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ALKBH5 promotes colon cancer progression
by decreasing methylation of the IncRNA NEAT1
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Abstract: Colon cancer is the third leading cause of cancer-related deaths all around the world. LncRNA methylation
has been verified to participate in some kinds of malignancies. The aim of this study was to investigate the function
of NEAT1 in colon cancer and further explore the potential mechanism between NEAT1 and ALKBH5. Differential
expression of INCRNAs between colon cancer tissues and normal tissues was identified using ArrayStar INcCRNA
microarrays. The levels of NEAT1 and ALKBH5 expression in colon cancer tissues and cells were measured using
gRT-PCR. MTT, transwell migration assays and qRT-PCR were performed to detect cell proliferation and migration.
Flow cytometry and qRT-PCR was used for apoptosis analysis. Then, m6A RNA immunoprecipitation was performed
to detect methylated NEAT1 in colon cancer cells. The results showed NEAT1 was remarkably enhanced in colon
cancer tissues and correlated with poor prognosis. Knockdown of NEAT1 inhibited cell proliferation and migration,
induced cell apoptosis in colon cancer cell lines. Besides, ALKBH5 could upregulate NEAT1 expression by demeth-
ylation. In addition, ALKBH5 knockdown suppressed malignant behavior of colon cancer partially through NEAT1 in
vitro and vivo. In a word, we observed NEAT1 expression level was up-regulated in colon cancer tissues and cells.
ALKBH5 knockdown suppressed malignant behavior of colon cancer partially through NEAT1 by demethylation in
vitro and vivo, suggesting that ALKBH5-NEAT1 axis maybe potential therapeutic target for colon cancer treatment.
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Introduction

Colon cancer is the third leading cause of can-
cer-related deaths all around the world with
approximately 1 million new cases each year
[1]. Though great progress has been made in
the field of colon cancer treatment in recent
years, the 5-year survival rate remains around
30% due to recurrence and metastasis [2, 3].
Thus, a clear understanding of genetic changes
and signaling pathways related to development
of colon cancer is essential.

Long noncoding RNAs (IncRNAs) belong to a
group of noncoding RNAs that are over 200
nucleotides in length and have no protein-cod-
ing potential [4]. Emerging evidence has re-
vealed IncRNAs modulate diverse cellular pro-
cesses and tumorigenesis, including transcrip-
tion regulation, posttranscriptional regulation,
protein modification [5, 6]. As a newly identified
nuclear-restricted INCRNA, nuclear paraspeckle

assembly transcript 1 (NEAT1) is located on
chromosome 11 (11913.1) and has been con-
firmed to facilitate tumorigenesis in various
cancers, including prostate [7], lung [8], eso-
phageal [9] and gastric [10] cancers. However,
the role of INcRNA NEAT1 in colon cancer is still
poorly understood.

RNA modification is one of the most important
ways to regulate gene expression and is invol-
ved in many pathophysiological processes in
eukaryotes [11]. N6-methyladenosine (m6A) is
a very common RNA methylation modification,
which is involved in eukaryotic mRNA transpor-
tation, shearing, translation and posttransla-
tional processing [12]. Therefore, the abnormal
changes of this modification may cause the
expression disorder of the downstream genes,
affecting cell biological behaviors such as cell
proliferation and apoptosis, finally leading to
the occurrence of cancer. As a member of the
AIkB family, ALKBH5 is a demethylated enzyme
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Table 1. The correlation of NEAT1 expression with clinical

