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Abstract. — OBJECTIVE: The aim of this study
was to investigate whether METTL3 promoted
the progression of nasopharyngeal carcinoma
(NPC) by silencing CDKN1C through EZH2.
PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (QRT-PCR)
was performed to examine the expression level
of METTL3 in 48 pairs of NPC tissues and adja-
cent normal tissues. METTL3 expression in pa-
tients with different tumor lymph node
tasis (TNM) stages was detected by q
as well. The Kaplan-Meier method was us
analyze the interplay between METTL3 ex(|t
sion and the prognosis of patients with
At the same time, METTL3 expressmn in

lines (SUNE-1 and C666-1)
qRT-PCR. After METTLS3 y

own-regulation of MET-
e protein expressions of

0 assay were applied to examine
ell V|ab|I|ty and migration abilities.

RESULTS: METTL3 expression in NPC tissues
emarkably higher than that of adjacent nor-
d sues. Meanwhile, METTL3 expression in
T3 and T4 tumors was significantly higher than
that of T1 and T2 tumors. In patients with lymph
node metastasis, the expression of METTL3 was
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of METTL3 exhibit-
| survival time than

L3 was highly expressed in
ding SUNE-1 and C666-1. Af-
ETTL3 in SUNE-1 cells, cell
tion abilities were both mark-
eanwhile, the protein expres-
on of EZH2 was remarkably reduced. How-
R0 significant changes were observed in
A level. RIP assay revealed that MET-
L3 could bind to EZH2 mRNA, and a m6A mod-
ification was verified on EZH2 mRNA. After
knockdown of EZH2, the mRNA level of CDKN1C
in SUNE-1 cells was significantly up-regulat-
ed. CHIP assay indicated that EZH2 could bind
to CDKN1C. Western blot showed that, after in-
terfering with METTL3 in SUNE-1 cells, the pro-
tein expression of EZH2 decreased significantly,
while CDKN1C was up-regulated. In addition, si-
multaneous downregulation of METTL3 and CD-
KN1C in SUNE-1 cells reversed the influence of
METTLS3 on cell viability and migration abilities.

CONCLUSIONS: METTL3 was highly ex-
pressed in NPC tissues, which might inhib-
it EZH2 expression by mediating M6A modifi-
cation of EZH2 mRNA. Furthermore, CDKN1C
could increase the malignancy of NPC cells and
promote the progression of NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a rare
disease in the United States, with an incidence
of 0.2-0.5 cases per 100,000 people. However,
the incidence of NPC is relatively higher in sev-
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eral defined groups, including southern China
and Hong Kong, with an incidence of 25-50 per
100,000 people!. Although chemotherapy and ra-
diotherapy can remarkably improve the survival
of NPC patients, metastasis or recurrence still
occurs in about 30% of these patients. Once me-
tastasis develops, the prognosis of NPC patients
is extremely poor**. Currently, great progress
has been made in molecular targeting methods
for NPC therapy. However, the prognosis of NPC
patients has not achieved the expected improve-
ment®. Therefore, exploring the pathogenesis of
NPC can contribute to improve the survival rate
and treatment strategies of NPC patients.
Né-methyl adenosine (m°A) is the most com-
mon and reversible internal modification in mam-
malian messenger and non-coding RNAs. m°A
accounts for more than 80% of total RNA base
methylation, which has also been observed in ma-
ny species®’. Deletion of m°A results in increased
half-life of mRNA of transcription factors, such
as NANOG®!°, This may block the ability of plu-
ripotent cells to progress through differentiation.
Indeed, multiple researches':'? have suggested
that m°A level seriously affects the developgent
of tumors.
Cell division cycle is directly controlld
positive regulators [cyclin and cyclin depe
kinase (Cdks) and negative regulators (cy@
dependent kinase inhibitors, (4
dependent kinase inhibitors

gression, cell proliferatid
Meanwhile, they hav

and promoting the development of NPC.

