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Background: As a key enzyme of m6A methylation modification, methyltransferase-like 14 
(METTL14) is involved in many physiological and pathophysiological processes. This study 
aims to explore the effect of METTL14 on the viability of osteosarcoma cells and explain the 
underlying molecular mechanism.
Methods: We detected the content of METTL14 in osteosarcoma tissue by qRT-PCR and 
Western blot. Experiments such as transwell, EdU, and CCK-8 have demonstrated the effect 
of METTL14 on osteosarcoma cell activity. In addition, the regulation of caspase-3 by 
METL14 was determined by Western blot. We used caspase-3 inhibitor to further reverse 
the effect of METTL14 on osteosarcoma cell apoptosis.
Results: We found that the expression of METTL14 in osteosarcoma cells was reduced 
compared with normal tissues. METTL14 overexpression significantly reduced the prolifera-
tion, migration, invasion and apoptosis of osteosarcoma cells. Inhibition of METL14 showed 
the opposite result. We have demonstrated that METTL14 finally achieves apoptosis by 
activating caspase-3.
Conclusion: We have demonstrated that METTL14 has effects on osteosarcoma cell pro-
liferation, migration, and invasion and promotes cell apoptosis by activating caspase-3, 
which may become a potential therapeutic target for osteosarcoma.
Keywords: osteosarcoma, m6A methylation, METTL14

Introduction
Osteosarcoma (OS) is a malignant tumor with a high degree of malignancy and 
a poor prognosis, which tends to occur in adolescents.1 The current clinical treat-
ment is mainly surgical treatment, supplemented by radiotherapy, chemotherapy 
and biological adjuvant therapy.2,3 However, due to many complications of surgical 
treatment, tumor cells are prone to multi-drug resistance and insensitivity to radio-
therapy, and the 5-year survival rate of patients has not improved in recent years.4,5 

Therefore, it is of great significance to explore new targeted therapies to improve 
the clinical outcome of OS patients.

6-methyladenosone (N6-methyladenosone, m6A), the methylation that occurs on 
the sixth N of adenylate (A) in RNA, is the most abundant epitranscriptomic modifica-
tion in eukaryotic mRNA.6 m6A RNA methylation is a dynamic and reversible 
modification process. From catalytic formation to functional realization, it is mainly 
affected by regulation of the m6A methyltransferase complex (METTL3, METTL14 and 
WTAP), m6A demethylase (FTO, ALKBH5) and m6A reader proteins.7–9 Studies have 
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found that m6A may affect a series of life processes such as 
development, immune regulation, tumor progression and 
stem cell differentiation.6,10 Several related studies have 
reported on m6A-related modified enzymes and their role in 
the occurrence and development of different human 
tumors.11 m6A-related modifying enzymes regulate the 
expression of proto-oncogenes and tumor suppressor genes 
by affecting specific RNA molecules or the overall 
RNA m6A modification levels.8,12 In addition, other mechan-
isms for changing m6A modifications include the gain or loss 
of specific m6A modifications caused by point mutations.13

As a key component of the m6A methyltransferase com-
plex, METTL14 plays an important role in the development 
of cancer cells.14 Weng et al15 found that METTL14 modu-
lates mRNA targets of acute myeloid leukemia (AML) (for 
example, MYB and MYC) to exert carcinogenic effects. Ma 
et al16 reported that METTL14 inhibits the metastasis of liver 
cancer cells by regulating the m6A methylation modification 
of microRNA126. Chen et al17 and other studies have shown 
that overexpression of METTL14 can inhibit the growth and 
metastasis of colorectal cancer cells. However, the effect of 
METTL14 on osteosarcoma cells has not been examined. 
This study aims to explore the role of METTL14 in the 
occurrence and development of osteosarcoma cells and pro-
vide new ideas for the clinical treatment of osteosarcoma.

