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Abstract: Objective: To explore whether METTL3 was involved in the pathogenesis of hepatocellular carcinoma 
(HCC) by modulating the m6A level of USP7. Methods: We performed qRT-PCR and western blot assays to detect the 
expression level of METTL3 in HCC tissues and paired adjacent normal tissues, as well as HCC cell lines. The level 
of m6A in HCC tissues and cells was quantitatively analyzed by m6A RNA Methylation Quantitative Kit. We examined 
the effect of METTL3 on cell proliferation ability by CCK-8 and EdU assays, and examined cell migration and cell inva-
sion ability by Transwell assay. It was predicted via bioinformatics tool that USP7 may undergo methylation in HCC. 
Subsequently, we performed qRT-PCR assay to detect the expression level of USP7 in HCC tissues and analyzed its 
correlation with the expression level of METTL3. We verified the regulatory relationship between METTL3/USP7 and 
transfected USP7 siRNA in cells to detect its effects on cell invasion, migration and proliferation. The regulatory ef-
fect of METTL3 on USP7 in HCC was analyzed by corresponding experiments. Results: The qRT-PCR results indicated 
that METTL3 was highly expressed in HCC tissues and cell lines. The level of m6A was remarkably increased in HCC 
tissues and cell lines. Besides, the elevated METTL3 expression was related to worse overall survival. The abilities 
of cell invasion, migration and proliferation were remarkably attenuated by down-regulation of METTL3 expression. 
Through bioinformatics analysis, it was found that USP7 might be regulated by METTL3 to undergo methylation 
modification. The qRT-PCR results showed that the USP7 was highly expressed in HCC tissues, and was positively 
correlated with the level of METTL3. Further experiments showed that down-regulation of USP7 could reduce cell 
proliferation, migration, and invasion. METTL3 could positively regulate the malignant phenotype of USP7 in HCC. 
Conclusion: METTL3 might regulate the expression of USP7 through m6A methylation and facilitate the invasion, 
migration and proliferation of HCC cells.
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Introduction

Primary liver cancer is one of the most common 
malignant cancers worldwide [1-3]. According 
to histology, it can be divided into hepatocellu-
lar carcinoma (HCC), combined hepatocellular 
and cholangiocarcinoma and cholangiocarci-
noma, with hepatocellular carcinoma in the 
majority, accounting for about 90% [4]. The 
5-year survival rate of patients with HCC is very 
poor, and about 600,000 patients die every 
year [5]. Therefore, it’s of great significance to 
explore prognostic biomarkers and treatment 
targets for HCC.

RNA methylation modifications account for 
more than 60% of RNA modifications, which 

have many types including m1A (N1-methy- 
ladenosine) occurring on the first nitrogen atom 
of adenine, m6A (N6-methyladenosine) occur-
ring on the sixth nitrogen atom of adenine, and 
m5C (C5-methylcytidine) occurring on the fifth 
carbon atom of cytosine [6]. m6A of RNA is the 
most common type of RNA modifications and  
is dynamic and reversible [7-11]. M6A mainly 
enriches in a conserved consensus motif 
named as RRACH [11, 12]. Now, we have a 
clear understanding of the formation of m6A. 
The modification function of m6A is mainly 
determined by demethylases (ALKBH5 and 
FTO) and methyltransferases (METTL3, MET- 
TL14 and WTAP) [13-16]. M6A recognizing pro-
teins are composed of YTH domain protein fam-
ily and nuclear heterozygous protein HNRNP 
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family, which are responsible for downstream 
RNA translation and degradation [17]. The 
degree and the pattern of m6A of mRNAs can 
affect their variable transport, storage, splicing, 
translation and stability [11]. Abnormity in regu-
latory mechanisms of m6A can lead to the 
occurrence of a variety of human diseases 
including cancers [18, 19].

