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N6-methyladenosine (m6A) is the most common post-transcriptional modification of RNA
in eukaryotes, which has been demonstrated to play important roles in various cancers.
YTHDF1 acts as a crucial m6A “reader” and regulates the fate of m6A modified mRNA.
However, its role in cervical cancer remains unknown. In this study, we showed that
YTHDF1 was highly expressed in cervical cancer, and was closely associated with the
poor prognosis of cervical cancer patients. YTHDF1 knockdown suppressed the growth,
migration and invasion, and induced apoptosis of cervical cancer cells. Moreover,
YTHDF1 knockdown inhibited tumorigenesis of cervical cancer cells in vivo. Through
combined on-line data analysis of RIP-seq, meRIP-seq and Ribo-seq upon YTHDF1
knockdown, RANBP2 was identified as the key target of YTHDF1 in cervical cancer cells.
YTHDF1 regulated RANBP2 translation in an m6A-dependent manner without effect on its
mRNA expression. RANBP2 potentiated the growth, migration and invasion of cervical
cancer cells. Our study demonstrated the oncogenic role of YTHDF1 in cervical cancer by
regulating RANBP2 expression and YTHDF1 represents a potential target for cervical
cancer therapy.

Keywords: cervical cancer, N6-methyladenosine, YTHDF1, tumorigenicity, RANBP2
INTRODUCTION

Cervical cancer (CC) is one of the most common malignant tumors among female patients, which
mortality rate ranks fourth in the world (1). Contrary to developed countries, the incidence and
death rate of cervical cancer in China are increasing year by year, which seriously threatens women’s
health and life (2). Although HPV vaccine is conducive to reducing the morbidity and mortality of
cervical cancer, the prognosis of patients with advanced cervical cancer remains poor (3). Therefore,
finding new potential targets is required for cervical cancer treatment.

N6-methyladenosine (m6A) is the most common post-transcriptional modification of RNA in
eukaryotes (4). By regulating gene splicing (5), RNA stability (6), RNA editing (7) and mRNA
translation (8), it extends the role of m6A regulation to almost all important biological processes (9),
including animal development (10) and various human diseases (11). Increasing studies have shown
that the m6A regulators including m6A “writers”, “erasers” and “readers” are dysregulated in
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multiple cancers and play an important role in tumor cell
proliferation, differentiation arrest, survival, tumorigenesis and
metastasis (12). For example, METTL3 is highly expressed in
acute myeloid leukemia (AML) cells. METTL3 not only activates
the oncogene c-MYC by enhancing the m6A modification of SP1
(13), it also promotes the translation of BCL2 and PTEN mRNA
through the up-regulation of their m6A modification (14), which
ultimately leads to the development of AML. The increase of
YTHDF2 expression also promotes the proliferation of leukemia
cells (15). YTHDC2 enhances mRNA translation and up-regulates
the expression of metastasis-related proteins such as HIF1A,
thereby inducing colon cancer metastasis (16). In breast cancer,
FTO promotes cancer cell proliferation and metastasis through
negative regulation of BNIP3 mRNA, and the high level of FTO is
associated with the poor prognosis (17). Therefore, research on
m6A will help to find new targets for the treatment of malignant
tumors. YTHDF1 acts as a crucial m6A “reader” and regulates m6A
modified mRNA translation (18, 19). Recently, YTHDF1 has been
reported to be associated with the occurrence and development of
several cancers. YTHDF1 promotes the epithelial-mesenchymal
transition (EMT) of liver cancer cells by regulating the translation
of Snail mRNA (20). In ovarian cancer, YTHDF1 promotes cancer
progression by enhancing EIF3C translation (21). YTHDF1 is up-
regulated in human colon cancer tissues, which predicts the poor
prognosis of colon cancer patients (22).

In this study, we show that YTHDF1 is highly expressed in
cervical cancer, and is closely associated with the poor prognosis
of cervical cancer patients. YTHDF1 is indispensable for the
proliferation and metastasis of cervical cancer cells. Combined
with on-line data analysis, RANBP2 is identified as the key target
of YTHDF1 in cervical cancer cells. Together, our study
demonstrates the oncogenic role of YTHDF1 in cervical cancer
by regulating the expression of RANBP2.
MATERIALS AND METHODS

Tumor Samples
Cervical squamous cell carcinoma and normal cervical tissue
specimens were from patients undergoing surgery in Daping
Hospital of the Army Military Medical University from 2020-03-
01 to 2020-05-30. All these specimens were pathologically
verified, all subjects were informed consent, and the institutional
review board of Daping Hospital of the Army Military Medical
University approved the study (AMUWEC20190196).

Gene Expression and Survival Analysis in
Cervical Cancer Datasets
Expression data were downloaded from the Oncomine (https://
www.oncomine.org/), cBioPortal (http://www.cbioportal.org/), and
GEO datasets (www.ncbi.nlm.nih.gov/geo). Data was processed by
GraphPad Prism 7 and processed data is in supplementary material.

Cell Culture
HEK293T, Hela and Siha cells were purchased from National
Infrastructure of Cell Line Resource (Beijing, China) and long-
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term stored in liquid nitrogen. HEK293T and Hela cells were
cultured in DMEM (GIBCO, USA) and Siha cells were cultured
in MEM (GIBCO, USA) medium. The medium was
supplemented with 10% fetal bovine serum (FBS; GIBCO,
USA), penicillin (100 U/ml; GIBCO, USA) and streptomycin
(200 g/ml; GIBCO, USA). All the cells were maintained at 37°C
in 5% CO2 cell culture incubator.

Plasmids
Synthesized the complementary nucleotide sequence of shRNAs
targeting YTHDF1 or RANBP2, and clone into PLKO.1 vector
(#10878, Addgene) after respectively annealing. The related
sequences of shRNAs were shown in Supplementary Table.
YTHDF1-wt (YTHDF1-FLAG) and YTHDF1-mut (K395A,
Y397A) expression plasmids were cloned into pCMV6 vector
(OriGene, USA), and were transfected into cervical cancer cells
with a lentivirus-mediated method.

Lentiviral Infection
Plasmids and lentiviral vectors were transfected into HEK293T
cells with packaging vectors psPAX2 (#12260, Addgene) and
pMD2.G (#12259, Addgene) using lipofectamine LTX
(Invitrogen, USA). Infectious lentivirus particles were
harvested at 48 hours after transfection.

