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Abstract

Background: Nasopharyngeal carcinoma (NPC) is a type of squa-
mous head and neck cancer with variable geographic distributions,
with the highest incidence in Southeast Asia. Its primary treatment
is radiotherapy due to its high radio sensitivity. However, the N6-
methyladenosine (m6A) landscape in NPC, including recurrent
NPC, has not been reported.

Methods: In this study, m6A RNA immunoprecipitation (RIP) se-
quencing and microarray sequencing were performed on 12 tissue
samples tissues of patients with primary and recurrent NPC. The ex-
pression profiles of m6A-related and non-coding RNAs were con-
structed and explored. Then, function experiments were performed to
evaluate the effects of methyltransferase (METTL)3, METTL14 and
WTT1 associated protein (WTAP) on progressions of NPC. Finally,
immunohistochemistry (IHC) and survival analysis were performed
to confirm the correlation between METTL3, METTL14 and WTAP
and NPC patients’ clinical outcomes.

Results: This study mapped m6A RNA modification and RNA ex-
pression profiles in normal nasopharynx, primary NPC, and recur-
rent NPC tissues. This study also explored the role of m6A modifi-
cators in NPC development and recurrence. METTL3, METTL14,
and WTAP could promote invasion and metastasis of NPC, and that
these three proteins could induce radiotherapy resistance in NPC
cells through DNA repair. Moreover, we found that METTLS3,
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METTL14, and WTAP promoted an increase in exosomes within
NPC microenvironment.

Conclusions: This study suggests that the alteration of m6A modifi-
cation in primary and recurrent NPCs may play an important role in
the development and progression of NPC.
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modification; Recurrence; Occurrence

Introduction

Nasopharyngeal carcinoma (NPC) is a type of squamous head
and neck cancer with variable geographic distributions and the
highest incidence in Southeast Asia [1-3]. With the develop-
ment of treatment techniques, the 5-year overall survival rate
of NPC has reached 50-64%. However, 10-20% of patients
with NPC still experience locoregional recurrence, metastasis,
invasion, and radio resistance [4-6]. Therefore, determining
biomarkers and potential mechanisms affecting carcinogenesis
and recurrence is essential for developing a more personalized
treatment for patients with NPC.

N6-methyladenosine (m6A) is a type of internal RNA
modification in eukaryotes, which refers to the addition of a
methyl group at position N6 of adenosine [7]. M6A modifi-
cation is a reversible process regulated by modificators, in-
cluding writers, erasers, and readers. With the development
of high-throughput sequencing technologies and specific an-
tibodies, m6A modifications have been studied in-depth; and
mo6A has important effects on various biological regulatory
processes [8-11]. However, the m6A landscape in NPC, es-
pecially recurrent NPC, has not been reported, especially the
differences between initial and recurrent NPCs compared to
normal nasopharyngeal tissues, and their possible roles. Here,
m6A RNA immunoprecipitation (RIP) sequencing and micro-
array sequencing were performed on 12 human tissue samples,
including normal nasopharyngeal tissues, primary NPC tumor
samples, and recurrent NPC tumor samples. The expression
profiles of m6A-related and non-coding RNAs were construct-
ed and explored. We also explored the role of m6A modifica-
tors in NPC development and recurrence.
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Materials and Methods

Clinical sample and methylated RNA immunoprecipita-
tion (meRIP) sequencing

In total, 24 NPC samples including paired primary and recurrent
NPC sample were collected at the Xiangya Hospital of Central
South University (Changsha, China). This study was approved
by the Joint Ethics Committee of the Central South University
Health Authority, and informed consent was obtained from all
participants. Diagnoses of all specimens were confirmed via
histopathological examination. Hybridization of cRNA to Ar-
raystar Human mRNA and long noncoding RNA (IncRNA) epi-
transcriptomic microarray (8 x 60 K, Arraystar) was performed
for sequencing; and the result was detected using an Agilent
Scanner G2505C and analyzed using the Agilent Feature Ex-
traction software (version 11.0.1.1). The study was conducted in
compliance with the ethical standards of the responsible institu-
tion on human subjects as well as with the Helsinki Declaration.

