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Background: Cervical cancer (CC) is the second serious health threat in women worldwide.
LncRNA (ZNFXI antisense RNA 1) ZFASI has been observed to abnormally express in
human cancers. However, the expression pattern, clinical significance and molecular
mechanism of ZFAS1 have not been thoroughly studied in CC.

Methods: qRT-PCR was performed to examine the differential expression of ZFAS1 in CC
tissues and adjacent normal cervical tissues. Gain- and loss-of-function experiments were
constructed to test the functional role of ZFAS1 in CC by CCK-8, colony formation,
transwell and xenograft models assays. Luciferase reporter, RNA immunoprecipitation
(RIP), methylated RNA immunoprecipitation (MeRIP), RNA pull-down assays were used
to reveal the underlying mechanisms.

Results: We found that ZFAS1 was significantly upregulated in CC tissues. Elevation of
ZFAS1 correlated with advanced FIGO stage, lymph node and distant metastasis, and also
indicated poor overall survival in patients with CC. Functional experiments demonstrated
that ZFAS1 promoted CC cell proliferation, migration and invasion in vitro, and facilitated
tumor growth and metastasis in vivo. Mechanistic investigation revealed that ZAFS1 seques-
tered miR-647, and this RNA-RNA interaction is regulated by METLL3-mediated
m°A modification.

Conclusion: Our findings elucidate the functional roles of ZFAS1 and its m®A modification
in CC cells and indicate that ZFAS1 may be a promising target for CC treatment.
Keywords: m°A modification, ceRNA, growth, metastasis

Introduction

Cervical cancer (CC) is the second serious health threat in women worldwide.'
Although great strides have been made in the diagnostic and therapeutic means for
CC in the past decades, the prognosis of patients with CC remains unsatisfactory
because of its late detection, recurrence and distant metastasis.’ Therefore, it is
urgently needed to identify the key molecule and reveal its underlying mechanism
of CC occurrence and progression.

Long-noncoding RNAs (IncRNAs) are a class of noncoding RNAs, which are
longer than 200 nucleotides (nts). LncRNAs are capable to regulate gene expression
at epigenetic, transcriptional and posttranscriptional processes, and affect the post-
translational modification of its interacting protein.** A growing number of studies
has demonstrated that IncRNAs could function as either oncogenes or tumor
suppressors through their diverse regulatory mechanisms.”® LncRNA (ZNFXI
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antisense RNA 1) ZFASI is the antisense transcript of the
gene ZNFXI and has been observed to abnormally express
in human cancers. In different types of cancers, ZFAS1
plays opposite functions. For example, ZFAS1 was over-
expressed in hepatocellular carcinoma tissues and pro-
motes malignancy via regulating miR-624.” In ovarian
cancer, ZFASI1 is highly expressed and accelerate cell
proliferation, migration, invasion, and induces cisplatin
resistance by directly suppressing miR-548e expression.®
ZFAS1 was found to be downregulated in breast tumors
compared to normal tissue.” However, the expression pat-
tern, clinical significance and molecular mechanism of
ZFASI1 has not been thoroughly studied in CC.

In this study, we found that upregulation of ZFASI is
associated with advanced FIGO stage, lymph node and
distant metastasis, and indicates poor prognosis in patients
with CC. Functional experiments showed that ZFASI
plays an oncogenic role to promote CC proliferation and
metastasis. Mechanistically, our results demonstrated that
ZFAS1 sequestered miR-647 in a m®A-dependent manner.
Collectively, our research revealed the clinical significance
and regulatory mechanism of ZFAS1 in CC.

Materials and Methods

Tissue Collection

CC tissues and adjacent normal cervical tissues were col-
lected from CC patients who underwent surgical resection
at the General Hospital of Ningxia Medical University
between January 2013 and December 2019. None of
these patients had received other treatment before surgery,
including chemotherapy and radiotherapy. This study was
approved by the Institutional Ethical Review Board of
General Hospital of Ningxia Medical University, and writ-
ten informed consent was obtained from all patients in this
study.