parameters in patients with colon cancer

transfection, colon cancer cells we-
re firstly seeded into 24-well plates

before transfection, and then tran-

Clinical NEAT1 expression ) .
Variables Inica High Low  Pvalue siently transfegted with ppDNA-NE-
parameters (n=238) (n=32) AT1 vector, si-NEAT1, si-ALKBH5,
Gender Male 20 20  0.406 NEATL ‘mimic and corresponding
specific controls (50 nM, Ribobio
Female 18 12 . .
Company, Guangzhou, China) using
Age (years) <65 16 14 0.890 Lipofectamine 2000 reagent (Invi-
265 22 18 trogen, USA) based on manufactur-
Size (cm) <5 18 17 0.631 er's protocols for potential mecha-
>5 20 15 nism research.
Differentiation Well/Moderate 21 14 0.337
Poor 17 18 MTT assay
TNM stage /1 10 21 0.001" Cells (3 x 103) were cultured in 96-
/v 28 11 well plates and incubated for 24 h
Lymphatic metastasis Yes 26 13 0.020" and stained with 0.5 mg/ml| MTT for
No 12 19 4 h. And then 200 pl of dimethyl-
Distant metastasis Yes 26 14 0.038" sulfoxide (DMSO) was added to dis-
No 12 18 solve precipitates. At indicated time

“P<0.05.

of m6A and has been shown to be associated
with proliferation, invasion and metastasis of
breast cancer [13], glioma [14] and pancreatic
cancer [15]. Nevertheless, there are few stud-
ies about the role of ALKBH5 in colon cancer
progression. The aim of this study was to in-
vestigate the function of NEAT1 in colon cancer
and further explore the potential mechanism
between NEAT1 and ALKBH5.

Materials and methods
Patients

Each patient signhed an informed consent prior
to surgery which was approved by the Ethics
Committee of The Fourth Affiliated Hospital of
Anhui Medical University. From January 2018
to December 2019, seventy colon cancer tis-
sues and adjacent normal tissues were collect-
ed from patients who visited The Fourth Affi-
liated Hospital of Anhui Medical University.
And the patients’ data in the study are shown
in Table 1. All the specimens were immediate-
ly snap-frozen and preserved in liquid nitrogen
for further use.

Cell culture and transfection

The human colon cancer cell lines (Lovo, RKO,
SW620 and HCT8) and the normal colon epi-
thelial cell line HIEC cells were cultivated in
DMEM with 10% FBS at 37°C with 5% CO,. For
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points, cells were detected accord-
ing the manufacturer’s instructions.

Cell migration assay

The transfected colon cancer cells were firstly
planted to approximately 60~80% confluence
in 12-well plates, and then added into upper
chambers of transwell inserts (8 um pore size;
Millipore, USA) with the lower chambers con-
taining DMEM with 10% FBS. After 12 h of in-
cubation, the migrated cells were fixed in 4%
paraformaldehyde and stained with crystal vio-
let, and then measured using a light micro-
scope (Olympus BX51, Olympus Corporation,
Japan).

Cell apoptosis assay

5 x 10° cells were harvested and washed twice
with ice-cold PBS, incubated with 5 mL Annexin
V-FITC and 5 mL propidium iodide (PI) in the
dark at 37°C. Then, the flow cytometry analysis
was employed for detecting apoptotic events.

Real-time quantitative polymerase chain reac-
tion (QRT-PCR)

Total RNA from tissues or cells was isolated
using Trizol reagent (Invitrogen). And cDNA
synthesis was conducted using the using the
PrimeScript RT reagent Kit (Promega). SYBR
green Premix DimerEraser (TakaRa) was used
to calculate the relative levels of associated
parameters. The relative expression of each
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MRNA expression was analyzed using 2-AACT
method. The primers for gRT-PCR were shown
as follow: ALKBH5, forward 5'-GCTTCAGGGTAT-
GGGAGTTG-3" and reverse 5-TTCCAGGATCTG-
AGTGGATAGA-3’; NEAT1, forward 5-CTTCCTCC-
CTTTAACTTATCCATTCAC-3’ and reverse 5-CTC-
TTCCTCCACCATTACCAACAATAC-3’; PCNA, for-
ward 5-GCCGAGATCTCAGCCATATT-3' and re-
verse 5-ATGTACTTAGAGGTACAAAT-3’; Bcl-2,
forward 5-TTCGCCGAGATGTCCAGGC-3’ and re-
verse 5-TCACTTGTGGCCCAGATAGG-3’; GAPDH,
forward 5-TGGTGAAGGTCGGTGTGAAC-3' and
reverse 5-TTCCCATTCTCAGCCTTGAC-3..

