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Methyltransferase-like 3 induces the development of cervical cancer by 
enhancing insulin-like growth factor 2 mRNA-binding proteins 3-mediated 
apoptotic chromatin condensation inducer 1 mRNA stability
Cuihong Su*, Yan Zhang*, Ping Chen, Wei Yang, Jiaqiu Du, and Danfeng Zhang

Department of Obstetrics and Gynecology, First Affiliated Hospital of Jiamusi University, Jiamusi, Heilongjiang, China

ABSTRACT
N6-methyladenosine (m6A) plays a critical role in the tumorigenesis of cervical cancer (CC). Here, 
we aimed to investigate the potential role of methyltransferase-like 3 (METTL3) in CC. Gene 
expression was determined via real-time quantitative polymerase chain reaction. Cellular func-
tions were detected using colony formation, 5-ethynyl-2′-deoxyuridine (EdU), and Transwell 
assays. The interactions among METTL3, insulin-like growth factor 2 mRNA-binding protein 3 
(IGF2BP3), and apoptotic chromatin condensation inducer 1 (ACIN1) were confirmed using the 
MeRIP and RIP assays. An in vivo assay was performed to verify the role of METTL3 in CC 
development. METTL3 is overexpressed in CC, and therefore, its knockdown inhibits the prolifera-
tion and migration of CC cells. Silencing METTL3 inhibits tumor growth in vivo. Moreover, 
a positive association was observed between METTL3 and ACIN1. METTL3 interacts with 
IGF2BP3 to promote the mRNA stability of ACIN1, the overexpression of which induces the 
aggressiveness of CC cells. METTL3 promotes ACIN1 mRNA stability to accelerate CC progression, 
implying that METTL3 is a promising biomarker in CC.
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Introduction

Cervical cancer (CC) is ranked fourth among the 
most prevalent gynecological tumors and remains 
one of the leading causes of cancer-related deaths 
worldwide [1,2]. Approximately 570,000 new cases 
and over 300,000 mortalities are registered 
annually [3]. In addition, CC poses a severe chal-
lenge to healthcare worldwide. It is widely 
acknowledged that the pathogenesis of CC is 

a complicated process involving multiple factors, 
such as human papillomavirus (HPV) infection, 
smoking, sexual hygiene, and genetic alternations 
[4–6]. Notably, HPV infection has enormous sig-
nificance in the development of CC [7]. Owing to 
HPV vaccination and improved early diagnostic 
screening, the prevention, and treatment of CC 
have made great strides. Nonetheless, the long- 
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term prognosis of CC patients remains poor [8]. 
Accordingly, it is essential to elucidate the under-
lying mechanism of CC and identify effective bio-
markers of CC progression.

Various lines of evidence have demonstrated 
that epigenetic modifications play a core role in 
the occurrence and evolution of human cancers 
[9,10]. Epigenetic modifications trigger reversible 
changes in nucleic acids and related proteins with-
out altering the DNA base sequence [11,12]. With 
the breakthrough discovery of epigenetics, post- 
transcriptional RNA modification has become 
a hotspot in cancer research [13]. According to 
the MODOMICS database, there are more than 
100 RNA modifications at the post- 
transcriptional level [14]. Moreover, N6-methyla-
denosine (m6A) modification has been identified 
as the most dominant RNA modification in eukar-
yotes [15]. Numerous studies have shown that 
m6A plays a pivotal role in the tumorigenicity of 
diverse malignancies, including CC [16–19]. For 
instance, attenuation of m6A modification pro-
motes malignant traits and the activation of the 
Wnt/ phosphatidylinositol-3-kinase (PI3K)- pro-
tein kinase B (Akt) pathway in gastric cancer 
[20]. The long non-coding RNA (lncRNA) zinc 
finger antisense 1 (ZFAS1) accelerates CC devel-
opment by sequestering miR-647 via m6A modifi-
cation [21]. Nevertheless, further mechanistic 
studies are needed to gain a comprehensive under-
standing of m6A modification in CC.

Methyltransferase-like 3 (METTL3), a crucial 
m6A regulatory enzyme, governs the process of 
m6A methylation, thereby regulating the tumor 
formation and development by affecting mRNA 
stability, translation, or degradation [22,23]. In 
recent years, the potential of METTL3 as a tumor 
biomarker has been ascertained to correlate with 
the malignancy of cancer cells [24]. Accumulating 
evidence suggests that METTL3 exhibits tumori-
genic functions in a wide range of malignancies, 
including breast [25], colorectal [26], and gastric 
cancers [27]. More importantly, METTL3 contri-
butes to the aggressive features of CC cells [28]. 
Unfortunately, its mode of action in CC has not 
been fully elucidated.

Hence, the current study aimed to explore of the 
latent molecular mechanism of METTL3 in the 
progression of CC. We hypothesized that silencing 

of METTL3 retarded CC cell growth and migration 
by weakening apoptotic chromatin condensation 
inducer 1 (ACIN1) mRNA stability via an m6A- 
insulin-like growth factor 2 mRNA-binding pro-
teins 3 (IGF2BP3)-dependent mechanism.

Material and methods

Tissue samples

The present research passed the approval of the 
Ethics Committee of First Affiliated Hospital of 
Jiamusi University (2020–103-02). This study was 
carried out by collecting tumor samples and non- 
tumor tissues of CC patients from First Affiliated 
Hospital of Jiamusi University. In brief, the non- 
tumor tissues that did not contain obvious cancer 
cells were collected 5–10 cm away from the border 
of the tumor. Subsequently, the tumor and the 
para-carcinoma tissues were fixed in 10% forma-
lin. No antitumor therapy (chemotherapy or 
immunotherapy)was conducted for participants 
before cervicectomy. All patients signed the 
informed consent prior to inclusion. Tissue sam-
ples were preserved at -80°C until utilization.