METTL3, as one of the core components of 
m6A methyltransferase complex, takes part in 
mediating writing process of m6A methylation. 
It was confirmed to be abnormally expressed in 
many malignancies and have close association 
with poor prognosis in patients. Interestingly, it 
can play different or even opposite roles in dif-
ferent types of tumors. Most studies suggest 
that elevated METTL3 expression levels can 
promote tumor progression. For instances, 
Wang et al. showed that METTL3 is remarkably 
upregulated in gastric cancer (GC) tissues and 
associated with poor prognosis. Overexpres- 
sion of METTL3 can promote GC proliferation 
and liver metastasis in vitro and in vivo. 
Mechanistically, METTL3 can stimulate m6A 
modification of HDGF mRNA, and IGF2BP3 can 
directly recognize and bind to the m6A site on 
HDGF mRNA and enhance HDGF mRNA stabili-
ty [20]. Han and colleagues have demonstrated 
that METTL3 can promote the proliferation of 
bladder cancer via accelerating the maturation 
of pri-miR221/222, leading to the reduction of 
PTEN [21]. Chen et al. have proved that overex-
pression of METTL3 can obviously promote 
hepatocellular carcinoma (HCC) growth both in 
vitro and in vivo. Besides, METTL3 can lead to 
m6A-mediated SOCS2 mRNA degradation via 
the m6A reader protein YTHDF2-dependent 
pathway [22]. Liu et al. also showed that CNV 
and DNA methylation may contribute to the 
abnormal upregulation of METTL3 in HCC [23]. 
Besides, METTL3 is highly expressed in lung 
adenocarcinoma and facilitates proliferation 
and invasion of lung adenocarcinoma cells [24]. 
It was reported that METTL3 is remarkably 
overexpressed in glioblastoma, and silencing 
METTL3 could down-regulate glioma recombi-
nant factors such as SOX2, POU3F2, OLIG2  
and SALL2, thereby inhibiting the growth of 
GSCs [25]. A few studies suggested that lower 
levels of METTL3 promote tumor progression. 
Nevertheless, the role of METTL3 in the patho-
genesis of HCC needs further explore.

Materials and methods

Sample selection

From October 2018 to March 2019, 50 paired 
HCC tissues as well as adjacent normal tissues 
were harvested from diagnosed patients in 
Peking University Shenzhen Hospital. All tissue 
samples were stored at -80°C in liquid nitro- 
gen quickly after surgical resection. All tissue 
samples were pathologically validated. All 
included patients and their families signed an 
informed consent and the investigation re- 
ceived approval from the ethics committee of 
the hospital (approval number: 2020-336). 
Tumor pathological classification and staging 
were carried out according to the staging stan-
dards of the Union for International Cancer 
Control (UICC).

Cell culture

We purchased HCC cell lines (Hep3B, HCCLM3, 
MHCC97-L, HUH7) and human normal liver  
cell line (L02) from Institute of Hematology, 
China Academy of Traditional Chinese Medicine 
(Beijing, China). All cells were cultured in a  
complete medium containing 10% heat-inacti-
vated fetal bovine serum (FBS; Invitrogen), 
streptomycin (100 U/mL)/ penicillin (100 μg/
mL; Invitrogen) (RPMI-1640; Invitrogen, Grand 
Island, NY, USA). We maintained cells in an 
incubator with humidified atmosphere at 37°C 
with 5% CO2.

Cell transfection

In this study, the METTL3 siRNA and USP7 
siRNA, as well as the corresponding siRNA neg-
ative control were obtained from GenePharma 
Company (Shanghai, China). The cells used in 
the experiment (5×105 cells/well) were placed 
in a 6-well plate until the cell density reached 
80%. According to the manufacturer’s instruc-
tions, the transfection reagent was mixed with 
Lipofectamine 2000 (Invitrogen) and incubated 
at room temperature for 30 min. The products 
were added to the petri dishes and transfect- 
ed for 24-48 hours, and then the transfection 
efficiency was examined by qRT-PCR. The 
sequences of siRNAs are as follows: si-METT- 
L3 sense: 5’-GGCAAUAAUUAGUAGUCAAGU-3’; 
si-METTL3 anti-sense: 5’-UUGACUACUAAUUA- 
UUGCCUG-3’; si-USP7 sense: 5’-GGAUGUCU- 
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GUAGAAUAUUAAA-3’; si-USP7 anti-sense: 5’- 
UAAUAUUCUACAGACAUCCUG-3’.

RNA extraction and qRT-PCR

Purified total RNA was extracted from tissues 
and cells using TRIzol (Invitrogen) solution. As 
per the manufacturer’s instruction, the cDNA 
was extracted by reverse transcription (RT) in  
a 20 μL reaction system using the PrimeScript 
RT Reagent Kit (TAKARA, Code No. RR037A). 
qRT-PCR analysis was performed using the  
following conditions: 92°C 10 min, followed by 
40 cycles of 10 s at 92°C, 1 min at 60°C  
and 30 s at 72°C. Primer sequences are as fol-
lows: METTL3 (F: 5’-CTCTGGGGGTATGAACGGG- 
3’, R: 5’-CTCTGGGGGTATGAACGGG-3’); USP7  
(F: 5’-CCCTCCGTGTTTTGTGCGA-3’, R: 5’-AGA- 
CCATGACGTGGAATCAGA-3’); GAPDH (F: 5’-GG- 
AATCCACTGGCGTCTTCA-3’, R: 5’-GGTTCACGC- 
CCATCACAAAC-3’).

