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Introduction: As the most prevalent internal RNA modification in eukaryotic
transcripts, N6-methyladenosine (m®A) which is catalyzed by methyltransferase-
like 3 (METTL3), is widely involved in cancerous diseases. However, the role of
METTL3 and small nucleolar RNA host gene 1 (SNHG1) playing in osteosarcoma
(OS) remains largely unknown.

Methods: Bioinformatics analysis, RT-gPCR, western blotting assays were used
to detect the expression of METTL3, SNHG1, RNA binding motif protein 15
(RBM15), WD repeat domain 74 (WDR74) and EWS RNA binding protein 1
(EWSR1) accordingly. Cell proliferation and motility ability changes were
assessed by colony formation and transwell migration assays. RNA stability
changes were evaluated by an actinomycin D assay. The level of SNHG1 m6A
modification changes were addressed by an RNA immunoprecipitation (MeRIP)-
qPCR assay. RNA pulldown assays and RNA immunoprecipitation assays were
applied to detect the interactions between SNHG1 and proteins. A chromatin
immunoprecipitation (ChIP)-qPCR assay was performed to verify the binding
effect between WDR74 promoter region and EWSR1. Orthotopic xenograft
mouse models were constructed to evaluate the role of METTL3 playing in OS
tumorigenesis and lung metastasis in vivo.

Results: It was uncovered that METTL3 was significantly upregulated in OS tissues
and cell lines. As an oncogenic regulator, METTL3 promoted proliferation and
migration in OS cells by enhancing the stability of SNHG1. Mechanically, it was
displayed that METTL3 catalyzed SNHG1 m6A modification with the assistance of
RBM15. More deeply, it was found that SNHG1 promoted OS cells proliferation and
migration via regulation of its neighboring gene WDR74. Meanwhile, it was
discovered that SNHG1 affected WDR74 transcription by EWSR1 recruitment.
Finally, it was displayed that overexpression of METTL3 promoted SNHG1 and
WDR74 expression, and upregulation of METTL3 facilitated OS tumorigenesis and
lung metastasis in vivo.
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Conclusion: The present research illustrated that METTL3 enhanced the stability
of SNHG1 with the assistance of RBM15 in an m6A dependent manner in OS cells.
And SNHG1, promoted the transcription of WDR74 in cis, via recruitment of
EWSRY1, thereby facilitated WDR74-mediated proliferation and migration in OS
cells. These findings provide new insights into the epigenetic regulation of OS
and highlight potential therapeutic targets.

METTL3, N6-methyladenosine, SNHG1, WDR74, osteosarcoma, proliferation/metastasis

Introduction

Osteosarcoma (OS), though a rare primary bone tumor of the
musculoskeletal system, accounts for approximately 20% of all
primary bone malignancies, with an estimated global incidence of
30,000 cases annually (1). Due to its aggressive clinicopathological
features, the overall prognosis of OS remains poor, with a 5-year
survival rate of only 61.6% in young-onset patients (2). Although the
combination of adjuvant chemotherapy and surgical resection has
significantly improved the survival rate, the event-free survival rate in
patients with metastasis remains below 30% (3). Consequently, a
comprehensive understanding of the molecular biology of OS and the
identification of novel targets remain critical in the treatment of OS.

m°A, catalyzed by methyltransferase complexes (MTCs) and
characterized by the consensus motif RRACH (where R = A/G, H =
A/C/U), is the most prevalent posttranscriptional modification on
RNAs, including both mRNAs and ncRNAs (4). METTL3, with a
length of 580 amino acids, a key component of MTCs, is widely
involved in cancer progression and therapeutic targeting (5).
METTL3 acts as an m°A methyltransferase and functions as both an
oncogenic regulator and a tumor suppressor in diverse cancers (5). With
the assistance of certain readers, such as insulin-like growth factor 2
mRNA-binding protein 2 (IGF2BP2), insulin-like growth factor 2
mRNA-binding protein 3 (IGF2BP3), and YTH N6-methyladenosine
RNA-binding protein F1 (YTHDF1), METTL3-mediated RNA
methylation adjusted the RNA stability in an m°A-dependent manner
(6-8). METTL3 also increased the stability of multiple IncRNAs like
MALAT1, THAP domain containing seven antisense RNA 1 (THAP7-
AS1), small nucleolar RNA host gene 7 (SNHG?7) and promotes various
cancers progression including glioma, gastric cancer and prostate cancer
(9-11). To date, related research on METTL3 and IncRNA in OS is rare.
It was reported by Zhou et al. that METTL3 increased differentiation
antagonizing non-protein coding RNA (DANCR) stability via m°A
modification and contributed to OS progression (12). However, whether
METTL3 might regulate SNHG1 remains unclear in OS.

SNHGI is localized at the chromosome 11q12.3 region and
contains 11 exons. SNHGI1 is well recognized as an oncogene in
diverse cancers (13, 14). SNHGI exerts oncogenic roles via absorbing
multiple miRNAs like miR-577, miR-493-3p, miR-326, miR-101-3p,
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and miR-424-5p through acting as a competing endogenous RNA
(ceRNA) in OS (15-19). LncRNAs regulate downstream gene
expression at different levels through myriad mechanisms, including
affecting RNA splicing, regulating transcription of neighboring and
distant genes, and adjusting RNA stability and translation by
interacting with DNA, RNA, and proteins (20). SNHGI is
upregulated and is mainly localized in the nucleus of gastric cancer,
colorectal cancer, liver cancer, and lung cancers (21-24). Mechanically,
it was displayed that SNHGI affected focal adhesion kinase (FAK)/
PI3K/AKT signaling pathway by regulation of its neighboring gene
solute carrier family 3 member 2 (SLC3A2) (25). Unlike previous
research, in the current study, it was found that SNHGI, methylated
and stabilized by METTL3-initiated m®A, promoted OS cell
proliferation and migration via regulation of its neighboring gene
WD repeat domain 74 (WDR74). The current research unveiled a
novel angle of illustrating how SNHG1 works in OS.

Materials and methods
Patients and tissue samples

OS tissue specimens and adjacent nontumor tissue specimens (5
cm away from the tumor) were collected from patients with OS
according to a definite pathological diagnosis at Central Hospital
Affiliated with Shenyang Medical College (Shenyang, China) and at
Shengjing Hospital of China Medical University (Shenyang, China)
during surgical resections. All patients have been informed and
consented to be involved in this study. Permission for this study was
granted by the Institute Research Medical Ethics Committee of
Shenyang Medical College.

