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AC010883.5 promotes cell e

proliferation, invasion, migration,

and epithelial-to-mesenchymal transition
in cervical cancer by modulating the MAPK
signaling pathway
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Abstract

Homo sapiens chromosome 2 clone RP11-339H12 (AC010883.5) is a dysregulated long non-coding RNA (IncRNA) that
has never been investigated in cervical cancer (CC). Thus, the potential function and molecular mechanism remain
unclear. Our study explored the biological function of AC070883.5 to determine the underlying mechanisms in CC
and provide potential therapeutic targets for improving the clinical treatment strategy. We used quantitative real-time
polymerase chain reaction to measure mitochondrial RNA levels and western blot to measure the protein levels of
target genes. Further, we used Cell Counting Kit-8 and 5-Bromo-2'-deoxyuridine incorporation assays to evaluate cell
proliferation in vitro. Cell apoptosis was analyzed by flow cytometry. Cell invasion was analyzed by wound healing
and Transwell migration assays was ued to analyze cell migration. Finally, the biological function and mechanism of
AC010883.5 in CC growth were evaluated by in vivo xenograft assay. AC010883.5 was enhanced in CC tissues and cell
lines, and enhanced AC070883.5 expression accelerated CC cell proliferation, migration, and invasion and induced
epithelial-mesenchymal transition in vitro and in vivo. AC010883.5 also activated the mitogen-activated protein kinase
(MAPK) signaling pathway by promoting phosphorylation of extracellular signal-regulated kinase 1/2 (i.e., ERK1/2)

and MAPK kinase 1/2 (i.e., MEK1/2). Blocking the MAPK signaling pathway could counteract the pro-proliferative,
pro-migrative, and pro-invasive effects of AC010883.5 over-expression. We found that the INncCRNA, AC010883.5, is an
oncogenic molecule involved in CC tumor progression via dysregulation of the MAPK signaling pathway, implying
that ACO10883.5 could be a tumor progression and therapeutic response biomarker.
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Introduction

Cervical cancer (CC) is the second most common malig-
nancy with the highest mortality in females worldwide,
ranking just after breast cancer. Globally, there are almost
527 000 new cancer cases and 265 000 patient deaths
per year [1]. Despite worldwide screening and advances
in early diagnosis and targeted treatments, the overall
prognosis of patients with advanced CC remains poor.
Therefore, it is imperative to elucidate the pathogenesis
underpinning carcinogenesis and progression.

Long non-coding RNAs (IncRNAs) are RNA tran-
scripts longer than 200 nucleotides, often polyade-
nylated, and devoid of evident open reading frames [2].
Accumulating evidence suggests that IncRNAs partici-
pate in CC progression. For example, HOX transcript
antisense RNA (i.e.,, HOTAIR) gene expression is strictly
controlled by the human papillomavirus (HPV) E7 pro-
tein [3], acting as a sponge to alter the miR-143-3p/BCL2
axis favoring cancer cell growth [4] and the miR-129-5p/
RPL14 axis promoting cell proliferation and metastasis
[5]. Further, miR-145 sponging by metastasis-associated
lung adenocarcinoma transcript 1 (i.e., MALATI) was
involved in radio-resistance in radiotherapy [6] and iden-
tified as a potential therapeutic target and prognostic
biomarker [7].

Our research group screened out five IncRNAs most
related to the biological functions of cervical cancer
through bioinformatics analysis, and determined that
ACO010883.5 has the strongest ability to regulate cell
growth compared with other IncRNAs through cell
experiments. To our knowledge, the IncRNA, homo sapi-
ens chromosome 2 clone RP11-339H12 (AC010883.5),
located on human chromosome 2p, has never been stud-
ied in CC. Our previous research on AC010883.5 was
limited to cell proliferation assays and the correlation
between its expression and clinical pathology. Thus, the
potential function and molecular mechanism remain
unclear. Our study explored the biological function of
AC010883.5 to determine the underlying mechanisms in
CC and provide potential therapeutic targets for improv-
ing the clinical treatment strategy.

