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Abstract. – OBJECTIVE: Methyltransferase-like 
3 (Mettl3), one of “writers” for N6-methyladenos-
ine RNA methylation is determined to participate 
in a variety of cell biological functions. However, 
the functions of Mettl3 on tumor growth of glioma 
remain unknown. Here, we conducted a research 
to explore the contribution of Mettl3 in the pro-
gression of glioma.

PATIENTS AND METHODS: To detect the expres-
sion level of RNAs, quantitative Real Time-Poly-
merase Chain Reaction (qRT-PCR) was performed. 
To access the relative level of proteins, Western 
blot was conducted. The proliferative ability of gli-
oma cells was detected by CCK-8 assay and colo-
ny formation assay. The migration and invasion of 
glioma cells were determined by wound healing as-
say and transwell invasion assay.

RESULTS: The expression of Mettl3 was sig-
nificantly downregulated in tumor tissues com-
pared to the adjacent normal tissues. The down-
regulation of Mettl3 led to the enhancement of 
glioma cell proliferation, migration, and inva-
sion in vitro, and promoted the tumor growth of 
glioma cells in vivo. In addition, further investi-
gation confirmed that Mettl3 plays critical roles 
in the development of glioma by targeting PI3K/
Akt pathway. 

CONCLUSIONS: Our study proves that Mettl3 
plays a critical role in the proliferation, migra-
tion, and invasion of glioma cells by inactivating 
PI3K/Akt signaling pathway, providing a novel 
mechanism of glioma tumorigenesis and raising 
a new target for the treatment of glioma.
Key Words:

Mettl3, Glioma, Proliferation, Migration, Invasion, 
PI3K/Akt.

Introduction

As the most frequently diagnosed brain tu-
mor among adults, human malignant glioma is 

characterized by a high fatality rate and poor 
cure rate1-3. In accordance with the standards of 
World Health Organization (WHO) , diffuse gli-
oma was classified on a scale of II to IV and the 
higher was the grade, the worse the condition1. 
Although there were significant progresses in 
glioma treatments, including surgery, chemother-
apy, and radiotherapy, the malignant glioma is 
still a serious public health problem due to its 
high mobility and poor median survival4. Thus, 
it is necessary to perform further investigation 
on the molecular mechanism of malignant gli-
oma. N6-methyladenosine (m6A) is a reversible 
modification in virtually all eukaryotic mRNA5. 
Wang et al6 suggested that m6A acts as a regu-
latory role in the generation, proliferation, and 
differentiation of embryotic stem cells. In the last 
few years, many researchers have paid attention 
to its function on cancer. Results of some studies 
showed that the downregulation of m6A promot-
ed tumorigenesis7-9. It has already been detected 
that the biological functions of m6A modification 
are mediated by “writer”, “reader”, and “eraser” 
proteins10,11. Mettl3 is one of the “writer” proteins 
which was defined as a catalyticase of the m6A 
modification. It was demonstrated that downreg-
ulation of the Mettl3 could remarkably decrease 
m6A modification of the mRNA6,12.

As indicated above, m6A plays a significant 
role in the proliferation of stem cells and cancer 
cells. However, how m6A affects the growth 
of these cells and which pathway or molecular 
mechanism mediating the affection need further 
investigations. In our study, Mettl3 was found 
downregulated in glioma tissues compared with 
the normal tissues, and the downregulation of 
the Mettl3 could promote the proliferation of the 
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glioma cells in vitro and enhance the tumorigen-
esis in vivo. Moreover, our study showed that the 
downregulation of Mettl3 enhanced the expres-
sion of the key enzyme of PI3K/Akt pathway. The 
inhibition of PI3K or MERK could abolish the 
abnormal proliferation of glioma cells caused by 
the reduction of Mettl3. The results of our study 
define that Mettl3 has regulatory functions on the 
proliferation, migration, and invasion of glioma 
cells via targeting PI3K/Akt pathway, providing a 
novel target for the treatment of glioma.

Patients and Methods 

Tissue Specimens 
Glioma tissues and the neighboring normal 

tissues were collected from 45 patients who were 
diagnosed with glioma cancer and treated in sur-
gery at Changzheng Hospital Affiliated to Naval 
Military Medical University. The research was 
approved by the Medical Ethics Committee of 
Changzheng Hospital Affiliated to Naval Mili-
tary Medical University, and informed consents 
were provided by participants or their families.

