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Methyltransferase-like 7B participates D
in bladder cancer via ACSL3 m°A modification
in a ferroptosis manner
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Abstract

Background Bladder cancer (BC) is a malignant tumor. Methyltransferase-like 7B (MEETL7B) is a methyltransferase
and its role in BC has not yet been revealed.

Method Stable METTL7B knockdown or overexpression were achieved by lentiviral transduction in SW780 and
TCCSUP cell lines. Xenografts tumors were established via subcutaneous injection of stable transfectants in BALB/c
mice.

Results A database search indicated that METTL7B was elevated in BC and it was validated in BC cell lines. METTL7B
silencing suppressed cell proliferation and tumorigenesis in vitro and in vivo. Besides, METTL7B knockdown induced
cell cycle arrest in G1 phase with a reduction in cyclin D1(CCND1), CDK4, and CDK6 levels and an elevation in CDKN2D
levels in cells. Considering that ferroptosis is emerging as a therapeutic target for cancer, and the possible relationship
between METTL7B and antioxidant enzymes. We, here, examined that ectopic METTL7B expression abolished
ferroptosis markers in cells raised by Erastin treatment, including the production of lipid ROS, the increased cellular
iron and MDA content, the decreased gene expression of ACSL3, FANCD2, and FADS2, as well as the mitochondrial
injury observed by electron microscopy. Mechanically, ectopic METTL7B expression promoted m°A modification

on ACSL3 mRNA. Gain of functional experiment exhibited that METTL7B inhibited Erastin-induced ferroptosis via
ACSL3. Overexpressed PLAGL?2 is identified as a possible independent predictor in BC and bioinformatics predicted
the potential binding sites between PLAGL2 and METTL7B promoter region. Dual luciferase and chromatin
immunoprecipitation analysis provided evidence that PLAGL2 directly binds to METTL7B promoter region.

Conclusions METTL7B is involved in BC development and progression. METTL7B may mediate m°A modification on
ACSL3 mRNA to negatively regulate ferroptosis in BC cells, which provides a potential therapeutic target for BC via
ferroptosis.
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Background

Bladder cancer (BC) is one of the commonest cancers of
the genitourinary system and the ninth most common
cancer in the world [1]. Globally, more than 430,000 peo-
ple are diagnosed with BC each year, with nearly 170,000
deaths cases [2, 3]. BC can be classified as non-muscle
invasive BC (NMIBC) and muscle-invasive BC (MIBC)
according to the degree of muscle invasion. NMIBC,
which makes up approximately three-quarters of BC, is
usually treated by urethrectomy combined with intra-
vesical bacillus Calmette-Guérin infusion. Although it
frequently relapses, 10-30% of patients with NMIBC
will progress to MIBC with decreased survival rate and
frequent distant metastasis [4]. Metastasis is the lead-
ing cause of death in BC [5]. The 5-year survival rate
for patients with BC is approximately 70%, compared
to 5% for patients with metastases [1, 2]. Despite con-
tinuous improvements in surgical and chemotherapeutic
approaches, there is an urgent need to identify new bio-
markers and effective targets for the diagnosis and treat-
ment of BC.

Methyltransferase-like (METTL) proteins are part of
the superfamily of S-adenosylmethionine (SAM)-depen-
dent enzymes that were characterized by the presence
of methyltransferase-like domain [6]. They participate
in chromatin organization and gene transcription mod-
ulation by transferring methyl group to nucleic acids,

proteins, small molecules, and so on [6] and have been
implicated in various disease progression, including can-
cer [7]. Methyltransferase-like 7B (METTL7B) maps to
chromosome 12. Previous studies have identified the role
of METTL7B in metabolic and genetic diseases including
non-alcoholic steatohepatitis lipid metabolism [8] and
preeclampsia [9]. Moreover, the function of METTL7B in
cancers has been discussed [10—12]. In terms of its role in
bladder cancer, Campeanu et al. [13]. identified the over-
expressed METTLB in BC in the TCGA database. How-
ever, its biological functions have not been revealed in
vitro and in vivo, and the specific mechanisms by which
it functions in BC are still not known.