Real-time quantitative polymerase chain 
reaction

According to a previous study [29], the TRIzol kit 
(Invitrogen) was applied for total RNA isolation 
according to the product directions. The RNA 
concentration was analyzed using NanoDrop 
2000 (Thermo, America). The cDNAs were 
synthesized by using the PrimeScript RT reagent 
kit transcriptase, Random 6mers, RNase inhibitor, 
Oligo dT primer, a dNTP mixture, and reaction 
buffer. The expression of mRNAs was analyzed by 
RT-qPCR in ABI7300 PCR apparatus (Applied 
Biosystems, Carlsbad, USA) by means of SYBR- 
Green Master Mix Kit (Takara, Tokyo, Japan). The 
cycle conditions used were: 95°C for 30s, followed 
by 95°C for 5 s and 40 cycles at 60°C for 30s each. 
The relative expression levels of genes were nor-
malized to β-actin via 2-ΔΔCt method. The primers 
used were as follows: METTL3 (forward: 5′- 
TTGTCTCCAACCTTCCGTAG-3′; reverse: 5′- 
CCAGATCAGAGAGGTGGTGTAG-3′); ACIN1 
(forward: 5′-AGGTTAGGCAAGGAGGTGGT-3′; 

BIOENGINEERED 7035



reverse: 5′-TGTTCCCAAGAGAAGGCTGT-3′); 
IGF2BP3 (forward: 5′-AGTTGTTGTCCCTCGTG 
ACC′; reverse: 5′-GTCCACTTTGCAGAGCCTTC 
-3′), and β-actin (forward: 5′-CTCCATCCTGGCC 
TCGCTGT-3′; reverse: 5′-GCTGCTACCTT 
ACCGTTCC-3′).

Cell culture

The human normal cervical epithelial cell line 
(End1) and CC cell lines (HeLa and SiHa) were 
provided by ATCC (Manassas, USA) and main-
tained in media consisting of DMEM (Gibco™, 
Waltham, USA), 10% FBS (Invitrogen, Carlsbad, 
USA), and 1% penicillin/streptomycin 
(Invitrogen). Cells were cultured in a humid atmo-
sphere with 5% CO2 at 37°C.

Cell transfection

According to a previous study [30], specific small 
interfering RNAs (siRNAs) for METTL3 were con-
structed by Genepharma (Shanghai, China), with 
nonspecific siRNAs as a negative control. To upregu-
late insulin-like growth factor 2 mRNA-binding pro-
tein 3 (IGF2BP3) and apoptotic chromatin 
condensation inducer 1 (ACIN1), their cDNA frag-
ments were amplified and inserted into pcDNA3.1 
vectors to generate IGF2BP3-overexpressing (OE- 
IGF2BP3) and ACIN1-overexpressing (OE- ACIN1) 
plasmids. These vectors were transfected into HeLa 
and SiHa cells using the Lipofectamine 3000 kit 
(Invitrogen), according to the manufacturer’s proto-
cols. For stable knockdown of METTL3, HeLa cells 
were infected with lentiviral vectors encoding a short 
hairpin RNA (shRNA) targeting METTL3, or 
scrambled shRNA (sh-NC) purchased from 
GeneChem (Shanghai, China), using 5 μg/mL poly-
brene. Stably infected cells were screened using 4 μg/ 
mL puromycin treatment for two weeks.

Cell proliferation assays

According to a previous study [31], for the colony 
formation assay, transfected HeLa and SiHa cells 
were inoculated into 6-well culture plates at a density 
of 500 cells/well and incubated under the indicated 
conditions for two weeks. After fixation in 4% paraf-
ormaldehyde, CC cells were stained with 0.1% crystal 

violet (Sigma-Aldrich). For the 5-ethynyl-2′- 
deoxyuridine (EdU) assay, the collected CC cells 
were treated with an EdU staining kit (Ribobio, 
Guangzhou, China) according to the manufacturer’s 
instructions. DAPI was used for nuclear staining, and 
images were captured using a fluorescence microscope 
(Leica, Wetzlar, Germany).

Cell migration assay

According to a previous study [32], transwell assays 
were performed to estimate the migration of CC cells 
using a Transwell system (Corning, New York, USA). 
HeLa and SiHa cells were digested with trypsin, col-
lected, and placed in the upper chamber containing 
a 200-μL serum-free medium. The bottom of the 
Transwell chamber was supplemented with 600 μL 
DMEM supplemented with 20% FBS. After 24 h of 
incubation, the CC cells that passed through the filter 
were immobilized with 4% paraformaldehyde, stained 
with 0.1% crystal violet, and observed under 
a microscope.

Western blot analysis

According to a previous study [33], HeLa and SiHa 
cells were lysed in RIPA lysis buffer (Thermo Fisher 
Scientific, Waltham, USA) with a protease inhibitor, 
and a BCA assay kit was used to determine protein 
concentration (Beyotime, Shanghai, China). Protein 
extracts were loaded on 10% SDS-PAGE gels, trans-
ferred onto PVDF membranes, blocked in 5% 
skimmed milk, and probed with the corresponding 
primary antibodies at 4°C overnight. Subsequently, 
the membranes were treated with secondary antibo-
dies for 2 h at room temperature and measured using 
an enhanced chemiluminescence (ECL) kit (Thermo 
Fisher Scientific). The following primary antibodies 
were used: anti-METTL3 (Abcam, Cambridge, UK), 
anti-IGF2BP3 (Millipore, Billerica, USA), anti- 
ACIN1, and anti-GAPDH (Cell Signaling 
Technology, St. Louis, USA). GAPDH served as an 
internal control.