Bioinformatics analysis and software
availability

The differentially expressed data of m°A-related genes, SNHGI,

and WDR74 OS-related GEO datasets GSE12865, GSE42352,
GSE87437, and GSE33458 were downloaded from the GEO database
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and reanalyzed according to various analytical demands. The
expression levels of METTL3 and WDR74 in TCGA database were
analyzed using an online web tool, UALCAN (26). The survival
analyses of METTL3, SNHGI, and EWSRI levels in OS were
performed using TCGA database (TARGET-OS) from an online
web tool, PCAT (http://www.pedtranscriptome.org./?analysis).

Cell culture

The human osteoblast cell line hFOB 1.19 was maintained in
DMEM/F12 (Gibco, El Paso, TX, USA). Four human OS cell lines—
MG-63, HOS, U20S, and 143B—purchased from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China), were cultured
in DMEM (Gibco). All cells were incubated in a humidified
atmosphere containing 5% CO, at 37°C. All media were
supplemented with 10% (v/v) fetal bovine serum (FBS; Sigma, St.
Louis, MO, USA), 100 IU/mL penicillin (Baomanbio, Shanghai,
China), and 100 mg/mL streptomycin (Baomanbio, China).

Cell transfection and Oligo RNA
transfection

The short hairpin RNAs (shRNAs) overexpression plasmids
targeted or carried diverse genes, including METTL3 (shMETTL3-
1, shMETTL3-2, and 0eMETTL3), RBM15 (shRBM15-1 and
shRBM15-2), SNHGI (shSNHGI1-1, shSNHG1-2, and 0eSNHGI),
and EWSR1 (shEWSR1-1, shEWSRI1-2, and 0eEWSR1) were
designed and synthesized by Shanghai GenePharma Co. Ltd.
(Shanghai, China). When OS cells were grown to 70% confluence,
the shRNAs or overexpression plasmids were transfected into OS
cells by using a Lipofectamine 3000 kit (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instructions.

RNA extraction and quantitative real-time
PCR

The procedure was conducted as previously described (27). A
TRIzol"™ Plus RNA Purification Kit (Invitrogen) was used to isolate
total RNAs from tissue specimens or cells. The nuclear and
cytoplasmic RNAs were extracted by using a Cytoplastic and
Nuclear RNA Purification Kit (Norgen BioTek, Thorold, Canada)
according to the manufacturer’s protocol. Two micrograms of
isolated RNAs were reversely transcribed into cDNAs using a
PrimeScriptTM RT Master Mix reagent kit (TaKaRa, Beijing,
China). A TB Green® Premix Ex TaqTM IT reagent kit (TaKaRa)
was used to perform the following RNA extraction and quantitative
real-time PCR (RT-qPCR) assays according to the manufacturer’s
instructions. GAPDH was set as an internal control, and the relative
expression levels of target genes were calculated using the 274"
method. All the primers were synthesized by TaKaRa, and the
sequences are listed in Supplementary Table SI.
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Western blot analysis

The procedure was carried out as previously described (28). In brief,
total proteins from cells or tissue samples were harvested by a protein
extraction kit (Servicebio, Wuhan, China) and qualified by a BCA
protein assay kit (Servicebio). Protein samples (20 [g) were separated
by 10% sodium dodecyl sulfonate polyacrylamide gel electrophoresis
(SDS-PAGE), transferred onto a PVDF membrane (Millipore, Billerica,
MA, USA), and blocked for 1 h at room temperature. The membrane
was sealed and then incubated with primary antibodies overnight at 4°
C, individually. The next day, the primary antibodies were washed out,
and the membrane was incubated with a second antibody at room
temperature for 1 h. Lastly, the membrane was stained using a
Hypersensitivity ECL Chemiluminescence Detection Kit (Sevenbio,
Beijing, China). Protein signals were exposed by a gel imager
(ChemiScope6100, Clinx Science Instruments Co. Ltd., Shanghai,
China). Antibodies were as follows: METTL3 (1:5,000, Abcam,
Cambridge, MA, UK, No. ab195352), RBM15 (1:2,000, Abcam, No.
ab70549), WDR74 (1:1,000, Abcam, No. ab154190), GAPDH (1:10,000,
Abcam, No. ab8245), Tubulin (1:5,000, Abcam, No. ab7291).

Transwell assay

The procedure was performed as previously reported (29). HOS
and U20S cells with different interventions (with a density of 4 x
10* for migration and 8 x 10* for invasion assay) were incubated in
the upper chambers (Corning, New York, USA). Medium without
FBS was added to the upper chambers, while medium containing
10% FBS was added to the lower chambers, respectively. After 18 h,
nonmigrated or noninvaded cells were wiped out, while migrated
HOS and U208 cells were fixed, stained, and counted using an
inverted microscope (Olympus, Tokyo, Japan).

Colony formation assay

HOS and U20S cells with different interventions were seeded in
a six-well plate with a density of 500 cells/well. The cells were
supplemented with a culture medium containing 10% FBS and
incubated with a condition of 5% CO, at 37°C. After 10-14 days,
the cells were fixed with 4% formalin and stained with crystal violet,
and the formed colonies were counted.

Actinomycin D assay

The procedure was performed as previously described (30).
HOS and U20S cells with different interventions were seeded into
the six-well plate with a density of 2 x 10° and then exposed to 2 ug/
mL actinomycin D (Merck KGaA, Darmstadt, Germany) at
different time points. Total RNAs from diverse cells at different
time points were extracted, and the expression of SNHG1 was
determined by an RT-qPCR assay.
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Methylated RNA immunoprecipitation
qPCR assay

The procedures were performed according to the
manufacturer’s instructions for a Magna MeRIP™ m°A Kit
(Merck KGaA). In brief, isolated total RNAs from tissue
specimens or cells were first fragmented by using of 2 uL RNA
fragmentation buffer (Thermo Fisher, Waltham, MA, USA). 10% of
the fragmented RNA was reserved for each sample and set as the
input control. Fragmented RNA was incubated with 10 uL m°A
antibody (3 pg/500 pL, Abcam, No. ab208577) in IP-binding buffer
(10 mM Tris-HCl, 150 mM NaCl, 0.1% NP-40, pH 7.4). The
mixture was then incubated with 50 UL protein A/G magnetic
beads (Thermo Fisher) for 2 h at 4°C. Subsequently, the beads were
harvested and washed twice in IP wash bufter (10 mM Tris-HCI, 1
M NaCl, 0.1% NP-40, pH 7.4). The bound RNAs were eluted from
the beads with m°A elution buffer (0 mM Tris-HCI, 1 M NaCl, 0.1%
NP-40, 25 mM m°A, pH 7.4). Eluted fragmental RNAs were
harvested and purified by an A&DPure Trizol Total RNA
Purification Kit (A&D, Ann Arbor, MI, USA). Further
enrichment of SNHG1 was calculated by qPCR and the
corresponding m°A enrichment in each sample was calculated by
normalizing the input data.