M6A RNA methylation

The Total RNA was extracted using TRIzol 
(Thermo Fisher, USA) according to the product 
specification. The relative content of m6A in 
total RNA was determined using the EpiQuik 
m6A RNA Methylation Quantitative Kit (colori-
metric method; P-9005, Epigentek, USA), 
according to the product instructions. The m6A 
level was colorimetrically analyzed with absor-
bance at 450 nm.

CCK-8 assay

The cells in the medium were digested with 
0.25% trypsin, and the cell suspension was 
harvested and inoculated into 96-well plates 
with 6 wells in each group. Each well contained 
2×103 cells and 200 μL medium at least. The 
cells were incubated overnight for cell adhesion 
and growth, and then the supernatant was 
washed with phosphate buffer saline (PBS). 
Mixture containing 90 μL pure 1640 medium 
and 10 μL CCK-8 solution (Beyotime Bio- 
technology, Shanghai, China) was added into 
each well. After incubation for 2 h, we read the 
absorbance of each well at 450 nm with a 
microplate analyzer.

Transwell assay

Cell migration and invasion experiments were 
performed using the Transwell chamber 

(Corning). Cells were inoculated into a serum-
free medium at 1×104 cells per compartment 
and added to the upper compartment coated 
with or without 200 mg/mL Matrigel for migra-
tion or invasion assay, respectively. A medium 
containing 10% FBS was added to the lower 
chamber as a chemical attractant. After 24 h  
of culture, the cells in the upper chamber were 
removed by swabbing, and the cells migrated to 
the lower surface of the filter were fixed in 
100% formaldehyde for 20 min and stain- 
ed with 0.2% crystal violet for 5 min. The migra-
tory and invasive cells were photographed and 
counted by taking five random fields of view in 
each chamber under a light microscope of 
200× magnification.

EdU assay

Cells in each group at logarithmic growth stage 
were inoculated in 12-well plates at a cell  
density of 5×104 cells/mL. According to the 
instructions of EdU reagent (Ribobio, China), 
EdU labeling, cells fixation, Apollo staining and 
DNA staining were implemented respectively. 
Finally, the image was obtained through a fluo-
rescence microscope. Three duplicate holes 
were set up in each group. We performed all 
experiments thrice.

Western blotting

After the transfected HCC cells were digested 
and resuspended, they were seeded into 6- 
well plates at a cell density of 1×106/well. After 
the cells were cultured for 24 h, the protein 
expression amount in the cells was examined. 
With RIPA lysate we extracted the total protein 
and measured the total protein level. In each 
group, 100 μg proteins were taken for electro-
phoresis, and PVDF membrane was used for 
membrane transfer. The proteins were sealed 
for 1 h at room temperature and incubated  
with primary antibody overnight at low tem- 
perature. The antibodies against METTL3 
(ab195352; 1:1000; abcam), USP7 (ab108- 
931; 1:2000; abcam) and GAPDH (ab8245; 
1:1000; abcam) were purchased from Abcam 
(Cambridge, MA, USA). HRP-conjugated sec-
ondary goat anti-mouse and goat anti-rabbit 
antibodies (Proteintech, USA) were then added 
dropwise to membrane and incubated at room 
temperature for 1 h. Then, chromochrome solu-
tion was added for color development and pho-
tographic analysis.
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Animal assays

Male nu/nu mice between 4 and 6 weeks of 
age received subcutaneous injections of equiv-
alent Hep3B cells expressing either LV- 
shMETTL3 or LV-USP7 within 30 min of har-
vesting on the right and left flanks. The tumor 
was weighed after approximately 4 weeks, and 
the volume was measured every 5 days. Animal 
assays were approved by the animal research 
ethics committee of our hospital, and the data 
of each group of mice were expressed as the 
mean ± standard deviation (

_
x±sd).