In this study, we observed changes in osteosarcoma cells 
by regulating the expression of METTL14. To that end, we 
found that METTL14 can inhibit the proliferation, migration 
and invasion of tumor cells, and promote tumor cell apoptosis.

Materials and Methods
Cell Culture and Treatment
Human osteosarcoma cell lines U2OS and 143B were pur-
chased from Shanghai Institutes of Biological Sciences, 
Chinese Academy of Sciences (Shanghai, China). U2OS 
was cultured in Dulbecco`s modified Eagle medium 
(DMEM) (Life Technologies Corporation, California, 
USA) supplemented with 10% fetal bovine serum (FBS) 
(Biological Industries, Israel) at 37°C under 5% CO2. 143B 
cells were cultured in RPMI 1640 basic medium (Cat# 
11–875-093; Gibco, USA) at 37°C under 5% CO2.

qRT-PCR
Total RNA was extracted using TRIzol reagent (Life technol-
ogies Corporation) and then 500 ng total RNA was reverse 
transcribed to cDNA using a High Capacity cDNA Reverse 
Transcription Kit (Cat# 00676299; Thermo Fisher Scientific, 

Waltham, USA). Quantitative reverse transcription PCR ana-
lysis was performed with 1 μL cDNA using SYBR Green 
PCR Master (Roche) in a 7500 Fast Real-Time instrument 
(Applied Biosystems, Foster City, CA, United States). 
GAPDH was used as an endogenous control. Reactions were 
run in triplicate. The primer pairs used in our PCR analysis are 
as follows (Forward/Reverse primer sequence (5`-3`)).

METTL14-F: GTCTTAGTCTTCCCAGGATTGTTT
METTL14-R: AATTGATGAGATTGCAGCACC
GAPDH-F: AGCCACATCGCTCAGACAC
GAPDH-R: GCCCAATACGACCAAATCC

Western Blot
Cells were lysed in cell lysis buffer (Cat# P0013B; Beyotime 
Biotechnology, Shanghai, China) supplemented with PMSF 
protease inhibitor on ice for 1 h, followed by centrifuging at 
13,500 g at 4°C for 15 min. Protein concentration was mea-
sured using a BCA Protein Assay Kit (Cat# P0010S; Beyotime 
Biotechnology) following the manufacturer’s instructions. 
Protein samples (50 µg) were separated on a polyacrylamide 
gel and transferred to a nitrocellulose membrane and then 
blocked with 10% fat-free dry milk at room temperature for 
1 h. Then, the membrane was incubated with a rabbit anti- 
METTL14 antibody (1:1000; Cat# 51104S; Cell Signaling 
Technology), a rabbit anti-caspase-3 antibody (1:1000; Cat# 
9662S; Cell Signaling Technology), and a mouse anti-GAPDH 
antibody (1:500; Cat# abs830030; Absin) at 4°C overnight. 
Then, the membrane was incubated with monoclonal anti- 
rabbit IgG (1:5000; Cat# ab97051; Abcam) or monoclonal 
anti-mouse IgG (1:5000; Cat# ab6789; Abcam) at room tem-
perature for 1 h. Western blot bands were imaged with Odyssey 
CLx and quantified with LI-COR Image Studio Software (LI- 
COR Biosciences, Lincoln, NE, USA).

Plasmid Transfection
The METTL14-carrying plasmid for overexpression was 
constructed by Cyagen (Suzhou, China). Cells were plated 
in 6-well culture plates and transfected with 1 μg plasmid 
using LipofectamineTM 3000 Transfection Reagent (Cat# 
L3000008; Cell Signaling Technology) according to the 
manufacturer’s protocols. Cells were collected 24 h after 
transfection.

Cell Counting Kit (CCK)-8 Assay
Cell Counting Kit (CCK)-8 assay was used to measure cell 
proliferation ability. 1000 cells/well were seeded in 96- 
well plates. At 0, 24, 48 and 72 h, 100 μL fresh medium 
containing 10 μL CCK-8 (Cat# HY-K0301, MCE) was 
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added into each well to replace the original medium. 
A spectrophotometer was used to measure the absorbance 
of each well (Thermo Scientific, Waltham, MA, USA).