Western blotting analysis

Proteins were extracted from cultured cells by
RIPA buffer containing a mixture of protease
inhibitors, and then transferred to polyvinyli-
dene fluoride (PVDF) membrane blocked with
non-fat milk by SDS-PAGE. After the protein
samples were incubated with primary antibod-
ies overnight, the secondary antibodies were
employed to incubate the PVDF membranes for
1 h at room temperature. Bands were quanti-
fied using ImageJ software.

Methylated RNA immuneprecipitation assay
(MeRIP)

The total m6A content of Total RNA was deter-
mined using an m6A methylation quantification
kit (EpiGentek, USA). After total RNA was iso-
lated and purified, the bind RNA was cultured
with the capture antibody, subsequently the
detection antibody and enhancer solution we-
re added. Finally, the m6A level was measured
according to the fluorescence.

RNA immunoprecipitation assay (RIP)

The Magna RIP RNA-Binding Protein Immu-
noprecipitation Kit (Millipore Corporation) was
applied to perform RIP assay. 3 ug ALKBH5,
METTL3, METTL14, WTAP and FTO and IgG
control antibodies were used for RIP assay.
Co-precipitated RNAs were then detected by
qRT-PCR.

Tumor xenografts

The animal experiments were approved by the
Animal Care and Use Committee of Anhui Me-
dical University and were performed in accor-
dance with the institutional guide for the care
and use of laboratory animals. To establish
xenograft model, RKO cells (1 x 107) tansdu-
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ced with si-control (si-NC) or si-ALKBH5 or si-
ALKBH5+NEAT1 were injected subcutaneously
into the right flank of the nude mice (n = 6 each
group) every 5 days for 4 times. The tumor vol-
umes were calculated by the formula: Volume =
0.5 x length x width x width. The tumor weights
were measured after the mice were sacrificed.

Statistical analysis

All data were presented as mean + SD. SPSS
17.0 software (IBM Software, Chicago, IL, USA)
were applied for the statistical analysis. Data
were analyzed using one-way analysis of vari-
ance followed by Dunnett's post hoc test for
multiple comparisons or a Student’s t test for
comparisons between two groups. Kaplan-
Meier method and logrank test were utilized
to analyze the overall survival rate of patients.
P<0.05 was considered as statically signifi-
cant.

Results

NEAT1 was remarkably enhanced in colon can-
cer tissues and correlated with poor prognosis

To acquire the role of NEAT1 in colon cancer
progression, we analyzed the colon cancer tis-
sues and normal tissues (n = 4) using ArrayStar
IncRNA microarrays. We identified sixteen can-
didate IncRNAs were markedly up-regulated in
cancer tissues (Figure 1A). And we found
NEAT1 expression level was the biggest incre-
ase among these IncRNAs (Figure 1A). Besi-
des, NEAT1 expression level was elevated sig-
nificantly in colon cancer tissues of patients
(Figure 1B). Subsequently, we divided the 70
patients into a high and a low NEAT1 expres-
sion group based on its median value (Figure
1C; Table 1). The analysis results revealed that
NEAT1 mRNA level was significantly higher in
patients with TNM stage, lymphatic or distant
metastases (Figure 1D; Table 1). In addition,
the Kaplan-Meier curves manifested patients
with high NEAT1 expression had a worse prog-
nosis than those with low NEAT1 expression
(Figure 1E).

Knockdown of NEAT1 inhibited cell prolifera-
tion and migration, induced cell apoptosis in
colon cancer cell lines

Subsequently, we assessed the oncogenic role
of NEAT1 in the biological behavior of colon
cancer cell lines, and observed that NEAT1 ex-
pression was remarkably up-regulated in RKO
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Figure 1. NEAT1 was remarkably enhanced in colon cancer tissues and correlated with poor prognosis. A: Differ-
ently expressed INncCRNAs in colon cancer tissues and normal tissues using ArrayStar INcCRNA microarrays. B: NEAT1
expression level was elevated significantly in colon cancer tissues of patients. C: 70 patients were divided into a high
and a low NEAT1 expression group based on its median value. D: NEAT1 expression was obviously higher in patients
with advanced clinical stage (lll-IV phase) than that with early clinical stage (I-Il phase). E: Kaplan-Meier curves of
overall survivals and log-rank test showed that patients with high NEAT1 levels had poor overall survivals. "P<0.05

compared to |-l group, “*P<0.01 compared to adjacent group.