Statistical analysis

For data analysis, SPSS 17.0 statistical soft-
ware (SPSS Inc., Chicago, IL, USA) was used. 
Graph-Pad Prism (Version X; La Jolla, CA, USA) 
was used for photo editing. Student’s t-test was 
used to compare the mean of measurement 
data between the two groups, and analysis of 
variance (ANOVA) was used to compare the dif-

ference between multiple groups with Tukey 
honestly significant difference (HSD) post hoc 
test. Kaplan-Meier analysis with log-rank tests 
was used for overall survive analysis. If P<0.05, 
statistical significance was considered.

Results

METTL3 was highly expressed in HCC tissues

Through qRT-PCR, it was found that the expres-
sion level of METTL3 was remarkably increased 
in HCC tissues in comparison with paired adja-
cent tissues (Figure 1A). In comparison with 
human normal liver cell lines (L02), the expres-
sion level of METTL3 in HCC cell lines (Hep3B, 
HCCLM3, MHCC97-L, HUH7) was remarkably 
increased (Figure 1B). Subsequently, we fur-
ther confirmed the high expression of METTL3 
protein in HCC tissues by western blot (Figure 
1C). We then analyzed the levels of total meth-
ylated RNA (m6A) in HCC tissues and cell lines, 
and found that m6A levels were remarkably 

Figure 1. METTL3 was highly expressed in HCC tissues. A: In comparison with adjacent tissues, the expression 
level of METTL3 was remarkably up-regulated in HCC tissues (n=50); B: In comparison with human normal liver 
cell lines (L02), the expression level of METTL3 was higher in hepatocellular carcinoma cell lines (Hep3B, HCCLM3, 
MHCC97-L, HUH7; n=3); C: Elevated METTL3 protein levels in HCC tissues were examined by Western blot (n=3); 
D: The levels of m6A in HCC tissues were measured by methylation assay (n=50); E: The level of m6A in HCC cells 
was measured by methylation assay (n=3). Compared with LO2 cells, *P<0.05; compared with normal tissues or 
LO2 cells, **P<0.01.
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increased in HCC tissues and cell lines (Figure 
1D, 1E).

High expression of METTL3 in HCC cells pre-
dicted a poor prognosis

Meanwhile, through correlation analysis with 
clinicopathological data, it was found that the 
expression level of METTL3 in HCC tissues of 
patients with lymph node metastasis was also 
remarkably up-regulated in comparison with 
that of patients without lymph node metastasis 
(Figure 2A). In comparison with HCC tissues of 
patients with tumor diameter of <5 cm, the 
expression level of METTL3 in HCC tissues of 
patients with tumor diameter of 5 cm or above 
was remarkably increased (Figure 2B). In com-
parison with the HCC tissues of the patients 
with pathological stage I and stage II, the 
expression of METTL3 was increased in the 
HCC tissues of the stage III and IV patients 
(Figure 2C). Further analysis of METTL3 in 
Kaplan-Meier Plotter database found that the 
increase of METTL3 expression predicted a 
lower overall survival (OS) rate (Figure 2D), 
Relapse Free Survival (RFS) rate (Figure 2E), 
Progress Free Survival (PFS) rate (Figure 2F) 
and Disease Specific Survival rate (DSS) (Fi- 
gure 2G). Therefore, it was found that the 
expression level of METTL3 was remarkably 
associated with the pathological stage, tumor 
size and lymph node metastasis of the patients 
(Table 1), and METTL3 could be a potential bio-
marker indicating poor prognosis of patients 
with HCC.

Silencing of METTL3 decreased the invasion, 
migration and proliferation of HCC cells

In order to further investigate the mechanism 
of METTL3 involvement in the development of 
HCC, we used qRT-PCR assay. Hep3B and 
HUH7 cells were selected for subsequent 
experiments. We transfected si-METTL3 in 
Hep3B and HUH7 cells. The transfection effi-
ciency was examined by qRT-PCR and Western 
blot assay, and the results showed that the 
expression of METTL3 was remarkably de- 
creased (Figure 3A, 3B). In order to detect the 
effect of METTL3 on cells, CCK-8 assay was 
performed. The results showed that cell prolif-
eration ability was remarkably attenuated after 
the down-regulation of METTL3 in Hep3B and 
HUH7 cells (Figure 3C). The EdU assay also 
found the same result (Figure 3D). Transwell 
assay was performed to detect cell migration 

ability, and it showed that cell migration ability 
was remarkably reduced after the down-regula-
tion of METTL3, and cell invasion ability was 
also remarkably attenuated (Figure 3E, 3F). 
Taken together, it was found that down-regula-
tion of METTL3 can remarkably inhibit the inva-
sion, migration and proliferation of HCC cells.