RNA Isolation and RT-qPCR
Total RNA was extracted from cervical cancer cells using Trizol
(Sigma, USA) according to the manufacturer’s instruction. RNA
was reversely transcribed to cDNA by using All-in-One cDNA
Synthesis SuperMix (Bimake). qPCR assays were performed in
QuantStudioDx instrument (Life Technologies) following the
manufacturer manufacturer following ChamQ Universal SYBR
qPCR Master Mix (Vazyme). All samples were normalized
to GAPDH. Primers used in RT-qPCR were listed in
Supplementary Table.

Western Blot
Hela and Siha cells were collected and lysed with cell lysis buffer
for western blot and IP (Beyotime, China) supplemented with
protease inhibitor cocktail (APExBIO, USA) to harvest proteins.
Cells were lysed on ice for 30 min, and the lysate was obtained by
centrifugation at 12,000 rpm for 15 min. Proteins were
fractionated by SDS-PAGE, and then transferred onto 0.45 mM
PVDF membranes. The PVDF membranes were blocked with 5%
nonfat milk in TBS/Tween-20, and blotted with specific antibodies
at 4°C overnight. The antibodies used for western blot are as
follows: YTHDF1 (ProteinTech, 1:1000), RANBP2 (ProteinTech,
1:1000), GAPDH (ZSGB-BIO, 1:2000), Flag-tag (MBL, 1:5000).
After washed with TBS/Tween-20, the PVDF membranes were
incubated with fluorescent secondary antibody (LI-COR, IRDye
680RD Goat anti-Rabbit and IRDye 800CW Goat anti-Mouse,
1:10000). ODYSSEY Clx Two-color infrared laser imaging system
(LI-COR, USA) was used to visualize the bands.

Immunohistochemistry
Conventional paraffin sections were deparaffinized and
dehydrated. After antigen retrieved, citric acid buffer (ZSGB-BIO,
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ZLI-9064, pH 6.0) was used to inactivate endogenous peroxidase
(ZSGB-BIO, PV-9001). The slices were washed three times with
PBS, and blocked with goat serum (ZSGB-BIO, ZLI-9021) at
37°C for 30 min. Rabbit anti-YTHDF1 antibody (ProteinTech,
1:100) or anti-RANBP2 antibody (ProteinTech, 1:100) was
added to the slices and incubated overnight at 4°C. Next day,
Goat anti-rabbit IgG (ZSGB-BIO, PV-9001) was added to the
slices and incubated at 37°C for 40 min. DAB reagent
(ZSGB-BIO, ZLI-9018) was used to develop color. The sections
were stained with hematoxylin, decolorized with hydrochloric
acid and ethanol, dehydrated and then mounted. The
comprehensive score was calculated independently by two
professional pathologists.

Cell Growth and Proliferation Assays
The cells were seeded in 96-well (1000 Hela cells or 2000 Siha
cells each well) plates for the cell viability test. CCK-8 reagent
(DOJINDO, Japan) was added into the plate and incubated at
37°C for 2 hours. The cell absorbance at 450 nm and 630 nm
wavelengths was measured by using the microplate reader
(BioTek, USA) at 0 hour, 24 hours, 48 hours, 72 hours and
96 hours. All experiments were performed in triplicate.

For the colony formation assay, Hela cells were plated with
1,000 cells per well, and Siha cells were plated with 2,000 cells per
well, and the medium was changed every 4 days. Hela and Siha
cells were cultured for 7 days and 10 days, respectively, fixed with
4% paraformaldehyde, then stained with 0.1% crystal violet
(Sigma-Aldrich, USA) for 1 hour. The number of colonies
containing more than 50 cells was counted.

Apoptosis Assay
5 × 105 Hela or Siha cells were starved for 24 hours, trypsinized
(without EDTA), and then stained with Annexin V/PI Apoptosis
Kit (DOJINDO, Japan). The stained cells were subjected to flow
cytometry. BD Accuri C6 flow cytometer (BD Biosciences, USA)
was used to analyze apoptosis and all gates were drawn based on
fluorescence minus one (FMO).

Transwell Migration and Invasion Assays
Millicell Hanging Cell Culture 24 well PET 8 mm 48/pk
(Millipore, Germany) was used for migration and invasion
assays. For migration analysis, 6 × 104 Hela or 8× 104 Siha
cells were diluted with 0.2 ml serum-free medium and inoculated
in the upper room. 0.6 ml culture media with 20% FBS was added
in the lower chamber, then incubated at 37°C for 24 hours.
Transwell chambers were fixed with 4% paraformaldehyde for
30 min, and then stained with 0.1% crystal violet (Sigma-Aldrich,
USA). For invasion assays, 50 ml of serum-free medium
containing 10% Matrigel (Sigma-Aldrich, USA) was added in
the upper chamber in advance, and then inoculated cells after
it solidified.

Animal
The animal studies were approved by the Institutional Animal
Care and Use Committee of Daping Hospital affiliated to Army
military Medical University, and carried out according to
institutional guidelines. Hela cells infected with shRNAs or
Frontiers in Oncology | www.frontiersin.org 3
empty vector were collected and resuspended in DMEM
without FBS. Balb/c female nude mice at 4-6 weeks old were
injected with 4 × 106 cells subcutaneously on the back. The
female nude mice were sacrificed at 23 days and the tumor
weight was measured.

RNA Immunoprecipitation (RIP)
2 × 107 Hela or 3 × 107 Siha cells were collected in a prepared IP
lysis buffer (HEPES 20 mM, 150 mM NaCl, 10 mM KCl, 5 mM
EDTA, 5 mM MgCl2, 0.5% NP40, 10% glycerol). After
incubation for 30 min at 4°C, the lysate was harvested by
centrifugation at 12 000 rpm for 10 min. The supernatant
lysate was incubated overnight at 4°C with 3 mg antibody.
Dynabeads Protein A beads (Invitrogen, USA) were added into
the lysate and incubated at 4°C for 4 hours. After washed for
three times, the co-precipitated RNA was extracted with Trizol
(Sigma, USA) reagent. RNA isolation and RT-qPCR were
performed as described previously.