RNA immunoprecipitation-gPCR assay

The procedures were performed as previously reported (31) and
strictly followed the instructions of a Magna RNA immunoprecipitation
(RIP) RNA-Binding Protein Immunoprecipitation kit (Millipore). In
short, HOS and U20S (2 x 10) cells after diverse interventions were
collected and then lysed with a RIP lysis buffer (containing 10 UL
protease inhibitor and 10 uL RNase inhibitor). In total, 10% of cell
lysate was set as the input. Magnetic beads were resuspended and
vortexed twice with RIP wash buffer. The magnetic beads were
incubated with anti-IgG antibody (1:30, Abcam, No. ab313801), anti-
METTL3 antibody (1:50, Abcam, No. ab195352), anti-RBM15 antibody
(2 pg/mg of lysate, Abcam, No. ab70549) or anti-EWSRI1 antibody
(12.03 pg/mL, Abcam, No. ab252829) under rotation for 30 min at
room temperature. The labeled magnetic beads were harvested, and 900
UL of RIP immunoprecipitation buffer and 100 pL of cell lysate were
added to the labeled magnetic beads and incubated with rotation for 3 h
overnight at 4°C. The next day, an RNeasy MinElute Cleanup kit
(Qiagen, Valencia, CA, USA) was used to extract the
immunoprecipitated RNA, and the extracted RNAs were reversely
transcribed and subjected to RT-qPCR to detect the relative
abundance of SNHGI.

RNA pulldown assay

The procedure was executed as previously described (32) by
using a Pierce' " Magnetic RNA Protein Pull-Down Kit (Thermo
Fisher) according to the manufacturer’s instructions. In brief, the
biotin-labeled SNHG1 probe and corresponding vector probe were
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synthesized by RiboBio Co. Ltd. (Ribobio, Guangzhou, China).
HOS and U20S cells were lysed, and the cell lysates were
harvested. Cell lysates were resuspended in pull-down lysis buffer,
then homogenized by a homogenizer and centrifuged at 12,000 rpm
for 15 min. The supernatants were harvested and incubated with
200 pmol of biotin-labeled RNA probes at 4°C for 4 h, followed by
incubation with 20 pL of prepared streptavidin magnetic beads
(Thermo Fisher) for another 1 h at 4°C before washing five times
with wash buffer (20 mM Tri-HCl, pH 7.5, 1 mM EDTA and 300
mM NaCl). The pulldown proteins were subjected to the following
Western blot analysis.

Chromatin immunoprecipitation-qPCR
assay

The procedures were executed as previously reported (33). In
brief, 5 x 10° HOS and U20S cells were cross-linked with 1%
formaldehyde for 10 min at room temperature. The cross-linking
was ceased by using 0.125 M of glycine after 5 min of incubation at
room temperature. The OS cells were rinsed twice with cold PBS
(containing 1 mM PMSF and 1 x protease inhibitor cocktail), lysed
with a chromatin immunoprecipitation (ChIP) lysis buffer (Cell
Signaling Technologies, Danvers, MA, USA), and then sonicated to
yield DNA fragments with sizes of 0.2 to 1 kb. In total, 10% of the
fragmented DNA was set as the input control. The remaining DNA
was incubated overnight at 4°C on a rotator with 10 ug of anti-
EWSRI (Abcam, No. ab252829) or anti-IgG antibody (Abcam, No.
ab313801). The next day, ChIP-Grade Protein G Magnetic Beads
(Cell Signaling Technologies) were added to the samples and
incubated for another 4 h at 4°C. After 4 h, the beads were
harvested and washed three times with 1 x ChIP buffer (Cell
Signaling Technologies), followed by a single wash with 1 mL lysis
buffer containing 1 x ChIP buffer and 0.5 M NaCl using a magnetic
separation rack. The chromatin was eluted in a ChIP Elution Buffer
(Cell Signaling Technologies) followed by reverse crosslinking at 65°
C for at least 4 h. ChIP DNA was treated with 5 g/mL RNase A and
0.2 mg/mL protease K and purified using NucleoSpin Gel and PCR
Clean-up (MACHEREY-NAGEL, Diiren, Germany). The purified
ChIP DNA was quantified by a qPCR assay to detect the abundance
of immunoprecipitated WDR74 promoter.

In vivo nude mouse model

The procedure was performed as previously reported (34).
Female BALB/c nude mice aged 4-5 weeks were purchased from
the Animal Care and Use Committee of Dalian Medical University
Ltd. (Dalian, China) and kept under sterile specific-pathogen-free
(SPF) conditions. HOS cells (1 x10°, mixed with Matrigel, BD
Bioscience, Shanghai, China, 1:1) stably overexpressing METTL3 or
the corresponding blank vector were injected subcutaneously or
intravenously to construct the in vivo tumorigenesis model or in
vivo lung metastasis model. Formatted subcutaneous tumor nodes
were monitored weekly, and lung metastatic nodes were monitored
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at week four by computed tomography (CT, Siemens, Miinchen,
Germany). The formatted subcutaneous tumor nodes and
metastatic lung nodes were then harvested for further analysis.
This study was conducted in accordance with the Guide for the Care
and Use of Laboratory Animals of the National Institutes of Health
and was approved by the Institute Research Medical Ethics
Committee of Shenyang Medical College.