Silencing of METTL3 inhibited the tumor 
growth of HCC

To explore the effect of METTL3 on the growth 
of HCC tumor, the tumor size of mice after 4 
weeks of HCC cell injection was detected by 
tumor loading experiment in nude mice. The 
xenograft tumor volume and weight of nude 
mice injected with Lv-shMETTL3 was signifi-
cantly smaller than that of Lv-NC (Figure 4).

METTL3 could regulate USP7 expression

To further study the role of METTL3 in the 
development of HCC, we found that USP7 could 
undergo methylation modification through the 
prediction website (Figure 5A). Therefore, we 
speculated that METTL3 could regulate the 
expression level of USP7. We further detected 
the expression level of USP7 in HCC tissues, 
and the results showed that the level of USP7 
in HCC tissues was remarkably higher than that 
in paracancerous tissues, and it was positively 
correlated with the level of METTL3 (Figure  
5B, 5C). In order to further study the regulatory 
relationship between the two, qRT-PCR test 
was performed and it showed that the expres-
sion level of USP7 was remarkably reduced 
after down-regulating the expression of 
METTL3, and the same result was also found 
by the Western blot assay (Figure 5E). Through 
methylation detection, it was found that the 
m6A level of USP7 was remarkably reduced 
after the down-regulation of METTL3 expres-
sion (Figure 5F). In addition, si-USP7 was trans-
fected into cells to inhibit its expression. qRT-
PCR detection indicated that the mRNA and 
protein expression levels of USP7 were remark-
ably reduced after transfection (Figure 5G, 5H). 
Taken together, METTL3 could regulate the 
expression of USP7 via m6A methylation modi-
fication in HCC cells.

Silencing of USP7 inhibited the invasion, mi-
gration and proliferation of HCC cells

In order to further explore the specific role of 
USP7 in the development of HCC, we tested the 
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Figure 2. The high expression of METTL3 indicated a poor prognosis of HCC. A: Correlation analysis of METTL3 and tumor lymph node metastasis in patients (n=50); 
B: Correlation analysis of METTL3 expression and tumor size in patients (n=50); C: Correlation analysis of METTL3 expression and TNM stage of patients (n=50); 
D: By analyzing Kaplan-Meier Plotter database, patients with high METTL3 expression had a worse overall survival prognosis (n=364); E: By analyzing Kaplan-Meier 
Plotter database, patients with high METTL3 expression had a worse relapse free survival prognosis (m=316); F: By analyzing Kaplan-Meier Plotter database, pa-
tients with high METTL3 expression had a worse progression free survival prognosis (n=370); G: By analyzing Kaplan-Meier Plotter database, patients with high 
METTL3 expression had a worse disease-specific survival prognosis (n=362). Compared with <5 cm tumors, *P<0.05; compared with negative lymph node metas-
tasis or I+II tumors, **P<0.01.
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effect of USP7 on cell proliferation by CCK-8 
assay. It showed that cell proliferation was 
remarkably attenuated when USP7 expression 
was down-regulated in Hep3B and HUH7 cells 
(Figure 6A). The EdU experiment also showed 
the same result (Figure 6B). We used Transwell 
assay to detect the cell migration ability, and it 
showed that the cell migration ability was 
remarkably reduced after the down-regulation 
of USP7 expression, and the cell invasion ability 
was also remarkably attenuated (Figure 6C, 
6D). In conclusion, down-regulation of USP7 
expression could remarkably inhibit the inva-
sion, migration and proliferation of HCC cells.

Downregulation of METTL3 partially reversed 
the effect of USP7 on the malignant pheno-
type of HCC

We investigated the interaction of USP7 and 
METTL3 in HCC by torsion test. We first co-
transfected si-METTL3 and USP7 OE in HCC 
cells and detected the efficiency of transfec- 
tion by qRT-PCR and Western blot, the results 
showed that the mRNA or protein level of USP7 
in HCC cells co-transfected with si-METTL3 and 
USP7 OE was significantly higher than that in 
NC, but lower than that in USP7 OE transfection 
group (Figure 7A, 7B). Then we found that the 
OD value of HCC cells at 450 nm co-transfect-
ed with si-METTL3 and USP7 OE was signifi-

cantly higher than that of NC, but lower than 
that of USP7 OE (Figure 7C). EdU assay showed 
that the positive rate of EdU in HCC cells co-
transfected with si-METTL3 and USP7 OE was 
significantly higher than that in NC cells, but 
lower than that in USP7 cells (Figure 7D). The 
results of Transwell migration assay showed 
that the migration rate of HCC cells co-trans-
fected with si-METTL3 and USP7 OE was signifi-
cantly higher than that of NC, but lower than 
that of USP7 OE (Figure 7E). Meanwhile the 
results of Transwell invasion assay showed that 
the invasion rate of HCC cells co-transfected 
with si-METTL3 and USP7 OE was significantly 
higher than that of NC, but lower than that of 
USP7 OE (Figure 7F).

