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Abstract: RNA N°-methyladenosine (m°®A) modification is gradually thought to be an active participant in the con-
siderable biological processes of glioblastoma (GB), providing us with a novel insight for exploring this disease.
However, the role of RNA m®A modification during the epithelial mesenchymal transition (EMT) or vasculogenic mim-
icry (VM) progression has not been investigated in GB. Here we performed a research to validate the impact exerted
by AIkB homolog 5 (ALKBH5), one of “erasers” for RNA m®A and methyltransferase-like 3 (METTL3) which adds m°A
modification to the RNAs on the progression of EMT and VM in GB. In this study, we demonstrate that the m°A levels
of RNAs were reduced in GB cells and glioma tissues. Patients with high mRNA expression of ALKBH5 acquired rela-
tively shorter median overall survival (0S) time, while patients with relatively high expression of MEETL3 prolonged
their disease free survival. ALKBH5 enhanced GB cell proliferation and influenced cell cycle in vitro. Decreased
RNA mSA methylation enhanced the progression of the EMT and VM in glioblastoma cells. ALKBH5 strengthened
glioblastoma growth and enhanced the EMT and VM process of glioblastoma in vivo. Our study uncovers that RNA
mBA methylation suppresses the process of EMT and VM in glioblastoma, providing a new perspective to seek for a
potential therapeutic target for GB.

Keywords: Glioblastoma, epithelial mesenchymal transition, vasculogenic mimicry, RNA m®A methylation, ALKBH5,
METTL3

Introduction extreme advanced malignance, glioblastoma
cannot be separated from normal brain tissue

Glioblastoma (GB) is widely acknowledged as nearby easily and completely, which always

the most common malignant primary tumors in
the central nervous system [1, 2]. Prevalence
studies estimated that the averaged preva-
lence rate for malignant tumors was 42.5 per
100 000 in the United States in 2010 [3].
Despite the fact that there are some treat-
ments for glioblastoma patients including sur-
gery, radiotherapy and chemotherapy [4], the
five-year survival rate for glioblastoma patients
aged over 55 is still lower than 5% while the
highest one for glioblastoma patients is no
more than 25% whose age was between 0-14
[5]. Due to its invasive growth pattern and

results in its recurrence in a short time [5, 6].
Therefore, it's urgent and necessary that fur-
ther investigation on the molecular mechanism
of invasive growth in glioblastoma should be
addressed.

The epithelial to mesenchymal transition (EMT)
process is believed to equip cells with migratory
and invasive properties, making cells attain
the ability to initiate metastasis [7], which
accounts for over 90% of cancer-associated
mortality [8]. During the EMT process, loss
of E-cadherin (E-Cad, CDH1) accompanied by
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upregulation of N-cadherin (N-Cad, CDH2), al-
tering cell adhesion, is thought to be a most
crucial step [11]. Apart from this, the decline
in extracellular matrix (ECM) protein caused
by upregulation of matrix metalloproteinases
(MMPs) also plays a significant role in the inva-
sion [9, 11, 12]. Recently, an increasing amount
of studies figured out that regulating EMT as-
sociated proteins, such as CDH1, CDH2 and
MMPs, could modulate the migration and inva-
sion ability of the glioblastoma, affecting the
tumor progression [13-16]. Moreover, another
process of vasculogenic mimicry (VM), firstly
discovered in human melanoma in 1999, could
surprisingly supply sufficient blood for tumors
without any help from blood endothelial cells
and also endow tumors with more invasive
properties [17, 18]. Furthermore, several stud-
ies about VM formation in glioblastoma showed
that by regulating VM in glioblastoma, tumors
could also be regulated [19-21]. Therefore,
more thorough studies about the EMT and VM
process in glioblastoma may shed light on a
novel treatment for glioblastoma.