RNA stability assay

According to a previous study [34], Actinomycin 
D (Act-D; MedChemExpress, Beijing, China) was 
used to examine RNA stability. Briefly, HeLa and 
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SiHa cells were treated with 5 μg/ml Act-D. At 0, 1, 
2, 4, and 8 h post-incubation, RT-qPCR was con-
ducted to detect the mRNA expression of ACIN1.

Cycloheximide chase assay

According to a previous study [35], to measure 
protein stability, CC cells were treated with 
50 μg/ml cycloheximide (Sigma) and cultured for 
0, 1, 2, 4, and 8 h. The cells were then subjected to 
Western blot analysis to detect ACIN1 protein 
expression levels.

In vivo assay
All experimental procedures were carried out 

under the approval of the Institutional Animal 
Care and Use Committee of the Institutional 
Animal Care and Utilization Committee of First 
Affiliated Hospital of Jiamusi University. 
According to a previous study [36], approximately 
six-week-old BALB/c nude mice were used to 
establish xenograft models. Briefly, 2 × 106 stably 
transfected HeLa cells were subcutaneously inocu-
lated into the left flank of mice. Afterward, nude 
mice were reared for four weeks, and the size of 
the xenografts was monitored weekly using 
a Vernier caliper. Following euthanasia, the xeno-
grafts were excised from the mice and weighed.

m6A-RNA immunoprecipitation (MeRIP)

According to a previous study [37], the MeRIP 
experiment was performed to identify the m6A 
modification of ACIN1, following the recommenda-
tions of the Magna MeRIP™ m6A kit (Millipore, MA, 
USA). Following RNA isolation, total RNA was frag-
mented into nucleotide debris and immunoprecipi-
tated with an anti-m6A antibody or IgG using 
protein A/G magnetic beads (Pierce, Rockford, 
USA). Bound RNAs were eluted from magnetic 
beads, subjected to proteinase K digestion, and quan-
tified via RT-qPCR.

RIP assay

According to a previous study [38], the Magna RIP 
RNA-Binding Protein Immunoprecipitation Kit 
(Millipore) was utilized to perform the RIP assay 
according to the product manuals. Cell lysates 
were treated with magnetic beads and a specific 

antibody for IGF2BP3 (Millipore), with IgG 
(Millipore) as a negative control, at 4°C overnight. 
The enrichment of ACIN1 in the RNA precipitates 
was measured using RT-qPCR.

Statistical analysis

All statistical results are expressed as the mean ± 
SD, and each experiment was performed in tripli-
cate. Data processing and analysis were performed 
using SPSS (version 21.0; SPSS, Chicago, USA). 
The student’s t-test and one-way analysis of var-
iance were used for statistical comparisons. The 
overall survival rate of CC patients was estimated 
using Kaplan-Meier analysis and log-rank test. 
Pearson’s correlation analysis was employed to 
assess the relationships between METTL3, 
ACIN1, and IGF2BP3. Differences were consid-
ered statistically significant at p < 0.05.

Results

This study illustrated that elevated METTL3 levels 
were associated with poor prognosis in of CC 
patients. Notably, the silencing of METTL3 
retarded CC cell growth and migration by weak-
ening ACIN1 mRNA stability via an m6A- 
IGF2BP3-dependent mechanism, expanding our 
in-depth knowledge of METTL3 in CC progres-
sion and unraveling the possibility of using 
METTL3 as a therapeutic target for CC therapy.

High expression of METTL3 predicted poor 
outcome in CC

Using the gene expression profiling interactive ana-
lysis (GEPIA) database, METTL3 was found to be 
abnormally expressed in a wide range of malignant 
tumors, including CCs (Figure 1a). To verify the 
expression pattern of METTL3 in CC, we measured 
METTL3 levels via RT-qPCR analysis. CC tissues 
exhibited higher METTL3 expression than the nor-
mal tissues (Figure 1b). Clinically, the expression 
level of METTL3 gradually increased with the 
TNM stage (Figure 1c). Besides, METTL3 in CC 
patients achieved the highest AUC of 0.9681 
(P < 0.0001) (Figure 1d). In addition, Kaplan- 
Meier analysis showed that high levels of METTL3 
were associated with poor OS rates (Figure 1e).
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Knockdown of METTL3 suppressed CC cell 
proliferation and migration

Next, we aimed to elucidate the potential role of 
METTL3 in CC development in vitro. As 
expected, METTL3 was abundantly expressed in 
CC cells compared to that in normal cervical 

epithelial cells (Figure 2a). Accordingly, 
METTL3 expression was downregulated in HeLa 
and SiHa cells in loss-of-function assays 
(Figure 2b). The Western blotting analysis further 
confirmed that the METTL3 protein level was 
remarkably reduced in HeLa and SiHa cells after 

Figure 1. High expression of METTL3 predicted poor outcome in CC. (a) The expression profile of METTL3 in different malignant 
tumors. (b) METTL3 expression in CC tissues and normal samples. (c) RT-qPCR detection of METTL3 level in different clinical stages. 
(d) The AUC of METTL3 concerning CC patients. (e) The relationship between METTL3 expression and the prognosis of CC. *P < 0.05, 
**P < 0.01 and ***P < 0.001 vs normal or T1 group.
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transfection (Figure 2c). Our observations indi-
cated that depletion of METTL3 diminished the 
number of colonies in CC cells (Figure 2d). The 
proliferative potency of METTL3 was confirmed 
using an EdU assay (Figure 2e). Moreover, the 
silencing of METTL3 led to the suppression of 
cell migration in HeLa and SiHa cells (figure 2f). 
Thus, METTL3 is a tumor promoter during CC 
progression.

