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Background: Increasing evidence has revealed that N°-methyladenosine (m°A) modification is implicated
in multiple biological functions in mammals. Methyltransferase-like 14 (METTL14), an important
component of m°A modification, has been reported to play important roles in the pathogenesis of acute
myeloid leukaemia and hepatocellular carcinoma metastasis. However, its role in cervical cancer remains
unclear.

Methods: Expression of METTL14 was knocked down by shRNA-METTL14 interference in HPV-
positive and HPV-negative cervical cancer cell lines SiHa and C33a. CCKS8, colony formation, wound-
healing, and Transwell assays were performed to evaluate the effects of METTL14 knockdown on the
proliferation, migration and invasion abilities of SiHa and C33a cells. Flow cytometry analysis was utilized to
detect cell cycle distribution, and the expression of related proteins was examined by western blot analysis.
Results: Bioinformatics analysis demonstrated that up-regulation of METTLI14 acted as an adverse
prognostic factor for overall survival in cervical cancer patients. We demonstrated that down-regulation of
METTLI14 inhibited the proliferation, migration and invasion abilities of SiHa and C33a cells. Moreover,
silencing METTL14 induced cell cycle arrest in cervical cancer cells. METTLI14 knockdown suppressed
the PI3K/Akt/mTOR signaling pathway by decreasing the phosphorylation of Akt and mTOR, and the
expression of downstream apoptosis-related proteins was also impacted.

Conclusions: In conclusion, these data suggest an important oncogenic role of METTL14 in the growth

and invasion of both HPV-positive and HPV-negative cervical cancer cells.
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Introduction

Cervical cancer is the fourth most common malignancy of
the female reproductive tract, with an estimated 530,000
new cases each year. Among the 530,000 cases of cervical
cancer, there are approximately 270,000 deaths (1,2). In
recent years, there has been an increase in the occurrence
and mortality of cervical cancer. It is estimated that about
85% of cervical cancer deaths occur in underdeveloped
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or developing countries (1). As a result of technological
advances in treatment strategies including surgery and
radiotherapy, there has been an improvement in the 3-year
local control rate of cervical cancer patients. However,
the 5-year survival rate of patients in underdeveloped
countries remains at <50% (1,3-5). Persistent infection with
high risk human papillomavirus (HR-HPV) is the most
important risk factor for cervical precancerous lesions and
cervical cancer. It is reported that HPV DNA is identified
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in about 95% of malignant cervical lesions (6). Specifically,
persistent overexpression of E6 and E7 oncogenes of HPV
demonstrates a close relationship with the progression
of cervical cancer (7). Although the sensitivity of HR-
HPV detection has improved in recent years, nearly 15%
of cervical cancer patients are HPV-negative that cannot
be detected (8,9). In order to develop new therapeutic
strategies for HPV-positive and HPV-negative cervical
cancer, it is urgent to investigate the underlying mechanisms
of cervical cancer and identify novel target genes.

Chemical modification of RNA is a common process in
eukaryotes that impairs gene expression. One particular
method of chemical modification is N°-methyladenosine
(m°A) modification, which has been revealed to be
involved in many biological functions in mammals, such
as transcription splicing (10), DNA damage response (11),
protein translation control (12) and cell fate determination
(13,14). N°-methyladenosine is one of the most prevalent
chemical markers for human mRNA. The heterodimer
formed by Methyltransferase-like 3 (METTL3)/
Methyltransferase-like 14 (METTL14) is the key protein
for m°A modification. METTL3 contains the active
methyltransferase domain catalyzing the transformation of
adenosine (A) to m°A, whereas METTLI14 is an essential
component for supporting the recognition of RINA substrates
by METTL3 (15-18). It is demonstrated that METTL3
is involved in the progression of liver cancer (19), breast
cancer (20) and acute myeloid leukaemia (21). Recent studies
have found that METTL14 also plays a critical role in acute
myeloid leukaemia development and maintenance (15) as
well as hepatocellular carcinoma metastasis (22). However,
it is unclear whether the level of METTL14 impairs the
growth and metastasis of cervical cancer.