Cell Culture

Hela, SiHa, C33A, CaSki and 293T cell lines were obtained
from the Cell Bank of Type Culture Collection (Shanghai,
China). All cells were cultured in DMEM medium supple-
mented with 10% FBS (Gibco) in an incubator containing
5% CO, at 37°C. To construct stable Caski cells with
ZFAS1 or METTL3 knockdown, the ZFAS1 shRNA
(shZFAST) or METTL3 shRNA (shMETTL3) or negative
control shRNA (shNC) was inserted into pLKO.1 vector.
The target sequence of shRNA was shown as follows:
shZFAS1: GGCTGAACCAGTTCCACAA, shMETTL3:

GCTACAGATCCTGAGTTAG. To construct stable Hela
cells with ZFAS1 overexpression, full-length ZFAS1 was
subcloned into pLV plasmid. The above lentiviral expres-
sing plasmids were co-transfected with the psPAX2
(Addgene) and pMD.2G plasmid (Addgene) into 293T
cells using Turbofect (Thermo). After transfection, the len-
tiviral particles were harvested and used to infect CaSki or
Hela cells. Forty-eight hours later, stable cells were selected
using puromycin (3 pg/mL) for 1 week.

Transfection

The miR-647 mimics, inhibitor, and negative controls
were purchased from RiboBio (Guangzhou, China). Cells
were transfected using Lipofectamine 3000 reagent
according to the manufacturer’s instructions. After 48
hours, cells were used for further experiments.

Isolation of Cytoplasmic and Nuclear
RNA

The Cytoplasmic & Nuclear RNA Purification Kit
(Norgen) was used to isolate and purify cytoplasmic and
nuclear RNA as the manufacturer’s instructions. U6 was
taken as an internal reference of nuclear RNA, while
ACTB mRNA was taken as an internal reference of cyto-
plasmic RNA.

Real-Time PCR (RT-PCR)

Total RNA was extracted using the Trizol reagent accord-
ing to the standard protocol. The cDNA was synthesized
using PrimeScript RT reagent kit (TaKaRa). qRT-PCR
analysis was carried out using the SYBR® Green Premix
gPCR (Accurate Biotechnology, China) according to the
manufacturer’s instructions. U6 and ACTB were used as
internal controls. Primer sequences used are presented as
follows:
ZFAS1-Forward: ACCAGTTCCACAAGGTTACTG,
ZFAS1-Reverse: CTTTATGCAGGTAGGCAGTTAGA,
METTL3-Forward: CACTGATGCTGTGTCCATCT,
METTL3-Reverse: CTTGTAGGAGACCTCGCTTTAC,
ACTB-Forward: GGACCTGACTGACTACCTCAT,
ACTB-Reverse: CGTAGCACAGCTTCTCCTTAAT.

Western Blot

Cells were collected and lysed with RIPA lysis buffer
(Beyotime) on ice for 30 min. The concentration of protein
samples was measured by using the Pierce BCA Protein
Assay Kit (Thermo) according to the manufacturer’s
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instructions.  Cell separated by SDS-

polyacrylamide gel electrophoresis, and then transferred to

lysates were
polyvinylidene fluoride (PVDF) membranes (Millipore).
The membranes were then blocked and incubated with the
primary antibodies overnight at 4°C. The membranes were
then incubated with corresponding secondary antibodies for
1 hour at room temperature. After wash for three times, the
proteins were detected using Immobilon™ Western
Chemiluminescent HRP Substrate (Millipore). Primary anti-
bodies including anti-METTL3 (Abcam) and anti-B-actin

(Proteintech) were used in this study.

Cell Counting Kit-8 (CCK-8) Assay

One thousand cells per well were suspended in 100 pL
DMEM and seeded into 96-well plates. At different time
point (0, 1, 2, 3, 4 days), 10 uL CCK-8 (Dojindo) solution
was added into each well. After incubation for 2 hours, the
optical density value was measured at 450 nm.

Colony Formation Assay

Five hundred cells per well were seeded in a 6-well plate
and cultured for two weeks. Cell colonies were fixed with
4% paraformaldehyde for 30 min and stained with 0.5%
crystal violet for 30 min at room temperature.