Public database

Public RNAseq data for cell lines were obtained from the
Cancer Cell Line Encyclopedia (CCLE) project (https://por-
tals.broadinstitute.org/ccle) and Genomics of Drug Sensitivity
in Cancer (GDSC) project (https://www.cancerrxgene.org/).
All expression data were processed to transcripts per million
(TPM) by using Python. Expression data from CCLE was nor-
malized by using In(TPM+1). RNA-sequencing (RNA-seq)
data of the gene expression are available for download at The
Cancer Genome Atlas (TCGA) (https://www.cancer.gov/).

Transwell assays

The migratory capacity of the cells was tested using a tran-
swell chamber (Millipore Corporation, USA). Cells were sus-
pended in serum-free RPMI-1640 medium, and approximately
30,000 cells were seeded into the top chamber. RPMI-1640
medium containing 10% fetal bovine serum (FBS) was added
to the bottom chamber. After incubation at 37 °C for 48 h, the
cells that did not pass through the pores of the top chambers
were erased. The chambers were then fixed in 4% paraformal-
dehyde (PFA) for 30 min before staining with 1% crystal violet
for 10 min. Cells at the bottom of the top chamber were ob-
served and counted using an inverted microscope.

Wound healing assay

Transfected cells were cultured in six-well plates for 24 h, starved
with serum-free RPMI-1640 for 12 h, and wounded with a steri-
lized pipette tip to make a straight scratch. After gentle washing
with phosphate-buffered saline (PBS), the cells were cultured
in serum-free RPMI-1640 medium. Images were taken using a
Leica inverted microscope at 0, 6, 12, and 24 h post-wounding (at
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least three areas were randomly selected for imaging).

Cell culture and small interfering RNA (siRNA) transfec-
tion

HK1 and S18 cells were cultured in a medium (RPMI-1640,
Gibco, USA) with 10% (v/v) FBS at 37 °C and 5% CO,. siR-
NAs were transfected using Lipofectamine RNAiMax (Invit-
rogen, USA) using a standard protocol 24 - 48 h before anal-
ysis. The siRNAs used in this study were methyltransferase
(METTL)3 siRNA (siMETTL3), siMETTL14, and WT1 as-
sociated protein (WTAP) siRNA (siWTAP).

qRT-PCR

Total RNA was extracted from all samples using TRIzol reagent
(Life Technologies, USA) and subjected to reverse transcrip-
tion using the 5 x all-in-one kit (US Everbright Inc., China).
The expression levels of target RNAs were measured using
SYBR Green Master Mix (Yeasen, China) using a StepOnePlus
Real-Time PCR System (Applied Biosystems, USA). GAPDH
was used as an endogenous control. The fold changes were
calculated using the 2-AACq method. The primers used were
as follows: the METTL3 forward primer 5’-CGTACTACAG-
GATGATGGCTTTC-3’ and reverse primer 5’-TTTCATCTAC-
CCGTTCATACCC-3’, METTL14 forward primer 5’-AGT-
GCCGACAGCATTGGTG-3" and METTL14 reverse primer
5’-GGAGCAGAGGTATCATAGGAAGC-3’, and WTAP for-
ward primer 5’-GCAACCAAGGAACAAGAGATG-3 and re-
verse primer 5’-CAAGTTGATCGCTGGGTCTAC-3".

Immunohistochemistry and tissue staining evaluation

The processing steps before adding primary antibody to tissue
sections were the same as those for immunofluorescence. Dilut-
ed primary antibody was added, and the sections were incubated
overnight at 4 °C. Subsequently, the tissue sections were washed
thrice with PBST (PBS containing 0.05% tween-20) water and
incubated with the diluted secondary antibody for 1 h at room
temperature. After washing thrice with PBS, the color was de-
veloped with 3,3’ diaminobenzidine tetrahydrochloride (DAB)
for 1 - 10 min, and the degree of staining was controlled under
the microscope. Hematoxylin staining was performed for 2 min
at room temperature. They were later placed in xylene twice for
transparency. Staining was scored according to the staining in-
tensity and distribution of the stained cells. The distribution was
evaluated as none (0), < 10% (1), 10-50% (2), 50-80% (3), and
> 80% (4). Intensity was evaluated as none (0), faint (1), moder-
ate (2), strong (3), or very strong (4). The antibodies included
METTL3 and METTL14.

