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Background: Accumulating evidence determined that lncRNAs play multiple roles in cell

progression in colorectal cancer (CRC). Long noncoding RNA (lncRNA) hepatocyte nuclear

factor 1 homeobox A (HNF1A)-antisense RNA 1 (AS1) has been identified to affect cell

growth and disease diagnosis in various cancers, including CRC. However, the underlying

regulatory mechanism of HNF1A-AS1 in cell progression and glycolysis has not been fully

explored in CRC.

Materials and Methods: The expression of HNF1A-AS1, microRNA-124 (miR-124) and

Myosins of class VI (MYO6) was detected using reverse transcription-quantitative polymer-

ase chain reaction (RT-qPCR). The analysis of glucose consumption, lactate production and

hexokinase 2 (HK2) protein level was used to assess glycolysis in cells. The protein level of

HK2 and MYO6 was measured with Western blot. Cell migration and invasion were

evaluated using the transwell assay. The relationship among HNF1A-AS1, miR-124 and

MYO6 was determined via luciferase reporter and RNA immunoprecipitation (RIP) assay.

Results: In this study, we found that HNF1A-AS1 was upregulated in CRC tissues and cell

lines. Functional experiments determined that reduction of HNF1A-AS1 or promotion of miR-

124 inhibited cell migration and invasion as well as glycolysis in CRC cells. What’ more,

luciferase reporter assay manifested that miR-124 was a target of HNF1A-AS1 and MYO6 was

a target mRNA of miR-124 in CRC cells. Additionally, reverse experiments showed that the

effects of si-HNF1A-AS1 on colorectal cancer cells were impaired by anti-miR-124 and the

effects of high miR-124 expression on CRC cells were rescued by upregulatingMYO6. HNF1A-

AS1 regulated MYO6 expression via targeting miR-124 in CRC cells.

Conclusion: In this study, we first found that HNF1A-AS1 regulated cell migration,

invasion and glycolysis via modulating miR-124/MYO6 in CRC cells.
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Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide, with high

morbidity and mortality in China.1,2 Because advanced colorectal cancer still lacks

effective diagnosis and treatment, it is necessary to further explore and analyze the

pathogenesis and regulation mechanism of CRC to determine effective biomarkers.

At present, a large number of studies have shown that long noncoding RNAs

(lncRNAs) are important regulators in cells and are widely involved in the occur-

rence and development of human diseases.3–9 LncRNAs are noncoding RNAs with

a length of more than 200 nt, as ceRNAs, which further regulated the production of

Correspondence: Qi Zhang
Department of Hepatobiliary and
Pancreatic Surgery, Xiangya Hospital
Central South University, No. 87, Xiangya
Road, Kaifu District, Changsha 410008,
People’s Republic of China
Tel +86 138 7594 9431
Email gaoshentui5vk@126.com

OncoTargets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com OncoTargets and Therapy 2020:13 1507–1518 1507

http://doi.org/10.2147/OTT.S231249

DovePress © 2020 Guo et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

O
nc

oT
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-0125-2552
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


downstream proteins by regulating the miRNA/mRNA

axis.10–13 Some lncRNAs have been reported to be differ-

entially expressed in colorectal cancer tissues and cells,

but their functions have been verified.14 For example,

lncRNA DLEU1 promoted CRC cell progression through

regulating KPNA3.15 Moreover, lncRNA CRNDE induced

cell proliferation and chemoresistance in CRC.16 lncRNA

BANCR has been determined to relate to CRC poor

prognosis.17 However, the regulation mechanism of

lncRNA in colorectal cancer has not yet been elucidated,

and further exploration and research are needed.

