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Abstract

Long noncoding RNA (IncRNA) is emerging as an essential regulator in the development and progression of cancer, including
cervical cancer (CC). In this study, we found a CC-related IncRNA, KCNMB2-ASI, which was significantly overexpressed in
CC and linked to poor outcomes. Depletion of KCNMB2-AS| remarkably inhibited CC cell proliferation and induced
apoptosis. In vivo xenograft models revealed that knockdown of KCNMB2-AS| evidently delayed tumor growth.
Mechanistically, KCNMB2-AS| was predominantly located in the cytoplasm and served as a competing endogenous RNA to
abundantly sponge miR-130b-5p and miR-4294, resulting in the upregulation of IGF2BP3, a well-documented oncogene in CC.
Moreover, IGF2BP3 was able to bind KCNMB2-AS | by three N®-methyladenosine (m®A) modification sites on KCNMB2-AS|,
in which IGF2BP3 acted as an m°A “reader” and stabilized KCNMB2-AS|. Thus, KCNMB2-AS| and IGF2BP3 formed a
positive regulatory circuit that enlarged the tumorigenic effect of KCNMB2-AS| in CC. Together, our data clearly suggest that
KCNMB2-AS| is a novel oncogenic m*A-modified IncRNA in CC, targeting KCNMB2-AS| and its related molecules implicate
the therapeutic possibility for CC patients.
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Introduction The IncRNA has been proposed to harbor diverse functions,
including the organization of nuclear architecture, transcrip-
tional regulation in cis or trans, regulation of mRNA stabi-
lity, translation, and post-translational modifications, and so
on”®. The well-documented functional model of IncRNA is
as “miRNA molecular sponge,” in which IncRNA serves as a
competing endogenous RNA (ceRNA) that effectively
sponges and inhibits miRNAs to relieve the suppressive

Cervical cancer (CC) is the fourth most frequently diagnosed
cancer and the fourth leading cause of cancer-associated
death among women worldwide, which has become a huge
economic burden, especially in many underdeveloped coun-
tries'. Over the last few decades, despite many drugs or
vaccines have been developed to antagonize CC, such as
human papillomavirus (HPV) vaccination programs>, the
S-year survival rate is still not optimistic, especially for
high-risk cases®. Therefore, continued dissection into
mechanisms governing CC progression may yield promising ! Department of Gynaecology, Shengjing Hospital of China Medical
therapeutic insights. University, Shenyang, Liaoning, China
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Table I. The Correlations Between KCNMB2-AS| Expression and
Clinicopathological Characteristics of Patients with Cervical
Cancer.

KCNMB2-ASI
expression
All cases Low High P
Parameters (n=82) (n=41) (n=41) value
Age (years)
<45 38 18 20 0.658
>45 44 23 21
Histology
Squamous 45 22 23 0.824
Adenocarcinoma 37 19 18
Tumor size
<4 cm 50 30 20 0.024
>4 cm 32 I 21
International Federation of Gynecology and Obstetrics stage
land Il 60 35 25 0.013
1l 22 6 16
Lymph node metastasis
Negative 52 31 21 0.022
Positive 30 10 20
Tumor differentiation
Well/moderate 51 29 22 0.111
Poor 31 12 19
HPV infection
Negative 65 37 28 0.014
Positive 17 4 13
miR-130b-5p
Low 41 15 26 0.015
High 41 26 15
miR-4294
Low 41 14 27 0.004
High 41 27 14

HPV detection was performed by Hybrid Capture 2 (HC2) HPV DNA test
(Digene).
HPV: human papillomavirus.

effects of miRNAs on their targets’. Nevertheless, the pre-
mise is that IncRNA is located in the cytoplasm'’.

Up to now, extensive studies have shown that IncRNA is
frequently deregulated in cancer and functions as a tumor
suppressor or oncogene through sponging miRNAs. For
instance, 1inc00173 was recently proposed as a promoter
of small cell lung cancer, and it could abundantly absorb
miR-218 and elevate GSKIP and NDRGI, leading to the
nuclear translocation of B-catenin and subsequent transcrip-
tional upregulation of oncogenic Etk''. HLA-F-AS1 was
shown to be significantly overexpressed in colorectal cancer
and promoted colorectal cancer cell proliferation, migration,
and invasion by increasing PFN1 expression via sponging
and repressing miR-330-3p'2.