Transwell Assay

For migration and invasion detection, transwell chambers
(Corning, USA) with a membrane pore size of 8 um coated
without or with Matrigel (BD Biosciences) were used,
respectively. 1x10° or 2x10°cells suspended in serum-free
DMEM medium were seeded in the upper chambers, while
DMEM medium supplemented with 10% FBS was added
into the lower chambers. Twenty-four hours later, the cells
were fixed by 4% paraformaldehyde, stained by 0.5% crystal
violet, and finally counted under a microscope.

RNA Immunoprecipitation (RIP)

To validate the interaction between ZFAS1 and miR-647,
cells were transfected with pCMV-MS2, pCMV-ZFAS1-
MS2, pCMV-ZFAS1-mut-MS2 and pCMV-FLAG-MS2.
Forty-eight hours later, cells were used to perform RIP
assay using 5 pg anti-FLAG antibody (Sigma) and the
Magna RIP™ RNA-Binding Protein Immunoprecipitation
Kit (Millipore, Bedford, MA) according to the manufac-
turer’s instructions. To detect the interaction between
METTL3 or AGO2 and ZFASI1, RIP assay was carried
out by using 5 pg anti-METTL3 antibody (Abcam) or anti-
AGO?2 antibody (Abcam) and the Magna RIP™ RNA-

Binding Protein Immunoprecipitation Kit. IgG was taken
as a negative control. The RNA fraction isolated and
purified by RIP assay was then examined by RT-PCR.

RNA Pull-Down Assay

RNA pull-down assays were carried out using Pierce
Magnetic RNA-Protein Pull-Down Kit (Thermo) accord-
ing to the manufacturer’s instructions.

Luciferase Reporter Assay

The wild-type or mutant ZFAS1 fragment were subcloned
into a luciferase reporter vector pmirGLO (Promega). The
luciferase reporter plasmids were co-transfected into stable
CC cells with miR-647 mimics or the negative control. The
relative luciferase activity was measured with the Dual-
Luciferase Reporter Assay System (Promega) as the manu-
facturer’s instructions. Data were presented as the relative
ratio of firefly luciferase activity to renilla luciferase activity.

Methylated RNA Immunoprecipitation
(MeRIP)

m®A modification of ZFASI was detected using Magna
MeRIP™ m°A Kit (Millipore) as the manufacturer’s instruc-
tions. Briefly, 24 h after transfection, cells were harvested to
perform RIP experiments using an m®A antibody. 1.5 pg anti-
m°A antibody (Millipore) or anti-IgG (Cell Signaling
Technology) was conjugated to protein A/G magnetic
beads overnight at 4°C. A total of 100 pg RNA was then
incubated with the antibody in IP buffer. Then, the purified
RNA was analyzed via RT-PCR assay.

In vivo Model

To examine the effect of ZFAS1 on in vivo growth, nude
mice were subjected to a subcutaneous injection of 5% 10°
control and ZFASI1 silencing CaSki cells suspended in
0.2 mL DMEM medium. Tumor volume was monitored
and calculated as (W?/2 xL), where W and L represent the
width and the length of the tumor, respectively. After 4
weeks, the mice were sacrificed, and the tumors were isolated
and weighed. To examine the effect of ZFAS1 on in vivo
metastasis, 1 x 10° control and ZFAS1 silencing CaSki cells
were injected through the tail vein into the nude mice. After 8
weeks, the mice were sacrificed. The lung tissues were
collected and the metastatic nodules were observed by hema-
toxylin and eosin (H&E) staining and counted under
a microscope. All animal procedures were approved by the
Medical Ethics Committee of Ningxia Medical University of
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Medicine and Institutional Animal Care. All animal experi-
ments were performed according to approved protocols from
the Institutional Animal Care and Use Committees and the
national and institutional guidelines.