Né-methyladenosine (m®A) modification, firstly
reported in the 1970s [22], has been regard-
ed to be the most abundant in eukaryotic
mRNAs [23]. Identified to act an essential part
in the mammalian cells [24], the process of
meA modification is flexibly and dynamically
manipulated by three categories of proteins,
“writers”, “erasers” and “readers” [22]. The wri-
ters consist of methyltransferase-like 3 (ME-
TTL3), METTL14 and Wilms tumor 1-associated
protein (WTAP) [22, 25, 26], whereas fat mass
and obesity-associated protein (FTO) and AlkB
homolog 5 (ALKBH5) make up demethylases
“erasers” [22, 27, 28]. And the readers, m°®A
binding proteins, are comprised of YT521-B
homology (YTH) domain-containing family pro-
teins (YTHDF1/2/3), YTH domain-containing
proteins (YTHDC1/2) [22, 29]. There is consid-
erable evidence suggesting that the level of
mPA in glioblastoma could influence the pro-
liferation, radio resistance and invasion of
the tumor [30-33]. Nevertheless, only limited
attention has been paid to the function of RNA
mBA modification during the progression of EMT
and VM in glioblastoma.

In this study, we confirmed that the m°®A lev-
els in RNAs decreased in glioblastoma cells
and tissues. There was a distinct decline of
meA/A ratio in U87-MG cells treated with TGF-
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B1. And our results indicated that overexpres-
sion of ALKBH5 and knockdown of METTL3
could promote the EMT and VM process by
regulating MMP2, CDH1, CDH2 and fibronectin
1 (FN1). Thus, our study revealed that RNA m°A
modification intimately regulated the process
of EMT and VM in glioblastoma.

Materials and methods
Patients

Paraffin-embedded brain tissue of 60 patients
diagnosed with glioma WHO grade | to IV
from 2015-2019 in Nanfang Hospital, Sou-
thern Medical University were collected, which
the Institutional Ethics Committee of Sun Yat-
Sen Memorial Hospital, Sun Yat-Sen University
approved.

Cell culture

The human astrocyte cells HA purchased from
sciencell research laboratories, USA, and the
human glioblastoma multiform cells U87-MG
(The STR report is displayed in the Supple-
mentary Material) purchased from Procell Life,
China, were all maintained with Dulbecco’s mo-
dified Eagle medium (DMEM, GIBCO, Carlsbad,
CA, USA) with 10% fetal bovine serum (FBS, Bl)
and 1% penicillin/streptomycin, and incubated
in a humidified atmosphere of 5% CO, at 37°C
(ThermoFisher, USA). Stable ALKBH5 overex-
pressing model cells and negative control cells
named as ALKBH5 cells and control cells
respectively were obtained by transfecting U87-
MG cells with lentivirus (Ubigene, China), which
were subsequently selected with puromycin
(1.5 ug/ml) for 2 weeks. The expression of
ALKBH5 was clarified by qPCR and western
blotting. To generate METTL3 knockdown cell
model, we transfected U87-MG cells with 3
different sequences of siRNA-METTL3 (The
sequence is displayed in the Table S1) and neg-
ative control sequence (RiboBio, China) by lipo-
fectamine 3000 (ThermoFisher, USA) accord-
ing to the manufacturers’ instructions. The
most efficient sequence of siRNA-METLL3 was
picked out to perform subsequent experiments,
whose working concentration was 50 nM.

Immunohistochemistry (IHC)

Immunohistochemistry was performed using a
standard two-step method. Briefly, 3 min of
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high pressure was used to repair the antigen in
citric acid buffer solution (PH=6.0). Then, the
sections were incubated with endogenous per-
oxidase blocking buffer and normal goat serum
at room temperature for 20 min, and 30 min
respectively for preventing nonspecific reac-
tion. Subsequently, the sections were incubat-
ed with ALKBH5 (Proteintech, 1:100), METTL3
(Proteintech, 1:1000), MMP2 (Bioss, 1:500),
FN1 (Proteintech, 1:1000), CDH1 (Proteintech,
1:2000), and CDH2 (Proteintech, 1:5000) anti-
bodies at 4°C overnight. After washed, the sec-
tions were subjected to the incubation with sec-
ondary antibodies, followed by treatment with
the DAB chromogen. Finally, Meyer’s hematoxy-
lin used to stain the sections.

The immunoreactivity for ALKBH5 or METTL3 in
glioma tissues was scored in a semi-quantita-
tive method by evaluating intensity (0-3) and
percentage of positive cells (0-4). We multiplied
the intensity by percentage score as the final
scores (0-12). If the final score was 0-3 or 8-12,
the expression would be defined as “low” or
“high” respectively. Otherwise, it would be con-
sidered as “intermediate”.