Methylated RNA Immunoprecipitation
(meRIP) and RT-qPCR
3 × 107 Hela or 4 × 107 Siha cells were prepared for RNA
extraction. Total RNAs were extracted by using Trizol (Sigma,
USA). mRNA was extracted by using PolyATtract® Systems IV
(Promega, USA) kit. The co-precipitated RNA was obtained
according to the standard protocol of the Magna MeRIP m6A Kit
(Merck Millipore, Germany). Briefly, 50 ml protein A/G beads
were incubated with 2.5 mg anti-m6A antibody for 30 min at
room temperature. Then 5 mg fragmented mRNA was incubated
with anti-m6A antibody coated protein A/G beads at 4°C
overnight immunoprecitation. After washes, RNA isolation and
RT-qPCR were performed as described previously.

Statistical Analysis
Statistical computations were performed using GraphPad Prism
7. A t-test was performed to compare the differences between the
two groups. The growth rates difference was determined by
ANOVA with repeated measures analysis of variances. The
correlation between YTHDF1 expression and DNA methylation,
and the correlation between YTHDF1 and RANBP2 expression in
cervical cancer were analyzed by Spearman rank correlation
analysis. The results were considered statistically significant when
P < 0.05.
RESULTS

YTHDF1 Is Highly Expressed in Cervical
Cancer
To examine the role of m6A regulators in cervical cancer,
cBioPortal database (http://www.cbioportal.org/) was used to
analyze the expression level of m6A regulators in cervical
cancer. Results showed that the expression of several m6A
regulators was changed in cervical cancer, among which
YTHDF1 expression was increased most significantly (Figure
1A). Intriguingly, the DNA copy number of YTHDF1 did not
March 2021 | Volume 11 | Article 650383
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change substantially (Figure 1B). We investigated the DNA
methylation at the YTHDF1 promoter and found that DNA
methylation was negatively correlated with YTHDF1 expression
in cervical cancer (Figure 1C). Thus the high expression of
YTHDF1 in cervical cancer may be partially due to DNA
hypomethylation. By analyzing the two GEO datasets
(GSE63514 and GSE52904) (Figures 1D, E) and the Biewenga
Cervix dataset of the Oncomine database (Figure 1F), we found
Frontiers in Oncology | www.frontiersin.org 4
that YTHDF1 was highly expressed in cervical cancer compared
to normal cervical epithelial cells. Moreover, we performed
Kaplan-Meier survival analysis and found that cervical cancer
patients with high expression of YTHDF1 had the poor
recurrence-free survival (RFS) (Figure 1G). In order to further
confirm the expression of YTHDF1 in cervical cancer,
immunohistochemistry (IHC) assay was used to detect the
expression of YTHDF1 protein in 10 pairs of cervical cancer and
A B C

D

G H I

FE

FIGURE 1 | YTHDF1 is highly expressed in cervical cancer. (A, B) Gene expression and gene mutation rates of m6A-associated genes in cervical cancer according
to cBioPortal dataset (TCGA PanCancer Atlas). (C) Correlation analysis between gene expression and DNA methylation beta value. (D, E) Relative RNA levels of
YTHDF1 in cervical cancer and normal cervical epithelium in GEO datasets (GSE52904 and GSE63541). (F) Relative RNA levels of YTHDF1 in cervical cancer and
cervix uteri in Oncomine datasets (Biewenga Cervix). (G) Kaplan-Meier analysis of RFS based on YTHDF1 expression according to KM plotter (n=68). (H)
Representative immunohistochemical images of YTHDF1 expression in cervical cancer tissues and cervical epithelium tissues. Scale bar, 100 mm. (I) The quantitative
analysis of YTHDF1 expression in cervical cancer tissues and cervical epithelium tissues assessed by immunohistochemistry. Data are shown as means ± S.D.
**P < 0.01, ***P < 0.001, NS, not significant.
March 2021 | Volume 11 | Article 650383

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. YTHDF1 Promotes Cervical Cancer Progression
normal cervical epithelial tissues. Results showed that the
expression level of YTHDF1 in cervical cancer was higher than
that in normal cervical epithelium (Figures 1H, I). Taken together,
Frontiers in Oncology | www.frontiersin.org 5
these data demonstrated that the m6A reader YTHDF1 is highly
expressed in cervical cancer and is related to the poor prognosis of
cervical cancer patients.
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FIGURE 2 | YTHDF1 regulates the proliferation, apoptosis, migration and invasion of cervical cancer cells in vitro. (A, B) YTHDF1 knockdown was confirmed in Hela
and Siha cells by western blot and RT-qPCR. (C) Colony formation assays were performed using YTHDF1 knockdown cells and control. (D) Cell growth of cervical
cancer cells upon YTHDF1 knockdown was detected by CCK-8 assay. (E) Apoptosis of cervical cancer cells upon YTHDF1 knockdown was detected by Annexin
V/PI staining. (F) The quantitative analysis of apoptotic cells shown in (E). (G, H) Transwell assays detecting migration and invasion of YTHDF1 knockdown cells as
well as control cells. Scale bar, 200 mm. Data are shown as means ± S.D. **P < 0.01, ***P < 0.001.
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YTHDF1 Regulates the Proliferation,
Apoptosis, Migration, and Invasion of
Cervical Cancer Cells
To explore the function of YTHDF1 in cervical cancer, two
shRNAs (shYTHDF1-1, shYTHDF1-2) were constructed and
lentivirus was prepared to knock down YTHDF1. Western blot
analysis and RT-qPCR results showed that YTHDF1 was
effectively knocked down in both cervical cancer cells (Figures
2A, B). Colony formation assays displayed that YTHDF1
knockdown decreased the colony formation ability of cervical
cancer cells (Figure 2C). CCK-8 assays demonstrated that
knocking down YTHDF1 substantially inhibited the
proliferation of cervical cancer cells (Figure 2D). We also
found that YTHDF1 knockdown induced apoptosis of cervical
cancer cells (Figures 2E, F). In addition, transwell assays
revealed that the migration and invasion of cervical cancer
cells were significantly suppressed upon YTHDF1 depletion
(Figures 2G, H). These results suggested that YTHDF1
Frontiers in Oncology | www.frontiersin.org 6
promoted the proliferation, migration and invasion of cervical
cancer cells, whereas inhibited apoptosis.