In the present study, we characterized a previously uncon-
cerned IncRNA, KCNMB2-AS1. We found that
KCNMB2-AS1 was dysregulated in CC tissues and played
a pivotal role in CC tumorigenesis. Moreover, we also dec-
iphered the underlying mechanism of KCNMB2-AS1 in CC.

Materials and Methods
CC Tissues and Cell Lines

The current study was conducted on 82 pairs of CC and
adjacent normal specimens, which was histopathologically
and clinically diagnosed at Shengjing Hospital of China
Medical University. We collected the clinicopathological
data of these patients and analyzed the correlations between
them and KCNMB2-ASI1 expression (Table 1). Patients who
received antitumor therapy before the operation were
excluded. All patients provided informed consent, and this
study was approved by the ethics committee of Shengjing
Hospital of China Medical University (No. SHK168509).
Two CC cell lines, including SiHa and HeLa, were pur-
chased from ATCC (Manassas, VA, USA) and cultured in
high-glucose Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% fetal bovine serum and 100 U/ml
penicillin, 100 g/ml streptomycin at 37 °C in humidified air
containing 5% carbon dioxide. Mycoplasma contamination
was tested by the EZ-PCR Mycoplasma Test Kit
(#20-700-10, BIOIND, Guangzhou, China) before the cells
were used.

Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR)

Total RNA was isolated by using TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA) as per the standard protocols, fol-
lowed by reverse transcription into cDNA by using GoScript
Reverse Transcription System with AMV Reverse Tran-
scriptase (Promega, Madison, WI, USA). Then, cDNA was
amplified and quantified by using GoTaq qPCR Master Mix
(Promega) with 7500 FAST Real-Time PCR Detection Sys-
tem (Applied Biosystems, Cambridge, UK). 27T for-
mula was applied to calculate relative gene expression.

Subcellular Fractionation and Fluorescence
In Situ Hybridization (FISH)

Nuclear and cytoplasmic fragments were extracted by the
nuclear/cytoplasmic fractionation PARIS Kit (Life Technol-
ogies, Carlsbad, CA, USA) according to the manufacturer’s
instruction. Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and U6 were used as endogenous references for
cytoplasm and nucleus, respectively. FISH assay was carried
out by using the IncRNA FISH detection kit provided by
RiboBio (Guangzhou, China) according to the manufactur-
er’s instruction.

Generation of Stably Engineered Cell Lines

Two KCNMB2-AS1 shRNA plasmids were transfected into
the PT67, an NIH3T3-derived packaging cell line (Clontech,
San Francisco, CA, USA) by using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instruction.
Subsequently, the supernatants were collected and infected
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into SiHa and HeLa cells for 24 h in the presence of 8 pg/ml
polybrene. After infection, stably transduced cells were
obtained by adding 1.5 pg/ml puromycin into the DMEM.

Functional Assays

For cell counting kit-8 (CCK-8) assay, SiHa and HeLa cells
were plated onto 96-well plates and cultured for 1 to 3 days.
Then, each well was added with CCK-8 solution (Dojindo,
Kumamoto, Japan) and incubated for 2 h at 37 °C. The
absorbance at 450 nm was detected by using an automatic
microplate spectrophotometer (SpectraMax, San Francisco,
CA, USA). For colony formation assay, cells were plated
onto six-well plates and cultured for 14 days with the
medium changing every 3 days, followed by staining with
crystal violet. For measuring the DNA synthesis rate, the
Cell-Light EQU Detection Kit (RiboBio, Guangzhou, China)
was used, and the EdU-positive cells were counted and
photographed in eight random fields. Besides, the apoptotic
cells were detected by the Annexin V-PE/7-AAD Apoptosis
Detection Kit (BD Biosciences, San Jose, CA, USA) follow-
ing the manufacturer’s manual. The results were analyzed by
a flow cytometer (FACSCanto II, BD Biosciences) with
20,000 acquired events. Cells negative for Annexin V-PE
and negative for 7-AAD are living cells; cells positive for
Annexin V-PE and negative for 7-AAD are cells in early
apoptosis; cells positive for Annexin V-PE and positive for
7-AAD are cells in late apoptosis, and cells negative for
Annexin V-PE and positive for 7-AAD are cells in necrosis.
For the representation of apoptosis, the sum of early and late
apoptosis was performed.