Materials and methods

Clinical samples

We collected ten CC and paracancerous tissue pairs
from patients with CC from the East Hospital affiliated
with the Tongji University of Medicine between 2019 and
2020. Patients pathologically diagnosed with CC with no
history of radiochemotherapy or other adjuvant therapies
were included. Patients with distant metastasis or other
malignant tumors or who were pregnant or lactating
were excluded. The Ethics Committee of the Affiliated
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Tumor Hospital of Xinjiang Medical University approved
the present study. All patients have signed the written
informed consent forms before surgical resection. Fol-
lowing collection, tissue samples were snap-frozen and
stored at — 80 °C before use.

Cell culture and reagents

CC-derived cell lines (SiHa, Hela, Caski, and C-33A)
and a normal epithelial-derived cell line (HcerEpic)
were obtained from the Institute of Cell Research,
Chinese Academy of Sciences (Shanghai, China) for
functional analyses. Hela and SiHa were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Procell,
Wuhan, China), Caski in Roswell Park Memorial Insti-
tute medium (RPMIL Invitrogen, Carlsbad, USA), and
C-33A in minimal essential medium (MEM; Invitrogen,
Carlsbad, USA) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin (HyClone,
Logan, UT, USA) with 5% carbon dioxide (CO,) at 37 °C.
When appropriate, the cells were treated with 10 uM of
PD98059 (MCE; Beverly, MA, USA).

AC010883.5 knockdown and overexpression

For in vitro experiments, to knock down AC010883.5
expression in SiHa cells, small interfering RNAs (siR-
NAs) targeting AC010883.5 (siRNA1-siRNA4) and a
negative control (siNC) were purchased from GeneP-
harma (Shanghai, China). The siRNA sequences were
as follows: siRNA1l, CUACUACCCUUCCAAAGCU;
siRNA2, CUCAAGAUAACUAUUACCA; siRNA3, CAA
GACACAUCCUAGAGCA; siRNA4, GAUAACUAU
UACCAUCCCA. To upregulate AC010883.5 expression
in C-33A cells, the AC010883.5 sequence was inserted
into pcDNA3.1 vectors to construct AC010883.5 expres-
sion vectors (0eAC010883.5). Empty plasmid pcDNA3.1
was used as a negative control. For subsequent experi-
ments, SiHa and C-33A were harvested 24 h after siRNA
or plasmid transfection. AC010883.5 knockdown and
overexpression efficiencies were detected by quantita-
tive real-time polymerase chain reaction (QRT-PCR). The
two most effective siRNAs were used in the functional
experiments.

For in vivo experiments, short hairpin RNA (shRNA)
targeting AC010883.5 generated from siRNA2 and
a scrambled shRNA were cloned into pLKO.1-puro
(Addgen, MA, USA). Lentiviral particles were generated
in 293 T cells by co-transfecting a lentiviral plasmid and
packaging plasmid (psPAX and pMD2.G, Addgene, MA,
USA) using Lipofectamine 2000 (Thermo Fisher Sci-
entific, NY, USA). After 48 h, the transfected lentiviral
supernatants were filtered for further infection of SiHa
cells and prepared for tumor formation in a nude mice
experiment.
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Cell proliferation assay

The proliferative capacity was evaluated by Cell Count-
ing Kit-8 (CCK-8) assay (SAB, MA, USA, CP002) at 0, 24,
48, and 72 h. Cells (3 x 10*/well) were seeded into 96-well
plates and incubated at 37 °C in 5% CO, and treated with
CCK-8 every 24 h. The absorbance was measured at
450 nm, and a proliferation curve was plotted based on
optical density values detected by a microplate reader
(Perlove Medical; DNM-9602).

A 5-Bromo-2’-deoxyuridine (BrdU) incorporation assay
was performed with the Cell-Light™ BrdU Apollo®643
In Vitro Imaging Kit (RiboBio, Guangzhou, China). Cells
(5 x 10*/well) were harvested and treated with BrdU,
fixed for 30 min and incubated using peroxidase-coupled
anti-BrdU-antibody (Sigma Aldrich) for 1 h. The samples
were analyzed using a Zeiss fluorescence photomicro-
scope (Carl Zeiss, Oberkochen, Germany) by randomly
counting ten fields.

qRT-PCR

The gene mRNA expression levels were estimated by
qRT-PCR. Total RNA was extracted using TRIzol rea-
gent (1596—026, Invitrogen, Carlsbad, USA). First-strand
complementary DNA was synthesized from total RNA
using the SuperScript II first-strand synthesis system
(Invitrogen Carlsbad, USA). The target gene primer
sequences were: glyceraldehyde 3-phosphate dehydroge-
nase (GAPDH): F 5-TGCACCACCAACTGCTTAGC-3/,
R 5-GGCATGGACTGTGGTCATGA-3; AC010883.5:
F 5-AAGGCAAACTCTGCAAAGACAG-3;, R 5-TCC
AAGGAAAGGGCAAACC-3! The relative mRNA levels
were quantified using the 2724T method with GAPDH
as an internal control.