Statistical Analysis

Each experiment was repeated at least three times. All sta-
tistical analysis was carried out using SPSS 21.0 software
(SPSS, Chicago, IL, USA). Student’s z-test was used for
comparisons between two groups, and Variance analysis
and a Tukey’s multiple comparisons test was applied for
Comparisons among multiple independent groups (*P <
0.05, **P < 0.01, ***P < 0.001). The Kaplan—Meier curves
and Log rank tests were used to evaluate the relationship
between ZFAS1 expression and overall survival rate of CC
patients. Correlation between ZFAS1 and miR-647 was ana-
lyzed with a Spearman rank correlation. P value less than
0.05 was considered to indicate statistical significance.

Results
Elevation of ZFASI Indicates Poor Clinical

Outcome of Patients with CC

To determine ZFAS1 expression pattern in CC patients, the
ZFASI expression between CC and matched adjacent nontu-
mor tissues from 68 patients were analyzed using qRT-PCR
assay. The results showed a significant upregulation of ZFAS1
expression in CC tissues compared to that in adjacent non-
cancerous tissues (Figure 1A). In order to investigate the
clinical significance of ZFAS1 in CC, patients were sub-
classified into high-ZFAS1 and low-ZFASI1 groups with the
median of ZFAS1 expression in CC tissues as a cut-off value.
As shown in Table 1, the high-ZFAS1 group had advanced
FIGO stage, lymph node and distant metastasis. Next, we aim
to determine the prognostic utility of ZFASI in CC. Survival
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analysis demonstrated that patients with high ZFAS1 expres-
sion had a significant worse overall survival compared to
patients with low ZFAS1 expression (Figure 1B). These
results suggested that upregulation of ZFAS1 could be an
important event in the CC development and might act as an
oncogene in CC.

ZFAS| Promotes CC Proliferation,

Migration and Invasion in vitro

To explore the biological function of ZFASI1 in CC, we firstly
detected the expression levels of different CC cell lines. Caski
cells expressed the highest level of ZFASI1, while Hela cells
had the lowest expression of ZFAS1 (Figure 2A). Therefore,
ZFAS1 was stably depleted in Caski cells (Figure 2B) and
overexpressed in Hela cells using lentiviral expressing system,
respectively (Figure 2C). The results of CCK-8 and colony
formation assays demonstrated that knockdown of ZFASI
significantly attenuated the proliferation of Caski cells,
whereas ectopic expression of ZFASI facilitated the prolifera-
tive ability of Hela cells (Figure 2DG).

The correlation between ZFAS1 and metastasis of CC
indicated that ZFAS1 might affect the metastasis ability in
CC. To validate the function of ZFASI in CC metastasis
in vitro, transwell migration and invasion assays were
utilized. It was observed that ZFASI1 silencing signifi-
cantly suppressed whereas overexpression of ZFASI pro-
moted the migration and invasion of CC cells (Figure 2H
and I). These findings suggested that ZFAS]1 facilitated CC
cell proliferation, migration and invasion in vitro.

Knockdown of ZFAS| Inhibits CC

Growth and Metastasis of CC in vivo
To further confirm the oncogenic function of ZFASI
in vivo, control and ZFAS1-knockdown Caski cells were
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Figure | Elevation of ZFASI indicates poor clinical outcome of patients with CC. (A) The levels of ZFASI in 68 paired CC tissues and adjacent nontumor tissues were
analyzed by qRT-PCR. ***p<0.001. (B) Kaplan—Meier representation of the overall survival of the two groups of patients with high or low ZFASI| expression in CC tissues.
Statistical analysis was performed with the Log rank test. The median value of ZFASI in CC tissues was used as cutoff.
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Table | The Correlation Analysis Between ZFAS| Expression
and Clinicopathological Features of CC Patients

Clinical Features ZFASI Levels p value
High Low

Age (years)
<40 15 19 0.332
>40 19 15

Size (cm)
24 18 15 0.467
<4 16 19

Differentiation
Well/moderate 15 18 0.467
Poor 19 16

Papillomavirus (HPV) Infection
Yes 20 19 0.465
No 14 15

FIGO stage
-l 16 25 0.026
-v 18 9

Distant metastasis
Yes 14 4 0.006
No 20 30

Lymph node metastasis
Yes 15 7 0.038
No 19 27

Note: The median value of ZFAS| in CC tissues was used as cutoff.

subcutaneously injected into nude mice. Both tumor
volume and tumor weight in ZFAS1 knockdown group
were much lower compared to that in control group
(Figure 3A and B). Moreover, the results of tail vein
injection models demonstrated that the number of pulmon-
ary metastatic nodules formed by ZFAS1 knockdown
group was significantly less than that in control group
(Figure 3C). Altogether, these data confirmed that ZFASI
knockdown restrained the tumorigenesis and metastasis of
CC in vivo.