Ethynyl-2-Deoxyuridine (EdU) Staining 
Assay
An EdU Apollo DNA in vitro kit (Ribobio, Guangzhou, 
China) was used to detect cell proliferation ability. Cells 
were plated into 12-well culture plates at a density of 
4.0×104. Briefly, cells were incubated with 30 μM EdU 
at 37°C for 90 min and then fixed with 4% paraformalde-
hyde (m/v) for 30 min. After permeabilized in 0.5% Triton 
X-100, the Apollo staining solution was added into the cell 
culture medium for 30 min away from light. Finally, the 
cells were incubated with 20 μg/mL 4ʹ,6-diamidino-2-phe-
nylindole (DAPI) for 10 min. The EdU index (%) is the 
average ratio of the number of EdU-positive cells over 
total cells in five randomly selected areas under the con-
focal laser scanning microscope (FV10i).

Invasion Assay
Twenty-four-millimeter transwell chambers (Corning 
#3412, USA) were used to detect cell invasive abilities, 
and the assay was performed according to the manufac-
turer’s protocols. A total of 1 × 104 cells infected with 
plasmid were resuspended in 200 μL serum-free DMEM 
medium and seeded in the upper chamber. DMEM med-
ium containing 10% FBS was added into the lower cham-
ber. After 24 h, cells migrated through the membrane and 
were stained with 0.1% crystal violet (Beyotime 
Biotechnology, China) for 15 min and counted using 
light microscopy (ECLIPSE TS100, Nikon).

Migration Assay
Cells were plated into 6-well culture plates at a density of 
2.5 × 105 cells/mL. When the confluence of cells reached 
70%, a wound was created by scraping the cells with 
a 200-μL pipette tip. Cells were washed with PBS and 
then transfected with plasmid. Images were captured at 0, 
24 and 48 h after wounding by standard light microscopy 
(ECLIPSE TS100, Nikon, Japan). The wound area was 
measured using ImageJ software (National Institutes of 
Health (NIH), USA).

Colony-Formation Assay
Cells transfected with the targeted plasmid were seeded in 
a six-well plate at a concentration of 1500 cells per well and 

cultured at 37°C under 5% CO2. Two weeks later, cells 
were fixed and stained separately with 100% methanol and 
0.1% crystal violet for 20 min. Colonies were air-dried and 
counted. The experiments were repeated three times.

Propidium Iodide (PI)/Hoechst 33,342 
Staining
PI/Hoechst 33,342 staining was performed using a Hoechst 
33,342/PI Double Staining Kit (Solarbio Science, Beijing 
China). The cells were evenly grown on the bottom of the 
culture dish, fixed with 4% paraformaldehyde at 37°C for 
15 min, and stained with the dye solution at room tempera-
ture and away from light for 30 min. Finally, images of the 
staining were captured by a confocal laser scanning micro-
scope (FV10i, Olympus, Tokyo, Japan).

Statistical Analysis
Data are expressed as mean ± SEM. Statistical analysis 
was performed using GraphPad Prism7 software and ana-
lyzed by Student’s t-test (two-tailed). All experiments 
were independently repeated at least three times. *P < 
0.05; **P < 0.01; ***P < 0.001.

Results
METTL14 Expression is Reduced in 
Osteosarcoma Tissues
To clarify the relationship between METTL14 and osteosar-
coma, we determined the content of METTL14 in normal 
tissues and osteosarcoma tissues by Western blot. The results 
showed that the content of METTL14 protein in normal tissues 
is much higher than that of the osteosarcoma patient group 
(Figure 1A). In addition, the expression of METTL14 RNA in 
osteosarcoma tissue was lower than that of normal tissues 
(Figure 1B). Furthermore, the survival analysis from the 
Cancer Genome Atlas (TCGA) data set (http://www.oncolnc. 
org/) showed that patients with high METTL14 expression 
have a higher early survival rate. On the contrary, patients 
with low METTL14 expression have poor early survival rates 
(Figure 1C).