Cell apoptosis

Annexin V and propidium iodide (PI) staining were
applied using an Annexin V-FITC Apoptosis Detection
kit (Beyotime Biotechnology, Shanghai, CHN, C1062).
Cells (3 x 10*/well) were harvested and resuspended
in staining buffer then stained with 10 pL of Annexin
V and 5 pL of PI solution in the dark for 15 min. Apop-
totic cells were analyzed via a BD FACSCanto = II flow
cytometer (BD Biosciences, USA), after which FlowJo
Software (v10.4; FlowJo LLC, Ashland, OR, USA) was
used for data analysis.

Wound-healing assay

For the wound healing assay, 8 x 10° cells were seeded
into 6—well plates until reaching to a density of 60%.
Cells were wounded using a pipette tip and incubated in
serum-free medium. Cell images were captured at 12-h
intervals and photographed with an inverted microscope.
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Then, the wound closure percentage was measured.
Scratch areas were measured using the Image J software.
Wound healing percentage (%) was quantified using the
percentage change in the normalized measurement area
divided by the original open area according to the for-
mula: Wound healing percentage (%)=[A (0)—A (t)/A
(0)] x 100 where the area (A) at time zero (0) and the area
after incubation time (t) were used to calculate the per-
cent wound healing [8].

Transwell assay

For the migration assay, cells were suspended in a serum-
free medium, then 5 x 10* cells in 200 pL of serum-free
medium were seeded into the upper chamber coated with
or without Matrigel. The lower chamber received 700 pL
of complete medium supplemented with 10% FBS. After
24 h, the invaded or migrated cells were fixed with 50%
methanol, then stained with 0.5% crystal violet solution
for 30 min at room temperature. The numbers of invaded
and migrated cells were evaluated via microscopy (Olym-
pus Corporation) by randomly selecting three fields.

Western blotting

Radio-Immunoprecipitation Assay (i.e.,, RIPA) buffer
(Beyotime Biotechnology, CA, China) supplemented
with 1 nM of benzylsulfinyl fluoride was added to extract
total proteins from the cells or tumor samples, followed
by a bicinchoninic acid (i.e., BCA) assay (Beyotime) to
quantify the protein concentrations. The proteins (30 pug)
were separated using a 10% sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (i.e., SDS-PAGE) gel,
then transferred to polyvinylidene fluoride membrane
(EMD Millipore, Burlington, MA, USA). The membrane
was blocked for 2 h with non-fat milk followed by pri-
mary antibody incubation, including E-cadherin (1:1000;
Abcam; No. ab231303), N-cadherin (1:1000; Abcam;
No. ab18203), ERK1/2 (1:1000; Abcam; No. ab184699),
p-ERK1/2 (1:1000; Abcam; No. ab223500), MEK1/2
(1:500; Affinity; No. AF6385), p-MEK1/2 (1:500; Affin-
ity; No. AF8035), and GAPDH (1:1000; Proteintech;
#60,004—1-1G) at 4 °C overnight. The blots were washed
with TBS-T and treated with horseradish peroxidase-
conjugated polyclonal goat anti-rabbit immunoglobulin
G (IgG; 1:1000; No. A0208) or polyclonal goat anti-
mouse IgG (1:1000; Beyotime; No. A0216) for 1 h at
ambient temperatures. An enhanced chemiluminescence
kit (Beyotime; WBKLS0100) was used to assess the pro-
tein bands.