Patients and Methods

Patlents and Clinical Samples
From December 2017 to October 2018 in
Linyi Cancer Hospital, 48 NPC patients who

received surgical resection were enrolled in this
study. NPC tissue samples and adjacent normal
tissues were collected and rapidly frozen in
liquid nitrogen until use. All adjacent paimeas
tissue samples were separated at least
the tumor boundary. No patient
radiotherapy or chemotherapy bg

Cell Culture
BEAS-2B, S

lone, South Logan,
streptomycin and penicillin
incubator. Cells in the expo-
e were digested and seeded
1 dishes. Then, the cells were

were first plated into 6-well plates (Corn-
ing, Corning, NY, USA) and grown to a cell
density of 60%. Transfection of si-METTLS3, si-
EZH2, si-CDKNIC, and si-NC was performed
according to the instructions of Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA). After 48
h, the cells were collected for quantitative Re-
al Time-Polymerase Chain Reaction (QRT-PCR),
Western Blot, and cell function experiments.

RNA Extraction and QRT-PCR

Total RNA in cells and tissues was extracted
using TRIzol (Invitrogen, Carlsbad, CA, USA)
reagent. Subsequently, RNA concentration was
measured by an ultraviolet spectrophotometer.
Extracted RNA samples were stored at —80°C
until use. The complementary deoxyribonucleic
acids (cDNAs) were obtained by reverse tran-
scription, and the SYBR Green method was used
for PCR detection. Primer sequences used in this
study were shown in Table I.

Western Blot

Total protein in tissues and cells was ex-
tracted from each group. 50 pg of protein was
separated by dodecyl sulfate, sodium salt-poly-
acrylamide gel electrophoresis (SDS-PAGE)
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Table I. The Primer sequences of gene.

Gene Primer sequence
EZH2 F: 5>-TGCACATCCTGACTTCTGTG-3’
R: 5-AAGGGCATTCACCAACTCC-3’
CDNKIC F:5-GCGGCGATCAAGAAGCTGT-3
R: 5-GCTTGGCGAAGAAATCGGAGA-3’
METTL3  F: 5-AGATGGGGTAGAAAGCCTCCT-3’
R: 5> TGGTCAGCATAGGTTACAAGAGT-3’
GAPDH  F: 5-CGGAGTCAACGGATTTGGTCGT-3’
R: 5-GGGAAGGATCTGTCTCTGACC-3’

and transferred onto polyvinylidene difluoride
(PVDF) membranes (Millipore, Billerica, MA,
USA). After blocking with 5% skimmed milk
powder for 1 h at room temperature, the mem-
branes were incubated with primary antibodies
overnight at 4°C. On the next day, the mem-
branes were rinsed 3 times with Tris-Buffered
Saline and Tween-20 (TBST-20) and incubated
with the corresponding secondary antibody
for 1 h at room temperature. Immuno-reactive
bands were finally developed and analyzed
with enhanced chemiluminescence (EC
minescence Kkit.

Cell Viability

48 h after transfection, the cells were colle
and plated into 96-well plates 2
well. After culture for 6 h, 24

oratories, Kumamoto, Jaf
to each well followed

g to the size of cells (the
ber of cells plated was set

tached 90% or more the next day.
fter stroke, the cells were rinsed gently with
osphate-buffered saline (PBS) for 2-3 times.
W low-concentration serum medium (such
as 17 FBS) was added in, and the cells were
observed again after 24 h.

RNA Binding Protein
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Immunoprecipitation (RIP] Assay

RIP assay was performed according to the
manufacturer’s instructions of Magna RIP RNA
Binding Protein Immunoprecipitation Kit R4

out by phenol, chlorofor
Solution II, Precipitate
(no RNAse), dissolve,
rocarbonate (DEP

ipitation was per-
Magna ChIP A/G
tin Immunoprecipitation Kit
, MA, USA). Chromatin
DNA was eluted, reverse

1 Product and Service Solutions
.0 (SPSS, Chicago, IL, USA) statisti-
cal software was used for all statistical analysis.
Measurement data were expressed as mean +
standard deviation (X + s). Independent sample
t-test was used to compare quantitative data of
two groups. The cumulative survival rate was as-
sessed by the Kaplan-Meier method and the dif-
ference was determined by log-rank test. p<0.05
was considered statistically significant (*»<0.05,
**p<0.01, ***p<0.001).