The lncRNA HNF1A antisense RNA 1 (HNF1A-AS1),

as an oncogene, was involved in cell progression and

metabolism in many cancers, such as lung adenocarci-

noma, colorectal carcinoma, oesophageal adenocarcinoma,

nonsmall cell lung cancer, bladder cancer and hepatocel-

lular carcinoma.18–23 Zhao et al demonstrated that induc-

tion of HNF1A-AS contributed to cell proliferation and

metastasis through activating Wnt/β-catenin signaling

pathway in osteosarcoma.24 In addition, lncRNA HNF1A-

AS1 has been determined to be a novel diagnostic predic-

tor for prognosis of cancers.25,26 However, the effect of

HNF1A-AS1 on cell glycolysis has not been explained and

the regulatory network HNF1A-AS1 remains to be further

explored and analyzed.

In the present study, we investigated the functional

effects of lncRNA HNF1A-AS1on the cell metabolism

and glycolysis in CRC cells, as well as the potential

regulatory mechanism.

Materials and Methods
Tissues, Cell Culture and Transfection
Forty pairs of CRC tissues and adjacent normal tissues

were obtained from patients who were diagnosed at

Xiangya Hospital Central South University. This experi-

ment has been approved by the Ethics Committee of

Xiangya Hospital Central South University. Informed writ-

ten consents were acquired from patients.

CRC cell lines (SW620, HT-29, HCT116 and SW480)

were purchased from American Type Culture Collection

(ATCC, Manassas, VA, USA). The immortalized colon

cell (NCM460) was purchased from Rongbai (Shanghai,

China). All cells were cultured in Dulbecco’s modified

Eagle’s medium (DMEM; Thermo Fisher Scientific, Inc.,

Waltham, MA, USA) containing 10% fetal bovine serum

(FBS, Sciencell Research, Carlsbad, CA, USA) and 1%

penicillin at 37°C in a humidified atmosphere of 5% CO2.

Small interfering RNA (siRNA) targeting HNF1A-AS1

(si-HNF1A-AS1), siRNA scrambled control (si-NC), pc

DNA-HNF1A-AS1 (HNF1A-AS1), pcDNA-MYO6 (MY

O6), pcDNA, miR-124 mimic (miR-212-3p), miRNA nega-

tive control (miR-NC), miR-124 inhibitor (anti-miR-212-3p)

and inhibitor negative control (anti-miR-NC) were purchased

from GenePharma Co. Ltd. (Suzhou, China). These vectors

and oligos were transfected into SW620 and HCT116 cells

using Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA,

USA) according to the manufacturer’s instructions.

Reverse Transcription-Quantitative

Polymerase Chain Reaction (RT-qPCR)
Total RNA was extracted from CRC cells and tissues using

TRIzol reagent (Invitrogen) referring to the protocols supplied

by the manufacturer. 1 ng of RNA was reversely transcribed

into cDNA using PrimeScript RT reagent kit (Takara

Biotechnology Co., Ltd., Dalian, China). For HNF1A-AS1

and MYO6 detection, One Step SYBR PrimeScript™

RTPCR Kit (Takara) was used to measure the relative expres-

sion of HNF1A-AS1 and MYO6. For miR-124 detection,

TaqMan miRNA assays (Applied Biosystems, Carlsbad, CA,

USA) were used to measure the relative expression of miR-

124. All samples were performed on a CFX96 TouchTM

Real-Time PCR system (Bio-Rad, Hercules, CA, USA).

Glyceraldehyde phosphate dehydrogenase (GAPDH) and U6

were employed to normalize for mRNA and miRNA, respec-

tively. The primer sequences were as follows: the primers for

U6: forward, 5ʹ-CTCGCTTCGGCAGCACA-3ʹ and reverse

5ʹ-AACGCTTCACGAATTTGCGT-3ʹ. The primers for miR-

124, forward, 5ʹ- GCCTAAGGCACGCGGTG-3ʹ and reverse,
5ʹ-GTCGTATCCAGTGCAGGGTCCGAGGTA

TTCGCACTGGATACGACGGCATT −3ʹ. The primers for

HNF1A-AS1: forward 5ʹ-TCAAGAAATGGTGGCTAT-3ʹ

and reverse, 5ʹ- GATCTGAGACTGGCTGAA-3ʹ. The pri-

mers for MYO6: forward 5ʹ- GATGGAGCTGCACCCTG

ACA-3ʹ and reverse, 5ʹ- GCTCTCAATGGCGCTCTGAAG-

3ʹ. The primers for GAPDH: forward 5ʹ-GGAGCGAGAT

CCCTCCAAAAT-3ʹ and reverse, 5ʹ-GGCTGTTGTCATAC

TTCTCATGG-3ʹ.