Mouse tumor xenograft model

Female BALB/c nude mice (5-6 weeks old, 15-20 g) from
Shanghai Slark Experimental Animal Company were
housed in specific pathogen-free conditions. Animals
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were randomized into two groups (six mice per group).
SiHa cells were suspended in phosphate-buffered saline
at 2 x 10’/mL, then 100 uL were subcutaneously injected
to the right flank of each mouse. The tumor volume was
measured every three days and calculated as follows:
tumor volume [mm?®]=length x width [2] x 0.5. Mice
were sacrificed 33 days after implantation, and the speci-
men was collected for weight measurements and in vitro
assays. All experiments involving animals were approved
by the Animal Care and Use Committee at Tongji Uni-
versity and followed by Guidelines for the ethical review
of laboratory animal welfare People’s Republic of China
National Standard GB/T 35,892-2018.

Statistical analyses

All data analysis was performed using GraphPad Prism
version 6.0 (GraphPad Software, La Jolla, USA) and SPSS
version 22 (IBM Corp., Armonk, NY, USA). The data
were expressed as means =+ standard deviations. Continu-
ous data were analyzed using Student’s t-test or one-way
analysis of variance. p<0.05 was considered statistically
significant.

Results

AC010883.5 expression in CC tissues and cell lines
AC010883.5 expression was significantly enhanced in
the cancer tissues compared with the adjacent tissues
(Fig. 1A). Generally, AC010883.5 was expressed more in
the CC cell lines than in the HcerEpic cell line (Fig. 1B).
The function of IncRNAs is strongly linked to subcellular
distribution in cells. Therefore, qRT-PCR was performed
to distinguish the subcellular distribution of AC010883.5
in the SiHa and C-33A cell lines using GAPDH and U6
as cytoplasmic and nuclear references, respectively.
AC010883.5 was substantially enriched in the cytoplasm
(Fig. 1C). Further, AC010883.5 knockdown with siRNAs
(siAC010883.5-1, siAC010883.5-2, siAC010883.5-3,
siAC010883.5—4) dramatically decreased AC010883.5
expression in SiHa cells (Fig. 1D). The CCK-8 analysis
also demonstrated that viable SiHa cells were remarkably
decreased after silencing AC010883.5 (Fig. 1E).

Silenced AC070883.5 suppressed SiHa cell proliferation,
induced apoptosis, and repressed cell migration
and invasion
To discriminate the effects of AC010883.5 on cervical
cells, we first generated cells with stably knocked down
AC010883.5 (transfection with siAC010883.5-2 and
siAC010883.5-3) and SiHa control cells (transfection
with siNC, an empty control); we evaluated the efficiency
by qRT-PCR (Fig. 2A).

In SiHa cells, silencing AC010883.5 suppressed cell sur-
vival (CCK-8 assay; Fig. 2B) and significantly restrained

Page 4 of 11

cell proliferation (BrdU incorporation assay; Fig. 2C).
Silencing AC010883.5 also arrested the cell cycle at the
G1 phase (Fig. 2D) and induced apoptosis (flow cytom-
etry, Fig. 2E). Furthermore, silencing AC010883.5 greatly
inhibited cells migration (Transwell migration and
wound healing assays; Fig. 2F, H) and remarkably slowed
cell invasion (Transwell invasion assay; Fig. 2G).

Epithelial-mesenchymal transition (EMT) is one of the
most important indicators of cancer metastasis. Thus, we
explored the correlation between AC010883.5 and EMT.
Silencing AC010883.5 decreased the N-cadherin protein
level and enhanced the E-cadherin protein level in SiHa
cells compared to control cells (Fig. 2I), indicating that
AC010883.5 could be involved in EMT.

Overexpressing AC010883.5 accelerated C-33A cell
proliferation, inhibited apoptosis, and promoted cell
migration and invasion

We also constructed stably overexpressed AC010883.5
cells (transfection with an AC010883.5 overexpression
vector) and control C-33A cells (transfection with an
empty vector); we evaluated the efficiency by qRT-PCR
(Fig. 3A).

In C-33A cells, overexpressing AC010883.5 promoted
cell survival (CCK-8 assay; Fig. 3B) and significantly
improved cell proliferation (BrdU incorporation assay;
Fig. 3C). Overexpressing AC010883.5 also induced
cell cycle transitions; the ratio of cells in the G1 phase
decreased while the ratio in the S phase increased
(Fig. 3D). Overexpressed AC010883.5 repressed cell
apoptosis (flow cytometry, Fig. 3E), increased cell migra-
tion (wound healing assay; Fig. 3F, H), and markedly
accelerated cell invasion (Transwell migration assay;
Fig. 3G). Regarding the EMT analysis, overexpressing
AC010883.5 enhanced the N-cadherin protein level and
decreased the E-cadherin protein level in C-33A cells
(Fig. 3I).