Ferroptosis is a cell death program driven by redox and
it is characterized by iron-dependent lipid peroxidation
[14]. Iron is the essential executioner in ferroptosis, and
the redox-iron leads to the accumulation of lipid-bases
reactive oxygen species (ROS) which is the main cause
of ferroptosis rather than cytosolic ROS. Although its
physiological function is not yet clear [15], ferroptosis
has been implicated in the involvement of cancer patho-
logic progression and is considered a promising cancer
treatment because of the high iron content of cancer cells
and their increased susceptibility to induce ferroptosis
[16]. In BC, ferroptosis induction holds potent potential
for cancer therapy [17]. GPX4 is the key regulator in fer-
roptosis, and METTL7B was implied to regulate the m°A
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levels of GPX4 to promote its expression in lung adeno-
carcinoma [10]. Thus, it is interesting to explore whether
METTL7B participates in ferroptosis regulation in BC.

In our work, we showed that METTL7B was overex-
pressed in BC and involved in tumor cell proliferation
of BC. METTL7B facilitates ferroptosis progression by
promoting m®A-based acyl CoA synthetase family 3
(ACSL3) mRNA levels, and ACSL3 negatively regulates
ferroptosis sensitivity.

Methods

Cell culture and experimental treatments

Human BC cells lines (UMUC3, TCCSUP, T24, RT4,
SW780, and 5637) and human immortalized uroepi-
thelium cell line (SV-HUC-1) were purchased from
iCell (Shanghai, China) and Procell (Wuhan, China).
UM-UC-3 and TCCSUP cell lines were maintained in
minimum essential medium (MEM) medium (Solar-
bio, Beijing, China). SV-HUC-1 cell line was maintained
in F-12 K medium (Service biotechnology, Wuhan,
China). 5637 cell line was maintained in RPMI-1640
medium (Solarbio, Beijing, China). SW780 cell line was
maintained in L-15 medium (Solarbio, Beijing, China).
RT4 and T24 cell lines were maintained in McCoy 5 A
medium (Procell, Wuhan, China). All media were supple-
mented with 1% penicillin-streptomycin and 10% fetal
bovine serum (FBS). Cells were incubated in a humidified
air incubator at 37 °C with 5% CO2. Cell lines with mod-
erate METTL7B expression were screened by the RT-
qPCR and western blot for further experiments.

To target METTL7B, lentivirus was produced from
constructs containing non-targeting shRNA (shnc),
shRNA targeting METTL7B, empty vector (nc), or MET-
TL7B CDS (coding sequence). Cell lines were transfected
with the lentivirus particles at a multiple of infection of
50 for 24 h. The stable transformants were selected with
puromycin (Macklin, Shanghai, China) and validated by
western blot and RT-qPCR. For RNA interference, cells
were transfected with ACSL3 small interfering (si) RNA
and non-targeting siRNA using Lipo3000 (Invitrogen,
Carlsbad, CA, USA).

For Erastin treatment, cell lines were exposed to dif-
ferent concentrations of Erastin (Shanghai yuanye Bio-
Technology Co., Ltd, Shanghai, China) for 24 h, which
were referred from literatures [17, 18]. The cell inhibi-
tion analysis was performed afterward by the MTT assay,
and the half-maximal inhibitory concentrations (IC50) of
Erastin in SW780 or TCCSUP cell lines were calculated.
The stable transformants (with or without siRNA trans-
fection) were stimulated with 3 uM in SW780 cells or 5
puM in TCCSUP cells for 24 h and then collected for fur-
ther analysis.
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Measurement of cell proliferation, colony formation, and
cell cycle

The cell viability was measured by 3-[4,5-dimethylthia-
zol-2-y1]-2,5 diphenyltetrazolium bromide (MTT). Cells
were cultured in 96-well plates at a density of 5x 10%/
well with designated treatments. After that, the medium
was replaced with 50 uL MTT solution (KeyGEN, Nan-
jing, China) and cultured for 4 h. MTT solution was
then replaced by 150 pL dimethyl sulfoxide (DMSO)
(KeyGEN, Nanjing, China) to dissolve MTT formazan.
The absorbance was measured at 490 nm by a micro-
plate reader. Cells were seeded into cell culture dishes at
a density of 500 cells/dish. Two weeks after inoculation,
the clones were fixed with paraformaldehyde and stained
with Giemsa dye solution (KeyGen Biotech., Nanjing,
China), and then the number of cell colonies was counted
and photographed under a microscope to calculate the
colony formation rate. After designated treatment, cells
were collected and fixed in 70% ethanol overnight at 4 C.
Cells were stained with propidium iodide (PI) and treated
with RNase A (Beyotime, Shanghai, China). Cell cycle
curves were analyzed using flow cytometry.

