cells that were used for
the luciferase reporter assays. As expected, the WT fragment had a
high abundance of m6A, whereas the MUT1 + 2 + 3 + 4 fragment
contained no or minimal levels of m6A. Forced expression of METTL3
significantly increased the m6A abundance in the WT 3′UTR fragment
Fig. 5. YTHDF1/YTHDF3 preferentially recognize m6A residues in the ITGA6 3′UTR and promote
control or YTHDF1, YTHDF2, or YTHDF3 siRNAs. b, cWestern blotting of ITGA6 inOE-YTHDF1 (b
YTHDF3 proteins to ITGA6mRNA in 293T cells. FLAG-tagged YTHDF1, YTHDF2, YTHDF3 or contr
anti-FLAG antibody. Enrichment of the ITGA6mRNA 3′UTRwith FLAGwasmeasured by RT-qPC
of the binding of the YTHDF1 (e) and YTHDF3 (f) proteins to ITGA6mRNA inMETTL3-overexpre
(h) proteins to exogenous ITGA6 mRNA 3′UTR. Both stable METTL3-overexpressing and cont
tagged YTHDF1, YTHDF3 or control 2AB vectors. Enrichment of the psiCHECK™-2-ITGA6 mRNA
the junction between Renilla Luc and the ITGA6 3′UTR. i, j RIP analysis of the binding of the YT
m6A sites (WT) and 4mutatedm6A sites (MUT1+2+3+4). All bar plot data are themeans±
test, one-way ANOVA, Dunnett's test).
of ITGA6 (Fig. 4d). Moreover, in vitro translation using the control and
m6A modified reporter mRNAs further confirmed the role of m6A mod-
ification in promoting ITGA6 translation (Fig. 4e,f). Overall, the above
results further demonstrated that the m6A modifications in the ITGA6
3′UTR promote the translation of ITGA6 mRNA.

3.5. YTHDF1/YTHDF3 preferentially recognizes m6A residues in the ITGA6 3′
UTR and promotes ITGA6 translation

A group of YT521-B homology (YTH) domain-containing proteins
(YTHDFs) are well established m6A readers, each of which recognizes
a few thousands of methylated transcripts in mammalian cells. To de-
termine which m6A reader is involved in promoting ITGA6 transla-
tion，we investigated the effect of YTHDF1-YTHDF3 silencing by RNAi
on ITGA6 expression. The results showed that silencing YTHDF1 or
YTHDF3 but not YTHDF2 significantly decreased ITGA6 expression
(Fig. 5a). Moreover, forced expression of YTHDF1/YTHDF3 significantly
promoted ITGA6 expression (Fig. 5b,c). Next, we investigated whether
ITGA6 translation. a Western blotting of ITGA6 expression in SV-HUC-1 cells treated with
) or OE-YTHDF3 (c) SV-HUC-1 cells. d RIP analysis of the binding of theYTHDF1, YTHDF2, or
ol 2AB vectors were transfected into 293T cells. Lysateswere immunoprecipitatedwith an
R andnormalized to input. IgG, negative control, SNRNP70, positive control. e, f RIP analysis
ssing and control 293T cells g, h RIP analysis of the binding of the YTHDF1 (g) and YTHDF3
rol 293T cells were transfected with psiCHECK™-2-ITGA6 mRNA 3′UTR (WT) and FLAG-
3′UTR with FLAG was measured by RT-qPCR and normalized to input. The primer covers

HDF1 (i) and YTHDF3 (j) proteins to exogenous ITGA6 mRNA 3′UTR containing wild-type
SEMs of three independent experiments. **p b .01, ***p b .001, ****p b .0001. (Student's t-
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the YTHDF1 and YTHDF3 proteins can bind to the ITGA6 3′UTR. As
shown in Fig. 5d, Flag-tagged YTHDF1/YTHDF3 but not YTHDF2 selec-
tively bound to ITGA6mRNA. Moreover, overexpression of METTL3 sig-
nificantly enhanced the interaction between YTHDF1/YTHDF3 and
ITGA6 mRNA (Fig. 5e, f), suggesting that METTL3 facilitates the binding
of YTHDF1/YTHDF3 to ITGA6 mRNA by mediating m6A modification.
Consistent with the findings for endogenous ITGA6 mRNA, the
YTHDF1/YTHDF3 proteins interacted with ITGA6 reporter mRNA, and
forced expression of METTL3 promoted the binding of YTHDF1/
YTHDF3 to ITGA6 reporter mRNA (Fig. 5g, h). Moreover, YTHDF1/
YTHDF3 interacts only with the WT ITGA6 reporter mRNA, not the
m6A motif-mutated mRNA (Fig. 5i, j; Additional file 1: Fig. S6). Collec-
tively, our data revealed that the binding of YTHDF1/YTHDF3 to the
m6A motifs in the ITGA6 3′UTR promotes ITGA6 translation.