AC010883.5 activates the mitogen-activated protein kinase
(MAPK) signaling pathway

The MAPK signaling pathway is of known importance
in CC progression [9]. Therefore, we investigated the
role of this pathway in cell phenotype adjustments
under the influence of AC010883.5. We evaluated the
phosphorylation levels of MAPK kinase (MEK; p-MEK)
and extracellular signal-regulated kinase (ERK) 1/2
(p-ERK1/2), key biomarkers of MAPK signaling pathway
activation, by western blot. p-MEK1/2 and p-ERK1/2 sig-
nificantly increased in AC010883.5 overexpressing cells
and decreased in AC010883.5 knockdown cells (Fig. 4A).
Therefore, we hypothesized that the MAPK pathway was
involved in AC010883.5 function in CC cells.
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Fig. 1 The relative expression and subcellular location of AC010883.5. A. qRT-PCR analysis of AC010883.5 expression in CC and adjacent cervical
tissues from ten patients. B. qRT-PCR analyses of AC070883.5 expression in four CC cell lines and one normal cell line. C. An investigation of the
subcellular location of AC070883.5 in SiHa and C-33A cells by gPCR. The original magnification was 400 x . D. AC070883.5 expression in SiHa cells
transfected with si-NC or one of four experimental siRNAs. E. CCK-8 analysis of AC010883.5 expression in SiHa cells transfected with si-NC or siRNA
110 4. The error bars represent the mean = SD of at least three experiments. N= 3. All gPCR results were normalized to GAPDH. *P<0.05, **P < 0.01,
and ***P<0.001. Abbreviations: gRT-PCR, quantitative real-time polymerase chain reaction; CC, cervical cancer; si-NC, negative control SiRNA; siRNA,
small interfering RNA; CCK-8, Cell Counting Kit-8; DAPI, 4/,6-diamidino-2-phenylindole

The MAPK pathway inhibitor, PD98059, was used to  Proliferation and cell cycle analyses revealed that PD98059
block the activation signal in AC010883.5 overexpressed  suppressed AC010883.5-mediated cell proliferation and
C-33A cells to investigate whether AC010883.5 promotes  cell cycle transition and reversed apoptosis inhibition in
CC progression through the MAPK signaling pathway.  C-33A cells (Fig. 4B—E). Consistently, PD98059 suppressed
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Fig. 2 Silencing AC070883.5 suppressed prohferauon and progression in SiHa cells. A. gRT-PCR analysis of AC070883.5 expression in SiHa

cells transfected with shRNA-2 and shRNA-3. B. CCK-8 analysis of viable SiHa cells under AC010883.5 treatment (silenced vs. control). C. BrdU
incorporation analysis of proliferative SiHa cells under AC010883.5 treatment (silenced vs. control). D. Cell cycle quantification of SiHa cells using
flow cytometry. E. Flow cytometry analysis of apoptotic SiHa cells under AC010883.5 treatment (silenced vs. control). F. Transwell migration analysis
of migrative SiHa cells under AC010883.5 treatment (silenced vs. control). G. Transwell invasion analysis of invasive SiHa cells under AC010883.5
treatment (silenced vs. control); H. Wound healing analysis of migrative SiHa cells under AC010883.5 treatment (silenced vs. control). . Western
blots of E-cadherin and N-cadherin in SiHa cells under AC010883.5 treatment (silenced vs. control). N=3; Abbreviations: qRT-PCR, quantitative
real-time polymerase chain reaction; shRNA, short hairpin RNA; CCK-8, Cell Counting Kit-8; BrdU, 5-Bromo-2"-deoxyuridine. *P < 0.05, **P <0.01, and

***p<0.001

AC010883.5-mediated cell migration and invasion in
C-33A cells (wound healing and Transwell migration
assays; Fig. 4F—H). Moreover, PD98059 reversed the effects
of AC010883.5 overexpression on the ERK1/2 and MEK1/2
phosphorylation (western blot; Fig. 4I). These results sug-
gest that AC010883.5 promotes proliferation, invasion, and
migration of CC cells by activating the MAPK pathway.