Lipid reactive oxygen species (ROS), malondialdehyde
(MDA), and iron content analysis

Lipid ROS production in cells was detected by probing
with C11-BODIPY®*$/%! (Maokang, Shanghai, China)
dye at the final concentration of 2 pM and incubated for
20 min before subjecting to flow cytometry. Cell lysates
were assayed for MDA (Beyotime, Shanghai, China),
iron (Leagene, Beijing, China), and Ferrous Ion content
(Solarbio, Beijing, China) via commercial kits according
to kit instructions.

Immunohistochemistry (IHC) and electron microscopy

For IHC of xenograft tumors, the slides were stained
with primary antibodies against METTL7B (Proteintech
Group, Inc., Wuhan, China), Ki67 (Affinity, Changzhou,
China) and ACSL3 (ABclonal, Wuhan, China) overnight
at 4 ‘C, followed by secondary antibody (Thermo Scien-
tific, Pittsburgh, PA, USA) incubation for 1 h at 37 C.
Thereafter, the slides were developed with 3,3’-diami-
nobenzidine tetrahydrochloride (DAB), re-stained with
hematoxylin, and photographed under the fluorescence
microscope (Olympus, Tokyo, Japan). Electron micros-
copy was used to examine mitochondrial morphology as
previously described [19].

Western blot

Total cellular proteins were lysed on ice for 5 min in
radioimmune precipitation assay (RIPA) buffer (Solarbio,
Beijing, China) containing phenylmethanesulfonyl fluo-
ride (PMSF) (Solarbio, Beijing, China). Protein concen-
tration was detected as described in BCA kit (Solarbio,
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Beijing, China) instructions. Proteins were separated by
sodium dodecyl sulfate polyacrylamide gel electropho-
resis (SDS-PAGE) (Solarbio, Beijing, China) and then
transferred to polyvinylidene fluoride (PVDEF) (Mil-
lipore, Billerica, MA, USA) membranes. After block-
ing, the membranes were incubated with appropriate
diluted primary antibodies overnight at 4 ‘C: METTL7B
(ABclonal, Wuhan, China, A7200), ACSL3 (Protein-
tech Group, Inc., Wuhan, China, 20710-1-AP), PLAGL2
(Proteintech Group, Inc., Wuhan, China, 11540-1-AP),
CDKN2D (ABclonal, Wuhan, China, A6556), CCND1
(ABclonal, Wuhan, China, A19038), CDK6 (ABclonal,
Wuhan, China, A0106),CDK4 (ABclonal, Wuhan, China,
A23522), GAPDH (Proteintech Group, Inc., Wuhan,
China, 60004-1-Ig) (loading control) and then corre-
sponding secondary antibodies horseradish peroxidase
(HRP)-conjugated goat anti-rabbit to IgG or HRP conju-
gated goat anti-mouse to I1gG (Solarbio, Beijing, China)
for 60 min at 37 ‘C. Enhanced chemiluminescence (ECL)
kit (Solarbio, Beijing, China) was used to visualize the
protein bands.

Reverse transcription quantitative polymerase chain
reaction (RT-qPCR)

Total cellular RNAs were isolated using TRIpure
(Bioteke, Beijing, China) based on standard instruc-
tion of manufacture. Afterward, the obtained RNA was
used for cDNA synthesis by BeyoRT II M-MLV reverse
transcriptase (Beyotime, Shanghai, China). Gene expres-
sion was quantified using SYBR Green (Solarbio, Beijing,
China) on Exicycler 96 (Bioneer, Daejeon, Korea) and
calculated with the 2722t method. The primer sequences
for the genes were as follows: ACSL3 forward: 5'-GAGT
GGGAGCACCATTAG-3' and reverse: 5'-AGAGCCAC
CTTTGTCCAT-3'. CDK4 forward: 5-AAGTGGTGGA
ACAGTCAAG-3' and reverse: 5'-AGCCCAATCAGGT
CAAA-3'. CDKN2D forward: 5-ATGCTGCTGGAGG
AGGTTC-3' and reverse: 5-TTGAGGGCGTCGGGA
TG-3'. FADS2 forward: 5-GAAATACCTGCCCTACA
AT-3" and reverse: 5'-CCCAGTTCTTATGGACGA-3'.
FANCD?2 forward: 5'-TGTCTTGTGAGCGTCTG-3" and
reverse: 5-GCATGATCTTGGTGGTG-3'. METTL7B
forward: 5'-TTTCAGTTCTACCCACCG-3' and reverse:
5'-CACCACAAACCGCTCAT-3'. PLAGL2 forward: 5'-
AGTCAAGTGAAGTGCCAATG-3’ and reverse: 5'-CT
TGCGGTGAAACATCTTAT-3’. CCND1 forward: 5'-G
CGAGGAACAGAAGTGCG-3' and reverse: 5'-GGAGT
TGTCGGTGTAGATGC-3'. CDK6 forward: 5'-ACGTG
GTCAGGTTGTTT-3' and reverse: 5'-CTTTATGGTTT
CAGTGGG-3'. GAPDH forward: 5'-GACCTGACCTGC
CGTCTAG-3' and reverse: 5'-AGGAGTGGGTGTCGC
TGT-3'.
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Methylated RNA immunoprecipitation (MeRIP)-RT-qPCR
m®A modification on ACSL3 was validated by MeRIP-
RT-qPCR assay referred to [20] using m6A Transcrip-
tome Profiling Kit (RiboBio Co. Ltd., Guangzhou, China).
Briefly, 18 pg of total extracted RNA was sheared into
fragments using RNA Fragmentation Buffer. Anti-m°A
antibody or IgG were immobilized on magnetic beads
A/G in m°A IP buffer. Roughly one-tenth of the fragment
was reserved as the input control, and the remaining was
incubated with m®A-conjugated beads and rotated for
2 h at 4 ‘C. m®A-containing RNA fragments were eluted
from the beads and then purification was performed for
further analysis by RT-qPCR. Relative m°A enrichment
was calculated by normalizing it to the input.