Overexpression of USP7 promoted the tumor 
growth of HCC

To explore the effect of USP7 on the growth of 
HCC tumor, the tumor size of mice after 4 
weeks of HCC cells injection was detected by 
tumor loading experiment in nude mice. The 
xenograft tumor volume and weight of nude 
mice injected with LV-USP7 were obviously larg-
er than those of LV-NC (Figure 8).

Discussion

Primary HCC is one of the common malignant 
tumors, and has become the third cause of 
cancer death in the world. The onset of HCC is 
covert, and early diagnosis is difficult. Due to 
the limitations including low resection rate, 
high postoperative recurrence rate, insensitivi-
ty to radiotherapy and chemotherapy, and nar-
row source of liver transplantation, in recent 
years the research focus in the field of HCC 
treatment has turned to molecular targeted 
therapy [26]. Sorafenib is currently the only 
molecular targeted drug approved by FDA for 
the treatment of advanced HCC, but its action 
target is in endothelial cells and exerts an influ-
ence of anti-angiogenesis, rather than directly 
acting on tumor cells, so its anti-tumor effect is 
still limited to some extent [27]. Thus, it is very 
significant to explore the occurrence and devel-
opment mechanism of HCC and find new drug 
targets for the treatment of HCC.

METTL3, as the most important methylase of 
m6A, plays a vital role in cancers, including 
influencing methylation levels, cancer-related 
gene mRNA stability, the expression of onco-

Table 1. Correlation between METTL3 expres-
sion and clinicopathological factors

Factors Cases
Expression of METTL3

P
High Low

Overall 50 25 25
Gender
    Male 40 21 19 0.7252
    Female 10 4 6
Age
    ≤40 11 6 5 >0.9999
    >40 39 19 20
TNM Stage
    I+II 25 5 20 <0.0001
    III+IV 25 20 5
Lymph node
    Negative 15 3 12 0.0121
    Positive 35 22 13
Tumor Size
    <5 cm 20 6 14 0.0421
    ≥5 cm 30 19 11
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Figure 3. Silencing of METTL3 inhibited the proliferation and migration of HCC cells. A: After si-METTL3 transfection in Hep3B and HUH7 cells, METTL3 expression 
was remarkably down-regulated (n=3); B: CCK-8 assay showed that down-regulation of METTL3 expression in Hep3B cells resulted in reduced cell proliferation 
(n=3); C: CCK-8 assay showed that METTL3 expression was down-regulated in HUH7 cells, and cell proliferation was reduced (n=3); D: EdU assay showed that 
down-regulation of METTL3 expression in Hep3B and HUH7 cells resulted in reduced cell proliferation (Magnification: 200×; n=3); E: Transwell assay showed that 
down-regulation of METTL3 expression in Hep3B and HUH7 cells resulted in reduced cell migration (Magnification: 200×; n=3); F: Transwell assay showed that 
down-regulation of METTL3 expression in Hep3B and HUH7 cells resulted in reduced cell invasion (Magnification: 200×; n=3). Compared with NC group cells, 
*P<0.05; compared with NC group cells, **P<0.01; compared with blank group cells, ns, no significant difference.
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Figure 4. Silencing of METTL3 inhibited the tumor growth of HCC. A: After Lv-shMETTL3 transfection in HCC cells, the 
HCC tumor formed in nude mice four weeks after injection was removed (n=3); B: The tumor volume in nude mice 
(n=3); C: The tumor weight in nude mice (n=3). Compared with LV-Nc group, ***P<0.001.