ACIN1 was positively modulated by METTL3

Based on the above findings, we aimed to shed light 
on the molecular mechanism of METTL3 in CC 
pathogenesis. Using LinkedOmics, candidate genes 
associated with METTL3 in CC were identified 
(Figure 3a). ACIN1 was closely correlated with 
METTL3 among all the candidate genes related to 
METTL3 (Figure 3b). Pearson’s correlation analysis 
illustrated that METTL3 levels were positively cor-
related with the expression of ACIN1 in clinical 
samples collected from CC patients (Figure 3c). By 
browsing the GEPIA website, a positive correlation 
between METTL3 and ACIN1 was further con-
firmed (Figure 3d). In addition, the knockdown of 
METTL3 provoked a notable decrease in ACIN1 
expression at both the mRNA and protein levels 
(Figure 3e–F). Moreover, the results of the MeRIP 
experiment justified that ACIN1 was enriched by 
m6A antibody in contrast to IgG, and silencing 
METTL3 significantly reduced the enrichment of 
ACIN1 in the m6A antibody, which suggested that 
the depletion of METTL3 caused the decreased m6A 
level of ACIN1 (Figure 3g–h). Additionally, RT- 
qPCR results showed that ACIN1 was increased in 
the CC tissues and cells (Figure 3i-j). Taken 
together, these results indicate that ACIN1 is 
a downstream effector of METTL3.

METTL3 acted as an oncogene in CC by targeting 
ACIN1

Subsequently, we explored the involvement of 
ACIN1 on the effect of METTL3 on CC develop-
ment. The transfection efficiency of ACIN1 over-
expression was assessed using RT-qPCR 
(Figure 4a). Western blotting analysis validated 
that the protein expression of ACIN1 was 
enhanced after transfection (Figure 4b). The 

colony formation and EdU assays revealed that 
the impaired proliferative capacity of HeLa and 
SiHa cells triggered by METTL3 knockdown was 
abrogated when ACIN1 was overexpressed 
(Figure 4c–d). Consistently, our results indicated 
that the upregulation of ACIN1 counteracted the 
effects of METTL3 depletion on CC cell migration 
(Figure 4e). Overall, ACIN1 mediated the function 
of METTL3 in controlling the aggressive charac-
teristics of CC cells.

Over expressed ACIN1 reversed the sh-METTL3 
effects on the CC cell growth in vivo

We investigated the impact of METTL3 and 
ACIN1 on tumor growth in vivo. To establish 
xenograft tumor models, HeLa cells stably trans-
fected with sh-NC, sh-METTL3, Ad-nc and Ad- 
ACIN1 were injected into nude mice. As shown in 
Figure 5a, mice from the sh-METTL3 group pre-
sented smaller neoplasms than those from the sh- 
NC group. Ad-ACIN1 reversed the sh-METTL3 
roles. The weight and growth curve of xenograft 
tumors showed that the METTL3 knockdown led 
to a significant reduction in the weight and 
volume of tumor tissues, while Ad-ACIN1 also 
reversed the sh-METTL3 roles (Figure 5b–c). 
Based on these data, we hypothesized that 
METTL3 downregulation would impede the 
growth of CC cells in vivo.

METTL3 contributed to the mRNA stability of 
ACIN1

Therefore, we further probed the mode of action 
of METTL3 in the modulation of ACIN1 expres-
sion. According to RT-qPCR analysis, silencing of 
METTL3 resulted in an evident decline in ACIN1 
mRNA expression levels but failed to change the 
precursor ACIN1 level (Figure 6a–b). Likewise, the 
Western blotting analysis showed that the protein 
expression of ACIN1 in response to si-METTL3 
was lower than that in response to si-NC 
(Figure 6c). Interestingly, we observed that the 
downregulation of METTL3 weakened the stability 
of ACIN1 mRNA in both HeLa and SiHa cells 
(Figure 6d–e).
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Figure 2. Knockdown of METTL3 suppressed CC cell proliferation and migration. (a) The expression of METTL3 in CC and 
normal cells. (b–c) Transfection efficiency was confirmed using RT-qPCR and Western blotting analysis. (d–e) The role of METTL3 in 
CC cell proliferation was assessed through colony formation and the EdU assay. (f) Transwell assay was performed to determine cell 
migration of HeLa and SiHa cells. *P < 0.05 and **P < 0.01 vs. si-NC group.
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Figure 3. ACIN1 was positively modulated by METTL3. (a) The Pearson correlation coefficient between METTL3 and human genes 
in CC was analyzed with LinkedOmics. (b) The genes related to METTL3 in CC tissues were shown. (c) The correlation of METTL3 and 
ACIN1 in clinical samples. (d) The correlation of METTL3 and ACIN1 in CC tissues was analyzed using GEPIA. (e–f) RT-qPCR and 
Western blot analyses of ACIN1 expression in CC cells transfected with si-NC or si-METTL3. (g–h) MeRIP analysis of ACIN1 mRNA in CC 
cells transfected with si-NC or si-METTL3. (i-j) RT-qPCR of ACIN1 expression in CC tissues and cells. **P < 0.01 vs. si-NC group; 
**P < 0.01 vs. si-NC group.
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Figure 4. METTL3 acted as an ACIN1-targeting oncogene in CC. (a–b) Transfection efficiency was confirmed via RT-qPCR and 
Western blotting analysis. (c–d) The role of ACIN1 in CC cell proliferation was estimated through colony formation and the EdU 
assay. (e) Cell migratory ability was measured with the Transwell assay. **P < 0.01 vs. control group; ##P < 0.01 vs. si-METTL3+ OE-NC 
group.
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IGF2BP3 was responsible for the regulatory role 
of METTL3 in ACIN1 expression