Tissue immunohistochemistry staining and microscopy

Tissue sections were dewaxed by immersion in ethanol solu-
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tions of different gradients for 5 min and then washed thrice
with PBS. Citric acid buffer (pH: 6) was used for antigen re-
pair and then washed twice. They were blocked with 5% bo-
vine serum albumin (BSA, SIGMA, A-7030) in PBS for 1 h at
room temperature. Primary antibodies were diluted in block-
ing buffer and incubated with tissue sections overnight at 4
°C. The tissue sections were then washed thrice with 0.05%
PBST and incubated with secondary antibodies for 1 h at room
temperature. Finally, they were washed thrice with 0.05%
PBST and optionally stained with 4’,6-diamidino-2-phenylin-
dole (DAPI, 1:1,000 in PBS). The primary antibodies used for
immunoassays were METTL3 (CST, #86132), WTAP (CST,
#41934), and METTL14 (CST, #51104).

Immunofluorescence staining and microscopy

Cells were seeded in a 35 mm glass-bottom dish (MatTek,
P35GC-1.5-14-C). After the transfection and treatment of in-
dicated dose of irradiation through a Precision X-ray machine
(PXi, X-RAD 225 Lite), cells were firstly rinsed with PBS
(BE17-516F) and fixed in 4% PFA (Affymetrix, 19943 1 LT)
for 15 min at room temperature. Then they were washed three
times by PBS and followed by permeabilization using 0.2%
Triton X-100 in PBS for 15 min and washed three times by
PBS. Then they were blocked by 5% BSA (SIGMA, A-7030)
in PBS for 1 h at room temperature. Primary antibodies were
diluted in blocking buffer and added for overnight incubation
at 4 °C. After overnight incubation, the cells were washed
three times with 0.05% PBST and incubated with secondary
antibodies for 1 h at room temperature, including Alexa Fluor
405/488/594 goat anti-mouse/rabbit IgG conjugate (Abcam,
1:3,000). Finally, they were washed three times by 0.05%
PBST and optionally stained with DAPI (1:1,000 in PBS) for
5 min at room temperature. The primary antibodies for immu-
noassays are METTL3 (CST, #86132), WTAP (CST, # 41934),
and METTL14 (CST, #51104).

Exosome isolation

Exosomes were purified from NPC cell cultured media by
exosome isolation kit methods. After 48 h of culture, condi-
tioned medium containing 2% exosome-depleted FBS was
collected. Recipient cells (2 x 10%) were incubated with 2 pug
exosomes for 48 h. The collected biofluid was centrifuged
(Beckman Coulter, Brea, CA, USA) at 4,000 x g for 10 min
at 4 °C to remove cell debris and then at 17,000 x g at 4 °C
for 60 min to remove remaining macropolymers. The super-
natant was passed through a 0.22-pum filter (Millipore, MA,
USA) and further ultracentrifuged at 200,000 % g at 4 °C for
60 min to collect vesicles smaller than 100 nm and protein
aggregates. The pellets were resuspended in PBS and ultra-
centrifuged at 200,000 x g for 60 min at 4 °C to eliminate
contaminant proteins and then dissolved in ice-cold PBS for
further analysis. Regarding the exosome isolation kit meth-
od, the collected biofluid was centrifuged at 4,000 x g for 10
min at 4 °C to remove cell debris and then passed through a
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0.22-pm filter. After centrifugation at 3,000 x g for 30 min
at 4 °C in the dialysis tube (Merck KGaA, Darmstadt, Ger-
many), the supernatant was incubated with ExoQuick-TC™
exosome precipitation solution (YEX096C-H, YISIKE bio,
China) for 30 min (sera) or 6 h - overnight (media) at 4 °C.
The amount of exosomes was measured using the enzyme-
linked immunoassay (ELISA) kit (Novagen, Merck Group,
Madison, USA).

Western blotting (WB)

For WB analysis, samples were boiled at 95 °C for 5 - 8§ min
in SDS loading buffer. Then they were subjected to electro-
phoresis in 8-12% SDS-polyacrylamide gels and transferred
to the polyvinylidene difluoride membrane. The membranes
were blocked with 5% non-fat milk in PBS for 1 h before be-
ing incubated with the primary antibody at 4 °C overnight. The
primary antibodies for WB used in this study are CD9, CD63
and TSG101. Then the cells were washed three to four times
with 0.1% PBST and incubated with horseradish peroxidase
(HRP)-conjugated secondary antibody (1:10,000) for 1 h at
room temperature. The membranes were washed in 0.1% PBST
four times before exposure. Chemiluminescent HRP substrate
was purchased from Abcam (Catalog#: WBKLS0500). Images
were acquired in a BIO-RAD Universal Hood II machine with
ImageLab software.