Dual luciferase reporter

To evaluate the regulation of PLAGL2 on METTL7B pro-
moter activity, luciferase promoter reporter gene con-
structs of different lengths of METTL7B were created
and cloned in pGL3-basic vector. SW780 cells were co-
transfected with pGL3-METTL7B promoter construct,
renilla luciferase control vector, and PLAGL2 overexpres-
sion plasmid (or empty vector) using a Lipofectamine
3000 kit. After 48 h transfection, the luciferase activity
was measured using the dual luciferase reporter assay
system (KeyGen Biotech., Nanjing, China).

Chromatin immunoprecipitation (ChIP) assay

Cellular proteins were cross-linked with chromatin using
1% formaldehyde for 10 min at room temperature and
quenched by glycine for 5 min. Then cells were washed
twice in pre-cooling PBS, dissociated in ChIP lysis buf-
fer, and sonicated to 500—1000 bp. Cell lysates were incu-
bated over night at 4 C with antibodies or IgG control
followed by capture with protein A beads for 1-2 h. After
washing, the immunoprecipitated DNA was eluted and
uncrosslinked for further PCR analysis. Three pairs of
oligonucleotide primers covering METTL7B were used
to analyze the PLAGL2-putative binding site in MET-
TL7B: primer 1: 5-TGTCCCCAGCATTCACCACT-3’
and reverse: 5-ACAGCCCCACAAGCTCTTCA-3'.
METTL7B primer 2: 5- AACTTACCCCATTCCCCA
CA-3’ and reverse: 5-CGTCCTCAGGTCAGGCACT
T-3'. METTL7B primer 3: 5'-TTGTCCCCTCCAAATC
TCA-3' and reverse: 5'- GGAAGCATGGCACCAGTA
T-3'.

Xenograft mouse model

BALB/c male nude mice were obtained from Cavens lab
(Changzhou, China). All experiments were approved by
the Ethics Committee of China Medical University. The
procedures were conducted as previously described [21].
A total of 1x10° SW780 cells containing METTL7B
knockdown or negative control were subcutaneously
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injected into mice. When tumor size reached 50 mm?,

the mice received a dose (15 mg/kg) of Erastin (intra-
peritoneal injection for every two days). Tumor volume
was measured every 4 days, and mice were sacrificed 20
days after tumor cell injection.

Statistical analysis

GraphPad Prism version 8 (GraphPad Software Inc., San
Diego, CA, USA) was used to conduct statistical analysis
and generate bar graphs and plots. Student’s t-test, one-
way analyses of variance (ANOVA), or two-way ANOVA
was utilized to compare group differences. All data were
presented as meanz*standard deviation with at least
three independent experiments. P values of <0.05 were
regarded as significance.