Since IGF2BP3 is a significant mediator of mRNA 
stability [39], we wondered whether it regulates 
ACIN1 by METTL3. Pearson’s correlation analysis 
of data from GEPIA revealed a positive association 
between ACIN1 expression and IGF2BP3 levels in 
CC samples (Figure 7a). Coincidentally, we veri-
fied that the expression level of ACIN1 was posi-
tively correlated with IGF2BP3 expression in 
clinical samples (Figure 7b). We overexpressed 
IGF2BP3 in HeLa and SiHa cells to identify the 
role of IGF2BP3 in METTL3-mediated ACIN1 
expression. RT-qPCR and Western blotting analy-
sis revealed that the expression of IGF2BP3 was 
upregulated following transfection (Figure 7c–d). 
Our observations demonstrated that an ectopic 
expression of IGF2BP3 reversed the decrease in 
ACIN1 levels caused by METTL3 knockdown 
(Figure 7e). The same trend at the protein level 
was validated using Western blotting analysis (fig-
figure 7f). More importantly, we confirmed that 
IGF2BP3 overexpression prolonged the half-life of 
ACIN1 mRNA in HeLa and SiHa cells (Figure 7g). 
Furthermore, the results of the RIP experiment 
justified that the expression of ACIN1 in com-
plexes enriched with IGF2BP3 was overtly attenu-
ated by the silencing of METTL3 (Figure 7h). 
Additionally, RT-qPCR results showed that 
ACIN1 was increased in the CC tissues and cells 
(Figure 7i-j). Overall, METTL3 enhanced the 
mRNA stability of ACIN1 in an IGF2BP3- 
dependent manner.

Discussion

Based on its highest morbidity and mortality 
among malignancies of the female reproductive 
system, CC is a dominant cause of cancer-related 
deaths among women worldwide [40,41]. CC 
accounts for nearly 7.5% of women dying from 
cancer, representing a global health problem [42]. 
Therefore, this study aimed to gain insights into 
the etiology and mechanism of CC. Herein, we 
demonstrated that METTL3 facilitates tumor for-
mation and CC progression. Mechanistically, 
METTL3 contributes to CC growth and migration 
by regulating the stabilization of ACIN1 mediated 
by IGF2BP3.

Currently, our understanding of m6A has dra-
matically expanded due to the in-depth study of 
epigenetic modifications. As the most abundant 
RNA modification, m6A has been shown to func-
tion as a critical participant in developing diverse 
diseases, including human cancer [43–46]. 
Furthermore, abnormal m6A modification is 
strongly related to tumor development and is pre-
dictive for cancer outcome [47–50]. Many studies 
have validated that METTL3 is a core modulator 
of m6A modification and acts as a promoting fac-
tor in the malignancy of multiple tumors, includ-
ing CC. For example, METTL3 facilitates cell 
proliferation and metastasis in gastric cancer 
[51]. Inhibition of METTL3 enhances the sensitiv-
ity of pancreatic cancer cells to chemotherapy and 
radiotherapy [52]. High expression of METTL3 
serves as an independent prognostic indicator in 
CC, and METTL3 presents oncogenic potencies in 

Figure 5. Over expressed ACIN1 reversed the sh-METTL3 effects on the CC cell growth in vivo. (a) Representative images of 
excised tumors. (b–c) The impacts of METTL3 knockdown and ACIN1 overexpression on tumor size and weight were analyzed. 
*P < 0.05 and **P < 0.01 vs. sh-nc group.
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Figure 6. METTL3 contributed to the mRNA stability of ACIN1. (a–b) RT-qPCR analysis of mature and precursor mRNA expression 
of ACIN1. (c) Following the treatment of CC cells with cycloheximide, Western blot analysis was adopted to detect ACIN1 expression. 
(d) RT-qPCR analysis of the mRNA expression of ACIN1 in CC cells exposed to Act-D. **P < 0.01 vs. si-NC group.
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the development of CC [28,53,54]. In agreement 
with previous findings, we verified that METTL3 
expression was elevated in CC samples and cells 
compared to that in normal tissues and cells. 
Upregulation of METTL3 determines poor prog-
nosis in CC patients. Our results confirmed that 
the knockdown of METTL3 restrained the growth 
of CC cells both in vivo and in vitro. Additionally, 
silencing METTL3 suppressed CC cell migration.