3.6. ITGA6 promoted the growth and progression of bladder cancer cells
in vitro and in vivo

We further investigated the role of ITGA6 in BC growth andmetasta-
sis by establishing cell lines with stable ITGA6expression or depletion.
As shown in Fig. 6a–c, ITGA6 overexpression significantly increased
the adhesion, proliferation and migration of SV-HUC-1 uroepithelial
cells. Conversely, depletion of ITGA6 in T24 and 5637 cells significantly
suppressed the adhesion, proliferation, migration, invasion and sphere
formation efficiency (SFE) (Fig. 6d–h; Additionalfile 1: Fig. S7). To verify
the function of ITGA6 in vivo, we subcutaneously injected nude mice
with ITGA6-depleted T24 cells and found that depletion of ITGA6 signif-
icantly slowed tumour growth (Fig. 6i).Moreover,we established a lung
metastasis model by injecting tumour cells into the tail vein of nude
mice to assess the role of ITGA6 in tumour metastasis. Many fewer
micrometastases were found in the lungs of mice in the ITGA6-
depleted group (Fig. 6j), implying that depletion of ITGA6 could inhibit
tumour lung metastasis in vivo. Collectively, our data revealed that
ITGA6 enhances the growth and metastatic capacity of BC cells.

3.7. Overexpression of ITGA6 in METTL3-deleted cells partially restored cell
phenotypes

To further define whether ITGA6 is a direct effector of METTL3 in BC
development, we performed a rescue experiment by overexpressing
ITGA6 in METTL3-depleted cells in which ITGA6 was downregulated.
As shown in Fig. 6k–n, forced expression of ITGA6 partially reversed
the effects of METTL3-depletion on adhesion, proliferation, migration
and invasion in T24 cells. Consistent with these findings, ITGA6 overex-
pression also reversed the phenotype caused by METTL3 deficiency in
UM-UC-3 cells (Additional file 1: Fig. S8). Taken together, these data in-
dicated that ITGA6 as an oncogenic factor is a functionally critical target
of METTL3 in BC.

4. Discussion

An increasing number of studies have shown that aberrant m6A
modification is closely related to the occurrence and development of
various types of cancers [19,23,32,35,36]. Elucidation of the biological
relevance ofm6A alterations in tumorigenesis is contingent on the iden-
tification of specific target loci and the delineation of the mechanisms
regulating m6A on specific genes. However, research on the role and
Fig. 6. ITGA6 promoted the growth and progression of bladder cancer cells in vitro and in vivo. a–
(c) of SV-HUC-1 cells. Bar=100 μm, 200×. d–g Effects of ITGA6 knockout on the adhesion (d), p
formation assay to determine the SFE in control and ITGA6-depleted (KO-ITGA6) 5637 cells. Ba
images, growth curves, and weights at the endpoint are shown. j In vivo tumour metastasis mo
T24 cellmetastatic foci in the lungwas confirmed byH&E staining. Bar=200 μm, 100×. k–n Eff
adhesion (k), proliferation (l), migration (m), and invasion (n) capacities in T24 cells, which
mechanism of m6A-mediated ITGA6 in bladder cancer development. All bar plot data are the
.01, ***p b .001, ****p b .0001. (Student's t-test, one-way ANOVA, Tukey's multiple comparisons
mechanism of m6Amodifications in bladder cancer is still in its infancy.
In the present study, we provide evidence that the m6A writer METTL3
and eraser ALKBH5 modulate ITGA6 expression through m6A-based
post-transcriptional regulation; them6A readers YTHDF1/YTHDF3 pref-
erentially recognize m6A residues in the ITGA6 3′UTR and promote
ITGA6 translation, revealing a novel regulatory pathway of m6A-
modified ITGA6 in BC. Importantly, we demonstrate ITGA6 as a critical
downstream target of METTL3 in promoting the growth and progres-
sion of bladder cancer cells in vitro and in vivo. To f our knowledge,
our study is the first to uncover the oncogenic function of m6A-
modified ITGA6 in the pathogenesis of human bladder cancer (Fig. 6o).