AC0170883.5 knockdown inhibited CC tumor growth in vivo
To explore the function of AC010883.5 in vivo, nude
mice were used to establish a xenograft mouse model
by subcutaneously injecting control or stably knocking

down AC010883.5 SiHa cells. The tumor sizes and
weights of the shAC010883.5 mice were significantly
less than the control mice (Fig. 5A—-C). As expected, the
shAC010883.5 mice had lower AC010883.5 expression
than the control mice (Fig. 5D).

Next, we evaluated proliferation biomarkers in the
xenograft tumors. Proliferating cell nuclear antigen
(PCNA) and Ki67 expression were significantly down-
regulated in the shAC010883.5 mice compared with the
control mice (Fig. 5E-G), indicating that AC010883.5
downregulation suppressed tumor growth in vivo, con-
sistent with in vitro.
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Fig. 3 Overexpressed AC010883.5 promoted proliferation and progression in C-33A cells. A. gRT-PCR analyses of AC070883.5 expression in C-33A
cells transfected with the 0eAC010883.5 vector. B. CCK-8 analysis of viable C-33A cells under AC010883.5 treatment (overexpressed vs. control). C.

BrdU incorporation analysis of proliferative C-33A cells under AC010883.5 treatment (overexpressed vs. control). D. Quantification of flow cytometry
results in C33-A cells under AC010883.5 treatment (overexpressed vs. control). E. Flow cytometry analysis of apoptotic C-33A cells under AC010883.5
treatment (overexpressed vs. control). F. Transwell migration analysis of migrative C-33A cells under AC010883.5 treatment (overexpressed vs.
control). G. Transwell invasion analysis of invasive C-33A cells under AC010883.5 treatment (overexpressed vs. control). H. Wound healing analysis of
migrative C-33A cells under AC010883.5 treatment (overexpressed vs. control). I. Western blots of E-cadherin and N-cadherin in C-33A cells under
AC010883.5 treatment (overexpressed vs. control). Abbreviations: gRT-PCR, quantitative real-time polymerase chain reaction; CCK-8, Cell Counting

Kit-8; BrdU, 5-Bromo-2"-deoxyuridine

More importantly, AC010883.5 knockdown downregu-
lated the ERK1/2 and MEK1/2 phosphorylation levels in
xenograft tumors (Fig. 5H). Collectively, these data dem-
onstrate that AC010883.5 modulates CC growth via the
MAPK signaling pathway.

Discussion

CC is a lethal malignancy posing a serious threat
to the lives of females [10]. Despite advances in treatment
and screening, the resistance to therapy and high recur-
rence rates pose challenges to physicians and patients [11,

12]. Therefore, finding new biomarkers to CC improve
treatment strategies and prognosis predictions is crucial.

In recent decades, the biological functions of IncRNAs
have been widely investigated [13, 14]. Abnormal expres-
sion of lincRNAs are considered to be key factors in the
tumorigenesis of cancers [15, 16]. Additionally, an increas-
ing number of studies implicate IncRNAs in CC. Several
IncRNAs, including HOTAIR [17], HI19 [18], mucosa-
associated lymphoid tissue 1 (i.e., MALTI) [19], growth
arrest-specific 5 (i.e., GASS5) [20], cervical carcinoma
high expressed 1 (i.e., CCHEI) [17], and Pvtl oncogene
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(i.e., PVTI) [21], are crucial in tumorigenesis, invasion,
metastasis, and radio-resistance [22-24]. HOTAIR is
significantly associated with CC progression, increasing
proliferation, migration, invasion, and EMT by increasing
enhancer of zeste homolog 2 (i.e., EZH2) and trimethyla-
tion of histone H3 at lysine 27 (i.e., H3K27me3) binding
of the antagonist naked cuticle homolog 1 (i.e., NKDI)