METTL14 Overexpression Can Inhibit 
Cell Viability and Proliferation of 
Osteosarcoma Cells
To evaluate the effect of METTL14 on the proliferation of 
osteosarcoma cells, we chose to overexpress METTL14 in 
the human osteosarcoma cell lines U2OS and 143B. EDU 
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staining results showed that overexpression of METTL14 
could significantly inhibit the proliferation of osteosar-
coma cells (Figure 2E and F). Additionally, through the 
Cell Counting Kit-8 (CCK8) experiment to detect cell 
proliferation capacity, in the two cell lines, the OD value 
of the overexpression group was significantly lower than 
that of the control group at 24 hours, 48 hours and 72 
hours (Figure 2A and B). Moreover, METTL14 could 
significantly inhibit the activity of osteosarcoma cells. In 
addition, cell clone formation experiments showed that 
when METTL14 was overexpressed, the number of osteo-
sarcoma cell clones decreased (Figure 2C and D).

METTL14 Overexpression Can Inhibit the 
Migration and Invasion of Osteosarcoma 
Cells
The cell scratch experiment was used to explore the effect 
of METTL14 on the migration ability of osteosarcoma 
cells. The results showed that the migration speed of the 
overexpression group at 24 hours and 48 hours in the two 

cell lines was significantly lower than that of the control 
group (Figure 3A and B). This demonstrates that 
METTL14 can inhibit the migration ability of osteosar-
coma cells. A transwell invasion experiment was used to 
further study the influence of METTL14 on the invasion 
ability of osteosarcoma cells. Compared with the control 
group, the invasive cells in the overexpression group in the 
two cell lines were significantly reduced, indicating that 
METTL14 can inhibit the invasive ability of osteosarcoma 
cells (Figure 3C and D).

METTL14 Overexpression Can Promote 
Osteosarcoma Cell Apoptosis
To clarify the effect of METTL14 on osteosarcoma cell 
apoptosis, we performed PI staining in two cell lines. The 
results showed that the amount of apoptosis in the over-
expression group in the two cell lines was significantly 
greater than that of the control group, and the overexpres-
sion of METTL14 could promote the apoptosis of osteo-
sarcoma cells (Figure 4A and B). To further verify this 

Figure 1 Expression of METTL14 in human osteosarcoma is reduced. (A) Protein expression of METTL14 in normal tissues and osteosarcoma tissues. (B) qRT-PCR showing 
the mRNA expression of METTL14 in normal tissues (n=3) and osteosarcoma tissues (n = 3). (C) Kaplan–Meier survival curve indicating the difference in survival rate 
between METTL14 high expression and METTL14 low expression patients. Data are expressed as mean ± SEM. **P < 0.01.
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Figure 2 METTL14 overexpression inhibits cell proliferation and colony formation capacity of human osteosarcoma cells. (A and B) EdU staining for evaluation of METTL14 
on the proliferation of U2OS (A) and 143B cells (B) (Bar: 25 μm, n = 8). (C and D) CCK-8 assay was used to detect cell proliferation and the graphs show the changes of 
absorbance value in 450 nm of U2OS (C) and 143B cells (D) transfected with METTL14 plasmids (n = 5). (E and F) Representative images and quantification of the colony 
numbers resulting from the colony formation assay in U2OS (E) and 143B cells (F). Data are expressed as mean ± SEM. ***P < 0.001.