Statistical analysis

The data were presented as mean + standard deviation (SD)
from technical triplicates. Comparisons between each group
were calculated using Student’s #-test, two-tailed Fisher’s
exact test method of summing small P values, one-way and
two-way analysis of variance, and Bonferroni’s multiple com-
parison test as appropriate. A value of P < 0.05 was considered
significant. GraphPad Prism version 7 was used for graphics
(GraphPad Software, San Diego, CA, USA).

Results

Landscape of RNA m6A and clinical characteristics of
NPC samples

To detect the alteration of m6A modification in carcinogen-
esis and recurrence of NPC, we collected specimens from
normal nasopharyngeal tissues of patients with initial and
recurrent NPC at Xiangya Hospital Central South University
and detected alterations in intracellular m6A modification by
two methods: m6A microarray and meRIP sequencing. Sub-
sequently, we explored the alteration of m6A modification in
nasopharyngeal carcinogenesis and recurrence by combining
clinical data. We further examined the function of the writer
molecules of m6A in nasopharyngeal carcinogenesis and pro-
gression using in vivo experiments (Fig. 1a, b) (Supplementary
Material 1, www.wjon.org).
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Figure 1. Landscape of RNA m6A modification in NPE, primary and recurrent nasopharyngeal carcinoma. (a) The experimental
scheme for discovering and validating m6A modification in NPC. (b) PET/CT and immunohistochemistry (IHC) of representa-
tive primary and recurrent NPC patient. (c) The distribution of m6A on mRNA region and the m6A-prone motif in NPC tissues.
(d) The distribution of differently methylated mRNA between groups. (e) Heatmap of PCA correlation between NPE, pNPC and
rNPC mRNA expression. (f) Dot plot of PCA correlation between NPE, pNPC, and rNPC mRNA expression. (g) Distribution of
differentially expressed mRNA molecules on chromosomes; red represents higher expression, blue represents lower repression.
CDS: coding sequence; UTR: untranslated region; NPC: nasopharyngeal carcinoma; NPE: normal nasopharyngeal epithelium;
pNPC: primary nasopharyngeal carcinoma; rNPC: recurrent nasopharyngeal carcinoma; PET/CT: positron emission tomography/
computed tomography scan; H&E: hematoxylin and eosin; m6A: N6-methyladenosine; IF: immunofluorescence.

By microarray and meRIP sequencing, m6A modifica- genes underwent m6A modification with 63.07%, 10.62%,
tion was significantly more altered in initial and recurrent and 26.31% occurring in the 3’ untranslated region (UTR),
NPC samples compared to normal nasopharyngeal tissue. 5’UTR, and coding sequence (CDS) regions, respectively. In

Intracellularly, normal nasopharyngeal epithelium (NPE) primary NPC tissue transcripts with m6A, 7.44%, 30.04%, and
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62.52% modification occurred in the 3’UTR, 5’UTR, and CDS
regions, respectively. In the recurrent NPC transcripts with
m6A modification, 9.65%, 27.14%, and 63.22% occurred in
the 3°’UTR, 5’UTR, and CDS regions, respectively (Fig. lc, d)
(Supplementary Material 2, www.wjon.org).

To further detect intracellular mRNA expression altera-
tions, we examined the expression of mRNA in the three dif-
ferent tissue types and obtained mRNA expression profiles in
NPE and initial and recurrent NPCs (Fig. le-g) (Supplemen-
tary Materials 3, 4, www.wjon.org).

mo6A-modified transcripts are significantly altered in
NPE, primary NPC, and recurrent NPC

Analysis of differential m6A modification mRNA in normal
NPE and initial and recurrent NPC samples showed that there
were 1,465 mRNA transcripts with significantly higher m6A
modification in primary NPC than in normal tissues. One
hundred sixty-eight mRNA molecules displayed a significant
reduction. In recurrent NPC, 1,613 mRNA molecules showed
a significant increase in m6A modification (Fig. 2a). The top
1,000 molecules with the highest m6A levels were counted,
and the results suggested that a larger number of molecules
had equally different mRNA levels (Fig. 2b). To further inves-
tigate mRNA regulation by m6A modification of mRNA, the
correlation between mRNA expression and m6A levels was
examined in combination with mRNA expression in tissues.
The results showed that, compared to NPE, there were pri-
mary NPC mRNAs whose expression was regulated by m6A
and mRNAs in recurrent NPC. There was no region speci-
ficity in the distribution of mRNAs with m6A differences on
chromosomes (Fig. 2¢). Further analysis of the differentially
expressed mRNAs showed that most of the differentially ex-
pressed mRNA molecules were regulated by m6A levels (Fig.
2d).