Quantitative Real Time-Polymerase 
Chain Reaction 

Total RNAs of tissue samples and cells were 
extracted with TRIzol reagent (Invitrogen, Carls-
bad, CA, USA) in accordance with the manufac-
ture’s instruction. The reverse transcription of 
Mettl3 was performed using high capacity cDNA 
Reverse Transcription Kit (Applied Biosystems, 
Foster City, CA, USA). TaqMan Universal Master 
MixII (Invitrogen, Carlsbad, CA, USA) was used 
for quantitative Real Time-PCR and the internal 
control was GAPDH. The primers used in this 
study were as follows: Mettl3-forward: 5’-TC-
CGGTTAGCCTTCGGG-3’, Mettl3-reverse: 
5’-TGAAATATGTTGACCCAGCTCATCT-3’; 
GAPDH-forward: 5’-TTTGCTGGTTCCGAT-
GCTGA-3’, GAPDH-reverse: 5’-AGTTAAAAG-
CAGCCCTGGTGA-3’.

Cell Culture
Human glioma cell lines U87 and LN229 

were purchased from American Type Culture 
Collection (ATCC; Manassas, VA, USA), and 
maintained in high glucose Dulbecco’s Modified 
Eagle’s Medium (DMEM; Gibco, Grand Island, 
NY, USA) complemented with 10% fetal bovine 
serum (FBS; Gibco, Grand Island, CA, USA). All 
cells were incubated at 37°C and 5% CO2. 

Cell Transfection and Treatments 
Sh-NC, sh-Mettl3, vector-NC and vector-Met-

tl3 were transfected into U87 and LN229 cells 
using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) according to manufacturer’s protocols. 
The inhibitors of PI3K (LY294002, ApexBio, 
Houston, TX, USA) and Akt (GSK690693, Apex-
Bio, Houston, TX, USA) were added into the 
culture medium in the concentration of 50 μM for 
1 h, then, the culture medium was replaced with 
normal culture medium.

Proliferation Assays of Cells 
Cell Counting Kit-8 (CCK-8; Beyotime In-

stitute of Biotechnology, Shanghai, China) was 
adopted to determine the ability of cell growth. 
U87 and LN229 were divided into six groups: 
short hairpin- negative control (sh-NC), short 
hairpin-Mettl3 (sh-Mettl3), Vector-negative con-
trol (Vector-NC), Vector-Mettl3, sh-Mettl3, and 
LY294002 treated, sh-Mettl3, and GSK690693 
treated. All cells were seeded at 96-well plates for 
24 or 48 hours after pretreatment. 10 μl CCK-8 
solution was added into each well, and the cells 
were incubated in the 37°C incubator for 2 h. 
A microplate reader (Thermo Fisher Scientific, 
Waltham, MA, USA) was used to measure the 
absorbance at 450 nm. 

Western Blot
The cells were collected by phosphate-buff-

ered saline (PBS; Sigma-Aldrich, St. Louis, 
MO, USA), and lysed by pre-cooling RIPA 
buffer on the ice for 0.5 h. The lysis buf-
fer was transferred into new 1.5 ml microfuge 
tubes and centrifuged in 4°C at 14000 rpm/min 
for 20 min. The primary antibodies were used 
at first: mouse anti-PI3K (Abcam, Cambridge, 
MA, USA, ab140307), Rabbit anti-Akt (Abcam, 
Cambridge, MA, USA, 8805), Rabbit anti-p-Akt 
(Abcam, Cambridge, MA, USA, ab38449), Rab-
bit anti-mTOR (Abcam, Cambridge, MA, USA, 
ab2723), Rabbit anti-p-mTOR (Abcam, Cam-
bridge, MA, USA, ab109268) and anti-GAPDH 
HRP Mouse mAb (Multi Sciences Biotechnolo-
gy, Hangzhou, China, ab011-040). The follow-
ing secondary antibodies were used: anti-Mouse 
IgG-HRP (Thermo Fisher Scientific, Waltham, 
MA, USA, RA230188), anti-Rabbit IgG-HRP 
(Abcam, Cambridge, MA, USA, ab2761). We 
visualized the images with Molecular Imag-
er Imaging System (Tanon, Shanghai, China). 
Analysis of intensity of images was performed 
with Adobe Photoshop software.
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Wound Healing Assay 
U87 and LN229 cells were seed into 6-well 

plates at a number of 1 × 105 cells/well, the wound 
was scraped with pipette tips. We cultured the 
cells for 24 hours, and DM2500 bright field mi-
croscope (LEICA, Wetzlar, Germany) was used 
to capture the migration of cells, and the Image 
J software was adopted to measure the distance.