Total RNA extraction and qPCR

Trizol reagent (Invitrogen, USA) was utilized
to obtain the total RNA according to the manu-
facturer’s instructions, which was then rev-
erse-transcribed into cDNA. METTL3, ALKBH5,
FN1, MMP2, CDH1 cDNA, GAPDH cDNA con-
centration were detected in QuantStudio 6
Flex System (ThermoFisher, USA). The compar-
ative expression (224%) was computed by re-
garding GAPDH as endogenous control. Prim-
ers of targeted genes were as follow: METTL3,
forward 5-CTA TCT CCT GGC ACT CGC AAG
A-3’ and reverse 5-GCT TGA ACC GTG CAA CCA
CAT C-3’ ALKBH5, forward 5-GCA AGT TCC AGT
TCA AGC CTA TTC G-3' and reverse 5-TGG
TAA CAC GGA GCT GCT CAG-3’ FN1, forward
5-ACA ACA CCG AGG TGA CTG AGA C-3’ and
reverse 5-GGA CAC AAC GAT GCT TCC TGA G-3’
MMP2, forward 5-AGC GAG TGG ATG CCG CCT
TTA A-3’" and reverse 5-CAT TCC AGG CAT CTG
CGA TGA G-3’ CDH1, forward 5’-GCC TCC TGA
AAA GAG AGT GGA AG-3’ and reverse 5-TGG
CAG TGT CTC TCC AAA TCC G-3’ GAPDH, for-
ward 5-GTC TCC TCT GAC TTC AAC AGC G-3’
and reverse 5'-ACC ACC CTG TTG CTG TAG CCA
A-3.
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Western blotting

Equal amounts of protein samples were elec-
trophoresed on SDS-polyacrylamide gel and
then shifted to PVDF membranes, which
was subsequently blocked using 5% BSA
in TBST (50 mM Tris-HCI pH 7.4, 150 mM
NaCl, and 0.05% Tween 20) at room tempera-
ture for 1 h. Next, the membranes were sub-
jected to the incubation at 4°C overnight with
primary antibodies as follows: ALKBH5 (Pro-
teintech, 1:2000), METTL3 (Proteintech, 1:
5000), MMP2 (Bioss, 1:500), FN1 (Proteintech,
1:2000), CDH1 (Proteintech, 1:2000), and
CDH2 (Proteintech, 1:2000), GAPDH (Pro-
teintech, 60004-1-Ig, 1:10,000). Horseradish
peroxidase conjugated secondary antibodi-
es, ECL (enhanced chemiluminescence) Kit
(EpiZzyme scientific, China) and ChemImager
system (Tanon, China) were used to detect tar-
geted proteins.

Oncomine database and gene expression pro-
filing interactive analysis (GEPIA)

The mRNA expression of ALKBH5 and OS of 59
glioblastoma multiforme (GBM) patients were
obtained from oncomine database [34]. (Data
link: https://www.ncbi.nIm.nih.gov/geo/query/
acc.cgi?acc=GSE4412.) Then they were divid-
ed into 3 groups according to the relative
expression level of ALKBH5 mRNA, followed by
the Kaplan-Meier survival analysis.

GEPIA (http://gepia.cancer-pku.cn/) whose da-
ta are based on the TCGA database was utiliz-
ed to explore the correlation between ALKBH5
or METLL3 and prognostic outcomes in GBM
patients. The methods were overall survival or
disease free survival, while group cutoff was
set as “median”.

CCK-8 assay

Cells were seeded in 96-well plates at the den-
sity of 3x10°® cells/well. After incubation at a
humidified 5% CO, incubator at 37°C for 24 h,
48 h, 72 h and 96 h, the cell viability was mea-
sured by the CCK-8 assay according to the
manufacturer’s instructions.

EdU assay

Cells were seeded in 96-well plates at the
density of 4x102 cells/well. 24 h incubation at
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a humidified 5% CO, incubator at 37°C later,
Cell-Light EdU Apollo567 In Vitro Kit were uti-
lized to detect the proliferation ability of the
cells according to the instruction (RiboBio,
China).

Apoptosis assay

Cells were seeded in 6-well plates at the den-
sity of 1x10° cells/well. 24 h later, the cells
were collected and stained with propidium
iodide (PI) and Annexin V-allophycocyanin (APC).
Apoptosis was evaluated by a flow cytometry
analyzer.