YTHDF1 Deficiency Inhibits Tumorigenesis
of Cervical Cancer Cells In Vivo
In order to investigate the role of YTHDF1 in tumorigenesis in
vivo, we conducted subcutaneous tumor formation experiments in
nude mice. HeLa cells with YTHDF1 knockdown and control
group were injected subcutaneously into nude mice, and tumor
growth was monitored. Mice were sacrificed and tumors were
isolated at 23 days post-injection (Figure 3A). As shown in the
Figure 3B, the tumor volume of the YTHDF1 knockdown group
was smaller than that of the control group. By recording the tumor
growth curve and the weight at the time of sacrifice, we found that
the average volume and weight of the tumors in the YTHDF1
knockdown group were markedly reduced compared with the
control group (Figures 3C, D). These results demonstrated that
YTHDF1 had a cancer-promoting effect in vivo.
A

B

C D

FIGURE 3 | YTHDF1 deficiency inhibits tumorigenesis of cervical cancer cells in vivo. (A, B) Images of nude mice (A) and the isolated xenograft tumors (B) after
sacrifice showed that the effect of YTHDF1 inhibition on the xenograft tumor growth of cervical cancer cells. (C) Tumor weight in each group was measured.
(D) Tumor growth curves in nude mice were measured. Data are shown as means ± S.D. *P < 0.05, **P < 0.01.
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Identification of Candidate Target Genes
of YTHDF1 in Cervical Cancer
To explore the underlying mechanisms of YTHDF1 in cervical
cancer, we analyzed online meRIP-seq data (GSE46705), PAR-
CLIP and RIP-seq data (GSE63591) to identify the targets of
YTHDF1 in cervical cancer cells. According to Wang et al.,
YTHDF1 regulates gene expression by promoting RNA
translation efficiency (8). Thus we also analyzed the ribosome
Frontiers in Oncology | www.frontiersin.org 7
sequencing (Ribo-seq) data in Hela cells upon YTHDF1
knockdown. Through overlapping the results of meRIP-seq,
PAR-CLIP-seq, RIP-seq, and Ribo-seq, 303 genes were
identified as the candidate targets of YTHDF1 (Figure 4A).
After gene ontology (GO) analysis, these genes were related to
GTPase activity regulation pathway significantly (Figure 4B).
Thus, we ranked the genes involved in GTPase activity regulation
pathway with down-regulated translation after YTHDF1
A

C

D

E

B

FIGURE 4 | Identification of candidate targets of YTHDF1 in cervical cancer. (A) Overlapping analysis of genes from the results of meRIP-seq, PAR-CLIP/RIP-seq
and Ribo-seq. (B) Gene ontology (GO) analysis of 303 genes. (C) Genes in GTPase activity regulation pathway. (D) RIP-PCR assays detecting the interactions
between YTHDF1 and mRNAs of 10 candidate genes in Hela cells. IgG was used as an internal control. GAPDH was used as the negative control in western blot
assays. (E) meRIP-PCR assays detecting the RNA m6A modification of 10 candidates in Hela cells. Data are shown as means ± S.D. **P < 0.01, ***P < 0.001.
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knockdown (Figure 4C) and selected the top 10 candidate genes
for further study. We performed meRIP-PCR and RIP-PCR in
Hela cells, and the results showed that all of these 10 candidate
genes were subjected to m6A modification, and YTHDF1 could
also bind to these transcripts (Figures 4D, E).

YTHDF1 Regulates RANBP2 Expression in
Cervical Cancer
Among the 10 candidate targets of YTHDF1, RANBP2 was
reported to be implicated in malignant progression of various
cancers (23–25). Thus we detected the expression of RANBP2
upon YTHDF1 knockdown by western blot and found that
YTHDF1 inhibition significantly reduced the protein
expression of RANBP2 in both Hela and Siha cells (Figure
5A). RT-qPCR analysis showed that YTHDF1 knockdown did
not affect the RNA level of RANBP2 (Figure 5B). Results of RIP-
PCR and meRIP-PCR in Siha cells also revealed that YTHDF1
interacted with RANBP2 mRNA and m6Amodification occurred
on RANBP2 mRNA (Figures 5C, D). To further investigate
whether YTHDF1 regulated RANBP2 expression in an m6A-
Frontiers in Oncology | www.frontiersin.org 8
dependent manner, wide-type YTHDF1 (YTHDF1-wt) and m6A
binding domain mutated YTHDF1 (YTHDF-mut) (Figure 5E)
were ectopically expressed in Hela cells followed by RIP-PCR by
using the antibody specific to FLAG. The results showed that
mutation of m6A binding domain in YTHDF1 could
substantially decrease the interaction between YTHDF1 and
RANBP2 (Figure 5F). These results suggested that YTHDF1
regulates RANBP2 expression in an m6A-dependent manner.

RANBP2 Plays an Oncogenic Role in
Cervical Cancer Cells
To further examine the role of RANBP2 in cervical cancer cells,
we designed two shRNAs targeting RANBP2. Western bot
showed that RANBP2 was knocked down in both Hela and
Siha cells (Figure 6A). CCK-8 assays showed that the
proliferation of Hela and Siha cervical cancer cells was
inhibited after RANBP2 knockdown (Figure 6B). Colony
formation assays showed that knocking down RANBP2
markedly inhibited the colony formation ability of Hela and
Siha cells (Figure 6C). Moreover, the results of transwell assays
A
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FIGURE 5 | RANBP2 is the key target of YTHDF1 in cervical cancer. (A) Western blot detecting the protein level of RANBP2 in Hela and Siha cells upon YTHDF1
knockdown. (B) RT-qPCR detecting relative RNA level of RANBP2 in Hela and Siha upon YTHDF1 knockdown. (C) RIP-PCR assays detecting the interactions
between YTHDF1 and RANBP2 mRNA in Siha cells. IgG was used as an internal control. GAPDH was used as the negative control in western blot assays.
(D) meRIP-PCR assays detecting the m6A modification of RANBP2 mRNA in Siha cells. (E) Schematic of wild-type (YTHDF1-wt) and mutant (YTHDF1-mut) YTHDF1
constructs. (F) RIP-derived RNA and protein of wild-type (YTHDF1-wt) group and mutant (YTHDF1-mut) group in Hela cells were measured by RT-qPCR and
western blot after immunoprecipitation by using the antibody specific to Flag, respectively. GAPDH was used as the negative control in western blot assays. Data are
shown as means ± S.D. **P < 0.01, ***P < 0.001.
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displayed that the migration and invasion abilities were
significantly repressed upon RANBP2 knockdown in both Hela
and Siha cells (Figures 6D, E). Furthermore, the colony formation
ability and proliferation of YTHDF1-overexpressing Hela and
Siha cells were significantly increased, whereas knockdown of
RANBP2 could compromise the effect of YTHDF1 overexpression
on cervical cancer cells (Figures 7A, B). Similarly, RANBP2
knockdown markedly suppressed migration and invasion of
YTHDF1-overexpressing Hela and Siha cells (Figures 7C, D).
In addition, IHC results revealed that RANBP2 expression was
higher in cervical cancer tissues compared to normal tissues
(Figures 8A, B). The correlation analysis suggested that there
was a positive correlation between the protein expression of
RANBP2 and YTHDF1 in cervical cancer (Figures 8C, D).
Collectively, these results suggested that YTHDF1-m6A-
RANBP2 axis plays a significant role in cervical cancer.
DISCUSSION