Transwell Invasion Assay 
Matrigel (BD Biosciences, Franklin Lakes, NJ, 

USA) was used to coat the upper chamber and 
1 × 105 cells were seeded on it. 500 μl DMEM 
supplement with 10% FBS were added into the 
lower chamber. Cultured cells for 24 hours and 
fixed the invasion cells with 4% paraformalde-
hyde (Sigma-Aldrich, St. Louis, MO, USA). Cells 
were stained with crystal violet solution.

Animal Experimental Protocol
All animal experiments were conducted in line 

with National Institute of Health’s Guidelines for 
the Care and Use of Laboratory Animals. Animal 
experiments were approved by the Animal Care 
and Research Committee of Changzheng Hospi-
tal Affiliated to Naval Military Medical Univer-
sity. Mice were cultured in specific-pathogen-free 
(SPF) conditions. U87 and LN229 cells were 
transfected with empty vector, overexpression of 
Mettl3 (OE-Mettl3). 5 × 106 transfected cells were 
injected subcutaneously into the nude mice. After 
4 weeks, we euthanized the mice, and calculated 
the volume of the tumors by the formula as fol-
lows: length × width2 × 0.5.

Apoptosis Analysis 
To measure the apoptosis ability of the trans-

fected cells, the cells were treated with Annexin 
V-APC/7-AAD (BD Biosciences, Franklin Lakes, 
NJ, USA) in the light of the manufacturer’s pro-
tocol. We washed the cells with cold PBS three 
times, and then, suspended them at a density 
of 1 × 106 cells/ml with binding buffer. 5 μl of 
APC and 5 μl of AAD were added into the cells. 
Finally, we incubated the cells for 15 minutes at 
room temperature in the dark place, and the total 
volume was made up to 500 μl with 1 x binding 
buffer. We analyzed and counted the cell samples 
by flow cytometry (FACScan, BD Biosciences, 
Franklin Lakes, NJ, USA).

Colony Formation Assay
The transfected cells were seeded into a 10 cm 

cell culture dish (2200 cells/well) and incubated 

at 37°C in 5% CO2 for 14 days. Finally, we fixed 
the cells with 4% paraformaldehyde (Sigma-Al-
drich, St. Louis, MA, USA) and stained the cell 
with crystal violet for number counting.

Statistical Analysis 
Statistical analysis was carried out with Graph-

Pad Prism 6.0 (GraphPad Software Inc., La Jolla, 
CA, USA) and data are shown as mean ± standard 
deviation (SD). The comparison between the two 
groups were analyzed by Student’s t-test. The 
p-value less than 0.05 was considered statistically 
significant.

Results

Mettl3 Is Downregulated in 
Glioma Tumor Tissues

It was reported that the reduction of m6A 
mRNA methylation could promote the tumorige-
nicity of glioblastoma stem cells7. To investigate 
whether the m6A mRNA methylation plays the 
same role in the human glioma, we detected the 
expression of its “writer” Mettl3 in glioma tissues 
by qRT-PCR. The results showed that expression 
of Mettl3 decreased as the condition of the gli-
oma worsened (Figure 1A). Then, we tested the 
expression of Mettl3 protein in different grades of 
glioma by Western blot, showing that the relative 
protein levels of Mettl3 appeared the same trend 
as the mRNA level of Mettl3 (Figure 1B). 

Mettl3 is Downregulated in 
Glioma Cell Lines

To confirm the function of Mettl3 in glioma, 
we detected the expression of Mettl3 in glioma 
cell lines, including U87 and LN229. The ex-
pression of mRNA and protein were detected by 
qRT-PCR and Western blot. As shown in Figure 
2A and B, the expression of Mettl3 in U87 and 
LN229 was significantly lower than that in the 
normal human astrocytes HA1800.