Tumor Xenogrdfts In Vivo and
Immunohistochemistry (IHC)

A total of 1 x 107 control or KCNMB2-AS1-depleted SiHa
cells were resuspended in 0.1 ml phosphate-buffered saline
and inoculated into the armpit of 5-week-old male BALB/c
nude mice. Tumor volume was measured once a week by
using a Vernier caliper. In the fourth week, all mice were
sacrificed, and the tumor tissues were carefully isolated.
Then, all tumor tissues were paraffin embedded and used for
IHC staining with anti-Ki-67 (#ab15580, Abcam, Cam-
bridge, UK) and anti-IGF2BP3 antibodies (#ab177942,
Abcam). The positive cells were counted and photographed
in eight random fields with an inverted optical microscope
(CX22, Olympus, Tokyo, Japan). This study was approved
by the Institutional Ethical Review Board and Animal Wel-
fare and Research Ethics Committee of Shengjing Hospital
of China Medical University (No. SHK168509).

RNA Pull-Down Assay

The biotin-labeled control and KCNMB2-AS1 probes were
in vitro transcribed and synthesized by using T7 High Yield
RNA Synthesis Kit (Ambion, Austin, TX, USA) and RNA

3’-End Biotinylation Kit (Thermo Fisher Scientific, MA,
USA) following the manufacturer’s recommendations. Sub-
sequently, SiHa and HeLa cell lysates were collected and
incubated with 50 pmol above biotinylated probes at 25 °C
for 1 h with agitation, followed by the addition with
Streptavidin-magnetic C1 beads (Invitrogen) and incubation
for 30 min. The beads-KCNMB2-AS1-miRNA mixture was
washed and eluted for qRT-PCR analysis of the indicated
miRNA expression.

Luciferase Reporter Assay

The full-length wild-type or mutant KCNMB2-AS1 and
IGF2BP3 3’-untranslated region (UTR) sequences were
synthesized and cloned into pmiGLO luciferase vector
(Promega) at Sacl and Sall restriction sites. Then, control
or miR-130b-5p/miR-4294 mimics (RiboBio) were
co-transfected with above luciferase vectors into SiHa and
HeLa cells by using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s instruction. After 48 h, the
dual-luciferase reporter assay was performed by using a
commercial kit (Promega) as per the standard protocols.

Western Blot

Western blot assay was performed according to a previously
described standard method'?. In brief, total protein was col-
lected and boiled in sodium dodecyl sulfate buffer for 5 min
at 100 °C, followed by electrophoresis, transfer, and block-
ing. Then, the blot was incubated with anti-IGF2BP3
(#ab177942, Abcam), anti-GAPDH antibodies (#ab9485,
Abcam), and a goat-derived secondary antibody. The protein
signal intensity was assessed by using the chemilumines-
cence detection system (Bio-Rad, Richmond, CA, USA).

RNA Immunoprecipitation (RIP)

We used anti-IGF2BP3 (#ab177942, Abcam) antibody to
pull down KCNMB2-AS1. The protein A/G beads (Santa
Cruz Biotechnology, Dallas, Texas, USA) were applied to
recover the IGF2BP3 antibody, and then, the RNA level of
KCNMB2-AS1 in the precipitates was determined by
gqRT-PCR analysis. For assessing the m®A level of
KCNMB2-AS1, the methylated RIP (MeRIP) assay was per-
formed by using Magna MeRIP m°A Kit (Merck Millipore,
Schwalbach, Germany) according to the manufacturer’s
instruction, followed by RNA extraction and qRT-PCR anal-
ysis of KCNMB2-AS1 expression.