Among female patients, cervical cancer ranks fourth in the world
in terms of morbidity and mortality, and the fatality rate in
Frontiers in Oncology | www.frontiersin.org 9
developing countries is even higher. GLOBOCAN estimates that
there were 570,000 women suffering from cervical cancer
worldwide in 2018, and it caused about 311,000 deaths, of
which about 85% of patients were from developing countries
(1). Although immunotherapy has achieved a series of
impressive results in the treatment of tumors, the effect of
current treatment for advanced cervical cancer is not obvious
(26). Therefore, it is urgent to explore the pathogenesis of
cervical cancer and identify new targets for diagnosis and
treatment. m6A modification is the most extensive internal
modification of mRNA in eukaryotes and affects almost every
aspect of RNA metabolism (27, 28). The reversibility of m6A is
mainly achieved by the regulation of the methyltransferase
(“writers”) and the demethylase (“erasers”). With the
development of enzymology, the methyltransferases including
METTL3, METL14, WTAP, etc (29, 30), and demethylases
including FTO and ALKBH5, etc (31, 32) have been
discovered. The m6A modification controls the fate of the
modified RNA by interacting with different binding proteins
(“readers”). The m6A binding protein is mainly a family of
proteins containing the YTH domain, primarily including
YTHDF1, YTHDF2, YTHDF3 (6, 8, 33) in the cytoplasm and
A

C

D E

B

FIGURE 6 | RANBP2 plays an oncogenic role in cervical cancer cells. (A) Detection of RANBP2 knockdown in Hela and Siha cell lines by western blot. (B) The
effect of RANBP2 knockdown on cell growth was determined by CCK-8 assays. (C) Colony formation assays were performed in RANBP2 knockdown and control
cells. (D, E) Migration and invasion assays of Hela and Siha cells upon RANBP2 knockdown. Scale bar, 200 mm. Data are shown as means ± S.D. **P < 0.01,
***P < 0.001.
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YTHDC1 in the nucleus (34). It has been reported that m6A is
closely related to various cancers (35). Compared with normal
tissues, higher expression of METTL3 was found in human lung
cancer and colon adenocarcinoma tissues (5, 14). METTL14 is
highly expressed in acute myeloid leukemia cells and exerts its
oncogenic role (36). FTO is highly expressed in acute myeloid
leukemia, which could enhance the occurrence of leukemia, and
inhibit the transretinoic acid-mediated differentiation of
leukemia cells (37).

In cervical cancer, high-risk subtypes of the HPV are the
cause in most cases (38). It has been reported that HPVs
generated circRNAs encompassing the E7 oncogene (circE7),
which was subjected to m6A modification, and promoted the
proliferation of tumor cells (39). METTL3 promoted the stability
of H2K through m6A modification, thereby promoting Warburg
effect and the proliferation of cervical cancer cells (40). Here, we
found that YTHDF1 is up-regulated in cervical cancer tissues
and predicts the poor clinical outcomes. Through in vitro
experiments we found that YTHDF1 depletion substantially
Frontiers in Oncology | www.frontiersin.org 10
inhibited the proliferation, migration and invasion of cervical
cancer cells and promoted apoptosis. The subcutaneous tumor
formation assays in nude mice also showed that YTHDF1 could
promote the tumorigenesis of cervical cancer cells. These results
suggest that YTHDF1 has an important tumor-promoting
effect in cervical cancer. Therefore, m6A modification may
play an important role in cervical cancer progression. Though
hypomethylation of YTHDF1 promoter contributed to its
high expression in cervical cancer, whether HPV infection
regulates the expression of YTHDF1 or other m6A regulator
requires more investigations and dissecting the relationship
between HPV and m6A modification might be conducive to
understanding the mechanisms underlying HPV-induced
cervical cancer progression.

RANBP2 (RAN-binding protein 2), the largest nucleoporin in
nuclear pore complexes (NPC) and the binding protein of RAN
GTPase, is involved in mitosis and macromolecule transport
(41). Ran GTPase regulates the ability of nuclear transport
factors to bind and release cargo (42). The combination of
A B

C D

FIGURE 7 | Knockdown of RANBP2 suppressed the proliferation, migration and invasion of YTHDF1-overexpressing Hela and Siha cells. (A) Colony formation
assays were performed in YTHDF1-overexpressing Hela and Siha cells infected with the RANBP2 shRNA or controls. (B) The proliferation ability of YTHDF1-
overexpressing Hela and Siha cells upon RANBP2 knockdown was assessed by CCK-8 assays. (C, D) Migration and invasion YTHDF1-overexpressing Hela (C) and
Siha (D) cells upon RANBP2 knockdown was detected by transwell assays. Scale bar, 200 mm. *P < 0.05,**P < 0.01, ***P < 0.001.
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RANBP2 and RanGTPase-activating protein (RanGAP1)
promotes RAN GTPase-mediated nuclear export and nuclear
import (43, 44). In Hela cells, absence of RANBP2 causes
various mitotic abnormalities (45). In this study, YTHDF1
mediates the up-regulation of RANBP2 in an m6A-dependent
manner in cervical cancer. The RANBP2-mediated RAN GTPase
regulation has been implicated in the initiation and progression of
several cancers. In liver cancer, SIRT1-mediated RANBP2
activation promotes progression of liver cancer (24). LIN28B
cooperates with RANBP2 to promote RAN expression and
activity of RAN GTPase, thereby driving the oncogenesis of
neuroblastoma (25). In our study, RANBP2 promoted the
growth, migration and invasion of cervical cancer cells.
RANBP2 expression up-regulated by YTHDF1 might enhance
the activity of RAN GTPase activity and aggravate the progress of
cervical cancer, which might need more investigations in further
study. Therefore, YTHDF1 might be a potential target for cervical
cancer treatment.
CONCLUSIONS