Western Blot Assay
Cells were lysed with RIPA Lysis Buffer (Thermo Fisher

Scientific) and the protein concentrations were quantified by

a bicinchoninic acid (BCA) Protein Assay Kit (Thermo Fisher

Scientific). Protein samples were added onto sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
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transferred to polyvinylidene difluoride (PVDF) membranes

(Millipore, Bedford, MA, USA). The membranes were incu-

bated with primary antibodies HK2 (1:2000; Santa Cruz

Biotechnology, Inc., Santa Cruz, CA, USA), MYO6 (1:2000

dilution; Santa Cruz Biotechnology) or GAPDH (1:1000 dilu-

tion; Santa Cruz Biotechnology) at 4°C overnight. After being

washed in TBS, the membrane was incubated with horse-

radish peroxidase (HRP)-conjugated goat anti-rabbit

secondary antibody (Santa Cruz Biotechnology) for 1 h at

room temperature. The blots were detected by ClarityWestern

ECL substrate (Bio-Rad) and visualized with a ChemiDocTM

MP Imaging System (Bio-Rad).

Glucose Consumption and Lactate

Production Assay
The dose of cloxiquine (CLQ, 50 μM) with/without

GW9662 (10 μM, PPAR gamma antagonist) was used to

treat SW620 and HCT116 cells for 24 h. Glucose content

was determined using a Glucose Assay kit (Rongsheng

Biotechnology, Shanghai, China) according to the suppli-

er’s instructions. The concentrations of intracellular lactate

were analyzed with a lactate assay kit (Sigma, St Louis,

MO, USA) following the protocols of the manufacturer.

Transwell Assay
For invasion assay, 2 ×103 cells were seeded in the

upper chambers with 8-µm pores Matrigel-coated (BD

Biosciences, San Jose, CA, USA) and cultured in concentra-

tion in DMEM. The lower chamber was added with DMEM

containing 10% FBS as a chemoattractant. After incubation

for 48 h at room temperature, cells in the upper chamber were

scraped off with cotton swabs. Cells in the lower chamber

were fixed with methanol and then stained by crystal violet

for 30 min. For migration assay, cells were added onto the

upper chambers without Matrigel-coated, other steps were

similar to invasion assay. The migrated and invasive cells

were calculated using a Countess automatic cell counter

(Invitrogen).

Luciferase Reporter Assay
The fragments of HNF1A-AS1 containing the wild-type

or mutated miR-124 binding sites were amplified and

cloned into a pRL-TK (Promega, Madison, WI, USA),

namely HNF1A-AS1-WT-Luc or HNF1A-AS1-MUT-

Luc. In addition, the fragments of MYO6 containing

the wild-type or mutated miR-124 binding sites were

amplified and inserted into pRL-TK, namely MYO6-

WT-Luc or MYO6-MUT-Luc. Then, these vectors were

co-transfected with miR-124 or miR-NC into SW620

and HCT116 cells using Lipofectamine 2000 reagent

(Invitrogen). The renilla luciferase control vector pRL-

ubi-63E was a control vector using transfection reagent

Lipofectamine 2000 (Invitrogen). After transfection for

48 h, cells were collected and the luciferase activity was

measured using the Dual-Luciferase Reporter Assay

System (Promega).

RNA Immunoprecipitation (RIP) Assay
The EZ-Magna RIP Kit (Millipore) was used for RIP

experiments according to the manual. Briefly, cells were

collected by centrifugation and lysed in RIP buffer. Then,

cells were incubated with human anti-Argonaute 2 (Ago2)

antibody (Abcam) or normal mouse IgG (negative control,

Sigma-Aldrich) overnight. Nonspecific binding was

removed with proteinase K buffer (Abcam), and then the

immunoprecipitated RNA was isolated. RT-qPCR was

used to analyze the enrichment of HNF1A-AS1 or MYO6.