Statistical Analysis

Unless otherwise stated, continuous variables are summar-
ized as mean + SD indicating at least three independent
experiments carried out in triplicate. Differences between
groups were compared as appropriate using Student’s #-test
or chi-square test or analysis of variance. The survival curve
was plotted by the Kaplan—Meier method and analyzed by
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Fig. 1. The upregulation of KCNMB2-ASI is identified in CC. (A, B) The expression level of KCNMB2-AS| in CC and normal tissues from
the Gene Expression Profiling Interactive Analysis online tool and our own cohort. (C) The survival curve of CC patients is based on the
median KCNMB2-AS| expression level. (D, E) qRT-PCR analysis of the location of KCNMB2-AS| in SiHa and Hela cells (three independent
experiments carried out in triplicate). (F) FISH assay showing the cytoplasmic localization of KCNMB2-AS|. The nucleus was stained with
4/ ,6-diamidino-2-phenylindole. **P < 0.001. ANT: adjacent normal tissue; CC: cervical cancer; FISH: fluorescence in situ hybridization;

qRT-PCR: quantitative real-time polymerase chain reaction.

the Log-rank test. P < 0.05 was considered statistically
significant.

Results
KCNMB2-AS | is Frequently Overexpressed in CC

By analyzing the Gene Expression Profiling Interactive
Analysis online database, we found that KCNMB2-AS1 was
significantly upregulated in CC tissues (Fig. 1A). Then, we
collected 82 pairs of CC and adjacent normal tissues and
performed qRT-PCR assay; the results confirmed the upre-
gulation of KCNMB2-ASI1 in CC (Fig. 1B). Moreover, high
KCNMB2-AS1 expression was positively correlated with
tumor size (P = 0.024), advanced International Federation
of Gynecology and Obstetrics stage (P = 0.013), lymph node
metastasis (P = 0.02), and HPV infection (P = 0.014)
(Table 1). Further, we compared the survival curve of CC
patients based on KCNMB2-ASI1 expression level and found
that higher KCNMB2-AS1 expression was linked to shorter
survival time (Fig. 1C). In addition, we detected the

subcellular localization of KCNMB2-AS1 in CC cells by
using qRT-PCR and FISH assays; the results both showed
that KCNMB2-AS1 was mainly located in the cytoplasm
(Fig. 1D-F). These data suggest that KCNMB2-AS1 may
be an oncogenic IncRNA in CC.

Depletion of KCNMB2-AS| Represses the Malignant
Phenotype of CC Cells In Vitro

To explore the functional roles of KCNMB2-AS1 in CC, we
first generated the stable KCNMB2-AS1 knockdown SiHa and
HeLa cell lines (Fig. 2A). The CCK-8 results showed that cell
viability was dramatically weakened after the KCNMB2-AS1
knockdown (Fig. 2B, C). Likewise, less clone-forming cells
were observed in KCNMB2-AS1-silenced CC cells in compar-
ison to control cells (Fig. 2D, E). And depletion of
KCNMB2-AS1 slowed down the DNA synthesis rate of CC
cells, as shown by the EdU staining assay (Fig. 2F, G). Besides,
the number of apoptotic cells was notably increased after the
knockdown of KCNMB2-AS1 (Fig. 2H, I). The above
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Fig. 2. Knockdown of KCNMB2-AS| inhibits CC cell growth and promotes apoptosis. (A) qRT-PCR analysis verifying the stable
KCNMB2-AS| knockdown effect in SiHa and Hela cells. (B-G) CCK-8, colony formation, and EdU assays detecting the viability, colony
formation ability, and DNA synthesis rate of SiHa and Hela cells with KCNMB2-AS| knockdown. (H, I) Annexin V-PE and 7-AAD double
staining testing the apoptotic number of SiHa and Hela cells with KCNMB2-AS| knockdown. **P < 0.01, **P < 0.001. All the above assays
were tested by three independent experiments carried out in triplicate. CC: cervical cancer; CCK-8: cell counting kit-8; qRT-PCR:

quantitative real-time polymerase chain reaction.

functional assays demonstrate that KCNMB2-AS]1 is a promo-
ter of CC aggressive phenotype.