In conclusion, our study showed that the m6A “reader” YTHDF1
promotes the proliferation, migration and invasion of cervical
cancer cells, and we also identified RANBP2 as the direct target
of YTHDF1. YTHDF1 regulated RANBP2 translation in an
Frontiers in Oncology | www.frontiersin.org 11
m6A-dependent manner, which plays an important role in
cervical cancer. YTHDF1 might represent a potential target for
cervical cancer therapy.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Army military Medical University. The patients/
participants provided their written informed consent to
participate in this study. The animal study was reviewed and
approved by Army military Medical University.
AUTHOR CONTRIBUTIONS

PY and TL put forward the ideas of this article. PY, TL and HW
drafted and reviewed the article. HW, JK, QL, DY and XL
March 2021 | Volume 11 | Article 650383
A

D

B C

FIGURE 8 | The expression of RANBP2 is positively correlated with YTHDF1 in cervical cancer. (A) Representative immunohistochemical images of RANBP2 protein
expression in cervical cancer tissues and cervical epithelium tissues. Scale bar, 100 mm. (B) The quantitative analysis of RANBP2 expression in cervical cancer
tissues and cervical epithelium tissues assessed by immunohistochemistry. (C) Spearman’s correlation analysis of RANBP2 and YTHDF1 expression in cervical
cancer tissues. (D) Representative immunohistochemical images of YTHDF1 and RANBP2 in the cervical cancer tissues. Scale bar, 100 mm. Data are shown as
means ± S.D. *P < 0.05.

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. YTHDF1 Promotes Cervical Cancer Progression
performed the experiments. QW and YY helped with acquisition
of data and analysis and interpretation of data. All authors
contributed to the article and approved the submitted version.
FUNDING

This work was sponsored by the Natural Science Foundation of
Chongqing, China (cstc2020jcyj-msxmX0344), the National
Frontiers in Oncology | www.frontiersin.org 12
Natural Science Foundation of China (81902668) and the
National Key R&D Program of China (2018YFC1313400).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.650383/
full#supplementary-material
REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 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.
doi: 10.3322/caac.21492

2. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. CA Cancer J Clin (2016) 66(2):115–32. doi: 10.3322/
caac.21338

3. Eiben GL, Da SD, Fausch SC, Le Poole IC, Nishimura MI, Kast WM. Cervical
cancer vaccines: recent advances in HPV research. Viral Immunol (2003) 16
(2):111–21. doi: 10.1089/088282403322017866

4. Roundtree IA, Evans ME, Pan T, He C. Dynamic RNAModifications in Gene
Expression Regulation. Cell (2017) 169(7):1187–200. doi: 10.1016/
j.cell.2017.05.045

5. Lin S, Choe J, Du P, Triboulet R, Gregory RI. The m(6)A Methyltransferase
METTL3 Promotes Translation in Human Cancer Cells. Mol Cell (2016) 62
(3):335–45. doi: 10.1016/j.molcel.2016.03.021

6. Wang X, Lu Z, Gomez A, Hon GC, Yue Y, Han D, et al. N6-methyladenosine-
dependent regulation of messenger RNA stability. Nature (2014) 505
(7481):117–20. doi: 10.1038/nature12730

7. Lesbirel S, Viphakone N, Parker M, Parker J, Heath C, Sudbery I, et al. The m
(6)A-methylase complex recruits TREX and regulates mRNA export. Sci Rep
(2018) 8(1):13827. doi: 10.1038/s41598-018-32310-8

8. Wang X, Zhao BS, Roundtree IA, Lu Z, Han D, Ma H, et al. N(6)-
methyladenosine Modulates Messenger RNA Translation Efficiency. Cell
(2015) 161(6):1388–99. doi: 10.1016/j.cell.2015.05.014

9. Dominissini D, Moshitch-Moshkovitz S, Schwartz S, Salmon-Divon M,
Ungar L, Osenberg S, et al. Topology of the human and mouse m6A RNA
methylomes revealed by m6A-seq. Nature (2012) 485(7397):201–6.
doi: 10.1038/nature11112

10. Frye M, Harada BT, Behm M, He C. RNA modifications modulate gene
expression during development. Science (2018) 361(6409):1346–9.
doi: 10.1126/science.aau1646

11. Deng X, Su R, Weng H, Huang H, Li Z, Chen J. RNA N(6)-methyladenosine
modification in cancers: current status and perspectives. Cell Res (2018) 28
(5):507–17. doi: 10.1038/s41422-018-0034-6

12. Han SH, Choe J. Diverse molecular functions of m(6)A mRNA modification
in cancer. Exp Mol Med (2020) 52(5):738–49. doi: 10.1038/s12276-020-0432-y

13. Barbieri I, Tzelepis K, Pandolfini L, Shi J, Millan-Zambrano G, Robson SC,
et al. Promoter-bound METTL3 maintains myeloid leukaemia by m(6)A-
dependent translation control. Nature (2017) 552(7683):126–31. doi: 10.1038/
nature24678

14. Vu LP, Pickering BF, Cheng Y, Zaccara S, Nguyen D, Minuesa G, et al. The N
(6)-methyladenosine (m(6)A)-forming enzyme METTL3 controls myeloid
differentiation of normal hematopoietic and leukemia cells. Nat Med (2017)
23(11):1369–76. doi: 10.1038/nm.4416

15. Paris J, Morgan M, Campos J, Spencer GJ, Shmakova A, Ivanova I, et al.
Targeting the RNA m(6)A Reader YTHDF2 Selectively Compromises Cancer
Stem Cells in Acute Myeloid Leukemia. Cell Stem Cell (2019) 25(1):137–48.
doi: 10.1016/j.stem.2019.03.021

16. Tanabe A, Tanikawa K, Tsunetomi M, Takai K, Ikeda H, Konno J, et al. RNA
helicase YTHDC2 promotes cancer metastasis via the enhancement of the
efficiency by which HIF-1alpha mRNA is translated. Cancer Lett (2016) 376
(1):34–42. doi: 10.1016/j.canlet.2016.02.022
17. Niu Y, Lin Z, Wan A, Chen H, Liang H, Sun L, et al. RNA N6-
methyladenosine demethylase FTO promotes breast tumor progression
through inhibiting BNIP3. Mol Cancer (2019) 18(1):46. doi: 10.1186/
s12943-019-1004-4