Statistical analysis

All results are expressed as the mean + SD from at least three
independent experiments. Statistical analysis was performed using
GraphPad Prism V6.0 (GraphPad Software Inc., La Jolla, CA, USA).
Differences between the two groups were analyzed using an
unpaired two-tailed Student’s t-test. Differences among multiple
groups were assessed using one-way ANOVA, and when
significance was observed, the criterion for significance was set as
P < 0.05. %p < 0.05, **p < 0.01, **p < 0.001; ***p < 0.0001, “p <

###

10.3389/fonc.2025.1529657

Results

METTL3 is upregulated in OS

We initially focused on the dysregulated m°A-related genes
through an online analysis of OS-related GEO datasets GSE12865
and GSE42352. As shown in Figures la, b, several m°A genes,
including METTL3, RBM15, IGF2BP3, and RNA-binding motif
protein X (RBMX), were significantly upregulated in OS cell lines
and OS tissues compared to osteoblast and non-osteosarcoma
tissues. We primarily concentrated on the role of METTL3, a
well-known m®A “writer”, in OS. Based on an online analysis of
TCGA database, we found that METTL3 was upregulated in
sarcoma tissue samples (n = 260) compared to normal tissues (n
=2) (Figure 1c). Clinically, our own analysis using Western blot and
RT-qPCR assays demonstrated that METTL3 was significantly
upregulated in OS tissues (Figures 1d, e). Furthermore, METTL3
was also upregulated in four OS cell lines, with hFOB 1.19 used as a
control (Figures 1f, g). Through an online analysis of TCGA
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FIGURE 1

METTL3 is upregulated in OS. (a, b) Dysregulated m®A-related genes in two OS-related GEO datasets (GSE12865 and GSE42352) were analyzed
using GEO2R. METTL3, RBM15, IGF2BP3, and RBMX were found to be upregulated in OS (*p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001,
respectively). (c) METTL3 was upregulated in 260 sarcoma samples compared to two normal tissue samples, based on online TCGA analysis by using
the web tool UALCAN. (d, e) Expression of METTL3 in OS tissue was measured by Western blot (d) and RT-qPCR assay (e). ****P < 0.0001. (f, g)
Expression of METTL3 in the normal osteoblast cell line hFOB1.19 and in four OS cell lines (MG-63, HOS, U20S, and 143B) was determined by RT-
gPCR (f) and Western blot (g) (****p < 0.0001). (h) The overall survival rate of OS patients with diverse METTL3 expression levels was analyzed by
Kaplan—Meier survival analysis according to an online analysis of TCGA database (TARGET-OS) by using an online web tool PCAT. All data are
presented as mean + SD from three independent experiments.
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found that the overall survival rate of patients with high METTL3
expression (n = 57) was lower than that of patients with low
METTL3 expression (n = 28) (Figure 1h).

METTL3 functioned as an oncogenic
regulator of proliferation and
migration in OS cells by enhancing
SNHGL1 stability in vitro

In this section, we explored the role of METTL3 in OS cell
proliferation and migration. Functionally, it was demonstrated that
both up- and downregulation of METTL3 promoted or suppressed
the proliferation and migration abilities of HOS and U20S cells,
respectively (Figures 2a-c, Supplementary Figures Sla-d). These
findings suggest that METTL3 functions as an oncogenic regulator
in OS cell proliferation and migration. As a well-known m°A
“writer”, METTL3-mediated m®A modification is closely
correlated with RNA metabolism, including IncRNAs, in cancer
(36). Through online analysis of TCGA database (TARGET-OS)
using PCAT and reanalysis of two OS-related GEO datasets,
GSE87437 and GSE33458, we examined the relationship between
METTL3 and several IncRNAs implicated in OS, including
DANCR, taurine upregulated 1 (TUG1), SNHGI, urothelial
cancer-associated 1 (UCAL), breast cancer antiestrogen resistance
4 (BCAR4), small nucleolar RNA host gene 5 (SNHG5), tumor
suppressor candidate 7 (TUSC7), MALAT]1, maternally expressed 3
(MEG3), and growth arrest-specific 5 (GAS5), using Spearman
correlation analysis. As shown in Supplementary Table S2 and
Figures 2d-f, SNHG1 was selected for further study due to its
positive correlation with METTL3 across all three databases.
Meanwhile, we found that patients with high SNHG1 expression
had significantly shorter overall survival rates compared to those
with low SNHGI expression (Figure 2g). As previously reported,
the oncogenic role of SNHGI in OS has been well-explored (15, 17-
19). Based on these findings, we hypothesized that METTL3 may
influence OS cell proliferation and migration through the regulation
of SNHGI. A further RT-qPCR assay indicated that up- and
downregulation of METTL3 affected the expression levels of
SNHGI1 (Figures 2h, i) in OS cells. METTL3 is reported to
regulate RNA stability in an m®A-dependent manner (10, 37, 38).
To further investigate this, an actinomycin D assay was conducted
to assess the effect of METTL3 on SNHGI stability. As shown in
Figures 2j, k, the knockdown of METTL3 significantly accelerated
SNHGI decay. Conversely, the upregulation of METTL3 enhanced
the stability of SNHGI. Lastly, through SNHG1-related functional
assays, we observed that upregulation of METTL3 (0eMETTL3)
promoted proliferation and migration in OS cells. This facilitative
effect of 0eMETTL3 was attenuated by knockdown of SNHGI
(0eMETTL3 + shSNHG1) (Figures 2l, n; Supplementary Figure
S1E). Similarly, we demonstrated that downregulation of METTL3
(shMETTL3) suppressed proliferation and migration in OS cells,
and this suppressive effect was reversed by upregulation of SNHG1
(shMETTL3 + 0eSNHGI1) (Figures 2m, o; Supplementary Figure
S1F). Taken together, these data indicate that SNHGI is, at least
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partially, a downstream target in METTL3-mediated proliferation
and migration in OS cells.

METTL3 catalyzes m®A modification of
SNHG1 with the assistance of RBM15

In this section, using the online m®A modification prediction web
tool SRAMP (39), we first identified that SNHG1 contains an
“RRACH” motif at positions 101-105 (Figure 3a; Supplementary
Figure S2a). Meanwhile, through a methylated RNA
immunoprecipitation qPCR (MeRIP-qPCR) assay, we
demonstrated that the m°A modification of SNHGI was
abundantly enriched in OS tissues and cell lines (Figures 3b, c).
Furthermore, we found that up- and downregulation of METTL3
positively affected the m°®A level of SNHG1 in OS cells (Figures 3d, e).
Next, an RIP assay was performed to confirm the interaction between
METTL3 and SNHGI. As shown in Figures 3f, g, compared with IgG,
the enrichment of SNHGI was significantly higher with the METTL3
antibody. In addition, an RNA pull-down assay was conducted to
verify the direct binding between METTL3 and SNHG1. As shown in
the representative images in Figure 3h, using GAPDH as a control,
METTL3 was pulled down and then detected in the biotin-labeled
SNHGI group but not in the vector group. Previous studies have
reported that RBM15 can recruit MTCs to certain IncRNAs, such as
X inactive specific transcript (XIST), thereby assisting their anchoring
to MTCs (40). Encouragingly, through an online analysis of TCGA
database (TARGET-OS) and a reanalysis of two GEO datasets,
GSE87437 andGSE33458, we found that RBM15 expression was
positively correlated with METTL3 expression in OS (Figures 3i-k).
To confirm whether RBM15 is involved in METTL3-mediated
SNHG1 m°A modification, we knocked down RBMI15 in
METTL3-overexpression OS cells (Supplementary Figures S2b-d),
and the m®A-modified SNHG1 was then analyzed using a MeRIP-
qPCR assay. As we speculated, the knocked down of RBM15 reduced
the m°A level of SNHG1 (Figures 31, m). Additionally, using an RIP
assay and an RNA pull-down assay, we found that SNHGI interacted
with RBM15 through direct binding (Figures 3n-p). These findings
indicate that RBM15 assists METTL3 in catalyzing the m°A
modification of SNHGI.