KCNMB2-AS| Knockdown Retards
Tumor Growth In Vivo

To test whether KCNMB2-ASI1 also functions in vivo, we
established the xenograft tumor model by subcutaneous
injection of control or KCNMB2-AS1-depleted SiHa cells
into nude mice. In the fourth week after the injection, we
collected tumor tissues and found that the tumor volume and
weight of the KCNMB2-AS1-depleted group were signifi-
cantly smaller than that of the control group (Fig. 3A-C).
Consistently, the IHC staining results showed that knock-
down of KCNMB2-ASI1 significantly reduced the number

of Ki-67 positive cells (Fig. 3D, E). These in vivo data were
in line with the functional results of KCNMB2-AS1 in vitro.

KCNMB2-AS| Sponges miR-130b-5p
and miR-4294 in CC Cells

Given that the cytoplasmic location of KCNMB2-AS1 in CC
cells, we inferred that KCNMB2-AS1 might function as a
ceRNA to sponge miRNAs. Through using the
IncRNASNP2 online tool, a large number of miRNAs were
predicted to be complemented with KCNMB2-AS1; we then
selected the top five miRNAs to verify according to binding
score. The results of RNA pull-down assay showed that
miR-130b-5p and miR-4294, not the other three miRNAs,
were abundantly pull down by KCNMB2-AS1 in both SiHa
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Fig. 3. Knockdown of KCNMB2-AS| inhibits CC in vivo growth. (A) The image showing the tumor in control and KCNMB2-AS|-depleted
groups. (B, C) Tumor volume and weight in control and KCNMB2-AS|-depleted groups. (D, E) The representative image showing the IHC
staining of Ki-67 in the indicated two groups. **P < 0.01. CC: cervical cancer; IHC: immunohistochemistry.

and HeLa cells (Fig. 4A, B). The complementary sequences
of KCNMB2-AS1 and miR-130b-5p or miR-4294 were
shown in Fig. 4C; we mutated them to perform luciferase
reporter assay. The results showed that overexpression of
miR-130b-5p or miR-4294 significantly reduced the lucifer-
ase activity of the wild-type vector, whereas had no effect on
of the mutant one (Fig. 4D, E). Moreover, the expression
levels of miR-130b-5p and miR-4294 were elevated in
KCNMB2-AS1-depleted CC cells (Fig. 4F, G) and xeno-
grafts (Fig. 4 H), and KCNMB2-AS1 expression was signif-
icantly negatively correlated with miR-130b-5p or
miR-4294 in CC tissues (Table 1). Functionally, the dimin-
ished cell proliferation caused by KCNMB2-AS1 knock-
down was effectively rescued by silencing of miR-130b-5p
or miR-4294 (Fig. 41). Likewise, overexpression of
KCNMB2-AS1 significantly enhanced cell proliferation,
whereas this effect was effectively abolished after mutation
of miR-130b-5p and miR-4294 binding sequences or after
overexpression of miR-130b-5p/miR-4294 (Figure S1).
These data suggest that miR-130b-5p and miR-4294 are
the downstream functional targets of KCNMB2-AS1 in
CC cells.

KCNMB2-AS | Regulates the miR-130b-5p/miR-4294/
IGF2BP3 Axis in CC Cells

Through analyzing the miRWalk database, we found that
IGF2BP3, the well-known oncogene in CC, might be the

common downstream target of miR-130b-5p and
miR-4294 (Fig. 5A). The results of the luciferase reporter
assay showed that ectopic expression of miR-130b-5p or
miR-4294 dramatically decreased the luciferase activity of
wild-type IGF2BP3 3’-UTR vector, while the above effects
were disappeared after mutation of the binding sites
(Fig. 5B, C). Importantly, IGF2BP3 mRNA and protein lev-
els were both downregulated in KCNMB2-AS1-depleted
SiHa and HeLa cells, whereas silencing of miR-130b-5p or
miR-4294 could partially rescue IGF2BP3 expression levels
(Fig. 5D-F). Consistently, the results of IHC staining in
xenografts showed that KCNMB2-AS knockdown reduced
the number of IGF2BP3 positive cells (Fig. 5G, H). Func-
tionally, IGF2BP3 overexpression almost completely
blocked the diminished cell proliferation caused by
KCNMB2-AS depletion (Fig. 51). These data indicate that
IGF2BP3 is the downstream functional target of the
KCNMB2-AS/miR-130b-5p/miR-4294 axis in CC.