By GSEA pathways enriching the differentially expressed
molecules, we found that compared to normal NPE, the dif-
ferential molecules in primary NPC were mainly concentrat-
ed in cancer development-related signaling pathways, such
as immunity change and metabolic reprogramming (Fig. 3a)
(Supplementary Material 5, www.wjon.org). In contrast, the
differential genes in recurrent NPC compared to primary NPC
were focused on some interesting signaling pathways, such as
cAMP-cGAS which may affect both radiotherapy and immu-
notherapy (Fig. 3b, c). These results may provide new ideas
for the study of NPC carcinogenesis. Moreover, they initially
suggested that recurrent NPC has different characteristics from
the primary NPC. The visualization of meRIP sequencing of
representative molecules showed that m6A in the 5S’UTR and
CDS regions were different. Moreover, 187 molecules showed
significant differences in m6A modifications in both primary
and recurrent NPCs.

In addition to mRNA, IncRNA, preRNA, and other non-
coding RNAs have played important roles in the develop-
ment and progression of various tumors, including NPC, in
recent years [11-13]. To explore the possible roles of differ-
entially m6A-modified IncRNAs during NPC carcinogenesis
and recurrence, 1,167 m6A-associated IncRNAs were se-
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lected, which were hypermethylated in primary NPC/NPE
and hypomethylated in primary NPC/NPE. Only 534 m6A
IncRNAs were hypomethylated in recurrent NPC/primary
NPC and hypermethylated in recurrent NPC/primary NPC
(Fig. 3d). Furthermore, our results indicate that m6A-modi-
fied IncRNAs may regulate the expression of the numerous
upregulated mRNAs associated with several significantly
upregulated pathways, including the immune system and sig-
nal transduction processes (Supplementary Material 6, www.
wjon.org).

In addition to IncRNA, we also examined the difference in
moA levels of preRNA and priRNA, as the precursor of miR-
NA, with 176 preRNAs and 134 priRNAs showing different
m6A methylation. In the recurrent NPC/NPE comparison, 156
preRNAs and 78 priRNAs showed different m6A methyla-
tion levels. In the primary NPC/recurrent NPC comparison, 57
preRNA and 63 priRNAs had different mo6a levels compared
to recurrent NPC. These results suggested that m6A-induced
miRNA splicing and processing may also play an important
role in the process of NPC recurrence (Fig. 3e).

Furthermore, we examined the m6A levels of snoRNAs,
and the results showed that there were 99 snoRNAs with al-
tered moOA levels (59, upregulated; 40, downregulated) (Fig.
3f). As an RNA that has been gaining attention in recent years,
snoRNAs play important roles in numerous biological pro-
cesses.

mo6A writers METTL3, METTL14, and WTAP anticipate
NPC progression

As major reasons for treatment failure in NPC, the malignant
phenotype of NPC includes mainly resistance and metastasis,
affecting the tumor microenvironment through exosomes. The
malignant phenotype of NPC mainly includes resistance to
radiotherapy and the ability to invade and migrate. We sub-
sequently knocked down the expression of these three writ-
ers using siRNA to knockdown NPC cells and showed that
knockdown of METTL3, METTL14, and WTAP suppressed
the invasive and migratory ability of NPC cells (Fig. 4a-c)
(Supplementary Material 7, www.wjon.org).

We then examined the effects of METTL3, METTL14,
and WTAP on microenvironment exosomes in NPC cells.
Western blot and ELISA assay results showed a significant de-
crease in exosomes in NPC cell cultures after knockdown of
METTL3, METTL14, and WTAP (Fig. 4d). Western blot and
ELISA results showed a significant decrease in exosomes in
NPC cell cultures after knockdown of METTL3, METTL14,
and WTAP (Fig. 4e, f). The exosome uptake assay showed a
significant increase in exosome uptake by NPC cells (Fig. 4g).
These results suggest that METTL3, METTL14, and WTAP
play roles in the development of NPC.