Figure 3 METTL14 overexpression suppresses cell invasion and migration ability of U2OS and 143B cells. (A and B) Wound-healing assay was used to detect the effects of 
METTL14 forced expression in cell migration ability of U2OS (A) and 143B cells (B). The representative images were taken at 0 h, 24 h and 48 h respectively after 
transfection (Bar: 200 μm, n = 9). (C and D) Transwell assays showing the changes of invasion ability with METTL14 overexpression in U2OS (C) and 143B cells (D) (Bar: 
150 μm, n = 7). Bar graph representing the quantification of invasive cells. Data are expressed as mean ± SEM. ***P < 0.001.
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conclusion, we conducted a TUNEL staining experiment. 
These results also confirmed that overexpression of 
METTL14 can promote cell apoptosis (Figure 4C and D).

Anti-Tumor Property of METTL14 is 
Through Caspase 3 Cleavage
As we observed METTL14 could strongly induce cell apop-
tosis of osteosarcoma cell, we assessed the protein level of 
cleaved caspase 3, the most important terminal shear 
enzyme during cell apoptosis. As shown in Figure 5, 24 
hours after transfection of METTL14 plasmids, the protein 

level of cleaved caspase 3 dramatically decreased along 
with the increase of METTL14 in U2OS cells (Figure 5A 
and B). To further confirm the effects of METTL14 in 
osteosarcoma cell viability was solely responsible for apop-
tosis, we combined METTL4 overexpression treatment with 
the general caspase inhibitor Z-VAD-FMK. As expected, 
combined treatment with Z-VAD-FMK significantly 
reverted the cleaved caspase-3 protein levels enhanced by 
METTL14 overexpression in U2OS cells (Figure 6A). 
Consistently, PI and TUNEL staining results showed that 
Z-VDA-FMK markedly attenuated destruction of 

Figure 4 METTL14 promotes cell apoptosis of U2OS and 143B cells. (A and B) Double fluorescence staining of live cells with Hoechst and PI showing the degree of cell 
apoptosis (Bar: 25 μm, n = 8). Bar graph representing the percentage of PI-positive cells. (C and D) TUNEL stating was used to assess cell apoptosis of U2OS (C) and 143B 
cells (D) with or without METTL14 overexpression (Bar: 25 μm, n = 8). Bar graph representing the percentage of TUNEL positive cells. Data are expressed as mean ± SEM. 
***P < 0.001.

Figure 5 METTL14 overexpression activates caspase 3. (A) qRT-PCR was performed to confirm the transfection efficiency of METTL14 plasmids in U2OS cells (n = 3). (B) 
Western blot results showing the protein level of METTL14, caspase 3 and cleaved caspase 3 with or without METTL14 forced expression in U2OS cells. Data are expressed 
as mean ± SEM. ***P < 0.001.
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METTL14 for cell activity in both U2OS and 143B cells 
(Figure 6B–E).

Discussion
As an important part of the encoder in the process of RNA 
methylation, METTL14 plays an important role in the 
occurrence and development of a variety of tumor cells. 
Osteosarcoma, a malignant tumor, has not been clinically 
effective in recent years to improve the 5-year survival rate 
of patients. At present, there is still a lack of research on 
the effect of METTL14 on osteosarcoma cells. Our experi-
ments demonstrated that when METTL14 expression is 
enhanced, it can inhibit the activity of osteosarcoma cells 
and promote cell apoptosis. By examining the content of 

METTL14 in tissues, we found that METTL14 is positively 
correlated with the prognosis of patients with osteosar-
coma. Therefore, from these experiments, we propose 
that downregulation of METTL14 may be a potential 
mechanism underlying osteosarcoma and can be used as 
a tumor suppressor gene, and overexpression of METTL14 
can be used as a new alternative therapy for osteosarcoma.