KCNMB2-AS is Stabilized by IGF2BP3 Via
N°-Methyladenosine (m°A) Modification

Recently, many IncRNAs have been found to be modified
and regulated by m°®A'®, and we then tested whether
KCNMB2-AS also appeared in m°A modification. The
MeRIP assay results showed that KCNMB2-AS was signif-
icantly enriched by the anti-m°A antibody in comparison to
the immunoglobulin G antibody (Fig. 6A). Given that
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Fig. 4. KCNMB2-AS| functions as a ceRNA. (A, B) RNA pull down in SiHa and Hela cells using biotin-labeled control or KCNMB2-AS|
probe, followed by qRT-PCR analysis. (C-E) The wild-type or mutant KCNMB2-ASI luciferase reporter transfected with control or
miR-130b-5p/miR-4294 mimics into SiHa and Hela cells, followed by the analysis of the luciferase activity. (F-H) qRT-PCR analysis of
miR-130b-5p/miR-4294 expression in KCNMB2-AS|-depleted CC cells and xenografts. (I) miR-130b-5p/miR-4294 mimics were transfected
into KCNMB2-AS|-depleted CC cells, followed by the assessment of cell proliferation. *P < 0.05, **P < 0.01. All the above assays were
tested by three independent experiments carried out in triplicate. CC: cervical cancer; ceRNA: competing endogenous RNA; qRT-PCR:

quantitative real-time polymerase chain reaction.

IGF2BP3 is an RNA-binding protein (RBP) that functions as
an m°A “reader” and stabilizes RNA through its KH3-4
domain'®, we then wondered whether KCNMB2-AS was
affected by IGF2BP3. The qRT-PCR results showed that
KCNMB2-AS1 expression was notably increased by over-
expression of wild-type IGF2BP3, but not by overexpression
of IGF2BP3 with KH3-4 domain mutation (Fig. 6B), and this
upregulation was abrogated after treatment with
3-deazaadenosine (DAA), the global methylation inhibitor

(Fig. 6B). Congruously, exogenous expression of IGF2BP3
significantly extended the half-life of KCNMB2-ASI1 in both
SiHa and HeLa cells (Fig. 6C, D). The RIP results showed
that KCNMB2-AS1 was abundantly enriched by the
IGF2BP3 antibody, and this effect was completely dimin-
ished by DAA treatment (Fig. 6E). Through sequence align-
ment, we found three IGF2BP3-binding motifs (TGGAC) on
KCNMB2-AS1, and then, we replaced the adenosine base in
m®A consensus sequence with thymine to abolish m°A
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with miR-130b-5p/miR-4294 inhibitors. (G, H) The representative image showing the IHC staining of IGF2BP3 in control and KCNMB2-
AS|-depleted groups. (I) IGF2BP3-expressing vector was transfected into KCNMB2-AS|-depleted CC cells, followed by the assessment of
cell proliferation. *P < 0.05, **P < 0.01. CC: cervical cancer; IHC: immunohistochemistry; qRT-PCR: quantitative real-time polymerase chain

reaction; UTR: untranslated region.

modification (Fig. 6F) and constructed the corresponding
luciferase reporter vectors (Fig. 6G). As shown in Fig. 6H, I,
the luciferase activity of the wild-type vector, not of the
mutant one, was substantially increased by overexpression
of IGF2BP3. These results clearly suggest that IGF2BP3
prevents the degradation of KCNMB2-AS1 via m®A mod-
ification (Fig. 7).