ZFASI Interacts with miR-647 in CC

LncRNA usually acts as a competing endogenous RNA
(ceRNA) to exert its regulatory functions. Since AGO2 is
a core component of the RNA-induced silencing complex
(RISC), we carried out a RIP assay using an anti-AGO2
antibody and observed a marked association of ZFAS1 with
AGO?2 (Figure 4A). This result suggested that ZFAS1 could
act as a ceRNA. To screen the ZFAS1-targeted miRNAs,
online prediction software LncBase (http://carolina.imis.

athena-innovation.gr/diana_tools/web/) was used. Among

the top 30 miRNAs, only miR-647 has been previously
reported to show involvement in tumor progression.'®'* To
validate this, we conducted luciferase reporter assays and
found that transfection of miR-647 mimics reduced the luci-
ferase activity of the wild-type ZFASI reporter gene, but not
the mutant ZFAS1 (ZFAS1-mut) (Figure 4B and C).
Moreover, we carried out a MS2-binding protein (MS2bp)-
MS2-binding sequences (MS2bs)-based RIP (MS2-RIP)
according to the previous studies.'>'* The results showed
that ZFAS1 could interact with endogenous miR-647 in Hela
and Caski cells (Figure 4D). Consistently, biotin-labeled
miRNA pull-down assays showed markedly elevated
ZFAS1 expression in Caski and Hela cells transfected with
biotin-labeled miR-647 compared to that in the control
(Figure 4E). Finally, it was observed that ZFAS1 negatively
regulated the miR-647 expression (Figure 4F and G). We also
detected the miR-647 expression in xenografts and found that
knockdown of ZFAS1 markedly increased miR-647 expres-
sion (Supplemental Figure 1). Overexpression of miR-647

did not influence the ZFAS1 expression, suggesting that
miR-647 associated with ZFAS1 but did not induce its degra-
dation (Figure 4H). These results indicated that ZFAS1 acted
as a ceRNA targeting miR-647.

ZFAS| Sequestered miR-647 in a

m®A-Dependent Manner

Recently, N(6)-methyladenosine (m°A) modification in
mRNA or IncRNA functionally modulate the RNA splicing,
localization, stability, and ceRNA activity.''® We per-
formed methylated RNA immunoprecipitation (MeRIP)
assays in Caski and Hela cells and found that ZFAS1 could
be significantly enriched by m®A antibody compared to IgG
(Figure 5A). The m®A modification sites of ZFAS1 was
predicted by SRAMP online tool (www.cuilab.cn)
(Supplemental Table 1). To further characterize
the m®A methylation of ZFAS1, shRNA was used to knock
down METTLS3, a core component of m°A methylase com-
plex. The downregulation of METTL3 could not change the
expression levels of ZFAS1 (Figure 5B). Nevertheless,

the m°A level of ZFASI was significantly decreased by
depletion of METTL3, indicating that METTLS3 is a major -
m®A methylase for ZFASI (Figure 5C).