Figure 5. METTL3 could regulate USP7 expression. A: Methylation of USP7 was predicted by the predictive site; B: 
In comparison with adjacent tissues, the expression of USP7 was remarkably up-regulated in HCC tissues (n=50); 
C: Statistical analysis results showed that the expression of USP7 was positively correlated with the expression of 
METTL3 (n=50); D: USP7 expression was down-regulated after downregulation of METTL3 expression in Hep3B and 
HUH7 cells (n=3); E: USP7 protein levels were down-regulated after downregulation of METTL3 expression in Hep3B 
and HUH7 cells (n=3); F: m6A level of USP7 in HCC cells after down-regulation of METTL3 expression by methyla-
tion detection (n=3); G: The expression of USP7 was down-regulated after si-USP7 transfection in Hep3B and HUH7 
cells (n=3); H: After USP7 expression was down-regulated in Hep3B and HUH7 cells, METTL3 expression was down-
regulated (n=3). Compared with NC group cells, *P<0.05; compared with NC group cells or normal group, **P<0.01; 
compared with blank group cells, *P<0.05. ns, no significant difference.
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genes in cancer cells, cancer cell signaling 
pathways and cancer cell apoptosis and other 
regulatory mechanisms [28-30]. Changes in 
the expression levels of METTL3 and related 
genes may be a potential target for the use of 
molecular therapies to treat cancer. Some cur-
rent studies have shown some key steps in the 
regulation of cancer by METTL3, but it is still 
necessary to further study the complex regula-
tory network of cancer driver gene transcrip-
tion, post-transcriptional modification and 
translation, and gain insight into the role of 
METTL3 in it. Therefore, in-depth elucidation of 
the regulatory mechanism of METTL3 in differ-
ent tumors and perfecting the regulatory net-
work of cancer occurrence and development 
have important theoretical and practical signifi-
cance for cancer treatment. Although some 

studies are promising in identifying targets for 
molecular diagnosis and treatment, a large 
number of clinical trials are still needed to 
determine the potential diagnostic and thera-
peutic functions of METTL3 in cancers.

In our previous studies, we found that the level 
of METTL3 was remarkably up-regulated in 
HCC tissues, and the expression of METTL3 in 
HCC cell lines was remarkably increased in 
comparison with that in L02. Previously, 
METTL3 has been reported to have the poten-
tial to be a novel biomarker in tumors. Bi et al. 
showed that METTL3 exerts hypomethylation 
and high expression in ovarian cancer tissues 
and cells. Hypomethylation of METTL3 was pro-
nounced in ovarian cancer samples, which was 
negatively associated with patient survival [31]. 

Figure 6. Silencing of USP7 inhibited the proliferation and migration of HCC cells. A: CCK-8 assay showed that USP7 
expression was down-regulated in Hep3B cells, and cell proliferation was reduced (n=3); CCK-8 assay showed that 
USP7 expression was down-regulated in HUH7 cells, and cell proliferation was reduced (n=3); B: EdU assay showed 
that USP7 expression was down-regulated in Hep3B and HUH7 cells, and cell proliferation was reduced (Magnifica-
tion: 200×; n=3); C: Transwell assay showed that USP7 expression was down-regulated in Hep3B and HUH7 cells, 
and cell migration was reduced (Magnification: 200×; n=3); D: Transwell assay showed that USP7 expression was 
down-regulated in Hep3B and HUH7 cells, and cell invasion ability was weakened (Magnification: 200×; n=3). Com-
pared with NC group cells, *P<0.05; compared with NC group cells, **P<0.01.
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Figure 7. Downregulation of METTL3 partially reversed the effect of USP7 on the malignant phenotype of HCC. A: The mRNA expression of USP7 in HCC cells co-
transfected with si-METTL3 and USP7 OE was detected by qRT-PCR (n=3); B: The protein level of USP7 in HCC cells co-transfected with si-METTL3 and USP7 OE 
was detected by western blot (n=3); C: Detection of 450 nm OD value of HCC cells co-transfected with si-METTL3 and USP7 OE by CCK8 experiment (n=3). D: EdU 
assay was used to detect the positive rate of EdU in HCC cells co-transfected with si-METTL3 and USP7 OE (Magnification: 200×; n=3); E: Transwell migration assay 
was used to detect the migration rate of HCC cells co-transfected with si-METTL3 and USP7 OE (Magnification: 200×; n=3); F: Transwell invasion assay was used 
to detect the invasion rate of HCC cells co-transfected with si-METTL3 and USP7 OE (Magnification: 200×; n=3). Compared with NC group cells, *P<0.05; **P<0.01; 
***P<0.001; compared with USP7 OE group cells, #P<0.05; ##P<0.01.
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Chen et al. found that METTL3 expression is 
higher in ESCC tissues and markedly associat-
ed with depth of invasion and poor prognosis 
[32]. Jiang and colleagues demonstrated that 
METTL3 expression is positively associated 
with a higher malignant grade and poorer prog-
nosis of IDH-wild type gliomas but not IDH-
mutant gliomas [33]. We found that the expres-
sion level of METTL3 was remarkably correlat-
ed with the pathological stage, tumor size and 
lymph node metastasis of the patients. It 
meant that METTL3 might be a latent biomark-
er in HCC. Further research results showed that 
cell invasion, migration and proliferation were 
remarkably attenuated after down-regulation 
of the expression of METTL3 in cells.