ITGA6 as a member of the Integrin family is a subunit of Integrin
alpha 6, also known as CD49f, vla-6, or ITGA6B. Integrins not onlymedi-
ate interactions with the ECM, but also drive intracellular signals that
communicate from the tumour microenvironment to the tumour cell,
leading to cell migration and invasion [37]. ITGA6 forms heterodimers
with either ITGB4 (CD104) or ITGB1 (CD29) to generate α6β4 integrin
or α6β1 integrin, respectively. Both of these integrins are cell adhesion
molecules that are vital to signalling pathways that regulate tumour de-
velopment, metastasis, and angiogenesis [38,39]. Several lines of evi-
dence demonstrate that ITGA6 is a putative stemness marker [40–43],
and aberrant expression of ITGA6 has been shown to play an important
role in the development and progression of various types of cancers
[29,44–46]. Notably, the expression of ITGA6 is significantly associated
with the incidence of intravesical recurrence [47]. Moreover, ITGA6
has not only been identified in BC cell-derived extracellular vesicles
(EVs) [48,49], but has also been identified as one of 18 genes that de-
fined the “tumour differentiation signature” applied for BC stratification
[50]. However, how ITGA6 is regulated in cancers has not been fully in-
vestigated, and its role in bladder cancer is largely unknown. In the pres-
ent study, our data revealed that ITGA6 expression was moderate or
high inmost of the bladder cancer samples and that a higher expression
level of ITGA6 in patients indicated a lower survival rate. Importantly,
our study revealed that inhibition of ITGA6 resulted in decreased prolif-
eration, migration and invasion of bladder cancer cells in vitro and
in vivo, indicating that ITGA6 is essential for the growth and metastasis
of bladder cancer cells.

ITGA6 has been shown to be regulated atmultiple layers. Many tran-
scription factors, including RUNX1, HIFs and FOSL1, bind to the ITGA6
promoter and enhance its transcription [27,51,52],while KLF9 represses
the transcription of ITGA6 by binding its promoter region [53]. More re-
cently, a study showed that MYC can directly control ITGA6 promoter
activity in CRC cells, leading to overexpression of the pro-proliferative
ITGA6A splice variant [54]. Additionally, several miRNAs have been
identified to inhibit ITGA6 expression post-transcriptionally
[44,55–57]. At the post-translational level, chronic hypoxia increases
the cell surface localization of ITGA6 in a Rab11-dependent manner,
and promotes invasion in MDA-MB-231 cells [58]. Here, we found that
highly enriched m6A in the ITGA6 mRNA 3′UTR promotes the transla-
tion of ITGA6 mRNA via binding of the m6A readers YTHDF1 and
YTHDF3 in BC, revealing a novel post-transcriptional, m6A-dependent
mechanism of ITGA6 expression.

Recently, a study showed that METTL3 promotes bladder cancer
progression via the AFF4/NF-κB/MYC signalling network [59]. In addi-
tion, our m6A MeRIP-seq screening and functional study identified the
role of the METTL3/m6A/CDCP1 axis in chemical-induced bladder
cancer carcinogenesis and metastasis [26]. Indeed, thousands of genes
c Effects of forced expression of ITGA6 on the adhesion (a), proliferation (b), andmigration
roliferation (e),migration (f), and invasion (g) of 5637 cells. Bar=100 μm, 200×. h Sphere
r = 50 μm, 50× and 200×. i Subcutaneous tumour model of KO-ITGA6 T24 cells. Tumour
del of KO-ITGA6 T24 cells. The graph represents the number of lung nodules. Formation of
ects of forced expression of ITGA6 in KO-METTL3 T24 cells. ITGA6 partially restored the cell
were reduced by METTL3 knockout. o The schematic model of the role and underlying

means ± SDs or means ± SEMs of three independent biological replicates. *p b .05, **p b

test).
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modified by m6A have been identified; among these genes, numerous
genes modified by m6A, such as EGFR, BCL2, ASB2, SOCS2, FOXM1,
Myc and PTEN, have been revealed to play regulatory roles in tumour
formation and progression [17,20,23,35]. In the present study, we
found that the adhesionmolecule ITGA6 is another critical downstream
molecule regulated by METTL3 or ALKBH5 through m6A modification,
implying that the m6A modification pathway contributes to BC occur-
rence and progression probably through the regulation of distinct sets
of target genes. Since the fates of m6A-modified RNA transcripts are de-
pendent on the types of m6A readers that recognize the m6A modifica-
tion on the target gene, distinct m6Amodifications on target loci display
different biological functions. Several studies have demonstrated that
YTHDF2 accelerates the degradation of m6A-modified transcripts [13],
while YTHDF1 and YTHDF3 enhance the translation efficiency of m6A-
modified target RNAs [12,14,60]. Consistent with these results, our
study revealed that YTHDF1 and YTHDF3 but not YTHDF2 preferentially
recognize m6A residues in the ITGA6 3′UTR and promote ITGA6
translation.

Overall, our study uncovers an oncogenic role of m6A-modified
ITGA6 and its regulatory mechanisms in BC development and progres-
sion, suggesting that m6A-modified ITGA6 is a promising therapeutic
target for the treatment of BC.
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