Results

METTL3 Was Highly Expressed in NPC
Tissues and Negatively Correlated With
Prognosis of NPC Patients

To explore the interplay between METTL3
expression and the occurrence and the develop-
ment of NPC, qRT-PCR was first used to detect
the expression of METTL3 in NPC tissues and
adjacent normal tissues. The results showed that
METTLS3 expression in NPC tissues was remark-
ably higher than that of adjacent normal tissues
(Figure 1A). After paired analysis of tissue sam-
ples, the expression level of METTL3 in T3 and
T4 stage tumors was remarkably higher than that
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L3 Weakened the
igration Abilities of

erve the role of METTL3 in the de-
PC, we detected the expression
METTLS3 in normal epithelial cell line (BE-
-2b) and NPC cell lines (SUNE-1 and C666-
qRT-PCR as well. The results showed
that'™METTL3 was highly expressed in NPC
cells (Figure 2A). Next, we knocked down
METTL3 expression in SUNE-1 cells (Figure

2B). CCK-8 and wound healing assay results
revealed that cell viability and migration abil-
ities remarkably decreased (Figures 2C, 2D).
The above findings suggested that downregula-
tion of METTL3 could inhibit the viability and
migration abilities of SUNE-1 cells.

METTL3 Mediated the Regulation of
EZHZ2 Expression by MA

To further explore the mechanism of METTL3
in NPC development, we knocked down MET-
TL3 expression in SUNE-1 cells. Subsequent
Western blot findings showed that the protein
expression of EZH2 was remarkably reduced.
However, qRT-PCR showed no significant chang-
es in the mRNA expression level of EZH2 after
interference with METTL3 (Figures 3A and 3D).
Further RIP assay revealed that METTL3 could
bind to EZH2 mRNA in SUNE-1 cells (Figure
3B). Meanwhile, RIP data indicated that EZH2
mRNA in SUNE-I cells was modified with m°*A
(Figure 3C). The above results indicated that
METTL3 could affect the protein expression of
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Figure 2 Interference with METTL3 blocked the proliferation ai cells. A, METTL3 expression in
normal epithelial cell (BEAS-2B) and NPC cell lines (SUNE-1 and C% gtruction of the interference sequence
to knockdown the expression level of METTL3. C 4Bl cxperimental 168 powed that the viability of SUNE-1 cells
decreased after interfering with METTL3. D, W@ gy showed that the migration ability of SUNE-1 cells
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g 3. METTL3 mediated m6A regulation of EZH2 expression. A, The protein expression level of EZH2 decreased after
knockdown of METTL3 in SUNE-1 cells. B, RIP experimental results indicated that METTL3 could bind to EZH2 mRNA.
C, RIP results indicated that m°A modification occurred on EZH2 mRNA. D, After knockdown of METTL3 in SUNE-1 cells,
the mRNA expression level of EZH2 was not significantly changed.
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EZH2 in NPC cells by mediating the m°A modi-
fication of EZH2 mRNA.

EZH?Z2 Inhibited the Expression of
CDKNIC in SUNE-1 Cells

To observe the roles of METTL3 and EZH2 in
tumor progression, we constructed and transfect-
ed interference sequences to knock down EZH2
in SUNE-1 cells (Figure 4A). After transfection,
CDKNIC mRNA expression was found signifi-
cantly up-regulated (Figure 4B). Subsequently,
CHIP assay suggested that EZH2 could bind to
the CDKNIC promoter region to inhibit the ex-
pression of CDKNIC (Figure 4C). In addition,
Western blot data demonstrated that the protein
expressions of EZH2 and CDKNIC in SUNE-1
cells decreased significantly after knockdown of
METTLS3 (Figure 4D). The above results suggest-
ed that METTL3 might regulate the expression of
CDKNIC via regulating EZH2.