SNHG1 promotes proliferation and
migration by regulating its neighboring
gene, WDR74, in OS cells

In this section, by a localization FISH assay, we found that
SNHGI1 was mainly located at the nucleus but not at the cytoplasm
(Supplementary Figure S3a). This phenomenon indicated that
SNHGI1 might serve as a transcriptional regulator in OS cells.
Recent research has demonstrated that IncRNAs are involved in
cancerous disease via regulating its neighboring genes (41, 42). We
here attempted to explore whether SNHGI1 might regulate SLC3A2
and WDR74, two neighboring genes of SNHGI1 (Figure 4a;
Supplementary Figure S3b). Firstly, we uncovered that the
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FIGURE 2

METTL3 functioned as an oncogenic regulator of proliferation and migration in OS by enhancing the stability of SNHG1 in vitro. (a) Changes in cell
proliferation ability in HOS and U20S cells after up- and downregulation of SNHG1 were analyzed by colony formation assay. **P < 0.01,***P <
0.001,****P < 0.0001 and ##*##p < 0.0001 as compared with shNC and pcDNA, respectively. (b, c) Changes in cellular motility in HOS and U20S

cells following up- and downregulation of SNHG1 were evaluated by transwell assay. **P < 0.01,***P < 0.

001 and ****P < 0.0001 as compared with

shNC and pcDNA, individually. Magnification, X 400; scale bar, 200 um. (d—f) The correlation between METTL3 and SNHG1 in TARGET-OS,
GSE87437, and GSE33458 was analyzed by Spearman correlation analysis. (g) Kaplan—Meier overall survival curves for SNHG1 of human OS, p =
0.00072 as analyzed by a log-rank test. (h, i) SNHG1 expression after various METTL3 interventions was assessed by RT-gPCR assay. ***p < 0.001
and ****p < 0.0001 as compared with shNC; *###p < 0.0001 as compared with pcDNA, respectively. (j, k) SNHG1 stability following different
METTL3 interventions was checked by an actinomycin D assay. ****p < 0.0001 and *#*##p < 0.0001 as compared with shNC or pcDNA, separately. (L,
m) Colony formation assays were conducted to evaluate changes in cell proliferation in HOS and U20S cells. ****P < 0.0001. (n, o) Transwell assays

were performed to assess cell motility changes in HOS and U20S cells. **p < 0.01 as compared with pcDNA or shNC, an

d ##p < 0.01 as compared

with 0eMETTL3 and shMETTLS3, respectively. Magnification, X 400; scale bar, 200 um. All data are presented as the mean + SD from three

independent experiments.
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FIGURE 3

METTL3 catalyzed m®A modification of SNHG1 with the assistance of RBM15. (a) Predicted m°®A sites of SNHG1 identified using the online web tool
SRAMP. (b) The mPA level of SNHGL1 in 10 OS tissue specimens and their paired paratumor tissue specimens was qualified by a MeRIP-gPCR assay.
*xxxp < 0.0001 as compared with paratumor. (c) The m®A level of SNHG1 in the normal osteoblast cell line hFOB1.19 and in four OS cell lines was
determined by MeRIP-gPCR. ****p < 0.0001 as compared with hFOB1.19. (d, e) The m°®A level of SNHG1 in HOS and U20S after different METTL3
interventions was assessed by MeRIP-gPCR. *p < 0.05 and **p < 0.01 as compared with shNC; *#*##p < 0.0001 as compared with pcDNA. (f, g) An
RIP assay was performed to verify the targeted binding effect between SNHG1 and METTL3 in HOS and U20S cells. ***p < 0.001 and ****p < 0.0001
as compared with anti-IgG. (h) An RNA pulldown assay was conducted to confirm the binding interaction between SNHG1 and METTL3 in HOS and
U20S cells. (i—-k) The correlation between METTL3 and RBM15 in TARGET-OS, GSE87437, and GSE33458 datasets was analyzed using Spearman
correlation analysis. (L, m) The m®A level of SNHG1 in HOS and U20S after different METTL3 and RBM15 interventions was measured by MeRIP-
gPCR. ****p < 0.0001 and ##*##p < 0.0001 as compared with pcDNA or 0eMETTL3, respectively. (n, o) The binding interaction between SNHG1 and
RBM15 in HOS and U20S cells was verified by RIP assay. ***p < 0.001 and ****p < 0.0001 as compared with anti-IgG. (p) Another RNA pulldown
assay was used to confirm the binding effect between SNHG1 and RBM15 in HOS and U20S cells. All data are presented as the mean + SD from

three independent experiments.

expression of SNHG1 was closely correlated with WDR74 but not
with SLC3A2 via online correlation analysis (Figures 4b-d;
Supplementary Figures S3c—e). Therefore, WDR74 was selected in
the following research. Functionally, it was displayed that up- and
downregulation of SNHG1 correspondingly increased and decreased
WDR74 expression both at the mRNA and at the protein level
(Figures 4e-h). Next, we found that WDR74 was upregulated in OS
(Figure 4i, j). Functionally, we found that the knockdown of WDR74
attenuated the facilitative effect on proliferation and migration
mediated by SNHG1 (Figures 4k-n). In short, the uncovering of
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this section suggested that SNHGI1 promoted proliferation and
migration via regulation of its neighboring gene WDR74 in OS cells.