Deficiency of Mettl3 Enhances 
Proliferation while Inhibits the 
Apoptosis of Glioma Cell Lines

To explore the function of the Mettl3 on 
the development of glioma, we knocked down 
Mettl3 in U87 and LN229 cells with Mettl3 
shRNA. The results of qRT-PCR showed the 
efficiency of the downregulation of Mettl3 
(Figure 3A). CCK-8 assay was used to detect 
the proliferation of transfected cells, showing 
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that the downregulation of Mettl3 promoted 
the proliferation of U87 and LN229 cells (Fig-
ure 3B, C). The analysis of cell apoptosis was 
performed with flow cytometry. As shown in 
Figure 3D and E, the downregulation of Met-
tl3 decreased the apoptosis of U87 and LN229 
cells. The results of colony formation assay 
further confirmed that deficiency of Mettl3 
accelerated the colony formation of U87 and 
LN229 cells (Figure 3F, G).

Deficiency of Mettl3 Promotes the 
Migration and Invasion of 
Glioma Cell Lines

To investigate the function of the Mettl3 on 
the migration and invasion of U87 and LN229 
cells, we performed wound healing assay and 

transwell invasion assay. Downregulation of 
Mettl3 enhanced the migration (Figure 4A, 
B) and invasion (Figure 4C, D) of U87 and 
LN229 cells.

Overexpression of Mettl3 Inhibits the 
Proliferation and Induced the Apoptosis 
of Glioma Cell Lines

To further confirm the critical role that Mettl3 
plays in U87 and LN229 cells, we transfected 
the cells with OE-Mettl3. The results of qRT-
PCR showed that Mettl3 was overexpressed in 
U87 and LN229 cells (Figure 5A). In consistent 
with previous results, the upregulation of Mettl3 
inhibited the proliferation (Figure 5B, C), while 
enhanced the apoptosis of U87 and LN229 cells 
(Figure 5D, E). Moreover, the colony formation 

Figure 1. Downregulation of Mettl3 was related to malignancy in glioma (A) the expression of Mettl3 mRNA in different 
grade glioma classified by WHO detected by qRT-PCR. B, The expression of Mettl3 protein in glioma of WHO grades II-IV 
detected by Western blot, *p<0.05 tumor tissues vs. the adjacent normal tissues.

Figure 2. Expression of Mettl3 in glioma cell lines (A) Expression of Mettel3 mRNA in human astrocyte cells and glioma cell 
lines. B, Expression of Mettel3 protein in human astrocyte cells and glioma cell lines, *p<0.05 glioma cell lines vs. HA1800 cells.
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assay showed that overexpression of Mettl3 at-
tenuated the colony formation of U87 and LN229 
cells (Figure 5F, G).

Overexpression of Mettl3 Inhibits the 
Migration and Invasion of Glioma Cells

To validate the contribution of Mettl3 in the 
inhibition of the tumor growth of glioma, we 
overexpressed Mettl3 in U87 and LN229 cells 
and tested the abilities of migration and invasion 
by wound healing assay and transwell invasion 
assay. The results of wound healing assay indicat-
ed that the overexpression of Mettl3 inhibited the 
migration of U87 (Figure 6A) and LN229 (Figure 
6B) cells. As expected, the invasion abilities of 
U87 and LN229 cells were also decreased by the 
overexpression of Mettl3 (Figure 6C, D).

Mettl3 Regulates the Growth of Glioma 
Tumors by Targeting PI3K/Akt Pathway

Liu et al13 indicated that m6A mRNA meth-
ylation acted as a regulatory role in PI3K/
Akt pathway in endometrial cancer. To inves-
tigate whether m6A mRNA methylation has 
the same function on PI3K/Akt in glioma, we 
detected the phosphorylation level of Akt and 
mTOR after downregulating Mettl3 in U87 
and LN229 cells. The results of Western blot 
suggested that the downregulation of Mettl3 
could enhance the expression of PI3K and the 
phosphorylation level of Akt and mTOR in 
U87 and LN229 cells (Figure 7A, B). To fur-
ther show whether the PI3K/Akt was the un-
derlying pathway of the Mettl3 on regulating 
the tumorigenesis of glioma, we treated the 