Cell cycle staining assay

Cells were seeded in 6-well plate at the density
of 2x10° cells/well. 24 h later, the cells were
collected and stained with DNA Staining solu-
tion and Permeabilization solution. Next, a flow
cytometry analyzer was utilized to measure the
attribution of all stages of the cell cycle in 30
min.

RNA m°®A methylation quantification

The m®A RNA methylation quantification kit
(EpiGentek, P-9008-96, USA) was used to
explore the m®A/A fraction in total RNAs. The
procedures were conducted according to the
manufacturer’'s instructions, while 200 ng
RNAs were fixed per assay well. The m°A/A frac-
tion was then quantified by assessing the
absorbance of 450 nm on a ELX800 microplate
reader (BioTek, USA).

Wound healing assay

Cells were seeded in a 6-well plate and cultured
till an almost 100% confluent monolayer was
shaped. Then a sterile pipette was used to
scratch the cells, which were subsequently cul-
tured in the FBS-free medium for 24 h. Then
the migrating lengths were measured under a
microscope (Olympus, IX73, Japan).

Invasion assay

Suspended in 200 ul FBS-free medium, 4x10*
cells were added in the upper chamber already
coated with Matrigel Matrix (Corning, 356231,
USA) which was prediluted in FBS-free me-
dium (1:5) for invading transwell kit (Corning,
3422, USA). At the same time, there would be
800 pl medium premixing with 10% FBS at the
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lower chamber. After 24 hours, the invaded
cells were fastened and stained, the number of
which were then calculated under a microscope
(Olympus, BX63, Japan).

Phalloidin staining assay

F-actin Staining Kit-Red Fluorescence (abcam,
ab112127, UK) was utilized to perform Ph-
alloidin staining. The cells were seeded in
96-well plate at the density of 2x10° cells/well,
which were then fixed, stained with Phalloidin
and DAPI sequentially after 24 hours accord-
ing the manufacture’s protocol. Last, the cells
were examined under microscope at Ex/Em =
594/610 nm.

In vitro VM tube formation assay

2.5x10°% Cells were resuspended in FBS-free
medium and added at the 24-well plates per
well, which were precoated with 100 yl Ma-
trigel Matrix and accommodated at the incuba-
tor for 1 hour. 24 h later, photos were grasped
under a microscope (Olympus, IX73, Japan).
The amounts of tube-like structures in five
fields were calculated at random.

Animals

All animal experiments were approved by the
ethics committee of Sun Yat-Sen University.
BALB/C nude mice were supplied by the
Guangzhou Nanfang Medical University Expe-
rimental Animal Technology Development Co.,
Ltd (Guangzhou, China) and were housed in a
constant temperature environment (tempera-
ture: 21+2°C; humidity: 55+4%; and 12:12 h
light/dark cycle). The nude mice were intracere-
brally injected with U87-GFP-Luc cells (1x10°)
or US7-ALKBH5-Luc cells (1x108) resuspended
in 5 mm? sterile saline to prepare the tumor-
bearing nude mouse model.

CD31/34-periodic acid-Schiff (PAS) dual-
staining

CD31 (1:100) (affinity, AF6191, USA) or CD34
(1:2500) (abcam, ab81289, UK) staining was
similar as described in IHC before. Then
Glycogen Periodic Acid Schiff (PAS/Hematox-
ylin) Stain Kit (Solarbio, G1281, China) was
used for the PAS staining. Subsequently, the
density of VM was observed by using a
microscope.
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Statistical analysis

Quantitative data are all represented in the
form of mean + standard deviation (SD). IBM
SPSS Statistics 25.0 software was utilized to
perform two-tailed student’s t-test and one-
way analysis of variance (ANOVA). The Kaplan-
Meier method was employed to conduct sur-
vival analysis. The final scores of IHC staining
were compared by Kruskal-Wallis rank sum
test. And the P values <0.05 were thought to be
statistically significant.

Results

m°CA levels of RNAs were reduced in GB cells
and glioma tissues.

To investigate the mPA levels of RNAs in GB
cells, we measured the mRNA (Figure 1A) and
protein (Figure 1B) expressions of ALKBH5 and
METTL3 in U87-MG cells compared with HA
cells, and observed that ALKBH5 was up-regu-
lated while METTL3 was down-regulated in
U87-MG cells, which indicated in GB cells m°A
levels of RNAs were reduced. And as expected,
the mSA RNA methylation quantification kit
served to validate this (Figure 1C). We further
conducted immunohistochemistry(IHC) stain-
ing with ALKBH5 and METTL3 from glioma
patients ranging from WHO grade | to IV, indi-
cating that a lower level of m®A modification in
RNAs was associated with a higher histopatho-
logical glioma grade (Figure 1D, 1E).