Results

Expression of METTL7B in bladder cancer

Studies had revealed that METTL family participated
in multiple biological functions and functions in human
diseases, including cancer [22]. Through the GEPIA
database, we identified 4 differentially expressed genes
(DEGs) from METTL family (Fig. 1A), including MET-
TL7B, METTL1 (known function in BC), METTL7A
(unresolved precise targets and functions), and
METTL24 (newly identified methyltransferase). Com-
bined with their function and investigation in BC or other
diseases, METTL7B draws our attention. The up-regu-
lated METTL7B expression in BC tissues was validated
in GEPIA (Fig. 1B) and TNMplot (Fig. 1C) database. In
addition, pan-cancer analysis showed that METTL7B
was up-regulated in multiple types of cancer (Fig. 1D).
Results demonstrated that the METTL7B mRNA and
protein (Fig. 1E-F) expression levels were significantly
increased in the majority of BC cell lines including
UMUC3, TCCSUP, RT4, and SW780, when compare
to normal uroepithelial SV-HUC-1 cells. Based on the
results, the higher expression cell lines, SW780 and TCC-
SUP, were employed for subsequent experiments.

Proliferative effect of METT7B in bladder cancer cells

To explore the role of METTL7B in BC, we silenced or
overexpressed the METTL7B expression in SW780 and
TCCSUP cell lines, and the transfection efficiency was
validated (Fig. 2A-B). As results showed that silenced
METTL7B exhibited a marked decrease in cell viabil-
ity and clone formation of SW780 and TCCSUP cells
(Fig. 2C, E). Meanwhile, the cell cycle of SW780 and
TCCSUP was arrested in G1 phase in response to MET-
TL7B knockdown (Fig. 2G). In addition, increasing MET-
TL7B levels promoted cell viability, colony formation,
and cell cycle progression (Fig. 2D, F, H). Consistent with
the above results, the increased expression of cell cycle-
related genes, including CCND1, CDK4, CDK6, and
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CDKN2D, was observed in SW780 and TCCSUP cell
with METTL7B overexpression (Fig. 2] and supplemen-
tary Fig. 1), and the opposite results were observed in
METTL7B knockdown cells (Fig. 2I and supplementary
Fig. 1).

METTL7B negatively regulated Erastin-induced ferroptosis
in bladder cancer cells

Increasingly evidence has highlighted the importance of
ferroptosis in tumorigenesis and development [15]. We,
therefore, asked whether METTL7B contributed to fer-
roptosis sensitivity in BC cells. Cells were exposed to
indicated concentrations of Erastin for 24 h. MTT results
showed that the depletion of METTL7B aggravated the
ferroptosis sensitivity of SW780 and TCCSUP cells to
Erastin and decreased the IC50 value compared to the
control cells (Fig. 3A). Reversely, METTL7B overexpres-
sion promoted ferroptosis resistance and the correspond-
ing IC50 value in cells (Fig. 3B). Subsequently, 3 uM
Erastin for SW780 and 5 uM Erastin for TCCSUP were
chosen for the following experiment, as they were close
to their IC50 values. To further unravel the mechanism
of METTL7B against ferroptosis, the ferroptosis-associ-
ated indicators and genes were examined. Intracellular
lipid ROS production detected by C11-BODIPY 581/591
probe showed that lipid ROS accumulated in METTL7B
silencing SW780 and TCCSUP cells with Erastin treat-
ment (Fig. 3C), but abolished in cells transduced with
METTL7B overexpression (Fig. 3D). A similar trends of
MDA (Fig. 3E) and cellular iron content (Fig. 3F) were
also observed in indicated SW780 and TCCSUP cells in
response to Erastin treatment. Evidence indicated that
ferroptotic cells displayed smaller mitochondrial and
the reduction or vanishment of mitochondrial cristae
[23]. Using transmission electron microscopy, the mito-
chondrial were swollen and round in cells upon Erastin
stimulation and these phenomena were aggravated in
METTL7B knockdown cells (with weak or even bright
matrix) (Fig. 3G) or alleviated in METTL7B overex-
pressed cells (Fig. 3G). These results indicated a possible
involvement of METTL7B in Erastin-induced ferroptosis
regulation.

METTL7B promoted the m®A modification on ACSL3 mRNA
and negatively regulated Erastin-induced ferroptosis via
ACSL3

The fate of METTL7B is to catalyze m°A formation on
target mRNA. To identify METTL7B acting on ferropto-
sis-related genes, the mRNA levels of ACSL3, FANCD2,
and FADS2 were examined. These factors were iden-
tified as the novel ferroptosis-related prognostic fac-
tor in BC [24]. As results showed that these genes were
decreased in METTL7B knockdown cells and increased
in METTL7B overexpression cells (Fig. 4A). Among
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(See figure on previous page.)