and SW620 cell lines among 4 colon cancer
lines (Figure 2A). Thus, we transiently estab-
lished NEAT1 knockdown in RKO and SW620
cell lines by RNA interference for the following
study (Figure 2B). And NEAT1 knockdown sup-
pressed cell growth of RKO and SW620 cells
(Figure 2C, 2D). Besides, knockdown of NEAT1
inhibited the migration of RKO and SW620 ce-
lls (Figure 2E). Flow cytometry revealed NEAT1
knockdown markedly augmented apoptosis in
cells compared with the non-transfected cells
(Figure 2F).

ALKBHS5 upregulated NEAT1 expression by
demethylation

Given that NEAT1 is verified to be enriched in
the nucleus [16], thus we measured the m6A
level of NEAT1 in RKO and SW620 cells. The
results showed NEAT1 m6A enrichment was
lower in RKO and SW620 cells than in HIEC cell
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(Figure 3A). As predicted by StarBase v2.0,
NEAT1 is a target biomarker of ALKBH5. And
we observed NEAT1 could be significantly en-
riched by ALKBH5 compared to IgG, METTL3,
METTL14, WTAP and FTO (Figure 3B). Besides,
the overexpression of ALKBH5 at mRNA and
western blot was detected in RKO and SW620
cells (Figure 3C). Then we knocked down the
expression of ALKBH5 by RNA interference
(Figure 3D). And si-ALKBH5 could downregu-
late the NEAT1 expression level (Figure 3E),
and upregulate NEAT1 m6A enrichment (Figure
3F).

ALKBH5 knockdown suppressed malignant be-
havior of colon cancer partially through NEAT1
in vitro and vivo

Finally, we investigated the functional role of
ALKBH5-NEAT1 axis in biological behavior of
colon cancer in vitro and vivo. MTT assay sh-
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Figure 2. Knockdown of NEAT1 inhibited cell proliferation and migration, induced cell apoptosis in colon cancer cell lines. A: NEAT1 expression was remarkably
up-regulated in RKO and SW620 cell lines among 4 colon cancer lines. B: NEAT1 knockdown was established in RKO and SW620 cell lines. C, D: The growth rate
of cells transfected with si-NEAT1 was significantly down-regulated compared to that with si-NC in RKO and SW620 cell lines. E: Transwell assay showed si-NEAT1
inhibited the migration ability of colon cancer cells. F: Flow cytometry revealed that silencing of NEAT1 markedly augmented apoptosis in cells compared with the
non-transfected cells. "P<0.05 compared to si-NC group, “*P<0.01 compared to HIEC.
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Figure 3. ALKBH5 upregulated NEAT1 expression by demethylation. A: NEAT1 m6A enrichment was lower in RKO
and SW620 cells than in HIEC cell. B: NEAT1 could be significantly enriched by ALKBH5 compared to IgG, METTL3,
METTL14, WTAP and FTO in RKO and SW620 cells. C: The overexpression of ALKBH5 at mRNA and western blot
was detected in RKO and SW620 cells. D: ALKBH5 knockdown was established in RKO and SW620 cell lines. E:
si-ALKBH5 could downregulate the NEAT1 expression level. F: si-ALKBH5 could upregulate NEAT1 m6A enrichment.
*P<0.05 compared to HIEC, si-NC group, **P<0.01 compared to IgG group.