Herein, we found that silencing METTL14 by shRINA-
METTLI14 interference inhibited the proliferation,
migration and invasion of both HPV-positive and HPV-
negative cervical cancer cells, and also triggered cell cycle
arrest. This suggests a critical pro-oncogenic role of
METTLI14 in the progression of cervical cancer.

Methods
Cell culture and transfection

The human cervical cancer cell lines SiHa (HPV-positive)
and C33a (HPV-negative) were obtained from the Cell
Bank of Chinese Academy of Sciences (Shanghai, China).
Cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM; HyClone, Thermo Fisher Scientific, Waltham,
MA, USA) with 10% fetal bovine serum (FBS; Gibco,
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Thermo Fisher Scientific) and antibiotics (Sigma-Aldrich,
Germany) at 37 °C with 5% CO,. Once the cells entered
the logarithmic growth phase, the pSuper-METTL14-
shRNA (1# and 2#, 50 nM; Ribobio, China) vectors were
constructed and transfected into SiHa and C33a cells using
Lipofectamine 2000 (Invitrogen, Thermo Fisher Scientific)
to knock down the expression of METTL14, and the
blank plasmid was used as the negative control (NC). This
study is approved by the Medical Committee of Shandong
Provincial Hospital Affiliated to Shandong University (No.
2019-146).

Real-time polymerase chain reaction (RT-PCR)

After 24 h of transfection, cells were harvested to extract
the total RNA using Ultrapure RNA Kit (CWBIO,
Beijing, China). Then, RNA was reverse transcribed
to complementary cDNA using the HiFiScript cDNA
Synthesis Kit (CWBIO, Beijing, China). The expression
level of METTLI14 was evaluated using the SYBR Premix
Ex Taq II kit (Takara, Shiga, Japan) according to the
manufacturer’s instructions. The primer sets were as follows:
METTLI14 F: 5'-GGGGTTGGACCTTGGAAGAG-3,
R: 5'"-TCCACCTCCTCGGTCAGATT-3";
p-actin F: 5'-CCCGAGCCGTGTTTCCT-3', R:
5'-GTCCCAGTTGGTGACGATGC-3". Data were
analyzed according to the sample threshold cycle (Ct) value
from three independent experiments.

Western blot analysis

After 48 h of transfection, cells were collected and lysed
in RIPA Lysis Buffer (CWBIO) for protein extraction and
then quantified using a BCA kit (CWBIO). Equal amounts
of protein (20 pg) were loaded and electrophoresed
by 10% SDS-PAGE gel and electrotransferred to a
polyvinylidene fluoride membrane (PVDF; Millipore,
Billerica, MA, USA). The membrane was blocked with
5% non-fat milk for 1 h at room temperature followed
by incubation with primary antibodies (dilution, 1:1,000;
Proteintech Group, IL, USA) at 4 °C overnight. The
membrane was washed with TBST (TBS buffer containing
0.01% Tween-20) buffer a total of three times, then
incubated with horseradish peroxidase (HRP)-conjugated
secondary antibodies (dilution, 1:3,000; Proteintech
Group) in blocking buffer for 1 h at room temperature.
The membrane was visualized using the enhanced
chemiluminescence kit (CWBIO), and GAPDH was used
as an internal loading control.
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Cell Counting Kit-8 (CCKS) assay

CCKS8 (Beijing Solarbio Science & Technology, Beijing,
China) was used to assess cell proliferation according to
the manufacturer’s instructions. Cells transfected with sh-
METTLI14 for 24 h were seeded into a 96-well plate at a
density of 1x10° cells per well. CCKS8 reagent (10 L) was
added into each well and incubated at 37 °C for 1 h. Then,
the OD value of excitation light was measured at 450 nm
using an enzyme standard instrument. The assay was
conducted three times independently.

Colony formation assay

Cells transfected with sh-METTL14 were seeded into
plates at a density of 200 cells per well and cultured at 37 °C
for about 1 week until visible colonies had formed. The
colonies were fixed with 4% paraformaldehyde for 30 min,
followed by staining with 0.1% crystal violet for 30 min.
The assay was conducted three times independently.