SNHGL1 affected WDR74 transcription
through EWSR1 recruitment

Through a cytosolic/nuclear fractionation assay by using
GAPDH mRNA as cytoplasmic control and U6 RNA as nuclear
control, it was unveiled that both SNHG1 and WDR74 were

frontiersin.org


https://doi.org/10.3389/fonc.2025.1529657
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Qiu et al. 10.3389/fonc.2025.1529657
a b TARGET-0S c GSE33458 d GSE87437
ch 11- NC_000011.10 é * p< 00001 §* *% R=os12 § 7 R=gaas
romosome 11 - NC_| . P<0. <0. =0. .
62832234 > 62021878>  § 20 . H p<0.0001 ] p=00446
[ 4 Qo o Q
L v 3 15 H 3 200
— NS : N NS .
SLC3A2 (Chromosome 11: 62,856,004-62,888,880) E 10 = x ..
- E H S 100 v, .
SNHG1 (Chromosome 11: 62,851,978-62,855,953) 2 s 2 2 = .
2 & 2
WDR74 (Chromosome 11: 62,832,342-62,841,809) 5 s 5
x 0 [4 ¢ 0+ T T J
0 10 20 30 40 0 500 1000 1500
Relative SNHG1 expression Relative SNHG1 expression
e f 9
HOS uU20s HOS u20s
<5 500 -~ <5 500 s HOS 52 s U208 52 sokn
zZz ZzZz ~ oo =z ~ o z
o Q % - Q o =
Eﬁ‘"“ 'Ej‘“’“ ~z<~;~z<~;v é;“ 5 150 S & S g 150
S 2300 S 2300 5555 - s S FEFFS 3
£ 33 S L& B S 9§ 9 2
os ) sS85 588 2 100 S5E5 &S 2 100
2 § 200 2 § 200 I ] %
E £ 100 E £ 100 g % g%
ok 5 =
0 0 0
WO At At W WG A NP o Nertorkonke NeatorTonke
o O O O o g\\ \,\e 0O o N \xe S NGRCGO
WY e v" X SN
i J
Expression of WDR74 in SARC 'g 400
100 based on sample types patient 1 patient 2 patient 3 patient 4 patient 5 patient 6 g
€ < < =
s o o« o o« ‘0" £ 300
£ 80 = A A A A x\‘
H & e ¢ @ ¢ 2 & o & oo E-
g 60 2 200
by WDR74 |“ g
§ 40 2
>
8 - , 7
[ 20 B-actin H
= T 0
o
Normal Primary tumor @"‘
n=2) (n = 260) &
TCGA samples &
k H HOS I HOS Hos
PcDNA 0aSNHG1 P . pcDNA 0eSNHG1 0eSNHG1 0eSNHG1 . pcDNA
— 49 +sINC + sIWDR74 B 0eSNHG1

© 0eSNHG1
+SIWDR74

. oeSNHGt
+ siN¢

Relative formated colon number
~»

U20S

@8 0eSNHG1 +siNC
@B 0eSNHG1 + siWDR74
2.0

*

o

0.0

Relative migration/invasion cells

Invasion

Migration

u20s

b O b
N B &
< 099‘\‘(\0"* ,,6‘\“0
O
o\
m u20s u20s n
pcDNA 0eSNHG1 ] ok i
<~ ) 'g 3 | | e— |
H
g c
g2 £
e s
oy H g
H
0eSNHG1 0eSNHG1 E1 5
+siNC +siWDR74 2
2
S I
2 W B WO E
& 5\3‘; Pt @0"“ !

e
o

FIGURE 4

0eSNHG1 0eSNHG1

+siNC

*ﬂ()y%@%

@B pcDNA

@8 0eSNHG1

@8 0eSNHG1 +siNC

@B 0eSNHG1 + siWDR74

0eSNHG1
+ siWDR74

»
o

“k m,!?'\

o

Fd
o

Relative migration/invasion cells
o -
° o

Invasion

Migration

SNHG1 promoted proliferation and migration via regulation of its neighboring gene WDR74 in OS cells. (a) A diagram showing the neighboring
genes of SNHGL. (b—d) Spearman correlation analyses revealed a positive correlation between SNHG1 and WDR74 in the TARGET-OS, GSE33458,
and GSE87437 datasets. (e—h) The mRNA and protein expression levels of WDR74 following different SNHGL interventions were measured by RT-
gPCR. ***P < 0.001 and ****P < 0.0001 as compared with shNC and pcDNA. (i) The expression of WDR74 in 260 sarcoma samples and two normal
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ly. (L, n) Cell motility

changes in HOS and U205 cells were analyzed by a transwell assay. *p < 0.05 and #p < 0.05 as compared with pcDNA or 0eSNHG1, respectively.
Magnification, X 400; scale bar, 200 um. All data are presented as the mean + SD from three independent experiments.
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FIGURE 5

SNHGI affected WDR74 transcription by EWSR1 recruitment. (a, b) Cytosolic/nuclear fractionation assays were conducted to determine the
subcellular localization of SNHG1 and WDR74. (c) RBPs potentially interact with SNHG1 and WDR74 promoters were predicted using human TFBD,
StarBase, and RBPsuite. (d) EWSR1 expression in two OS-related GEO datasets (GSE12865 and GSE42352) was analyzed using GEO2R. *p < 0.05 and
**p < 0.01 as compared with osteoblast or non-0OS, respectively. (e) Kaplan—Meier analysis was used to assess the overall survival rate in patients
with different EWSR1 expression levels as calculated by a log-rank test. (f, g9) WDR74 mRNA and protein expression following various EWSR1

interventions were measured by an RT-PCR assay and a western blot assay, respectively

_xxxxp < 0.0001 and ####p < 0.0001 as compared with

shNC or pcDNA, respectively. (h) A ChIP-gPCR assay was performed to evaluate the binding of EWSR1 to the WDR74 promoter. ****p < 0.0001 as
compared with anti-IgG. (i, j) RNA pulldown and RIP assays were used to verify the binding effect between SNHG1 and EWSR1. ****p < 0.0001 as
compared with anti-1gG. (k) WDR74 mRNA expression following various SNHG1 and EWSR1 interventions was assessed by RT-gPCR. ****p < 0.0001
and ####5 < 0.0001 as compared with 0eSNHG1. All data are presented as the mean + SD from three independent experiments.

mainly expressed in the nucleus rather than in the cytoplasm
(Figures 5a, b) in HOS and U20S cells. Combined with the
findings presented above in Figures 4g-j, it was indicated that
SNHGI1 impacted WDR74 expression on the transcriptional level.
LncRNAs are reported to regulate transcription via the
recruitment of regulatory protein complexes. By using human
TFDB (http://bioinfo life.hust.edu.cn/HumanTFDB#!), RBP suites
(http://www.csbio.sjtu.edu.cn/bioinf/RBPsuite/) and Starbase, EWS
RNA-binding protein 1 (EWSR1) was selected as the only RBP that
might interact with SNHG1 and the promoter region of WDR74
(NC_000011.10:c62843809-62841809, Supplementary Table S3)
(Figure 5¢). EWSRI, also named EWS-FLII, is well-reported as a