Statistical Analysis
Statistical analyses were performed using GraphPad Prism

7.0 (GraphPad Software, San Diego, CA, USA). Comparison

between the two groups was analyzed using Student’s t-test

and among three or more sets were calculated using LSD. All

data were presented as means ± standard deviation (SD).

P<0.05 was considered to be statistically significant.

Results
HNF1A-AS1 Was Upregulated in

Colorectal Cancer Tissues and Cell Lines
To explore the expression of HNF1A-AS1 in CRC tissues

and cell lines, we collected 40 pairs of colorectal cancer

tissues and adjacent tissues as well as purchased four CRC

cell lines (SW620, HT-29, HCT116 and SW480) and immor-

talized colon cells (NCM460). As shown in Figure 1A, the

expression of HNF1A-AS1 in cancer tissues was signifi-

cantly higher than that in normal tissues. In addition, we

also found HNF1A-AS1 expression was upregulated in

SW620, HT-29, HCT116 and SW480 cells compared with

that in NCM460 cells (Figure 1B). Moreover, we selected

two CRC lines (SW620 and HCT116), which have a relative

higher expression of HNF1A-AS1 for the following experi-

ments. Collectively, these results showed that HNF1A-AS1

was upregulated in CRC tissues and cell lines.
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Knockdown of HNF1A-AS1 Inhibited

Cell Migration and Invasion as Well as

Glycolysis in Colorectal Cancer Cells
To determine the effects of HNF1A-AS1 on cell migration,

invasion and glycolysis in CRC cells, we transfected two

CRC cell lines (SW620 and HCT116) with siHNF1A-AS1

to construct CRC cells with lower HNF1A-AS1 expres-

sion than control cells (Figure 2A). As shown in Figure 2B

and C, both relative glucose consumption and lactate pro-

duction were obviously reduced in SW620 and HCT116

cells with HNF1A-AS1 knockdown compared with cells

transfected with si-NC (Figure 2B and C). More than that,

the expression of HK2 was also decreased in the si-

HNF1A-AS1 group compared with that in the si-NC

group of SW620 and HCT116 cells (Figure 2D). In addi-

tion, cell migration and invasion were significantly lower

in SW620 and HCT116 transfected with si-HNF1A-AS1

than that in cells transfected with si-NC (Figure 2E and F).

These data determined that knockdown of HNF1A-AS1

inhibited cell migration and invasion as well as glycolysis

in CRC cells.

miR-124 Was a Target of HNF1A-AS1
To further investigate the potential regulatory mechanisms

of HNF1A-AS1 in CRC cells, we sought potential target

miRNAs for HNF1A-AS1 through DIANA tools and found

that miR-124 had a reverse complement to 3ʹUTR of

HNF1A-AS1 (Figure 3A). Therefore, we constructed

HNF1A-AS1-WT-Luc (binding sites of wild type) or

HNF1A-AS1-MUT-Luc (binding sites of mutate) vectors.

Luciferase reporter assay determined that luciferase activity

of HNF1A-AS1-WT-Luc in SW620 and HCT116 cells were

remarkably reduced by miR-124, while the luciferase

activity of HNF1A-AS1-MUT-Luc has not changed

(Figure 3B and C). Otherwise, RIP assay was applied to

further validate the interaction between miR-124 and

HNF1A-AS1, the results showed that HNF1A-AS1 was

significantly enriched in the RIP-Ago2 than RIP-IgG in

SW620 and HCT116 cells (Figure 3D and E). Meanwhile,

we analyzed the expression of miR-124 in SW620 and

HCT116 cells with HNF1A-AS1-overexpression or

HNF1A-AS1-down-expression via RT-qPCR (Figure 3F

and G). The results showed that upregulated HNF1A-AS1

inhibited miR-124 expression while downregulated

HNF1A-AS1 promoted miR-124 expression in SW620 and

HCT116 cells. Based on the above results, we ensured that

miR-124 was a target miRNA of HNF1A-AS1.