We then investigated the correlation between
the mRNA expression level of ALKBH5 and
survival of GB patients in the oncomine data-
base. And patients with relatively high level of
mRNA expression of ALKBH5 acquired shorter
OS and median OS time (7.4667 months) ver-
sus with low ALKBH5 expression (11.8667
months, P=0.0352) by Kaplan-Meier survival
analysis (Figure 1F). And after exploring in the
GEPIA, we only discovered that in the TCGA
database GBM patients with relatively high
expression of METTL3 could prolong their dis-
ease free survival compared with patients with
low expression of METTL3 (Figures 1G, S1)

ALKBH5 enhanced GB cell proliferation and
influenced cell cycle in vitro

U87-MG ALKBH5-overexpression models were
established to identify its functional roles in
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GB. And the efficiency of the transfection was
confirmed by qPCR and western blotting (Figure
S2). The CCK-8 assay demonstrated that upreg-
ulation of ALKBH5 could enhance the cell via-
bility in vitro (Figure 2A). In the same way, the
EdU assay illustrated as well that compared
with control, overexpressing ALKBH5 appar-
ently increased the ability of cell proliferation
with almost 100% elevation of ratios of EdU
positive cells in US7-MG cells (Figure 2B, 2C).

To investigate potential strategies by which
ALKBHb5 enhanced the proliferation of GB cells,
we measured apoptotic rates and cell cycle
distributions by the FCM analysis. Unfortuna-
tely, there was no distinct difference between
U87-MG control and ALKBH5-overexpressing
cells in terms of apoptotic cell rates (Figure
2D, 2E). However, we found that U87-MG
ALKBH5-overexpressing cells could accelerate
cell cycle S phase and G2/M phase, with ap-
proximately 6% reduction of S phase and G2/M
phase compared with U87-MG control cells
(Figure 2F, 2G). These results indicated that
ALKBH5 could influence cell cycle in U8S7-MG
cells to enhance GB cell proliferation instead of
altering apoptosis.

m°CA levels of RNAs regulated EMT process in
GB cells

First, we treated U87-MG cells with 10 ng/mi
TGF-B1, which has widely been considered
to be the main inducer of EMT process of can-
cer cells, for 2 days. Then we evaluated the
difference of m®A levels in RNAs between U87-
MG control cells and TGF-B1 treated cells. As
expected, the level of m°A/A in RNAs from U87-
MG cells treated with TGF-B1 was less than one
tenth of that from U87-MG control cells (Figure
3A), which suggested that glioblastoma cells
undergoing EMT process decreased m°eA levels
of RNAs.

To further explore functions of RNA m®A meth-
ylation during the EMT progression in U87-MG
cells, the wound healing assay and the tran-
swell assay were performed and we noticed
that overexpression of ALKBH5 or knockdown
of METTL3 (the efficiency of knockdown is dis-
played in the Figure S3) could both promote
the migration and invasion abilities of US7-MG
cells (Figure 3B-E). And Phalloidin staining
showed that overexpression of ALKBH5 could
lead to a more scattered pattern of cytoskele-
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Figure 1. m°®A levels of RNAs were reduced in GB cells and glioma tissues. (A, B) mRNA (A) and protein (B) expressions of ALKBH5 and METTL3 in HA cells and
U87-MG cells were evaluated by gPCR and western blotting, respectively. (C) The m®A/A fraction in RNAs in HA and U87-MG cells were determined by the mfA RNA
methylation quantification kit. (D) Protein expressions of ALKBH5 and METTL3 in human glioma tissues (WHO grade I-IV) were measured by IHC (400x). (E) Sankey
diagram for the final scores of IHC staining with ALKBH5 or METTL3 in glioma tissues. H is the Kruskal-Wallis rank sum test statistic, and the “ns” or “***” beside
the node is the difference between this group and grade | group by all pairwise method. (F) Correlation between the mRNA expression of ALKBH5 and survival of
GBM patients in the oncomine database. (G) Correlation between the METTL3 expression and disease free survival of GBM patients in the TCGA database from
GEPIA. ""P<0.01, ""P<0.001, ns no significance. Black bar =50 um.
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kit and quantitatively analyzed (right). (F) Representative images of U87-MG control and ALKBH5 overexpression
cells. Phalloidin was utilized to stain the cytoskeleton (F-actin), while DAPI was applied for marking the nuclei. (G, H)
The protein levels of MMP2, CDH41, CDH2, and FN1 in overexpression of ALKBH5 (G) or knockdown of METTL3 (H)
U87-MG cells were evaluated by Western blotting. “P<0.05, **P<0.01, *"*P<0.001. Black bar =500 um. Yellow bar
=200 ym. White bar =100 um.
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Figure 4. m°A levels of RNAs regulated VM process in GB cells. (A, B) In vitro VM tube formation of upregulation of AL-
KBH5 (A) or knockdown of METTL3 (B) U87-MG cells were recorded (left) and statistically analyzed (right). **P<0.01,
“*P<0.001. Black or white bar =200 um.