Figure 3. Downregulation of Mettl3 promoted glioma cells growth (A) qRT-PCR was adopted to validate the efficiency of 
Mettl3 shRNA. Effect of Mettl3 deficiency on U87 (B) and LN299 (C) cells proliferation was detected by CCK-8 assay. Effect 
of Mettl3 deficiency on U87 (D) and LN299 (E) cells apoptosis was measured by flow cytometry. Effect of Mettl3 deficiency 
on U87 (F) and LN299 (G) cells proliferation was assessed by colony formation assay, magnification times: 200×, *p<0.05 
sh-Mettl3 group vs. sh-NC group.
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cells with vector-Mettl3, LY294002 (the in-
hibitor of PI3K), GSK690693 (the inhibitor of 
Akt) and performed CCK-8 assay and wound 
healing assay. As shown in Figure 7C-H, 
the treatment of LY2940002 and GSK690693 
abolished the promotion of proliferation and 
migration of U87 and LN229 cells caused by 
downregulation of Mettl3.

Overexpression of Mettl3 Inhibits U87 
and LN229 Cells Growth In Vivo

According to the results of Mettl3 in vitro 
assay, we presumed that Mettl3 played a sig-
nificant role in the tumorigenesis of glioma. 
To confirm its function in vivo, we transfected 
the vector -NC and vector-Mettl3 into U87 and 
LN299 cells and injected the cells subcutaneous-
ly into nude mice. As detected in Figure 8A-D, 
the tumor volumes of vector-Mettl3 group were 
prominently larger than that in the vector-NC 
group. The results of Western blot showed that 

the expression of PI3K and the phosphorylation 
level of Akt and mTOR were significantly down-
regulated in the tumor tissues of vector -Mettl3 
group (Figure 8E, F).

Discussion 

Previous studies demonstrated that m6A 
mRNA methylation played important roles in 
a variety of physiological functions. However, 
the exact role of m6A in biology function was 
still unknown. There were studies13,14 show-
ing that reducing m6A level of m6A-tagged 
transcripts by knocking down Mettl3 could 
enhance self-renewal and damaged differen-
tiation of mESCs, while others6 validated that 
the loss of the Mettl3 or Methyltransferase-like 
14 (Mettl14) which was defined as another 
“writer” of m6A decreased the self-renewal of 
mECSs. Recently, more attention was paid on 
the regulatory function of m6A on promoting 

Figure 4. Downregulation of Mettl3 enhanced the migration and invasion of glioma cells U87 and LN229 cells were separated 
into two groups: sh-NC group, sh-Mettl3 group. Migration of U87 (A) and LN229 (B) cells was assessed by wound healing 
assay, magnification times: 200×. Invasion of U87(C) and LN229 (D) cells was detected by transwell assay, magnification 
times: 200×, *p<0.05 sh-Mettl3 group vs. sh-NC group.
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some cancers, such as human acute myeloid 
leukemia15 and breast cancer16. While, other 
researches ref lected that the reduction of the 
mRNA m6A level by knocking down Mettl3 
enhanced the proliferation of the glioblastoma 
stem-like cells and the growth of endometrial 
cancer was promoted either7,13.

Our study validated that the expression of 
Mettl3 was significantly downregulated in gli-
oma tissues compared to the adjacent normal 
tissues. The downregulation of Mettl3 promoted 
the proliferation, migration, and invasion of 
glioma cells, while inhibited the apoptosis of 
glioma cells. Moreover, the upregulation of Met-
tl3n can also inhibit the cell growth of U87 and 
LN229 in vitro.

The PI3K/Akt pathway has significant func-
tions on various biological processes, and dis-
order of the PI3K signaling has contribution 
to a variety of diseases including diabetes, 
Parkinson disease, cancers, and choroba au-
toimmunologiczna17-20. Brazil et al21 demon-
strated that PI3K signaling pathway played 
the important role in cell growth, apoptosis, 
and metabolism, and the expression of PI3K 
and Akt protein is upregulated in tumor tis-
sues such as gastric cancer, endometrial cancer 
and breast cancer22-24. In this study, we found 
that PI3K/Akt/mTOR acted as a crucial down-
stream signaling of Mettl3 in glioma. As shown 
in our results, the knockdown of Mettl3 could 
enhance the phosphorylation level of Akt and 