Frontiers in Oncology

transcription factor in Ewing sarcoma (43). Here, according to an
online bioinformatics analysis of GSE12865, GSE42352, and
TARGET-OS, we unveiled that EWSRI1 was upregulated and that
high expression of EWSR1 was correlated with shorter survival rates
in patients with OS (Figures 5d, e). Functionally, we found that up-
and downregulation of EWSRI significantly increased or decreased
the expression of WDR74 (Figures 5f, g) in OS cells. Furthermore, a
ChIP-qPCR assay was applied to confirm the binding effect between
EWSRI and the promoter region of WDR74. As the data shown in
Figure 5h, the promoter region of WDR74 was remarkably
enriched in the EWSR1 antibody but not in the IgG antibody.
Moreover, an RNA pull-down assay and an RIP assay were
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METTL3 promotes OS tumorigenesis and lung metastasis in vivo. (a) Macroscopic view of nude mice subcutaneously injected with HOS cells stably
overexpressing METTL3, with HOS cells carrying an empty vector used as a control. (b) Representative images of resected xenograft tumors from
nude mice with different METTL3 interventions (top); growth curves of subcutaneous tumors based on weekly tumor volume measurements

(bottom). *

p < 0.05 as compared with vector. (c) Representative CT scan (left) and H&E staining (right; scale bars, 200 pm; magnification, x 100) of

subcutaneous tumors in nude mice following different METTL3 interventions. Magnification, x 20; scale bar, 50 um. (d—g) The expression of METTL3
and SNHG1, the m®A modification level of SNHG1, and the expression of WDR74 in xenograft tumors were assessed using Western blot, an RT-
gPCR, MeRIP-gPCR, and Western blot assays, respectively. **p < 0.01 and ****p < 0.0001 as compared with vector. (h) Representative images of
lung metastatic nodes in nude mice after different METTL3 interventions (left); quantification of metastatic nodes (right). ****p < 0.0001 as compared
with the vector group. (i) Representative CT scan (left) and H&E staining (right; scale bar, 500 um; magnification, X 10) of lung metastatic in nude
mice following different METTL3 interventions. Magnification, x 2; scale bar, 500 um. (j—m) The expression levels of METTL3 and SNHG1, the m°A
modification level of SNHG1, and the expression of WDR74 in lung metastatic nodes were measured by Western blot, RT-qPCR, MeRIP-gPCR, and
Western blot assays, respectively. ***P < 0.001 and ****P < 0.0001 as compared with vector. All data are presented as the mean + SD from three

independent experiments.

performed to examine the potential interaction between SNHGI
and EWSRI. As shown in the representative images in Figure 5i, a
greater amount of EWSRI protein was pulled down by the biotin-
labeled SNHG1 probe. Also, it was found that SNHGI was
significantly enriched in an anti-EWSR1 group rather than in
an anti-IgG group (Figure 5j). Lastly, it was demonstrated
that the knockdown of EWSRI1 remarkably attenuated
the promotive effect of SNHG1 on WDR74 transcription
(Figure 5k). Taken together, the findings of the current section
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indicated that SNHG1 affected WDR74 transcription through
EWSRI recruitment.

METTL3 promotes OS tumorigenesis and
lung metastasis in vivo

In this section, orthotopic xenograft mouse models were
constructed to evaluate the role of METTL3 in OS tumorigenesis
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and lung metastasis in vivo. As shown in Figures 6a, b, the
upregulation of METTL3 significantly facilitated OS tumor
growth in nude mice. Meanwhile, tumor growth was assessed
using an animal CT scan. As depicted in Figure 6c,
overexpression of METTL3 notably promoted OS tumor growth
in mice. Meanwhile, the expression levels of METTL3, SNHGI, and
WDR74 in the formatted subcutaneous nudes were detected by an
RT-qPCR assay and a Western blot assay, respectively. As shown in
Figures 6d-g, the expression of METTL3, SNHGI, and WDR74
were significantly higher in the formatted nudes from METTL3-
overexpressing xenografts compared to those from vector
xenografts. Even more, the pulmonary metastasis model of OS in
mice was also constructed. As the typical photographs displayed in
Figure 6h, upregulation of METTL3 promoted metastatic nude
formation in the lungs. Meanwhile, an animal CT scan clearly
showed that upregulation of METTL3 promoted OS lung metastasis
in mice (Figure 6i). Finally, it was found that the expression of
METTL3, SNHG1, and WDR74 in the formatted metastatic nudes
in METTL3 xenografts was remarkably higher than that in vector
xenografts (Figures 6j—m). Together, all the findings above
suggested that overexpression of METTL3 promoted SNHGI and
WDR74 expression, and upregulation of METTL3 facilitated OS
tumorigenesis and lung metastasis in vivo.
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Discussion

METTL3, a key methyltransferase subunit, is primarily
composed of a zinc finger domain (ZFD) and a methyltransferase
domain (MTD) (44). METTL3 and its partner METTL14 mainly
constitute the core component of MTCs, which participate in
aspects of RNA metabolism like alternative splicing, transport,
stability, microRNA maturation, and decay (5, 45). METTL3-
initiated m®A presents contradictory roles in RNA stability
depending on diverse readers (46, 47). In the present study, we
found that METTL3 enhances the stability of SNHG1 in an m®A-
dependent manner, suggesting the involvement of m®A reader
proteins in this process. Among these readers, IGF2BP3 has been
reported to recognize m®A-modified transcripts and promote their
stability, although its role in RNA stabilization remains somewhat
controversial (47). Notably, as shown in Figures la, b, IGF2BP3 is
consistently upregulated in OS tissues. Based on these observations,
we hypothesize that IGF2BP3 may act as an m6A reader that
protects SNHGI from degradation. Moreover, its overexpression
in OS may account for the increased SNHG1 stability observed in
our experimental model. The functional role of METTL3 in cancers
is debatable (5, 48, 49). Similar to several previous reports (12, 50—
52), the current research showed that METTL3 acts as an oncogenic

Cytoplasm

- () wems
VVV WDR74 mRNA @ RBM15
N

WDR?74 protein 3 EWSR1

A schematic diagram illustrating the role of the METTL3/SNHG1/WDR74 axis in OS. METTL3 enhances the stability of SNHG1 in an m®A-dependent
manner with the assistance of RBM15. SNHGLI regulates its neighboring gene, WDR74, in cis through the recruitment of EWSR1, ultimately promoting

WDR74-mediated proliferation and migration in OS.
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regulator in OS cell proliferation and migration. Among the
components of MTCs, METTL3 is the only catalytic subunit via
its special S-adenosylmethionine (SAM) as the methyl donor (44,
53). The findings of the present study also demonstrated that
METTL3 affected the m°A level of SNHGI.