ton through the rearrangement of F-actin, a tumor size of ALKBH5 overexpressing group
main protein of microfiber, which denoted a was generally bigger than that of negative con-
more active migrating form (Figure 3F). trol group (Figure 5A), which was further vali-
dated by HE staining results (Figure 5B).
The protein expressions of FN1, MMP2 and Moreover, IHC staining with MMP2, FN1, CDH1,
CDH2 were all upregulated, while the protein CDH2 were performed and we found that
level of CDH1 was downregulated in ALKBH5 ALKBH5 overexpressing group had the much
overexpressing or METTL3 knockdown US87- higher density of MMP2, FN1 and CDH2 and
MG cells (Figure 3G, 3H). These data indicated lower density of CDH1 than negative control
that RNA m®A methylation could make a critical group, which was the same as the results in
difference to the EMT process of glioblastoma vitro (Figure 5C). Unfortunately, we could not
cells. find any tube-like structures in both of gro-
ups by HE staining. Hence, we conducted
mPA levels of RNAs regulated VM process in CD31/34-PAS dual-staining for presenting VM
GB cells from both of groups (Figure 5D). And interest-
ingly, ALKBH5 overexpressing group possessed
Moreover, to evaluate the impact of the level of the higher VM density than the other group.
RNA mCfA methylation on the VM of U87-MG
cells, three-dimensional culture was perform- Discussion
ed. Overexpression of ALKBH5 enhanced VM
formation capabilities of U87-MG cells (Figure Accumulating evidence has suggested that
4A). Similarly, the ability of VM formation could m°A RNA modification is closely involved in
also be up-regulated by knockdown of METTL3 progression of a rich diversity of cancers includ-
in US7-MG cells (Figure 4B). ing glioblastoma [35]. In this study, we demon-
strated that m®A RNA modification could modu-
ALKBHS5 strengthened glioblastoma growth late the process of EMT and VM in glioblasto-
and enhanced glioblastoma metastasis in vivo ma. Briefly, m®A levels of RNAs were reduced
in GB cells and glioma tissues. The high level of
To explore the impacts of ALKBH5 on glioblas- ALKBH5 mRNA expression was correlated with
toma in vivo, the orthotopic mouse model of the shorter survival time of the glioblastoma
U87-GFP-Luc cells were established, followed patients. Overexpression of ALKBH5 could
by bioluminescence imaging. We found that the enhance the proliferation of glioblastoma cells
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without influencing the apoptotic rates in vitro.
The m®A level of RNAs in glioblastoma cells
undergoing EMT process declined significantly
compared with the control cells. Upregulation
of ALKBH5 and downregulation of METTL3
could promote the ability of migration, invasion
and the process of EMT and VM by influencing
the level of MMP2, CDH1, CDH2 and FN1 in
glioblastoma cells. Furthermore, overexpres-
sion of ALKBH5 could also intensify the EMT
and VM progression of glioblastoma in vivo.