Figure 5. Overexpression of Mettl3 inhibited the glioma cells growth U87 and LN229 cells were divided into two groups: 
Vector-NC group, Vector -Mettl3 group. A, The mRNA level of Mettl3 detected by qRT-PCR. B, C, Upregulation of Mettl3 
inhibited the proliferation of U87 and LN229 cells. D, E, Upregulation of Mettl3 promoted the apoptosis of U87 and LN229 
cells. F, G, Upregulation of Mettl3 reduced the rate of colony formation of U87 and LN229, magnification times: 200×, *p<0.05 
Vector -Mettl3 group vs. Vector-NC group.
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mTOR, while the inhibition of Akt and mTOR 
could reverse the increase of cell proliferation 
and migration caused by downregulation of 
Mettl3. In addition, the overexpression of Met-
tl3 in U87 and LN229 could downregulate the 
relative level of PI3K and phosphorylation level 
of mTOR and Akt in vivo. 

According to our study, Mettl3 was reported 
as a crucial regulator of PI3K signaling in nu-
merous kinds of cancers. Depletion of Mettl3 
could promote the tumorigenesis in endome-
trium by activating Akt signaling13. In renal 
cell carcinoma (RCC), the downregulation of 
Mettl3 was validated to enhance the prolif-
eration and migration of RCC cell lines by 
dysregulating of PI3K/Akt pathway9. Our work 
demonstrated that Mettl3 regulated the abili-
ties of proliferation, migration, and invasion in 
glioma cell lines by targeting PI3K/Akt /mTOR 

pathway. In summary, our findings prove that 
Mettl3 may act as an anti-oncogene in progres-
sion of glioma.

Conclusions

To sum up, the findings of this study indicate 
that Mettl3 can function as a tumor suppressor 
in the development of glioma. The inactivation 
of PI3K/Akt signaling pathway underlies the mo-
lecular mechanism by which Mettl3 inhibits the 
progression of glioma. However, as the mod-
ification of m6A on RNA was dynamic, how 
Mettl3 inactivates PI3K/Akt signaling pathway 
is still unclear. Further investigations should be 
conducted to illustrate the mechanisms through 
which Mettl3 regulates the activation of PI3K/
Akt signaling pathway.

Figure 6. Overexpression of Mettl3 inhibited migration and invasion of glioma cells U87 and LN229 cells were divided 
into two groups: Vector-NC group, Vector -Mettl3 group. A, B, Overexpression of Mettl3 inhibited the migration of U87 and 
LN229 accessed by wound healing assay, magnification times: 200×. C, D, Over expression of Mettl3 inhibited the invasion of 
U87 and LN 229 cells, magnification times: 200×, *p<0.05 Vector -Mettl3 vs. Vector-NC.
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Figure 7. Deficiency of Mettl3 promoted malignancy of glioma by activating PI3K/Akt pathway U87 and LN229 cells were divided into four groups: sh-NC, sh-Mettl3, sh-Mettl3 
+LY294002, sh-Mettl3 +GSK690693. A, B, Deficiency of Mettl3 induced changes on the markers of PI3K/Akt/mTOR pathway with enhancements of the PI3K, p-Akt, and p-mTOR. 
C, D, Inhibitors of Akt and mTOR decreased the proliferation of transfected U87 and LN229 cells. E-H, Inhibitors of Akt and mTOR reduced the migration of transfected U87 and 
LN229 cells, magnification times: 200×, *p<0.05 sh-Mettl3 vs. sh-NC, #p<0.05 sh-Mettl3 +LY294002 vs. sh-Mettl3, #p<0.05 sh-Mettl3 + GSK690693 vs. sh-Mettl3.
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Figure 8. Overexpression of Mettl3 inhibited the tumor growth in vivo U87 and LN229 cells were divided into two groups: Vector-NC group and Vector -Mettl3 group. A, B, 
The volume of tumors was detected every 6 day after U87 and LN229 were injected into nude mice. C, D, The weight of tumors was detected after sacrificing the nude mice. E, 
F, The phosphorylation levels of PI3K and Akt proteins were detected after sacrificing the nude mice, *p<0.05 Vector -Mettl3 vs. Vector-NC.
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