Then, we investigated whether METTL3-mediated m°A
modification of ZFASI influenced the ZFAS1-miR-647 inter-
action. We knocked down the METTL3 expression in ZFAS1-
overexpressed Caski cells and found that METTL3 silence

OncoTargets and Therapy 2020:13

submit your manuscript

11799

Dove


http://carolina.imis.athena-innovation.gr/diana_tools/web/
http://carolina.imis.athena-innovation.gr/diana_tools/web/
https://www.dovepress.com/get_supplementary_file.php?f=274492.docx
http://www.cuilab.cn
https://www.dovepress.com/get_supplementary_file.php?f=274492.docx
http://www.dovepress.com
http://www.dovepress.com

Yang et al Dove

>
2

w

(9]

_— w 15- bl [2] 20- Kk
23 6 e 2
e Q 2 15
- | pd
2 g 4 % @ 101
Tl 2 0.5 g
N ® 2 B £ 5
- @ 0.0 E
Hela SiHa C33A CaSki " shNC shZFAS1 0 vector ZFAS1
D shNC shZFAS1 E vector ZFAS1 F % 41 - shNC
5 - ShZFAS1
8 31
ks
5 21 *
o H
21 :
Fkk 500 * Kk E
- 0 i i . . .
,, 3007 o 9 1 2 3 4 5
oy 3 4004 G ° Time (days)
'g 200- g 300- T 61 .~ vector
2 c 1S = ZFAS1
° o 2001 5 4] .
c 100- c [}
S 2 1001 &
O (@) g_ *
i 0. © 2‘ *
shNC shZFAS1 vector ZFAS1 =
go——m
01 2 3 4 5
Time (days)
H I shNC
hNC hZFAS1 hNC hZFAS1 -
S , o1 _ShePAs 5 801 e W8 shZFAST
c 3 o) *k*
S =
E & 5
k=)
= 5
Ke)
£
=)
Z
[ Migration  Invasion
ZFAS1 NC ZFAS1 150- Il vector
- *x I ZFAS1
c & ©
i) = *%k
® & 1004
()]} Qo
s ®
2 5p-
£
=)
Z

Migration  Invasion
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abolished the downregulation of miR-647 by ZFASI
(Figure 5D). Moreover, we established a METTL3 knock-
down Caski cells, and the knockdown efficacy was validated
by Western blot assay (Figure 5E). Luciferase reporter assays
in Control and METTL3 knockdown Caski cells transfected
with the ZFAS1 reporter and miR-647 mimics. The results
illustrated that the effect of miR-647 on the ZFAS1 reporter
was abolished by METTL3 silence, as reporter activity
showed no change after cotransfection with miR-647
miRNAs in METTL3 knockdown Caski cells (Figure SF).
These results revealed that the METTL3-mediated m-
®A modification of ZFAS1 was critical for the association
between ZFAS1 and miR-647.

miR-647 is Partially Responsible for
ZFAS|-Mediated Malignant Phenotypes of
CC

To investigate the involvement of miR-647 in ZFASI-
mediated malignant phenotypes of CC cells, rescue
experiments were conducted. We transfected Hela cells sta-
bly overexpressing ZFAS1 with the miR-647 mimics
(Figure 6A). Functional assays demonstrated that restoration
of miR-647 expression partially rescued the promotive
effects of ZFAS1 overexpression on cell proliferation, migra-
tion, and invasion (Figure 6B and C). Furthermore, Caski

cells with ZFASI silence were transfected with miR-647
inhibitors (Figure 6D). Inhibition of miR-647 partially atte-
nuated the suppressive effects of ZFAS1 knockdown in Caski
cells (Figure 6E and F). These findings suggested that miR-
647 contributes to CC cell proliferation, migration and
invasion.

ZFAS| Negatively Correlates with
miR-647 Expression in CC Tissues

Finally, we examined the pathological correlation between
ZFASI and miR-647. The expression of miR-647 in CC and
adjacent normal tissues was evaluated using qRT-PCR. As
shown in Figure 7A, miR-647 was significantly downregu-
lated in CC tissues relative to adjacent noncancerous tissues.
In addition, the negative correlation between ZFAS1 and
miR-647 levels in CC tissues was observed, supporting
that miR-647 was a target of ZFAS1 (Figure 7B).

Discussion

Increasing evidence suggests that IncRNAs play a critical
role in the initiation and progression of human cancers.'’
In this study, we found a significant upregulation of
ZFAS] expression in CC tissues, and the higher expression
levels of ZFAS1 were associated with advanced FIGO
stage, lymph node and distant metastasis, and poor clinical
outcome in CC patients. Functionally, ZFAS1 promoted
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CC proliferation and metastasis in vitro and in vivo. Taken
together, these results indicated that IncRNA ZFASI1 exerts
oncogenic effects in CC.