Fig.4 METTL7B promoted the m®A modification on ACSL3 mRNA and negatively reqgulated Erastin-induced ferroptosis via ACSL3. (A) RT-gPCR measure-
ment of ferroptosis-related regulators SW780 and TCCSUP cells, including ACSL3, FANCD2, and FADS2. “P<0.01 versus shnc. “"P<0.01 versus nc. (B) Bio-
informatics site SRAMP predicted potential m6A methylation sites in the sequence of ACSL3. (C) Detection of m6A levels among potential binding sites
of ACSL3 by m6A-IP-RT-gPCR in SW780 and TCCSUP cells. “P<0.01 versus IgG IP. "*P < 0.01 versus IgG IP (nc). (D) The mRNA and protein expression levels
of ACSL3 in Erastin-treated SW780 cells with METTL7B overexpression. (E) The mRNA and protein expression levels of ACSL3 in Erastin-treated SW780
cells with METTL7B overexpression and/or ACSL3 knockdown. (F) Proliferation of SW780 cells with METTL7B overexpression and/or ACSL3 knockdown
was measured by MTT assay. (G) Lipid ROS production in SW780 cells with METTL7B overexpression and/or ACSL3 knockdown was measured by C11-
BODIPY 581/591 staining using flow cytometry. H-I) MDA (H) and intracellular iron content (I) in SW780 cells with METTL7B overexpression and/or ACSL3
knockdown were detected using corresponding commercial kits. “P<0.01 versus Erastin + METTL7B nc. “"P<0.01 versus Erastin+METTL7B oe +nc. shnc:
negative control short hairpin RNA. sh1/2: short hairpin RNA 1/2 against METTL7B. nc: empty vector plasmid or small interfering RNA negative control. si:
small interfering. oe: METTL7B overexpression plasmid. ACSL3, acyl-coA synthetase long chain family member 3. FANCD2, FA complementation group D2.
FADS2: fatty acid desaturase 2. METTL: methyltransferase-like. MTT: 3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyltetrazolium bromide. MDA: malondialdehyde

these candidates, ACSL3 showed remarkable changes.
Using the online tool SRAMP (http://www.cuilab.cn/sr
amp) (Fig. 4B), various m®A modification sites on ACSL
genome were shown. Primers were designed for the
probe for m°A modification sites at these 8 sites in ACSL3
(Fig. 4B). From the MeRIP assay, ACSL3 was enriched in
m®A precipitated fraction and METTL7B overexpression
promoted m®A-methylated ACSL3 mRNA levels in cells
(Fig. 4C). Next, we examined whether METTL7B par-
ticipates in ferroptosis via ACSL3. As results showed that
ACSL3 mRNA and protein levels were upregulated in
METTL7B overexpressed cells upon Erastin stimulation
(Fig. 4D). A rescue experiment was subsequently per-
formed. We found that ACSL3 knockdown was sufficient
to rescue the increased ACSL3 levels upon METTL7B
overexpression (Fig. 4E), and the increased cell viability
of cells (Fig. 4F). Moreover, ACSL3 knockdown increased
the lipid ROS (Fig. 4G), MDA (Fig. 4H), and iron content
(Fig. 41)in cells induced by METTL7B overexpression and
Erastin stimulation, indicating that METTL7B might be
participating in ferroptosis through ACSL3.

METTL7B inhibited tumor growth and ferroptosis in
xenograft tumor model induced by Erastin

The effect of METTL7B was further examined in a mouse
xenograft model. As shown in Fig. 5A, the tumor growth
was restrained in mice following METTL7B inhibition
in SW780 cells. Combined with Erastin treatment, the
tumor volume the decreased in METTL7B knockdown
group relative to the negative control group, although
falling short of significance (Fig. 5A). As expected, the
tumor weight showed a similar trend as the tumor vol-
ume results (Fig. 5B). IHC results exhibited a lower Ki67,
METTL7B, and ACSL3 levels in excised tumor from the
METTL7B silencing group, while excised tumor from
Erastin plus METTL7B inhibition group showed a obvi-
ous decrease in these protein levels (Fig. 5C). In addi-
tion, the reduced protein expression of ACSL3 (Fig. 5D)
and ferrous iron content (Fig. 5E) were confirmed upon
METTL7B knockdown, while a slight reduction of these
levels were observed in tumor tissue of mice in combina-
tion with Erastin treatment. Similarly, the MDA content

was increased in tumor with METTL7B knockdown, and
Erastin-treated mice had higher levels compared to the
vehicle treated-mice (Fig. 5F). The results indicated that
METTL7B might play a role in the regulation of ferropto-
sis, as its effect was not further enhanced by Erastin.