18. Zhuang M, Li X, Zhu J, Zhang J, Niu F, Liang F, et al. The m6A reader
YTHDF1 regulates axon guidance through translational control of Robo3.1
expression. Nucleic Acids Res (2019) 47(9):4765–77. doi: 10.1093/nar/gkz157

19. Han D, Liu J, Chen C, Dong L, Liu Y, Chang R, et al. Anti-tumour immunity
controlled through mRNA m(6)A methylation and YTHDF1 in dendritic
cells. Nature (2019) 566(7743):270–4. doi: 10.1038/s41586-019-0916-x

20. Lin X, Chai G, Wu Y, Li J, Chen F, Liu J, et al. RNA m(6)A methylation
regulates the epithelial mesenchymal transition of cancer cells and translation
of Snail. Nat Commun (2019) 10(1):2065. doi: 10.1038/s41467-019-09865-9

21. Liu T, Wei Q, Jin J, Luo Q, Liu Y, Yang Y, et al. The m6A reader YTHDF1
promotes ovarian cancer progression via augmenting EIF3C translation.
Nucleic Acids Res (2020) 48(7):3816–31. doi: 10.1093/nar/gkaa048

22. Nishizawa Y, Konno M, Asai A, Koseki J, Kawamoto K, Miyoshi N, et al.
Oncogene c-Myc promotes epitranscriptome m(6)A reader YTHDF1
expression in colorectal cancer. Oncotarget (2018) 9(7):7476–86.
doi: 10.18632/oncotarget.23554

23. Li H, Zhang W, Yan M, Qiu J, Chen J, Sun X, et al. Nucleolar and spindle
associated protein 1 promotes metastasis of cervical carcinoma cells by
activating Wnt/beta-catenin signaling. J Exp Clin Cancer Res (2019) 38
(1):33. doi: 10.1186/s13046-019-1037-y

24. Liu X, Liu J, Xiao W, Zeng Q, Bo H, Zhu Y, et al. SIRT1 Regulates N(6)-
Methyladenosine RNA Modification in Hepatocarcinogenesis by Inducing
RANBP2-Dependent FTO SUMOylation. Hepatology (2020) 72(6):2029–50.
doi: 10.1002/hep.31222

25. Schnepp RW, Khurana P, Attiyeh EF, Raman P, Chodosh SE, Oldridge DA,
et al. A LIN28B-RAN-AURKA Signaling Network Promotes Neuroblastoma
Tumorigenesis. Cancer Cell (2015) 28(5):599–609. doi: 10.1016/j.ccell.2015.09.012

26. Tewari KS. Immune Checkpoint Blockade in PD-L1-Positive Platinum-
Refractory Cervical Carcinoma. J Clin Oncol (2019) 37(17):1449–54.
doi: 10.1200/JCO.19.00119

27. Yang Y, Hsu PJ, Chen YS, Yang YG. Dynamic transcriptomic m(6)A
decoration: writers, erasers, readers and functions in RNA metabolism. Cell
Res (2018) 28(6):616–24. doi: 10.1038/s41422-018-0040-8

28. Zlotorynski E. RNA metabolism. Promoters drive alternative polyadenylation.
Nat Rev Mol Cell Biol (2015) 16(2):66. doi: 10.1038/nrm3940

29. Bokar JA, Shambaugh ME, Polayes D, Matera AG, Rottman FM. Purification
and cDNA cloning of the AdoMet-binding subunit of the human mRNA (N6-
adenosine)-methyltransferase. Rna (1997) 3(11):1233–47. doi: 10.1002/(SICI)
1097-0134(199711)29:3<391::AID-PROT12>3.0.CO;2-I

30. Ping XL, Sun BF, Wang L, Xiao W, Yang X, Wang WJ, et al. Mammalian
WTAP is a regulatory subunit of the RNA N6-methyladenosine
methyltransferase. Cell Res (2014) 24(2):177–89. doi: 10.1038/cr.2014.3

31. Jia G, Fu Y, Zhao X, Dai Q, Zheng G, Yang Y, et al. N6-methyladenosine in
nuclear RNA is a major substrate of the obesity-associated FTO. Nat Chem
Biol (2011) 7(12):885–7. doi: 10.1038/nchembio.687

32. Zheng G, Dahl JA, Niu Y, Fedorcsak P, Huang CM, Li CJ, et al. ALKBH5 is a
mammalian RNA demethylase that impacts RNA metabolism and mouse
fertility. Mol Cell (2013) 49(1):18–29. doi: 10.1016/j.molcel.2012.10.015

33. Shi H, Wang X, Lu Z, Zhao BS, Ma H, Hsu PJ, et al. YTHDF3 facilitates
translation and decay of N(6)-methyladenosine-modified RNA. Cell Res
(2017) 27(3):315–28. doi: 10.1038/cr.2017.15
March 2021 | Volume 11 | Article 650383

https://www.frontiersin.org/articles/10.3389/fonc.2021.650383/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.650383/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21338
https://doi.org/10.1089/088282403322017866
https://doi.org/10.1016/j.cell.2017.05.045
https://doi.org/10.1016/j.cell.2017.05.045
https://doi.org/10.1016/j.molcel.2016.03.021
https://doi.org/10.1038/nature12730
https://doi.org/10.1038/s41598-018-32310-8
https://doi.org/10.1016/j.cell.2015.05.014
https://doi.org/10.1038/nature11112
https://doi.org/10.1126/science.aau1646
https://doi.org/10.1038/s41422-018-0034-6
https://doi.org/10.1038/s12276-020-0432-y
https://doi.org/10.1038/nature24678
https://doi.org/10.1038/nature24678
https://doi.org/10.1038/nm.4416
https://doi.org/10.1016/j.stem.2019.03.021
https://doi.org/10.1016/j.canlet.2016.02.022
https://doi.org/10.1186/s12943-019-1004-4
https://doi.org/10.1186/s12943-019-1004-4
https://doi.org/10.1093/nar/gkz157
https://doi.org/10.1038/s41586-019-0916-x
https://doi.org/10.1038/s41467-019-09865-9
https://doi.org/10.1093/nar/gkaa048
https://doi.org/10.18632/oncotarget.23554
https://doi.org/10.1186/s13046-019-1037-y
https://doi.org/10.1002/hep.31222
https://doi.org/10.1016/j.ccell.2015.09.012
https://doi.org/10.1200/JCO.19.00119
https://doi.org/10.1038/s41422-018-0040-8
https://doi.org/10.1038/nrm3940
https://doi.org/10.1002/
(SICI)1097-0134(199711)29:33.0.CO;2-I
https://doi.org/10.1002/
(SICI)1097-0134(199711)29:33.0.CO;2-I
https://doi.org/10.1038/cr.2014.3
https://doi.org/10.1038/nchembio.687
https://doi.org/10.1016/j.molcel.2012.10.015
https://doi.org/10.1038/cr.2017.15
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. YTHDF1 Promotes Cervical Cancer Progression
34. Xiao W, Adhikari S, Dahal U, Chen YS, Hao YJ, Sun BF, et al. Nuclear m(6)A
Reader YTHDC1 Regulates mRNA Splicing. Mol Cell (2016) 61(4):507–19.
doi: 10.1016/j.molcel.2016.01.012