According to our study, ALKBH5 was suppos-
ed to be a promotor of glioblastoma, while simi-
larly METTL3 acted an anti-oncogene role in
glioblastoma, which was consistent with many
studies about glioblastoma. It was validated
that ALKBH5 could sustain the expression of
FOXM1 and maintain the cell proliferation to
initiate the tumorigenicity of GB stem-like cells
(GSC) by Sicong Zhang et al. [30]. Zhifeng Liu
et al. reported that ALKBH5 enhanced ra-
dioresistance and invasion ability of GSC [31].
Glioblastoma had also been demonstrated to
possess decreased mRNA levels of METTL3,
and the growth of glioblastoma in orthotopic
mice could be restrained by the knockdown of
METTL3 which could also make the mice a pro-
longed survival [36]. Unfortunately, we could
not observe distinct differences between over-
expression of ALKBH5 and control glioblasto-
ma cells in terms of apoptosis. However, it is
interesting to notice that upregulation of
ALKBH5 or downregulation of METTL3, which
represents a relative low level of méA in RNAs,
surprisingly suppress other tumors instead. For
instance, Yunhao Chen et al. uncovered that in
hepatocellular carcinoma cells, ALKBH5 inhab-
ited its malignancy via suppression of LYPD1
[37]. Moreover, Dan Jin et al. revealed that in
non-small cell lung cancer ALKBH5 inhibited
growth and metastasis via impairing the func-
tions of YAP [38]. Still as expected, METTL3
could promote progression in human lung can-
cer cells [39] and leukemia cells [40]. By con-
trary, METTL3 was reported to play a tumor
suppressor role in renal cell carcinoma like in
glioblastoma cells from our study and other
studies [33, 41]. This may indicate that the
function of RNA m®A modification in different
types of cancers varies depending on the spe-
cific environment of cells and a multitude of
available downstream pathways. Totally oppo-
site role of RNA m®A modification in different
tumor cells need further investigation.
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Xinyao Lin et al. revealed that in HeLa, HepG2,
Huh7, and A549 cells, knockout of METTL3 or
upregulation of ALKBH5 inhibited EMT process
through regulating the translation of Snail [42].
However, our results showed that in glioblasto-
ma cells overexpression of ALKBH5 or down-
regulation of METTL3 turned out to be an
inducer of EMT process, although we could not
illustrate how ALKBH5 or METTL3 interact with
the progression of EMT in U87-MG cells in a
more detailed way, which is expected to be paid
more attention to. It could be inferred that
ALKBH5 or METTL3 may regulate the EMT pro-
cess of U87-MG cells via changing the m°®A lev-
els of CDH1, CDH2, MMP2 and FN1 mRNA
which are subsequently recognized by m°A
binding proteins. Thus the mRNA and protein
levels of CDH1, CDH2, MMP2 and FN1 alter
and lead to a more invasive form, which is
absolutely supposed to be clarified strictly in
the future. And we are the first group to make
an attempt to explore the functions of RNA m°éA
modification during VM formation in glioblasto-
ma, observing that a relative low level of m®A in
RNAs enhanced the VM progression, which is
different from Kailiang Qiao et al. had present-
ed in hepatocellular carcinoma cells [43].
Nevertheless, a more precise mechanism by
which the VM progression in glioblastoma cells
are modulated remains to be studied. And it
should be noticed that we only observed the
change in the proteins of MMP2, FN1, CDH1
and CDH2. Further studies are still needed to
be conducted including what the downstream
signaling of RNA m®A methylation is in glioblas-
toma and why the role of RNA m®A methylation
is different between glioblastoma and other
cancers.

In all, we supply evidences to clarify that de-
creased RNA mP®A methylation could enhance
the process of EMT and VM in glioblastoma.
Upregulation of ALKBH5 or downregulation of
METTL3 strengthens the invasive properties
of glioblastoma via regulating the expres-
sions of CDH1, CDH2, MMP2 and FN1. Our
work highlights the different roles of RNA m°A
modification in different types of cancers, fur-
ther providing new insights into treatments for
GB.
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Table S1. Sequences of siRNAs

Code Name Sequence (5’-3)
siG151008053209 si-h-METTL3_005 GCAAGAATTCTGTGACTAT
siG151229110222 si-h-METTL3_008 AACTTGCCCAAGATACTGA
siG151229110235 si-h-METTL3_009 AACAATGGATTGTTCCTTG
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Figure S1. The correlation between ALKBH5 or METTL3 expression and prognostic outcome in GBM patients from
the TCGA database by employing GEPIA. A, C. Overall survival for ALKBH5 and METTL3, respectively. B, D. Disease

free survival for ALKBH5 and METTL3, respectively.
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