Discussion

Recent studies have shown that IncRNA plays a pivotal role
in cancer biology. Up to now, although a small portion of
IncRNAs has been functionally characterized, many mem-
bers in the class remain uncharacterized. Herein, we identi-
fied a new oncogenic IncRNA in CC (KCNMB2-AS1).
KCNMB2-AS1 was remarkably upregulated in CC and
modified by m®A. KCNMB2-AS1 promoted CC tumorigen-
esis both in vitro and in vivo through sponging miR-130b-5p

and miR-4294 and elevating IGF2BP3. In turn, IGF2BP3
was able to bind KCNMB2-AS1 via m°A motifs on
KCNMB2-AS1, resulting in increased KCNMB2-AS1 sta-
bility, thereby forming a positive feedback loop that ampli-
fies the carcinogenic effect of KCNMB2-ASI in CC.

Therefore, our data highlight the essential role of
KCNMB2-AS1 in CC and also provide new evidence for
the biological relevance of m°A modification.

The ceRNA network of IncRNA/miRNA/mRNA has
been proposed as an important and extensive mode of action
in cancer, provided that IncRNA is predominantly localized
in the cytoplasm'®!”. In this study, we used two assays,
including qRT-PCR and FISH, and found that
KCNMB2-ASI is a cytoplasmic IncRNA in CC cells; thus,
we speculated that KCNMB2-AS1 might function as a
ceRNA. A series of subsequent experiments confirmed our
hypothesis and showed that KCNMB2-AS1 could directly
bind miR-130b-5p and miR-4294, leading to increasing the
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expression of their common target, IGF2BP3. IGF2BP3 is a
well-documented oncogene that is shown to be frequently
upregulated in various human cancers, including CC, which
is linked to aggressive clinical features and unfavorable
prognosis'®'°. Consistently, silencing of miR-130b-5p/
miR-4294 or overexpression of IGF2BP3 could effectively
rescue the attenuated malignant phenotype of CC cells
induced by KCNMB2-ASI1, indicating that the ceRNA net-
work of KCNMB2-AS1/miR-130b-5p/miR-4294/1GF2BP3

does exist and is functional. Whether KCNMB2-AS]1 is also
an oncogene as well as a ceRNA in other malignant tumors
may be worthy of further investigation.

Recently, RNA modifications are gaining great interest of
biologists worldwide, especially m®A modification. m°A
modification is the most prevalent internal RNA modifica-
tion that mainly occurs at a consensus sequence of RRACH
(R=G or A; H=A, C, or U)*°. It is involved in RNA splicing,
stabilization, translocation, and even translation, and this
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process includes “writers,” “readers,” and “erasers,” and
they are delicately balanced to support normal cellular func-
tions?!. Specifically, “readers” are some RBPs (YTH
domain family proteins and IGF2BPs) that can recognize
m®A modification and affect gene expression and cancer
biology*?. IGF2BPs consists of IGF2BP1, IGF2BP2, and
IGF2BP3, which have early been proven to preferentially
bind to the “UGGAC” consensus sequence containing the
“GGAC” m°A core motif and increase the stability and stor-
age of their targets'>. In agreement with the recent report
showing that IGF2BPs acted as a “reader” for m®A modified
IncRNA?, we found that IGF2BP3 could physically bind to
m°A modified KCNMB2-AS1 and decrease its decay, result-
ing in elevating KCNMB2-AS1 expression. Of note, muta-
tion of the KH3-4 domain, the critical region for IGF2BP3
m®A “reader” function, evidently blocked the upregulation
effect of KCNMB2-AS1, suggesting that IGF2BP3 increases
KCNMB2-AS]1 level in an m®A-dependent manner. There-
fore, a regulatory feed-forward loop mediated by m°A mod-
ification is formed between KCNMB2-AS1 and IGF2BP3. It
will be of great interest to explore whether this phenomenon
also exists in other malignancies.

Taken together, our study for the first time demonstrates
that m°A modified KCNMB2-AS1 functions as an onco-
genic IncRNA in CC by regulating the miR-130b-5p/
miR-4294/IGF2BP3 signal axis, which provides a promising
prognostic biomarker and druggable target for CC patients.
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