Recent studies have shown that m6A methylation modify-
ing enzymes are abnormally expressed in some malignant 
tumors. Li et al,18 found that in OS patients, especially in 
metastatic tissues, disorders involving m6A-related regulatory 
factors, such as the low expression of METTL3 and METTL14, 
can be related to poor prognosis of patients. This observation is 
consistent with the results of our study. Based on this result, we 

Figure 6 METTL14 induces cell apoptosis dependent on caspase 3 pathway. (A) Western blot results showing the protein level of caspase 3 and cleaved caspase 3 
transfected with METTL14 plasmids with or without the absence of Z-VAD-FMK (10 μm). (B and C) Double fluorescence staining of live cells with Hoechst and PI showing 
the degree of cell apoptosis (Bar: 25 μm, n = 8). Bar graph representing the percentage of PI-positive cells. (D and E) TUNEL stating was used to assess cell apoptosis of 
U2OS (D) and 143B cells (E) (Bar: 25 μm, n = 8). Bar graph representing the percentage of TUNEL positive cells. Data are expressed as mean ± SEM. ***P < 0.001.
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further explored the effects of METTL14 on the proliferation, 
migration, invasion and apoptosis of osteosarcoma. It is well 
known that an important factor affecting the prognosis of 
patients with osteosarcoma are early metastasis and recurrence 
after surgical treatment.4 To target the effect of METTL14 on 
tumor cell migration and invasion, we conducted a cell scratch 
test and transwell test. Consistent with what was expected, 
when the expression of METTL14 in cells is enhanced, it can 
inhibit the proliferation and migration of osteosarcoma cells. 
The cell clone formation experiment is an important technical 
method used to detect cell proliferation, invasiveness and 
sensitivity to killing factors. When a single cell proliferates 
in vitro for more than six generations, the cell population 
composed of its offspring becomes a colony or clone. 
Among them, the cell clone formation rate is the cell inocula-
tion survival rate, which indicates the number of adherent cells 
that survived and formed clones after cell inoculation. The 
clone formation rate reflects the two important traits of cell 
population dependence and proliferation ability. In addition, 
cloning experiments can evaluate the tumorigenicity of cells 
in vivo. Cancer cells may not necessarily be tumorigenic 
in vivo. However, the stronger the cloning ability in vitro, 
the stronger the tumorigenicity in vivo. We carried out experi-
ments on cell proliferation and cloning, and the results showed 
that METTL14 can inhibit cell viability and weaken cell clon-
ing ability.

The activation of caspase-3 forms lysed caspase-3, 
and increased levels of lysed caspase-3 in tumor cells 
lead to apoptosis and secretion of paracrine factors.19 We 
tested the content of cleaved caspase-3 after overexpres-
sion of METTL14 and found a positive correlation 
between the two. We therefore hypothesized that 
METTL14 can increase the content of caspase-3 to pro-
mote osteosarcoma cell apoptosis. To verify this hypoth-
esis, we first conducted a cell-level study. The results of 
PI staining and TUNEL staining showed that overexpres-
sion of METTL14 can promote tumor cell apoptosis. To 
further verify this hypothesis, we added the caspase 
inhibitor Z-VAD-FMK under the condition of overex-
pression of METTL14 to block the apoptosis caused by 
caspase-3 activation. The results showed a significant 
decrease in the number of apoptotic cells. It can be 
inferred from this that METTL14 induces tumor cell 
apoptosis after activating caspase-3. Although this find-
ing has not definitively shown which particular pathway 
or gene (s) are affected by this activation, the specific 
mechanism can be studied through subsequent 

experiments. Our findings still lay the foundation for 
future research in understanding underlying mechanisms.

This study showed that METTL14 can promote osteo-
sarcoma cell apoptosis, inhibit cell viability, and have 
a tumor suppressor effect on osteosarcoma. For any kind 
of cancer, early detection, early diagnosis and early treat-
ment are the golden rules. As a type of early metastasis 
tumor, osteosarcoma should be diagnosed early and accu-
rately. At present, the clinical diagnosis of this cancer is 
mainly based on the influence of the examination, but it is 
often difficult to accurately diagnose and predict osteosar-
coma due to atypical manifestations of patients and numer-
ous tumor subtypes. This study suggests that METTL14 
has great potential as a clinical biomarker of osteosarcoma 
in the future and provides new ideas for the clinical treat-
ment of osteosarcoma.
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