Involvement of PLAGL2 in METTL7B transcriptional
regulation

Next, we sought to determine the potential upstream
regulators of METTL7B. PLAGL2, a zinc-finger tran-
scription factor, is involved in pathogenesis of multiple
cancers. Recently, PLAGL2 was identified to correlate
with the pathological features and prognosis in BC tissues
[25]. The database survey revealed the higher PLAGL2
expression in BC tissues and a positive correlation exists
between PLAGL2 and METTL7B (Fig. 6A-B). Addition-
ally, a publicly available database predicts the possible
binding site of PLAGL2 and METTL7B. RT-qPCR and
Western blot (Fig. 6D) validated the loss or gain of MET-
TL7B expression upon PLAGL2 silencing or overexpres-
sion (the transfection efficiency was shown in Fig. 6C).
According to predict results, three truncated METTL7B
reporter plasmids were constructed. The dual lucifer-
ase results revealed that PLAGL2 overexpression sig-
nificantly promoted the luciferase activity of all reporter
plasmids (Fig. 6E). Therefore, we designed the PCR prim-
ers to amplify the three putative binding sites on the
METTL7B DNA sequences. As results indicated that the
PLAGL2 binding motif located in -461~-451 bp (primer
2) and —262~-253 bp (primer 3) on the METTL7B pro-
moter region (Fig. 6F).

Discussion

In our study, we proved the function of METTL7B in BC
progression and development both in vitro and in vivo.
On the one hand, METTL7B was overexpressed in BC
and its upregulation promoted cell proliferation. On the
other hand, METTL7B is involved in the ferroptosis pro-
gression of BC cells. Mechanically, METTL7B increased
ACSL3 expression via m°A modification to negatively
modulate the ferroptosis sensitivity of BC cells. MET-
TL7B may be a new, potential therapeutic target for BC.
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Fig. 5 METTL7B inhibited tumor growth and ferroptosis in xenograft tumor model induced by Erastin. (A) Tumor growth curves of xenograft tumors
derived from SW780 cells with METTL7B knockdown. (B) Representative images of xenograft tumors (left panel) and tumor weights (right panel) of xeno-
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METTL7B was first identified to be a Golgi-related upregulated in multiple BC cell lines, and its upregula-
methyltransferase [26] and reported to function in can-  tion exacerbated cell proliferation and colony forma-
cers. But, its role in cancer was controversial: on the one  tion. Besides, METTL7B knockdown induced a cell cycle
hand, METTL7B was upregulated and promoted cell arrest in GO/G1 phase. CCNDKI1 is a cell cycle regula-
malignant behavior in lung adenocarcinoma [10] and tor, and its abnormal expression was correlated with BC
glioma [11], whereas on the other hand, increased MET-  development [27]. CCDNI is the regulatory subunit of
TL7B was suggested to exert suppressing effect in breast ~CDK4 and CDK®6, which interact with them and inhibit
cancer [12]. In our work, we revealed that METTLB was  their activity [28]. All of them are responsible for the G1
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to S phase transition. Moreover, CDKN2D was reported
to inhibit CDK4 and CDK®6 activity as well as to restrain
G1/S transition [29]. Similar results of cell cycle-related
gene expression upon METTL7B knockdown were
reported by Li et al. [30]. and Liu et al. [31]. These data
supported the pro-proliferative effect of METTL7B, indi-
cating a cancer promoting role for METTLB on BC.

Ferroptosis, as one of the programmed cell death, plays
an important role in the homeostatic mechanisms of
organisms. The unique metabolism of cancer cells, their
high ROS load, and cancer-specific mutations make some
of these cells inherently susceptible to iron ion damage
[32], including BC [33]. The family member METTL3
was reported to participate in ferroptosis process regu-
lation [34]. In combination with the previous report
for METTLB on GPX4 expression [10], our work firstly
revealed the function of METTL7B in ferroptosis. Eras-
tin is a typical ferroptosis inducer. The experiment results
showed that METTL7B silencing effectively aggravated
Erastin-provoked lipid peroxidation and ferroptosis,
manifested by lipid ROS, MDA, and iron content in BC
cells. Additionally, these results were proved by mito-
chondrial morphological alternations observed by EM.
Shrunken mitochondrial with reduced or vanished cris-
tae and outer membrane rupture is the unique charac-
teristic of ferroptosis [23], which was consistent with
our EM results. All these results suggested the possible
function of METTL7B on ferroptosis in BC. Xenotrans-
plants also confirmed that knocking down METTL7B in
SW780 cells decreased tumor growth; while, we noticed
there was a mild decrease in tumor growth in METTL7B
silencing upon Erastin induction, though there was no
significance. It was unclear whether it was the inhibi-
tion of tumor proliferation beyond the constraints of the
xenograft model, or perhaps the observation time point
is too short to observe a time point where significant
changes may occur. This also requires more thought and
experimentally thinking.