owed ALKBH5 knockdown significantly attenu-
ated colon cancer cells proliferation, which was
partially rescued by NEAT1 at 96 h (Figure 4A).
And ALKBH5 knockdown significantly inhibited
the expression of PCNA, which was partially
rescued by NEAT1 (Figure 4A). Besides, NE-
AT1 could abolish the suppression of ALKBH5
knockdown in cell migration (Figure 4B). In
addition, ALKBH5 knockdown could obviously
enhance cell apoptosis rates in colon cancer
cells, which was reversed by NEAT1 obviously
(Figure 4C). Meanwhile, NEAT1 could reverse
the suppression of ALKBH5 knockdown in Bcl-2
expression (Figure 4C). Furthermore, we veri-
fied the functional role of ALKBH5-NEAT1 axis
in biological behavior of colon cancer in vivo.
Compared with control group, si-ALKBH5 could
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decrease tumor growth including tumor volume
and weight (Figure 4D, 4E). Besides, NEAT1
could was capable to partly counteract the
suppression of si-ALKBH5 in tumor growth
(Figure 4D, 4E).

Discussion

Recently, emerging evidences indicate lincR-
NAs act as important regulators for cancer pro-
gression [17, 18]. Previous researches have
investigated the role of IncRNAs in colon can-
cer progression [19-21]. Although dysregula-
tion of NEAT1 is involved in various cancers,
the NEAT1 in colon cancer have not been fully
elucidated. In this study, we observed NEAT1
expression was remarkably in colon cancer tis-
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Figure 4. ALKBH5 knockdown sup-
pressed malignant behavior of colon
cancer partially through NEAT1 in vi-
tro and vivo. A: ALKBH5 knockdown
significantly attenuated colon cancer
cells proliferation, which was partially
rescued by NEAT1 at 96 h; ALKBH5
knockdown significantly inhibited the
expression of PCNA, which was par-
tially rescued by NEAT1. B: NEAT1
could abolish the suppression of AL-
KBH5 knockdown in cell migration. C:
ALKBH5 knockdown could obviously
enhance cell apoptosis rates in colon
cancer cells, which was reversed by

E NEAT1 obviously; NEAT1 could reverse
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o
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sue and cell lines. In addition, we noticed that
NEAT1 is closely associated with cancer phe-
notypes and as a potential factor to predict
overall survival. Furthermore, NEAT1 silencing
suppressed proliferation and migration of co-
lon cancer cells significantly. These data indi-
cated NEAT1 may serve as an oncogene in the
development of colon cancer and targeting
NEAT1 may represent a favorable therapeutic
strategy for colon cancer treatment.

RNA epigenetic modification is the regulation
of post-transcriptional level, which could occur
in transport RNA, ribosomal RNA, mRNA, non-
coding small RNA and long non-coding RNA.
Among them, m6A is the most important meth-
ylation modification of mRNA in eukaryotes [11,
22]. Some research has focused on the impor-
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tumor growth. "P<0.05 compared to
si-NC, si-ALKBH5+NEAT1 group.

tance of InNcRNA methylation in tumorigenesis.
For instance, ALKBH5 promoted gastric can-
cer progression by demethylating the IncRNA
NEAT1 [12]. ALKBH5 could inhibit pancreatic
cancer motility by demethylating IncRNA KC-
NK15-AS1 [13]. ALKBH5-mediated m6A modifi-
cation of PVT1 contributes to OS tumorigene-
sis [14]. Here, we first investigated the role of
ALKBHS5 in biological behavior of colon cancer
cells. And we observed ALKBH5 expression
level was significantly upregulated. Besides,
NEAT1 could be significantly enriched by AL-
KBH5. In addition, ALKBH5 knockdown inhibit-
ed cell proliferation and migration, induced cell
apoptosis in colon cancer cells, and facilitated
tumor growth in vivo. The above results sug-
gested that ALKBH5 may act as a tumor pro-
moter to participate in the development of

Am J Transl Res 2020;12(8):4542-4549
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colon cancer as a tumor promoter. In a word,
we observed NEAT1 expression level was up-
regulated in colon cancer tissues and cells.
ALKBH5 knockdown suppressed malignant be-
havior of colon cancer partially through NEAT1
by demethylation in vitro and vivo, suggesting
that ALKBH5-NEAT1 axis maybe potential ther-
apeutic target for colon cancer treatment.
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