35. Chen B, Li Y, Song R, Xue C, Xu F. Functions of RNA N6-methyladenosine
modification in cancer progression. Mol Biol Rep (2019) 46(1):1383–91.
doi: 10.1007/s11033-018-4471-6

36. Weng H, Huang H, Wu H, Qin X, Zhao BS, Dong L, et al. METTL14 Inhibits
Hematopoietic Stem/Progenitor Differentiation and Promotes
Leukemogenesis via mRNA m(6)A Modification. Cell Stem Cell (2018) 22
(2):191–205. doi: 10.1016/j.stem.2017.11.016

37. Li Z, Weng H, Su R, Weng X, Zuo Z, Li C, et al. FTO Plays an Oncogenic Role
in Acute Myeloid Leukemia as a N(6)-Methyladenosine RNA Demethylase.
Cancer Cell (2017) 31(1):127–41. doi: 10.1016/j.ccell.2016.11.017

38. Bosch FX, Lorincz A, Munoz N, Meijer CJ, Shah KV. The causal relation
between human papillomavirus and cervical cancer. J Clin Pathol (2002) 55
(4):244–65. doi: 10.1136/jcp.55.4.244

39. Zhao J, Lee EE, Kim J, Yang R, Chamseddin B, Ni C, et al. Transforming
activity of an oncoprotein-encoding circular RNA from human papillomavirus.
Nat Commun (2019) 10(1):2300. doi: 10.1038/s41467-019-10246-5

40. Wang Q, Guo X, Li L, Gao Z, Su X, Ji M, et al. N(6)-methyladenosine
METTL3 promotes cervical cancer tumorigenesis and Warburg effect through
YTHDF1/HK2 modification. Cell Death Dis (2020) 11(10):911. doi: 10.1038/
s41419-020-03071-y

41. Walther TC, Pickersgill HS, Cordes VC, Goldberg MW, Allen TD, Mattaj IW,
et al. The cytoplasmic filaments of the nuclear pore complex are dispensable
Frontiers in Oncology | www.frontiersin.org 13
for selective nuclear protein import. J Cell Biol (2002) 158(1):63–77.
doi: 10.1083/jcb.200202088

42. Wente SR, Rout MP. The nuclear pore complex and nuclear transport. Cold
Spring Harb Perspect Biol (2010) 2(10):a562. doi: 10.1101/cshperspect.a000562

43. Hutten S, Flotho A, Melchior F, Kehlenbach RH. The Nup358-RanGAP
complex is required for efficient importin alpha/beta-dependent nuclear
import. Mol Biol Cell (2008) 19(5):2300–10. doi: 10.1091/mbc.e07-12-1279

44. Werner A, Flotho A, Melchior F. The RanBP2/RanGAP1*SUMO1/Ubc9
complex is a multisubunit SUMO E3 ligase. Mol Cell (2012) 46(3):287–98.
doi: 10.1016/j.molcel.2012.02.017

45. Salina D, Enarson P, Rattner JB, Burke B. Nup358 integrates nuclear envelope
breakdown with kinetochore assembly. J Cell Biol (2003) 162(6):991–1001.
doi: 10.1083/jcb.200304080

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Wang, Luo, Kang, Wei, Yang, Yang, Liu, Liu and Yi. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
March 2021 | Volume 11 | Article 650383

https://doi.org/10.1016/j.molcel.2016.01.012
https://doi.org/10.1007/s11033-018-4471-6
https://doi.org/10.1016/j.stem.2017.11.016
https://doi.org/10.1016/j.ccell.2016.11.017
https://doi.org/10.1136/jcp.55.4.244
https://doi.org/10.1038/s41467-019-10246-5
https://doi.org/10.1038/s41419-020-03071-y
https://doi.org/10.1038/s41419-020-03071-y
https://doi.org/10.1083/jcb.200202088
https://doi.org/10.1101/cshperspect.a000562
https://doi.org/10.1091/mbc.e07-12-1279
https://doi.org/10.1016/j.molcel.2012.02.017
https://doi.org/10.1083/jcb.200304080
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	YTHDF1 Aggravates the Progression of Cervical Cancer Through m6A-Mediated Up-Regulation of RANBP2
	Introduction
	Materials and Methods
	Tumor Samples
	Gene Expression and Survival Analysis in Cervical Cancer Datasets
	Cell Culture
	Plasmids
	Lentiviral Infection
	RNA Isolation and RT-qPCR
	Western Blot
	Immunohistochemistry
	Cell Growth and Proliferation Assays
	Apoptosis Assay
	Transwell Migration and Invasion Assays
	Animal
	RNA Immunoprecipitation (RIP)
	Methylated RNA Immunoprecipitation (meRIP) and RT-qPCR
	Statistical Analysis

	Results
	YTHDF1 Is Highly Expressed in Cervical Cancer
	YTHDF1 Regulates the Proliferation, Apoptosis, Migration, and Invasion of Cervical Cancer Cells
	YTHDF1 Deficiency Inhibits Tumorigenesis of Cervical Cancer Cells In Vivo
	Identification of Candidate Target Genes of YTHDF1 in Cervical Cancer
	YTHDF1 Regulates RANBP2 Expression in Cervical Cancer
	RANBP2 Plays an Oncogenic Role in Cervical Cancer Cells

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
    /ENP ()
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