Wound-bealing assay

Following transfection with sh-METTL14 for 24 h, cells
were cultured into 6-well plates at a density of 5x10°/well
for 12 h. A wound was formed with a pipette tip and cells
were cultured in serum-free medium at 37 °C for 48 h.
Wound healing was observed under a light microscope
and quantitated with Image] software. The assay was
independently conducted in triplicate.

Transwell invasion assay

Transwell chambers (Millipore, MA, USA) coated with
Matrigel (BD Bioscience, CA, USA) were used for
assessment of cell invasion according to the manufacturer’s
instructions. Cells transfected with sh-METTL14
were collected and re-suspended in serum-free medium
(1x10° cell/mL). A total of 100 pL of cell suspension
(1x10° cells) was seeded into the upper compartment of
the Transwell chambers and medium with 10% FBS was
added into the lower chamber, which was followed by 24 h
incubation. After incubation, non-invading cells were
removed with a cotton-tipped swab, whereas invading cells
were fixed with 4% paraformaldehyde for 30 min followed
by staining with 0.1% crystal violet for 20 min. Images
were captured of the stained cells (100x magnification) and
cells were counted under a light microscope. The assay was
conducted three times independently.
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Cell cycle analysis

Flow cytometry was used to evaluate the cell cycle
distribution. After 24 h of transfection with shRNA-
METTLI14, cells were fixed in pre-chilled 70% ethanol
at =20 °C overnight, followed by staining with propidium
iodide (PI) for 30 min at 37 °C. The cells were then analyzed
by a flow cytometer (BD FACSC Anto II, BD Biosciences,
USA). The assay was independently conducted in triplicate.

Statistical analysis

The data were expressed as the mean = SD from the three
independent experiments. All statistical data analyses were
performed using GraphPad Prism 7.0 (GraphPad Soft-
ware, Inc, La Jolla, CA, USA). The difference between two
groups was estimated using the Student’s #-test. P<0.05 was
considered statistically significant.

Results

Up-regulation of METTL14 is associated with a poor
prognosis in patients with cervical cancer

Analysis from the Gene Expression Profiling Interactive
Analysis (GEPIA) database (23) showed a positive correlation
between the expression level of METTL14 mRNA and overall
survival of patients with cervical cancer (P=0.04, Figure 1A).
Furthermore, patients with high level of METTLI14 showed a
worse prognosis, indicating that METTL14 may play a role in
the progression of cervical cancer.

Silencing METTL14 in cervical cancer inbibits cell growth
in vitro

In order to investigate the role of METTLI14 in the cell
growth of cervical cancer, two different shRNA sequences
targeting METTL14 (shRNA-1# and shRNA-2#) were
transfected into cervical cancer cell lines SiHa and C33a.
This was performed to stably block the expression of
METTL14. As shown in Figure 1B,C, transfection with
shRNA-METTL14-2# significantly reduced the expression
of METTL14 in both SiHa and C33a cells. Therefore,
shRNA-METTL14-2# was used in all subsequent
experiments due to its effective interference efficiency.
Moreover, western blot analysis indicated that the
expression of METTL14 was blocked by sstMETTL14 in
SiHa and C33a cells at the protein level (Figure 1D). CCK8
assay was used to assess the effect of silenced METTL14
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Figure 1 METTL14 knockdown inhibits cell proliferation and colony formation in cervical cancer cells. (A) GEPIA analysis show that up-
regulation of METTL14 acts as an adverse prognosis factor for overall survival of cervical cancer. Red: patients with high expression level of
METTLI14; Blue: patents with low expression level of METTLE. shRNA-METTLI14 (1# and 2#) was transfected into cervical cancer cell
lines SiHa and C33a as METTL14 silencing group (shMETTL14), blank plasmid was used as negative control (NC); (B,C) after 24 h of
transfection, the relative mRNA expression of METTL14 in SiHa (B) and C33a (C) cells examined by RT-PCR, and shRNA-METTL14-2#
was used in all subsequent experiments; (D) the expression of METTL14 protein was assessed using Western blot; (E,F) after transfection

for 24 h, cell proliferation was determined in SiHa and C33a cells by CCKS8 assay; (G) colony formation ability of SiHa and C33a cells was

determined using colony formation assay. Data are expressed as the mean = SD (n=3), results were obtained in triple experiments.