To further investigate the effect of the three molecules on
the radiosensitivity of NPC, subsequent ionizing radiation-
induced foci (IRIF) experiments showed that knockdown of
METTL3 and WTAP significantly slowed down the clearance
rate of H2AX, suggesting that the DNA repair rate of NPC
cells was significantly slowed down (Fig. 4h).
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Clinical relevance of m6A regulators in initial and recur- complex [7]. We then examined the possibility of METTLS3,
rent NPCs METTL14, and WTAP as molecular markers for predicting tu-

moA is generated by the modification of the RNA molecule
by a molecule complex, including writers, erasers, and read-

mor prognosis in NPC. By immunohistochemistry, we found
that the expressions of METTL3, METTL14, and WTAP were
significantly higher in initial and recurrent NPC tissues than
those in normal nasopharyngeal epithelial tissues (Fig. 5a, b).

ers. METTL3, METTL14, and WTAP are the core of the writer This is also consistent with the possible significant upregulation
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Figure 4. m6A regulators anticipate in the development and progression of NPC. (a) Knocking down of WTAP, METTL3 and
METTL14 in NPC cell line HK-1. (b) WTAP, METTL3, and METTL14 promoted the migration ability of HNE2 cells transfected
with siRNA assessed using by wound-healing assay. Images were acquired at 0 h to 24 h. Data have been represented as rep-
resent with mean * SD. *P < 0.05; ***P < 0.001. (c) WTAP, METTL3, and METTL14 promoted the invasive ability of S18 cells
after knockdown, as assessed using by Transwell® invasion assays. Images were acquired at 24 h and are representative of and
presented from three independent experiments. Data have been represented as represent with mean + SD. **P < 0.01; ***P <
0.001. (d) Representative cryo-electron microscopy images of exosomes in four groups (scale bar=200nm). (e) Western blotting
analysis of exosome markers CD9, CD63, and TSG101 in four groups. (f) ELISA showed that knockdown of m6A writers would
reduce exosome in NPC microenvironment. (g) Immunofluorescence showed that knockdown of m6A writers can induce uptake
of exosome in NPC cells. (h) Represent image of yH2AX IRIF in 5-8F cells were quantified after 2 Gy IR at indicated recovery
time in siControl, sSiMETTL3 and siMETTL14 group. METTL3: methyltransferase 3; METTL14: methyltransferase 14; WTAP:
WT1 associated protein; ELISA: enzyme-linked immunoassay; IR: ionizing radiation; IRIF: IR-induced foci.

of m6A modifications in nasopharyngeal cancer tissues. Sur- METTLI14, and WTAP in the biological process of NPC re-
prisingly, the expressions of METTL3, METTL14, and WTAP currence is unexplored and should be further investigated. A

in recurrent NPC tissues were significantly lower than those combination of clinical samples from patients with NPC and
in primary NPC tissues (Fig. 5b) (Supplementary Material 8, survival analysis showed that patients with NPC with high
www.wjon.org). This suggests that the functions of METTLS3, expression of these three molecules had a significantly short-
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Figure 5. Correlation between m6A regulators with clinical outcomes in nasopharyngeal carcinoma. (a) Immunohistochemistry of
m6A writer METTL3, WTAP, and hematoxylin and eosin (H&E) staining in NPE tissues. (b) Immunohistochemistry of m6A writer
METTL3, WTAP, and H&E staining in primary NPC and paired recurrent NPC tissues. (c) K-M curve of overall survival in patients
with different METTL3 and WTAP expression. (d) Correlation between expression of m6A regulators including eraser reader and
writers in head and neck cancer patients’ tissues in TCGA-HNSC cohort. (e) The scheme of the role of m6A and regulators in
the occurrence and recurrence of nasopharyngeal carcinoma. METTL3: methyltransferase 3; METTL14: methyltransferase 14;
WTAP: WT1 associated protein; NPE: normal nasopharyngeal epithelium; pNPC: primary nasopharyngeal carcinoma; rNPC:
recurrent nasopharyngeal carcinoma; m6A: N6-methyladenosine; TCGA: The Cancer Genome Atlas; HNSC: head and neck

squamous cell carcinoma.