ACIN1, also known as acinus, is fundamental 
for chromatin condensation during apoptosis [55]. 
In addition, ACIN1 is directly implicated in RNA 

processing, including transcription, mRNA spli-
cing, and metabolism [56]. Emerging evidence 
indicates that ACIN1 is abundantly expressed in 
lung cancer patients compared to that in healthy 
individuals and that a high methylation level of 
ACIN1 predicts a high risk of lung cancer [57,58]. 
Using LinkedOmics and correlation analysis, we 
uncovered a strong and positive correlation 
between ACIN1 and METTL3. Moreover, our 
findings revealed that depletion of METTL3 inhib-
ited m6A methylation of ACIN1. The results of 
rescue experiments supported the inference that 

Figure 7. IGF2BP3 was responsible for the regulatory role of METTL3 in ACIN1 expression. (a) The correlation of IGF2BP3 and 
ACIN1 in CC was analyzed using GEPIA. (b) Pearson correlation analysis of the association between IGF2BP3 and ACIN1 in clinical 
tumor tissues from CC patients. (c–d) Transfection efficiency was confirmed by RT-qPCR and Western blot analysis. (e–f) The 
potential of METTL3/IGF2BP3 axis in ACIN1 expression was analyzed by RT-qPCR and Western blot analysis. (g) After Act-D treatment, 
the mRNA degradation of ACIN1 was examined via RT-qPCR. (h) RIP experiment was carried out to determine the influence of 
METTL3 downregulation on the abundance of ACIN1 in precipitates enriched by the IGF2BP3 antibody. (i-j) RT-qPCR of ACIN1 
expression in CC tissues and cells. **P < 0.01 vs. OE-NC or IgG or Control group; ##P < 0.01 vs. si-METTL3+ OE-NC or si-NC group.
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METTL3 triggered the malignant behavior of CC 
cells through the regulation of ACIN1.

IGF2BP3 is a member of a novel family of m6A 
readers that are involved in modulating mRNA 
stability [59]. These findings demonstrate that 
IGF2BP3 plays an oncogenic role in the initiation 
and progression of CC by affecting mRNA stability 
and translation of target genes in an m6A-mediated 
manner [39,60,61]. Considering our data that 
METTL3 promotes the stabilization of ACIN1 
mRNA to enhance its expression, we investigated 
the participation of IGF2BP3 in this pathway. The 
recovery of ACIN1 mRNA and protein levels in 
METTL3-downregulated CC cells was attributed to 
IGF2BP3 overexpression. In addition, it was con-
firmed that the enforced expression of IGF2BP3 
alleviated the decay rate of ACIN1 mRNA in 
response to actinomycin D. Consistent with pre-
vious reports, we further confirmed that IGF2BP3 
was responsible for the effects of METTL3 on the 
mRNA stability of ACIN1.

Conclusion

This study elucidated the function and mode of 
action of METTL3 in CC pathogenesis. Our study 
illustrated that elevated METTL3 levels were asso-
ciated with poor prognosis in of CC patients. 
Notably, the silencing of METTL3 retarded CC 
cell growth and migration by weakening ACIN1 
mRNA stability via an m6A-IGF2BP3-dependent 
mechanism, expanding our in-depth knowledge of 
METTL3 in CC progression and unraveling the 
possibility of using METTL3 as a therapeutic tar-
get for CC therapy.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was supported by Heilongjiang Provincial Health 
Commission Science and Technology Plan 20210505010040.

Ethical approval

This study protocol was approved by the Ethics Committee of 
The First Affiliated Hospital of Jiamusi University.

References

[1] Siegel RL, Miller KD, and Jemal A. Cancer statistics. 
CA Cancer J Clin. 2019;69(1):7–34.

[2] Marth C, Landoni F, Mahner S, et al. Cervical cancer: 
ESMO clinical practice guidelines for diagnosis, treat-
ment and follow-up. Ann Oncol. 2017;28(suppl_4): 
iv72–iv83.

[3] Bray F, Ferlay J, Soerjomataram I, et al. Global cancer 
statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2018;68(6):394–424.

[4] Kashyap N, Krishnan N, Kaur S, et al. Risk factors of 
cervical cancer: a case-control study. Asia Pac J Oncol 
Nurs. 2019;6(3):308–314.

[5] Du GH, Wang J-K, Richards JR, et al. Genetic poly-
morphisms in tumor necrosis factor alpha and 
interleukin-10 are associated with an increased risk of 
cervical cancer. Int Immunopharmacol. 
2019;66:154–161.

[6] Sugawara Y, Tsuji I, Mizoue T, et al. Cigarette smoking 
and cervical cancer risk: an evaluation based on 
a systematic review and meta-analysis among 
Japanese women. Jpn J Clin Oncol. 2019;49(1):77–86.

[7] Okunade KS. Human papillomavirus and cervical 
cancer. J Obstet Gynaecol. 2019;40(5):1–7.

[8] He J, Huang B, Zhang K, et al. Long non-coding RNA 
in cervical cancer: from biology to therapeutic 
opportunity. Biomed Pharmacother. 2020;127:110209.

[9] Park JW, Han JW. Targeting epigenetics for cancer 
therapy. Arch Pharm Res. 2019;42(2):159–170.

[10] Cao J, Yan Q. Cancer epigenetics, tumor immunity, 
and immunotherapy. Trends Cancer. 2020;6 
(7):580–592.

[11] Gaździcka J, Gołąbek K, Strzelczyk JK. Epigenetic 
modifications in head and neck cancer. Biochemical 
Genetics. 2020;58(2):213–244.

[12] Mohammad HP, Barbash O, and Creasy CL. Targeting 
epigenetic modifications in cancer therapy: erasing the 
roadmap to cancer. Nat Med. 2019;25(3):403–418.

[13] Zhou Z, Lv J, Yu H, et al. Mechanism of RNA mod-
ification N6-methyladenosine in human cancer. 
Molecular Cancer. 2020;19(1):104.

[14] Boccaletto P, Machnicka MA, Purta E, et al. 
MODOMICS: a database of RNA modification path-
ways. 2017 update. Nucleic Acids Res. 2018;46(D1): 
D303–d307.