The ferroptosis progress is under the regulation of fer-
roptosis regulator genes, which include suppressors and
drivers of ferroptosis. In the past years, emerging evi-
dence has reported that m°A regulated gene expression,
and thus affect ferroptosis processes [35]. A recent work
reveal unveils six possible ferroptosis-related prognostic
genes for BC [24]. Three genes of interest were chosen
for RT-qPCR examination upon METTL7B overexpres-
sion or silencing. Among them, ACSL3 with significant
expression changes was chosen for further mechanism
validation. ACSL3 belongs to the long-chain fatty ACSL
family. Among this family, ACSL3 and ACSL4 were
reported to function in ferroptosis. Concordant with
ACLS4, ACSL3 is a suppressor of ferroptosis that regu-
late ferroptosis sensitivity which contributes to ferrop-
tosis resistance in cancer cells [36-38]. Although the
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precise function and target of METTL7B are inconclu-
sive, it has recently been reported that METTL7B can
participate in m®A modification as the RNA methyltrans-
ferase [10]. Our data showed that the m°®A-methylated
level of ACSL3 mRNA in BC cells upon METTL7B over-
expression was significantly elevated. m°A methylation
usually occurred in 3’-untranslated regions (3’-UTR) and
then CDS as well as 5'-UTR region of mRNA [39]. It was
experimentally confirmed that METTL7B promoted m°®A
modification on ACSL3 mRNA. Finally, a functional res-
cue experiment confirmed that METTL7B exerts func-
tions in ferroptosis targeting ACSL3. The myriad roles
of m®A modifications are largely dependent on down-
stream RNA binding proteins, known as mP®A “readers”,
which preferentially recognize m®A-modified RNAs and
then regulate mRNA processing [40, 41]. Thus, follow-up
research with the identification of possible m°A readers
will help to further understand the mechanism and it will
be part of our future research.

Interestingly, we found that METTL7B is likely tran-
scriptionally regulated by PLAGI1 like zinc finger 2
(PLAGL2). PLAGL2 contains seven C2H2 zinc finger
domains on the N-terminal [42], which allows for DNA
binding and activating transcription of specific genes
[43]. The variety of cancers elaborates on the close rela-
tionship between PLAGL2 and tumor development [44,
45]. In BC, PLAGL2 was identified to be overexpressed
and served as an independent predictor for survival [25].
PLAGL2 knockdown inhibited BC progression both in
vivo and in vitro [46]. We observed that PLAGL2 regu-
lated METTL7B directly by binding to -461~-451 and
—-262~-253 bp on METTL7B promoter transcriptional
activity in BC cells, as ChIP results showed no binding at
-1913~-1904 bp (bd-1 showing in Fig. 6F). It implicates
that METTL7B was likely to be regulated by PLAGL2 in
BC cells, thereby affecting downstream function. But, the
exact molecular mechanism of PLAGL2 in BC and the
underlying mechanism of the PLAGL2/METTL7B axis
still need further investigation.

Conclusion

Our work uncovered the involvement of METTL7B in
BC and upregulated METTL7B displayed the cancer
promoting effect. Silencing METTL7B inhibited cell
proliferation in BC cells. Mechanically, METTL7B pro-
moted m®A modification on ACSL3 mRNA in BC cells,
thereby inducing the ferroptosis process and regulat-
ing BC progression. Induction of ferroptosis is an effec-
tive therapeutic strategy. Researchers are exploring the
induction of ferroptosis by small molecule compounds
to enhance the sensitivity of chemotherapeutic drugs and
thus improve the therapeutic effect of cancer, including
BC [47]. The regulatory mechanism of ferroptosis is of
great value in the clinical treatment of bladder cancer,
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and future studies can focus on how to effectively induce
ferroptosis and how to overcome the drug resistance of
tumor cells.
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Supplementary Material 1: Supplementary figure 1. METTL7B knockdown
inhibited protein expression of cell cycle-related genes. A) The protein
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