METTL3 Mediated EZHZ2 Inhibition of
CDKNIC and Promoted the Malignancy
of NPC

To investigate whether the inhibition o
KNI through EZH2 mediated by METTL
promote NPC progression, we knocked

METTL3 in SUNE-1 cells. QRT-PCR results
indicated that CDKNIC expression was remark-
ably up-regulated. After simultaneous downreg-
ulation of CDKNIC and METTL3 (Flg .

the decreased migration
caused by knockdown
The above findings r

improving the
cells.

A post-transcriptiona®modification, the ef-
of m°A modification on transcription, splic-
, and translation rate, regu-
teristics of cells. Meanwhile,
f these pathways is associated
man diseases®"*2. However, the
lecular mechanism of METTL3 in the devel-
NPC has not been fully elucidated.
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Fig 4. EZH2 inhibited CDKNIC expression in SUNE-1 cells. A, The interference sequence was constructed in SUNE-1
cells to inhibite the expression level of EZH2. B, QRT-PCR showed that the mRNA expression level of CDKNIC in SUNE-

1 cells increased after interference with EZH2. C, CHIP assay showed that EZH2 could bind to CDKNIC. D, Western blot
showed that the protein expression levels of EZH2 and CDKNIC decreased after METTL3 downregulation.
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gher METTL3 expression
er than that of patients with

n eukaryotes, m°A modification mediated by
L3 and METTLI4 is necessary for nor-
mal“cell activity, and their disorder may cause
a variety of diseases'®. Current studies on the
crystal structure of the heterodimer show that

only METTLS3 exerts catalytic activity. However,
METTLI14 stabilizes METTL3 and its interaction
with RNA molecules®***. This work revealed that
METTL3 could affect EZH2 expression by me-
diating the m6A modification of EZH2 mRNA.
After knockdown of METTL3 in NPC cells, the
protein expression level of EZH2 decreased. Fur-
thermore, the viability and migration abilities of
NPC cells were significantly reduced.

EZH?2 is an important component of the PRC2
complex, which catalyzes the methylation silenc-
ing of target gene lysine 27 of histone 3", In
this study, we found that EZH2 could bind to the
CDKNIC promoter region to silence the expres-
sion of CDKNIC. When METTL3 was down-
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regulated in SUNE-I cells, CDKNIC expression
was also inhibited. Meanwhile, knockdown of
CDKNIC could reverse the decreased viability
and migration ability of SUNE-1 cells caused by
interference with METTL3.

Conclusions

In summary, this report shows that MET-
TL3 was highly expressed in NPC tissues and
affected the survival of patients with NPC. In
vitro experiments indicated that METTL3 could
promote the protein expression of EZH2 by me-
diating the m6A modification of EZH2 mRNA.
In addition, EZH?2 could increase the malignan-
cy of NPC cells by silencing CDKNIC, thereby
promoting the development of NPC.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) CHua MLK, WEeEe JTS, Hui EP, CHan ATC. Na
ryngeal carcinoma. Lancet 2016; 387: 1012
2) Lwu B, Tan Z, JianG Y, CHEN Y, CHEN Y, LinG K.
relation between the expression of miR150 &
FOXO4 and the local recurreng

static nasopharyn
achieved? Crit

al transition by
ngeal carcinoma.

R, PEnmAN S. 5-terminal structures of poly(A)+
messenger RNA and of poly(A)+ and
eterogeneous nuclear RNA of cells of
the dipteran Drosophila melanogaster. J Mol Biol
1978; 120: 487-515.

ARAYAN P, Avers DF, RottmAN FM, MARONEY PA,
Nitsen TW. Unequal distribution of N6-methylad-
enosine in influenza virus mRBNAs. Mol Cell Biol
1987; 7. 1572-1575.

9)

10)

11)

12)

16)

17)

18)

19)

20)

Pan T. N6-methyl-adenosine modification in mes-
senger and long non-coding RNA. Trends Bio-
chem Sci 2013; 38: 204-209.

Batista PJ, MoLiniE B, WaNG J, Qu K, ZHANG J
Boutey DM, LusaN E, HADDAD B, DANESHVAR

mammalian embryonic stem ce
2014; 15: 707-719.