**, P<0.01 vs. the NC group.
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on cell viability. As indicated in Figure 1E,F, compared to
control groups, cell viability was significantly decreased
in both shMETTL14-transfected SiHa and C33a cells
(P<0.05). The inhibitory effect of silenced METTL14
on cervical cancer cell growth was further validated using
colony formation assay. Compared with the control
group, cell clonogenicity was significantly suppressed by
shMETTL14 interference in SiHa and C33a cells (P<0.05,
Figure 1G). Collectively, these data suggested that silencing
METTLI14 decreased cell growth of cervical cancer in vitro.

METTL14 knockdown suppresses cell migration and
invasion abilities of cervical cancer in vitro

A wound-healing assay was carried out to determine
whether METTL14 knockdown impacted cell migration
in cervical cancer. As evident in Figure 24,B, the migration
ability of SiHa cells was significantly inhibited by
shMETTLI14 transfection compared to the control group
(P<0.05), and a similar result was observed in C33a cells.
In addition, METTL14-silenced SiHa and C33a cells both
displayed a notable decrease in invasion compared to the
control group (P<0.05, Figure 2C,D). These findings suggest
that deficiency of METTL14 could result in a decrease in
invasion ability of cervical cancer cells i vitro.

Silencing METTL14 triggers cell cycle arrest in cervical

cancer cells

Flow cytometry was utilized to assess cell cycle distribution
following METTL14 knock down. As shown in Figure
3A,B, the proportion of cells in the S and G2/M phases
was increased in METTL14-knocked down SiHa cells
compared to the NC group, and cells in G1 phase were
decreased. A significant increase in the proportion of cells
in the S phase was also observed in C33a cells transfected
with sShRNA-METTL14, but the proportion of cells that
remained in G1 and G2/M phases decreased (Figure 3A4,C).
Our data indicated that METTL14 knockdown induced
cell cycle arrest in cervical cancer cells, resulting in the
inhibition of cell growth.

METTL14 knockdown down-regulates the PI3K/Akt/
mTOR pathway in cervical cancer

To further investigate the mechanism underlying the
suppression of cell growth and mobility caused by
METTLI14 deficiency in cervical cancer cells, changes in
expression levels of PI3K/Akt/mTOR signaling pathway
associated proteins were examined. As demonstrated by
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the results of western blot analysis, there was no significant
change in the level of total Akt and mTOR after METTL14
was silenced in SiHa and C33a cells, but there was a
significant decrease in the phosphorylation levels of Akt and
Mtor (P<0.05, Figure 4). In addition, the expression level
of its downstream apoptosis-related proteins also changed
significantly. The expression levels of pro-apoptotic proteins
Bax, Bim and active Caspase 9 were significantly up-
regulated by METTL14 knockdown in SiHa and C33a cells,
whereas the expression of anti-apoptotic protein Bel-2 was
down-regulated (P<0.05, Figure 4).

Discussion

Accumulating evidence has identified that RNA m°A
modification is a type of epigenetic regulation which has
shown potential for modulating mRNA decay, translation
and processing by functional interactions between m’A
methyltransferase and demethylase (22). Nevertheless,
there is currently little research regarding the role of
dysregulated m°A modification in human disease, especially
in the occurrence and progression of cancer. METTLI14,
a methyltransferase which was first identified in mammals
in 2014, can modify mammalian mRNA by catalyzing mA
methylation through forming a stable heterodimer with
METTL3 (24,25). Here, we found that up-regulation of
METTLI14 acted as an adverse prognostic factor for overall
survival in cervical cancer, indicating that dysregulation of
METTLI14 might be associated with the progression of
cervical cancer. Therefore, METTLI14 was knocked down
by shRNA-METTL14 interference in cervical cancer cell
lines SiHa and C33a, and further studies were performed
to assess the effect of METTL14 knockdown on cellular
behaviors of SiHa and C33a cells. In the current study, our
data revealed that METTL14 knockdown suppressed the
proliferation, migration and invasion abilities of both SiHa
and C33a cells in vitro, suggesting that METTL14 might
function as an oncogene in cell growth and metastasis of
HPV-positive and HPV-negative cervical cancer.