[15] Panneerdoss S, Eedunuri VK, Yadav P, et al. Cross-talk 
among writers, readers, and erasers of m(6)A regulates 
cancer growth and progression. Science Advances. 
2018;4(10):eaar8263.

[16] Sun T, Wu R, Ming L. The role of m6A RNA methyla-
tion in cancer. Biomed Pharmacother. 
2019;112:108613.

[17] He L, Li H, Wu A, et al. Functions of 
N6-methyladenosine and its role in cancer. Molecular 
Cancer. 2019;18(1):176.

7046 C. SU ET AL.



[18] Wang X, Li Z, Kong B, et al. Reduced m(6)A mRNA 
methylation is correlated with the progression of 
human cervical cancer. Oncotarget. 2017;8 
(58):98918–98930.

[19] Ma X, Li Y, Wen J, et al. m6A RNA methylation 
regulators contribute to malignant development and 
have a clinical prognostic effect on cervical cancer. 
Am J Transl Res. 2020;12(12):8137–8146.

[20] Zhang C, Zhang M, Ge S, et al. Reduced m6A mod-
ification predicts malignant phenotypes and augmen-
ted Wnt/PI3K-Akt signaling in gastric cancer. Cancer 
Medicine. 2019;8(10):4766–4781.

[21] Yang Z, Ma J, Han S, et al. ZFAS1 exerts an oncogenic 
role via suppressing miR-647 in an m(6)A-dependent 
manner in cervical cancer. Onco Targets Ther. 
2020;13:11795–11806.

[22] Zhao BS, Roundtree IA, He C. Post-transcriptional 
gene regulation by mRNA modifications. Nat Rev 
Mol Cell Biol. 2017;18(1):31–42.

[23] Zeng C, Huang W, Li Y. Roles of METTL3 in cancer: 
mechanisms and therapeutic targeting. Journal of 
Hematology & Oncology. 2020;13(1):117.

[24] Zheng W, Dong X, Zhao Y, et al. Multiple functions 
and mechanisms underlying the role of METTL3 in 
human cancers. Front Oncol. 2019;9:1403.

[25] Wang H, Xu B, Shi J. N6-methyladenosine METTL3 
promotes the breast cancer progression via targeting 
Bcl-2. Gene. 2020;722:144076.

[26] Peng W, Li J, Chen R, et al. Upregulated METTL3 
promotes metastasis of colorectal cancer via 
miR-1246/SPRED2/MAPK signaling pathway. J Exp 
Clin Cancer Res. 2019;38(1):393.

[27] Yang -D-D, Chen Z-H, Yu K, et al. METTL3 promotes 
the progression of gastric cancer via targeting the MYC 
pathway. Front Oncol. 2020;10:115.

[28] Wang Q, Guo X, Li L, et al. N(6)-methyladenosine 
METTL3 promotes cervical cancer tumorigenesis and 
Warburg effect through YTHDF1/HK2 modification. 
Cell Death Dis. 2020;11(10):911.

[29] Bi YN, Guan JP, Wang L, et al. Clinical significance of 
microRNA-125b and its contribution to ovarian 
carcinogenesis. Bioengineered. 2020;11(1):939–948.

[30] Zhou J, Guo X, Chen W, et al. Targeting survivin 
sensitizes cervical cancer cells to radiation treatment. 
Bioengineered. 2020;11(1):130–140.

[31] Liang Z, Xu J, Ma Z, et al. MiR-187 suppresses 
non-small-cell lung cancer cell proliferation by target-
ing FGF9. Bioengineered. 2020;11(1):70–80.

[32] Cai L, Ye L, Hu X, et al. MicroRNA miR-330-3p 
suppresses the progression of ovarian cancer by target-
ing RIPK4. Bioengineered. 2021;12(1):440–449.

[33] Zhao J, Zhou K, Ma L, et al. MicroRNA-145 overexpression 
inhibits neuroblastoma tumorigenesis in vitro and in vivo. 
Bioengineered. 2020;11(1):219–228.

[34] Ayupe AC, Reis EM. Evaluating the Stability of 
mRNAs and Noncoding RNAs. Methods Mol Biol. 
2017;1468:139–153.

[35] Buchanan BW, Lloyd ME, Engle SM, and Rubenstein 
EM . Cycloheximide chase analysis of protein degrada-
tion in Saccharomyces cerevisiae. J Vis Exp. 
2016;110:53975.

[36] Miwa T, Kanda M, Umeda S, et al. Establishment of peri-
toneal and hepatic metastasis mouse xenograft models 
using gastric cancer cell lines. Vivo. 2019;33(6):1785–1792.

[37] Chen X, Xu M, Xu X, et al. METTL14-mediated 
N6-methyladenosine modification of SOX4 mRNA 
inhibits tumor metastasis in colorectal cancer. Mol 
Cancer. 2020;19(1):106.

[38] Seelig CA, Blüthner M, Seelig HP. High sensitivity 
detection of Anti-DFS70 antibodies by radioimmuno-
precipitation assay (RIPA). Clin Lab. 2020;66 
(5):10.7754/Clin.Lab.2019.191016.

[39] Huang H, Weng H, Sun W, et al. Recognition of RNA 
N(6)-methyladenosine by IGF2BP proteins enhances 
mRNA stability and translation. Nature Cell Biology. 
2018;20(3):285–295.

[40] Lei J, Andrae B, Ploner A, et al. Cervical screening and 
risk of adenosquamous and rare histological types of 
invasive cervical carcinoma: population based nested 
case-control study. Bmj. 2019;365:l1207.

[41] Cohen PA, Jhingran A, Oaknin A, et al. Cervical 
cancer. Lancet. 2019;393(10167):169–182.