ZFASI has been proved to act as a ceRNA in several
kinds of human cancers. In HCC, ZFAS1 functions as an
oncogene by binding miR-150 and abrogating its tumor-
suppressive function.'* In colorectal cancer, IncRNA
ZFAS1 sponges miR-484 to promote cell proliferation
and invasion.'® ZFAS1 acts as a ceRNA to regulate miR-
124, thereby elevating STAT3 expression and promoting
esophageal squamous cell carcinoma progression.'”
Additionally, ZFASI is highly expressed and promotes
ovarian cancer cell proliferation, migration, invasion, and
cisplatin resistance by sponging miR-548e and elevating

CXCR4 expression.® Here, we also identified miR-647 as
a target of ZFAS1. ZFAS1 suppressed miR-647 expression
and negatively correlated with miR-647 expression in CC
tissues. Moreover, ZFAS1 exhibited oncogenic effects par-
tially via miR-647, indicating that other mechanisms were
involved in ZFASI-mediated phenotypes of CC cells.
miR-647 has been observed to abnormally express and
act as a tumor-suppressive miRNA in some cancers.
miR-647 targets HOXA9 to inhibit glioma cell prolifera-
tion and invasion."' miR-647 promotes cisplatin-induced
cell apoptosis via targeting IGF2 in lung cancer.”’
Moreover, miR-647 targets SRF mRNA and represses
the binding of SRF to MYH9 promoter, which attenuates

the invasion and metastasis of gastric cancer.'”> However,
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the downstream target mRNAs of miR-647 in CC remains
unclear. The exact targets of ZFAS1-miR-647 need further
exploration.

mCA is the most abundant internal RNA modification in
mammalian cells and plays a crucial role in regulating
RNA metabolism, such as RNA stability, localization,
alternative splicing, translation and miRNA processing.’
Abnormal m®A modification of key oncogenes or tumor sup-
pressors has been implicated in cancer occurrence and devel-
opment. For example, m°A facilitates growth and progression
of cervical and liver cancer via positively modulating the
glycolysis of cancer cells. Mechanistically, the m®A modified
5'UTR of (pyruvate dehydrogenase kinase 4) PDK4 promotes
its translation elongation and mRNA stability via binding with
YTHDF1 and IGF2BP3.** In oral squamous cell carcinoma
(OSCC), METTL3 targeted the 3" UTR of the oncogene c-Myc
transcript to install the m®A modification, thereby enhancing
its stability and OSCC tumorigenesis.”* m°A modification was
also observed in IncRNAs transcript. The m°A modification
mediated by METTL3 and METTL14 enhanced the stability
of LNCAROD in head and neck squamous cell carcinoma
cells.** METTL3-mediated IncRNA FAM225A inhibits its
degradation in nasopharyngeal cancer cells.®> A recent study
demonstrated that m°A also modulate the interaction between
IncRNA and miRNAs. Decreased m°A modification of
linc1281 attenuated the interaction between linc1281 and let-
7, suggesting that the m®A modification is necessary for the
linc1281-mediated ceRNA model.!> Here, we found that
METTL3 associated with ZFASI, which increased
the m®A level of ZFAS1. However, METTLS3 did not affect
the expression of ZFAS1. Knockdown of METTL3
abolished the miR-647-mediated suppression of luciferase
activity of ZFASI reporter, indicating that ZFAS1 sequestered
miR-647 in a m6A-dependent manner. To date, this is the first

report to identify the m®A modification of ZFAS1 and char-
acterize its role in CC.

Conclusion

In conclusion, we demonstrated ZFAS1 as an oncogenic
IncRNA in CC. ZFAS1 promotes CC cell proliferation and
metastasis by acting as a ceRNA that sponges miR-647,
which is regulated by m°A modification. Our findings
indicated that ZFAS1 may be a prognostic indicator and
promising therapeutic target for CC patients.
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