[3]. Differentiation antagonizing non-protein coding RNA
(i.e., DANCR) has also been significantly implicated in CC
development, augmenting cell adhesion, viability, inva-
siveness, and migration by down-regulating p-GSK3f
and S-catenin expression and suppressing Wnt/[-catenin
pathway activation [25]. Further, H19, controlled by
the HPV16 E6 protein, remarkably correlated with CC
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progression by increasing cell migration, invasion, and
proliferation through working as a molecular sponge for
miR-138-5p in epithelial cells [26]. These results high-
light that IncRNA deregulation occurs in carcinogenesis
and progression and exerts both oncogenic and tumor
inhibition functions related to CC. AC010883.5 is located
at chromosome 2:43.46, is 216626 bp long [27], and is
involved in inflammatory bowel disease [28]. In this study,
we reported the function and localization of AC010883.5
in cells for the first time. Our study showed that
AC010883.5 expression was upregulated in CC tissues and

cell lines. We examined the expression of AC010883.5 in 4
different cervical cancer cell lines, all of which were ele-
vated compared with cervical epithelial cells (HcerEpic).
However, the level of AC010883.5 was higher in SiHa and
Caski cells than in HeLa and C33A, which was caused
that cell lines derived from different individuals have dif-
ferent genetic backgrounds. In addition, we discovered
that AC010883.5 was substantially enriched in the cyto-
plasm. AC010883.5 depletion suppressed CC cell prolifer-
ation, migration, invasion, and epithelial-to-mesenchymal
transition (EMT).
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Furthermore, we explored the molecular mechanisms
by which knockdown of AC010883.5 inhibited CC cell
growth in vitro. The MAPK signaling pathway modulates
the cell’s response to proliferation, migration, apopto-
sis, and stress. Further, ERK1/2 and MEK1/2 expression
and hyperactivation play an essential role in the survival
and development of tumor cell proliferation, migration,
invasion, and EMT [29, 30]. An aberrant MAPK signal-
ing pathway is a critical regulator of carcinogenesis and
the development of multiple tumor types [31]. It has been
recognized that IncRNAs can influence cancer occur-
rence and development via the MAPK pathway [32,
33]. Liao et al. discovered that [ncRNA-CCHEI promoted
the proliferation, migration, and invasion in non-small
cell lung cancer (NSCLC) cell line through the ERK/
MAPK pathway [34]. Zhang et al. found that GINS2 also
inhibits cell activity by interfering with the MAPK/ERK
pathway and induces cell cycle arrest, thus promot-
ing apoptosis of pancreatic cancer cells [35]. Moreover,
Du et al. demonstrated that inhibition of SLC25A22 by
the MAPK/ERK pathway could promote mitochondrial
apoptosis, thus inhibiting the growth and proliferation
gallbladder carcinoma cells [36]. Therefore, we exam-
ined the effects of AC010883.5 knockdown on the ERK/
MAPK pathway. In the present study, we demonstrated
that upregulation of AC010883.5 promote the growth
and invasion of tumor by activating this signaling cas-
cade. It was observed that overexpression of AC010883.5
significantly increased the expression of phosphoryl-
ated ERK1/2. However, no detectable changes in the
expression of total ERK1/2 protein were observed. To
further verify the role of signaling activation and inac-
tivation in ACO010883.5-aberrant expressed CC, the
addition of PD98059 was used to pretreat cells. Results
showed that inhibition of MAPK signaling suppressed
AC010883.5 high expression-induced levels of phospho-
rylated ERK1/2 and MEK1/2. Thus, we concluded that
AC010883.5 promoted cell proliferation, invasion, migra-
tion, and epithelial-to-mesenchymal transition in cervical
cancer by activating the MAPK signaling pathway.

This study had several limitations, including the low
number of clinical samples, the lack of a reliable clinical
characteristics analysis, and insufficient research on the
regulatory mechanism. These limitations might contrib-
ute to unilateral results. Future research should include
a larger sample size and involve more complex regula-
tion processing to validate our results.

Conclusions

In summary, in this study, we first found that AC010883.5
is markedly enhanced in CC tissues and cell lines. Fur-
ther, it was involved in cell proliferation, invasiveness,
and migration and reduced apoptosis, accelerating tumor
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growth and EMT in vitro and in vivo. We also found that
enhanced AC010883.5 expression induced an ERK1/2
and MEK1/2 phosphorylation increase and activated the
MAPK signaling pathway to promote tumor progres-
sion. The results demonstrate that AC010883.5 is a pos-
sible CC oncogene, and therapies targeting AC010883.5
may be of interest.
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