er survival time than patients with low expression (Fig. 5c¢).
The results combined with the patient survival data showed
that high expressions of METTL3, METLL14, and WTAP in
NPC could be used as a prognostic marker. We further ex-
amined the correlation between writers, erasers, readers, and
drugs in m6A in head and neck tumors using the IC50 values
of cell lines and drugs using CCLE and GDSC. The results
showed that m6A regulators in head and neck cell lines were
positively correlated with numerous chemotherapy drugs like
DNA damage-related drug (Fig. 5d) (Supplementary Materi-
als 8, 9, www.wjon.org). suggesting that the related regula-
tory molecules including writers, erasers, and readers of m6A
may serve as potential therapeutic targets for head and neck
tumors, such as NPC, and that m6A may play an important
role in drug resistance in tumors. We also obtained the expres-
sions of writers and readers, such as METTL3, METTL14,
and WTAP, in HNSCC from the TCGA database and assessed

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

their correlation with survival. Results also showed that these
core molecules were significantly correlated with poor surviv-
al in head and neck cancer patients. These results suggest an
association between METTL3, and WTAP and nasopharyn-
geal carcinogenesis and recurrence (Fig. 5e).

Discussion

In this research we examined mo6A levels in recurrent NPC
for the first time, obtained m6A modification profiles in nor-
mal nasopharyngeal tissues, primary and recurrent NPC, and
compared the altered m6A modification levels in normal naso-
pharyngeal tissues, primary NPC and recurrent NPC tissues.
The m6A regulator, especially the core molecules of m6A
writer, METTL3, METTL14 and WTAP, were further tested
experimentally in the development of nasopharyngeal carcino-
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genesis. As the component with the largest proportion of RNA
modifications, m6A modification plays an important role in
tumor development, but the occurrence and development of
mo6A in NPC are currently unclear.

The m6A modification of RNA has now been shown to
anticipate in DNA damage repair of human cancer [14].

Insulin like growth factor binding protein 1 (IGFBP1), an
important molecule of m6A, has also been shown to promote
cell proliferation and metastasis in NPC driven by Myc [15],
and WTAP promotes DIAPHI1-AS1 can promote the prolif-
eration and invasion of NPC [16]. METTLS3 can also promote
the development of NPC by promoting the stability of ZFASI
[17]. circMAP3K4 promotes the development of NPC by reg-
ulating its ability to encode small peptides through regulating
m6A modification [18]. Our results initially mapped RNA ex-
pression profiles and m6A modifications of RNA in NPE and
initial and recurrent NPCs and preliminarily revealed the func-
tions of m6A-related molecules in NPC development. Further
mechanistic analysis is needed in future studies to explore the
functions of m6A and related writers, erasers, and readers in
NPC development.

The first choice of treatment for primary NPC is radia-
tion therapy, but about 10% of patients will experience re-
currence after treatment [19]. Recurrence has now become
an important factor limiting the improvement of treatment
outcome of NPC. However, the biological characteristics of
recurrent NPC are still very poorly understood, and only a
few studies have reported the involvement of molecules such
as BRCA1 in recurrent nasopharyngeal carcinogenesis [20,
21]. Especially, the overall transcriptome mapping and epi-
genetic mapping of recurrent NPC have not been reported. In
this study, we mapped the m6A RNA modification of recur-
rent NPC, which will also contribute to the subsequent in-
depth study of recurrent NPC. In addition, our study showed
that m6A regulators such as MRTTL3, METTL14 and WTAP
were significantly downregulated after recurrence of NPC
compared with before recurrence, which was a surprising
and interesting finding. This suggests that recurrent NPC
may have completely different biological characteristics
from the primary NPC, and also suggests that recurrent NPC
may require completely different treatment strategies from
the primary NPC. More basic and clinical studies are needed
to investigate these findings.

Conclusions

In this study, we mapped m6A RNA modification and RNA
expression profiles in normal nasopharynx, primary NPC, and
recurrent NPC tissues. We also initially examined the expres-
sions of METTL3, METTL14, and WTAP in NPC and their ef-
fects on NPC development. Our results showed that METTL3,
METTL14, and WTAP could promote invasion and metastasis
of NPC, and that these three proteins could induce radiother-
apy resistance in NPC cells through DNA repair. Moreover,
we found that METTL3, METTL14, and WTAP promoted
an increase in exosomes within NPC microenvironment. In
conclusion, our study initially revealed the alteration of m6A
modification in initial and recurrent NPCs and suggested that
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it may play an important role in the development and progres-
sion of NPC, providing new ideas for the study and potential
therapeutic targets of NPC.
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