Cu Q, SHiH, YEP, LI'L,
HuANG Y, YanG CG, Rig

origenesis of glio
2017; 18: 2622-,

-like cells by
ression and cell prolifera-
[ 2017; 31: 591-606.

v S, SHAROV A, Lu J, Kim
J, Mi X, WEersto R, Sung MH, WenGg NP. Ezh2 reg-
induced CD8+ T cell cycle pro-
essing Cdkn2a and Cdknic ex-
munol 2018; 9: 549.

D, WanG X, Fu Y, ZHanG L, JiA G,

L14 complex mediates mammalian nu-
car RNA N6-adenosine methylation. Nat Chem
D14; 10: 93-95.

KarNik SK, HugHEs CM, Gu X, RozeNBLATT-ROsSEN O,
McLean GW, XionG Y, Meverson M, Kiv SK. Menin
regulates pancreatic islet growth by promoting
histone methylation and expression of genes en-
coding p27Kip1 and p18INK4c. Proc Natl Acad
Sci U S A 2005; 102: 14659-14664.

BacHmAN KE, PArk BH, RHEE I, RAJAGOPALAN H, HEr-
MAN JG, BavLin SB, Kinzier KW, VoceLstein B. His-
tone modifications and silencing prior to DNA
methylation of a tumor suppressor gene. Cancer
Cell 20083; 3: 89-95.

BrACKEN AP, KLEINE-KOHLBRECHER D, DIETRICH N, PAsINI
D, GaraiuLo G, BeekmaN C, THEILGAARD-MoNCcH K, M-
Nuccl S, Porse BT, MARINE JC, HANSEN KH, HELin K.
The Polycomb group proteins bind throughout the
INK4A-ARF locus and are disassociated in se-
nescent cells. Genes Dev 2007; 21: 525-530.

YanGg X, KarRuTurl RK, SuN F, Aau M, Yu K, SHAO R,
MiLLer LD, Tan PB, Yu Q. CDKN1C (p57) is a direct
target of EZH2 and suppressed by multiple epi-
genetic mechanisms in breast cancer cells. PLoS
One 2009; 4: e5011.

McGARVEY KM, FAHRNER JA, GREENE E, MARTENS J,
Jenuwein T, Bavun SB. Silenced tumor suppres-
sor genes reactivated by DNA demethylation do
not return to a fully euchromatic chromatin state.
Cancer Res 2006; 66: 3541-3549.

Li'Y, Nagal H, OrNo T, Yuce M, HATANO S, |10 E, MoRI
N, Samo H, KinosHita T. Aberrant DNA methylation
of p57 (KIP2) gene in the promoter region in lym-

4335



Q.-Z. Meng, C.-H. Cong, X.-J. Li, F. Zhu, X. Zhao, F.-W. Chen

phoid malignancies of B-cell phenotype. Blood
2002; 100: 2572-2577.

21) Bamsta PJ. The RNA modification N6-methylad-
enosine and its implications in human disease.
Genomics Proteomics Bioinformatics 2017; 15:
154-163.

22) CoveLo-MoLares H, Bartosovic M, Vanacova S. RNA
methylation in nuclear pre-mRNA processing. Wi-
ley Interdiscip Rev RNA 2018; 9: e14809.

23) WAaNG P, Doxtaber KA, Nam Y. Structural basis
for cooperative function of Mettl3 and Mettl14
methyltransferases. Mol Cell 2016; 63: 306-317.

24) WanG X, Fenc J, Xue Y, GuaN Z, ZuanG D, Liu Z,
GonNG Z, WaNG Q, Huang J, TanG C, Zou T, YiN P.

4336

25)

26)

27)

Structural basis of N(6)-adenosine methylation
by the METTL3-METTL14 complex. Nature 2016;
534: 575-578.

YamacucH H, Hung MC. Regulation and role of
in cancer. Cancer Res Treat 2014; 46: 204

Xu T, SuNn L, HE B, PAN Y, SuN H,
SNHG6 regulates EZH2 expres

Hematol Oncol 2019; 12:

ZHoNG J, MiN L, HuaNGg
L. EZH2 regulates th
sopharyngeal can
Treat 2013; 12: 26