The level of m°A varies in different tissues and cell lines,
with increased expression in the liver, kidney and brain
(22,26). Weng et al. reported that METTL14 is up-regulated
in human acute myeloid leukemia cell lines, and METTL14
knockdown could repress cell survival and proliferation
and promote terminal myeloid differentiation (15).
It has also been revealed that down-regulation of m°A by
METTL3 and METTLI14 knockdown could suppress cell
viability in HeLa cells (24). However, decreased tendency
of m°A was observed in hepatocellular carcinoma, which
is mainly due to the down-regulation of METTLI14, and
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up-regulation of METTL14 inhibits tumor metastasis and
silencing of METTL14 increases tumor metastasis (22).
Therefore, the specific levels of m6A appear to play different
roles in different tissues and cell lines. In our study, we
confirmed that METTL14 knockdown repressed growth and

invasion of cervical cancer cells i vitro, which was consistent
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with the findings in acute myeloid leukemia and Hela cells.

It is well known that cell cycle dysregulation is one of the
most common features of cancer cells, including cervical
cancer. Considering the effect of METTL14 knockdown on
the proliferation of cervical cancer cells, we assessed the effect
of METTL14 silencing on cell cycle distribution. Here, for
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was analyzed using flow cytometry. Data are expressed as the mean + SD (n=3), results were obtained in triple experiments.

the first time, our data showed that METTL14 knockdown
induced cell cycle arrest during S phase in SiHa and C33a
cells by promoting more cells to stay in S phase, resulting
in decreased cells in the G1 and G2/M phases in C33a cells,
but increased the proportion of cells in the G2/M phase in
SiHa cells. The difference in cell cycle distribution caused by
METTLI14 knockdown could be due to the diversity of cell
lines, which requires further study.

In the current study, our data revealed an oncogenic
role of METTLI14 in the growth and invasion of cervical
cancer. Therefore, we sought to investigate the mechanism
of METTL14 underlying the regulation of cervical cancer
progression. The PI3K/Akt/mTOR signaling pathway
plays an essential role in many cellular processes as well
as tumorigenesis and development, such as cell survival
and proliferation, cell cycle regulation and invasion (27).
Therefore, blocking this pathway is an important method for
suppressing tumor growth. Thus, we evaluated whether the
expression levels of key components of the PI3K/Ak/mTOR
signaling pathway changed after METTL14 silencing. As
indicated by western blot analysis, METTL14 knockdown
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suppressed the PI3K/Akt/mTOR pathway by down-
regulating the phosphorylation levels of Akt and mTOR. In
addition, the expression of apoptosis-related proteins was
also affected in METTL14 silenced cells, indicating that
loss of METTLI14 promoted cell apoptosis by regulating
the Bcl-2/Bax axis and the Caspase cascade. Collectively,
the PI3K/Akt/mTOR signaling pathway might be involved
in the regulation of METTL14 on the growth and invasion
of cervical cancer cells. Recent studies have confirmed that
the functional mechanism of METTL14 is dependent on
regulation through m6A modification (15,22). Weng et al.
revealed that METTL14 modulates myeloid differentiation
and self-renewal and growth of normal HSPCs or LSCs/
LICs cells by regulating MYB and MYC through m6A
modification (15). Ma et al. show that METTTL14 modulates
the primary miRNA126 process in an m°A-dependent
manner in SMMC-7721, HepG2 and HCC-1664
cells (22). Based on these results, further studies are
necessary to identify the target genes of METTL14 in order
to investigate the molecular mechanism of its oncogenic
role in cervical cancer.
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Conclusions

In summary, the current study demonstrates the oncogenic
role of METTL14 in HPV-positive and HPV-negative
cervical cancer cells. Targeting METTL14 could suppress cell
proliferation, migration and invasion in SiHa and C33a cells, as
well as trigger cell cycle arrest. Moreover, silencing METTL14
also inhibits the PI3K/Akt/mTOR signaling pathway, which
might be involved in the function of METTL14. Our study
suggests a novel potential target for the treatment of HPV-
positive and HPV-negative cervical cancer.
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