At present, deubiquitination enzymes mainly 
consist of 6 families: USP, UCH, OUT, MJDs, 
JAMMs and MCPIPs. Among them, the USP 
family has the largest number of members and 
is also the most studied family at present. In 
the USP family, the function of USP7 (Ubiquitin 
Specific Peptidase 7) has also been discover- 
ed by more and more researchers. USP7 is an 
evolutionarily conserved protein that was origi-
nally isolated as a binding partner of the herp- 
es simplex virus protein Vmw110. Meanwhile, 
USP7 is also necessary for cell cycle regulation, 
cell growth control, stress response and recep-
tor functional development [34]. More and 
more studies have also attempted to clarify the 
antiviral pathway of USP7, but it is still not fully 
understood [35]. Studies at home and abroad 
have shown that ubiquitination and deubiquiti-
nation play a very significant role in the occur-
rence of liver diseases. The largest subfamily of 
deubiquitinases is the ubiquitin-specific prote-
ase (USPs) family, a deubiquitinase that 

removes ubiquitin from specific protein sub-
strates to prevent their degradation by targeted 
proteasomes [36]. USP7 is an evolutionarily 
conserved protein, which is responsible for 
modulating a large number of cellular process-
es [37]. USP7 is a potential target for drug 
development due to its substrate specificity. 
Many studies have shown that USP7 partici-
pates in the initiation and development of sev-
eral tumors. For instances, USP7 acts as an 
oncogene involved in melanoma cell prolifera-
tion and metastasis via decreasing the Wnt/β-
catenin signaling pathway [38]. USP7 can 
increase YAP stability under increased serine 
conditions by regulating deubiquitination, so as 
to regulate cell proliferation and tumor growth 
in colon cancer [39]. Besides, USP7 is also 
involved in the progression of prostate cancer 
[40], gastric cancer [41], esophageal carcino-
ma [42] and T-lineage acute lymphoblastic leu-
kemia [43]. Attempts to inhibit USP7 activity 
from a therapeutic point of view have led to the 
development of several USP7 inhibitors that 
primarily induce apoptosis in cancer cells. 
Recent studies showed that USP7 is highly 
expressed in HBV-associated HCC, which pro-
vides a new idea for the study of the mecha-
nism of HCC [44]. Through bioinformatics web-
site, we predicted that USP7 could undergo 
methylation. Through qRT-PCR assay, we found 
that the level of USP7 was remarkably up-regu-
lated in HCC tissues and was positively corre-
lated with the level of METTL3. Meanwhile, 
METTL3 could regulate the expression of USP7 
through m6A methylation. In further studies, it 
was found that down-regulation of USP7 
reduced cell invasion, migration and prolifera-
tion. Besides, the animal assay also showed 
that USP7 could promote cell growth in HCC. 

Figure 8. Overexpression of USP7 promoted the tumor growth of HCC. A: After LV-USP7 transfection in HCC cells, the 
HCC tumor formed in nude mice four weeks after injection was removed (n=3); B: The tumor volume in nude mice 
(n=3); C: The tumor weight in nude mice (n=3). Compared with LV-NC group, *P<0.05.
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The rescue experiment results confirmed that 
the METL3/USP7 regulatory axis played an 
important regulatory role in the occurrence and 
development of HCC.

However, this study still has many shortcom-
ings. First, which downstream m6A recognition 
protein can recognize the USP7 methylation 
site and regulate expression is still unknown. 
Second, whether the m6A recognition site of 
USP7 can be recognized and regulated by other 
RNA methylases still needs further study.

In conclusion, we found that METTL3 might be 
involved in the development of HCC by modulat-
ing the level of USP7 through the modification 
of m6A methylation.

METTL3 could regulate the expression of USP7 
via the m6A methylation modification to pro-
mote the invasion, migration and proliferation 
of HCC cells. METTL3 might be used as a poten-
tial biomarker for a poor prognosis of HCC.
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