Not only is the METTL3-METTL14 heterodimer part of the
complex, but MTCs also include other binding partners such as
WT1-associated protein (WTAP), zinc finger CCCH-type
containing 13 (ZC3H13), vir-like m®A methyltransferase
associated (VIRMA), and RBM15/15B (40, 54-56). RBM15,
acting as a “writer”, is responsible for recruiting MTCs to specific
IncRNAs like XIST, thereby promoting XIST methylation (40). In
the present study, using RNA pulldown and RIP assays, we first
identified that RBM15 can directly bind to SNHG1. Meanwhile, we
demonstrated that knockdown of RBM15 reduced the METTL3-
mediated methylation of SNHGI. Our findings are the first to
illustrate the role of RBM15 working in METTL3-initiated m°®A
modification of SNHGI.

Accumulating evidence has strongly uncovered the oncogenic
role of SNHGI in malignancies (13, 14). As a well-known oncogene,
the mechanism of how SNHG1 works is mainly focused on ceRNA,
a theory first proposed by Leonardo Salmena (57). SNHGI is
reported to bind to certain RBPs like heterogeneous nuclear
ribonucleoprotein L (HNRNPL) and matrin 3 (MATR3) and to
promote the progression of prostate cancer (PCa) as well as
neuroblastoma (58, 59). SNHGI1 also functions as a
transcriptional regulator to promote the transcription of its
neighboring gene SLC3A2 in cis in gastric cancer, colorectal
cancer, liver cancer, and lung cancers (25). In the current
research, we also focused on the regulatory role of SNHGI in its
neighboring genes in OS. We primarily showed that SNHGI
transcriptionally impacted WDR74 expression in OS. WDR74 is
implicated in tumorigenesis, especially in tumor growth and
metastasis (60-63). The present research first unveiled the
oncogenic role of WDR74 working in OS. We showed that
WDR74, acting as a downstream target of SNHGI, was closely
involved in SNHGI1-mediated proliferation and migration in OS
cells. Furthermore, we demonstrated that SNHGI regulated
WDR74 transcription through the recruitment of EWSRI.

As a well-known multifunctional RBP, EWSRI1 closely plays a
key role in RNA metabolism through its interaction with RNA
polymerase II and its coupling with the splicing machinery (64).
EWSRI1, which belongs to the TET family, participates in various
cellular processes by epigenetically regulating gene expression, RNA
processing, and cellular signal transduction (65). The crucial role of
EWSRI1 in Ewing sarcoma has been extensively explored. In the
present study, we focus on the expression and function of EWSRI in
OS. We showed that EWSRI1 was upregulated in OS. More deeply,
we first displayed that EWSRI, acting as a transcription factor,
regulated WDR74 expression via binding to the promoter region of
WDR74. It is well-accepted that EWSR1 can recruit RNA
polymerase II and promote RNA transcription (64, 66, 67). It can
be inferred that the promotion of WDR74 transcription
was associated with EWSRI1-mediated recruitment of RNA
polymerase II.
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Taking all, the current research systematically explored a novel
mechanism of how METTL3 works in OS. The present research
illustrated that METTL3 enhanced the stability of SNHG1 with the
assistance of RBM15 in an m6A—dependent manner. And SNHG1,
promoted the transcription of WDR74 in cis, via recruitment of
EWSRI, thereby facilitating WDR74-mediated proliferation and
migration (Figure 7).

Compared to previous studies, our work presents several key
innovations: (1) RBM15 is identified as a specific adaptor mediating
METTL3-dependent m®A deposition on SNHG1, differing from the
classical METTL3-METTL14/WTAP complex (40). (2) SNHGI
activates WDR74 transcriptionally through EWSRI1 recruitment,
which contrasts with its commonly known ceRNA role in other
cancers (19, 25). (3) Most importantly, this is the first report to
identify WDR74 as an oncogene in osteosarcoma, suggesting new
therapeutic targets. These findings highlight the plasticity of the
m°A-IncRNA regulatory network in tumor biology and the
context-dependent roles of METTL3 and SNHGI (25, 54). In the
future, we will further explore whether IGF2BP3 functions as a
downstream effector that mediates the m®A-dependent stabilization
of SNHGI in osteosarcoma. Planned experiments include: (1) co-
immunoprecipitation (Co-IP) to identify interactions among
METTL3, RBM15, and IGF2BP3; (2) m6A—RIP—qPCR to test
whether IGF2BP3 preferentially binds to m°A-modified SNHG;
and (3) CRISPR-based deletion of IGF2BP3 RNA-binding domains
to verify its regulatory function.
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SUPPLEMENTARY FIGURE 1
(a, c) Expression of METTL3 mRNA after transfection of specific shRNAs
targeted METTL3 or stable overexpression plasmids car;y*igg METTL3 in HOS
ir;ci*UZOS cells was detected by an RT-gPCR assay. P < 0.0001 and
P < 0.0001 as compared with shNC or pcDNA, individually. (b, d)
Expression of METTL3 protein after transfection of specific shRNAs targeted
METTL3 or stable overexpression plasmids carrying METTL3 in HOS or U20S
cells was detected by an RT-gPCR assay. *p < 0.0001 and D
0.0001 as compared with shNC or pcDNA, separately. (e, f) Expression of
SNHG1 after transfection of specific shRNAs targeted SNHG1 or stable
overexpression plasmids carryigg*iNHGl in HOS o*r*iJEOS cells was
detected by an RT-gPCR assay. P < 0.0001 and P < 0.0001 as
compared with shNC or pcDNA, individually.

SUPPLEMENTARY FIGURE 2

(A) The m°®A site of SNHG1 was displayed by UCSC Genome Browser (http://
genome.ucsc.edu/). (b, Cc) The expression of RBM15 mRNA after transfegi\gn
of specific shRNAs targeted RBM15 was detected by an RT-qPCR assay. P
< 0.001 and P < 0.0001 as compared with shNC. (d) The expression of
RBM15 protein after transfection af*iaeciﬁc shRNAs targeted RBM15 was
detected by a western blot assay. P < 0.0001 and #*###p < 0.0001 as
compared with shNC, respectively.

SUPPLEMENTARY FIGURE 3

(a) The subcellular localization of SNHG1 was presented by an RNA-FISH assay.
(b) Genomic location of SNHGL and its neighboring genes was identified by
UCSC. (c—e) The correlation between SNHG1 and SLC3A2 in TARGET-OS,
GSE33458 and GSE87437 was determined by a spearman correlation analysis.
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