[42] Chatterjee K, Mukherjee S, Vanmanen J, et al. Dietary 
polyphenols, resveratrol and pterostilbene exhibit antitu-
mor activity on an hpv e6-positive cervical cancer model: 
an in vitro and in vivo analysis. Front Oncol. 2019;9:352.

[43] Karthiya R, Khandelia P. m6A RNA methylation: rami-
fications for gene expression and human health. 
Molecular Biotechnology. 2020;62(10):467–484.

[44] Huang X, Lv D, Yang X, et al. m6A RNA methylation 
regulators could contribute to the occurrence of 
chronic obstructive pulmonary disease. J Cell Mol 
Med. 2020;24(21):12706–12715.

[45] Qin Y, Li L, Luo E, et al. Role of m6A RNA methyla-
tion in cardiovascular disease (Review). Int J Mol Med. 
2020;46(6):1958–1972.

[46] Lan Q, Liu PY, Haase J. The critical role of RNA m(6)A 
methylation in cancer. Cancer Research. 2019;79 
(7):1285–1292.

[47] Lin X, Chai G, Wu Y, et al. RNA m(6)A methylation 
regulates the epithelial mesenchymal transition of cancer 
cells and translation of Snail. Nature Communications. 
2019;10(1):2065.

[48] Xu N, Chen J, He G, et al. Prognostic values of m6A 
RNA methylation regulators in differentiated Thyroid 
Carcinoma. J Cancer. 2020;11(17):5187–5197.

[49] Xu LC, Pan JX, Pan HD. Construction and validation 
of an m6A RNA methylation regulators-based prog-
nostic signature for esophageal cancer. Cancer Manag 
Res. 2020;12:5385–5394.

[50] Wang J, Lin H, Zhou M, et al. The m6A methylation 
regulator-based signature for predicting the prognosis 
of prostate cancer. Future Oncology (London, 
England). 2020;16(30):2421–2432.

BIOENGINEERED 7047



[51] Lin S, Liu J, Jiang W, et al. METTL3 promotes the 
proliferation and mobility of gastric cancer cells. Open 
Med (Wars). 2019;14(1):25–31.

[52] Taketo K, Konno M, Asai A, et al. The epitranscrip-
tome m6A writer METTL3 promotes chemo- and 
radioresistance in pancreatic cancer cells. Int J Oncol. 
2018;52(2):621–629.

[53] Ni HH, Zhang L L, Huang H, Dai SQ, and Li J, et al. 
Connecting METTL3 and intratumoural CD33(+) 
MDSCs in predicting clinical outcome in cervical 
cancer. 2020;18(1):393.

[54] Wu F, Zhang Y, Fang Y, et al. Elevated expression of 
inhibitor of apoptosis-stimulating protein of p53 
(iASPP) and methyltransferase-like 3 (METTL3) cor-
relate with poor prognosis in FIGO Ib1-IIa squa-
mous cell cervical cancer. J Cancer. 2020;11 
(9):2382–2389.

[55] Chan CB, Liu X, Jang SW, et al. NGF inhibits human 
leukemia proliferation by downregulating cyclin A1 
expression through promoting acinus/CtBP2 
association. Oncogene. 2009;28(43):3825–3836.

[56] Rodor J, Pan Q, Blencowe BJ, et al. The RNA-binding 
profile of Acinus, a peripheral component of the exon 
junction complex, reveals its role in splicing regulation. 
RNA (New York, N.Y.). 2016;22(9):1411–1426.

[57] Xue L, Xie L, Song X, et al. [Expression and signifi-
cance of ACIN1 mRNA in platelets of lung cancer]. 
Zhongguo Fei Ai Za Zhi. 2018;21(9):677–681.

[58] Shu Y, Iijima T, Sun W, et al. The ACIN1 gene is 
hypermethylated in early stage lung adenocarcinoma. 
J Thorac Oncol. 2006;1(2):160–167.

[59] Deng X, Su R, Weng H, et al. RNA N(6)-methylade-
nosine modification in cancers: current status and 
perspectives. Cell Research. 2018;28(5):507–517.

[60] Li Z, Peng Y, Li J, et al. N(6)-methyladenosine regu-
lates glycolysis of cancer cells through PDK4. Nature 
Communications. 2020;11(1):2578.

[61] Zhang Y, Wang D, Wu D, et al. Long noncoding RNA 
KCNMB2-AS1 stabilized by N6-methyladenosine 
modification promotes cervical cancer growth through 
acting as a competing endogenous RNA. Cell 
Transplant. 2020;29:963689720964382.

7048 C. SU ET AL.


	Abstract
	Introduction
	Material and methods
	Tissue samples
	Real-time quantitative polymerase chain reaction
	Cell culture
	Cell transfection
	Cell proliferation assays
	Cell migration assay
	Western blot analysis
	RNA stability assay
	Cycloheximide chase assay
	m6A-RNA immunoprecipitation (MeRIP)
	RIP assay
	Statistical analysis

	Results
	High expression of METTL3 predicted poor outcome in CC
	Knockdown of METTL3 suppressed CC cell proliferation and migration
	ACIN1 was positively modulated by METTL3
	METTL3 acted as an oncogene in CC by targeting ACIN1
	Over expressed ACIN1 reversed the sh-METTL3 effects on the CC cell growth invivo
	METTL3 contributed to the mRNA stability of ACIN1
	IGF2BP3 was responsible for the regulatory role of METTL3 in ACIN1 expression

	Discussion
	Conclusion
	Disclosure statement
	Funding
	Ethical approval
	References