The Effects of Downregulated

HNF1A-AS1 on Colorectal Cancer Cells

Were Impaired by Silenced miR-124
To further understand the function of miR-124 in CRC

cells, we analyzed the expression of miR-124 in four CRC

cell lines (SW620, HT-29, HCT116 and SW480) by RT-

qPCR and observed that miR-124 expression was signifi-

cantly reduced in CRC tissues and cells compared to

immortalized colon cells (NCM460) (Figure 4A and B).

As shown in Figure 4B and C, we constructed SW620 and

HCT116 cells with a lower expression of miR-124 through

transfection with anti-miR-124. Furthermore, the si-

HNF1A-AS and anti-miR-124 were co-transfected into

SW620 and HCT116 cells for functional rescue experi-

ments. We found that si-HNF1A-AS transfection signifi-

cantly induced the expression of miR-124, which the

promoted impact was alleviated by anti-miR-124 transfec-

tion in SW620 and HCT116 cells. Additionally, both

Figure 1 HNF1A-AS1 was upregulated in CRC tissues and cell lines. (A, B) The expression of HNF1A-AS1 in colorectal cancer tissues and normal tissues (A), as well as

CRC cells (SW620, HT-29, HCT116 and SW480) and immortalized colon cells (NCM460) was detected by RT-qPCR. **P < 0.01. ***P < 0.001.
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relative glucose consumption and lactate production were

inhibited by downregulating HNF1A-AS, while this inhi-

bitory effect was weakened by anti-miR-124 transfection

in SW620 and HCT116 cells (Figure 4D–G). In addition,

the reduction of HNF1A-AS inhibited the expression of

HK2, which was rescued by anti-miR-124 transfection in

SW620 and HCT116 cells (Figure 4H). Strikingly, cell

migration and invasion were suppressed by reduction of

HNF1A-AS, while they were relieved by inhibition of

miR-124 in SW620 and HCT116 cells (Figure 4I–M).

Figure 3 miR-124 was a target of HNF1A-AS1. (A) The predicted wild-type and mutated type of miR-124 binding sites in the 3ʹUTR of HNF1A-AS1 were exhibited. (B and

C) Luciferase activity was measured in SW620 (B) and HCT116 (C) cells co-transfected with HNF1A-AS1-WT or HNF1A-AS1-MUT and miR-124 or miR-NC through

luciferase reporter assay. (D and E) RIP assay was performed to ensure the relationship between HNF1A-AS1 and miR-214 in SW620 (D) and HCT116 (E) cells. (F and G)

the expression of miR-124 was detected in SW620 (F) and HCT116 (G) cells transfected with pcDNA, HNF1A-AS1, si-NC or si-HNF1A-AS1. ***P < 0.001.

Figure 2 Knockdown of HNF1A-AS1 inhibited cell migration and invasion as well as glycolysis in CRC cells. SW620 and HCT116 cells were transfected with si-NC or si-

HNF1A-AS1. (A) HNF1A-AS1 expression in transfected SW620 and HCT116 cells was monitored by RT-qPCR. (B) Glucose consumption was measured in transfected cells

utilizing Glucose Assay kit (C) Lactate production was detected in SW620 and HCT116 cells with a lactate assay kit after transfection. (D) The protein level of HK2 in

transfected SW620 and HCT116 cells was detected in by Western blot. (E and F) Cell migration (E) and cell invasion (F) in SW620 and HCT116 cells were examined with

transwell assay. **P < 0.01. ***P < 0.001.
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Thus, these data determined that silencing of miR-124

could reverse the si-HNF1A-AS-mediated inhibited effects

on cell migration, invasion and glycolysis in SW620 and

HCT116 cells.

miR-124 Directly Targeted MYO6
We all know that miRNAs regulate the expression of

downstream target genes. To further investigate the regu-

latory network of HNF1A-AS, we predicted the potential

target genes of miR-124 by DIANA tools and found that

MYO6 has a complementary sequence to miR-124 (Figure

5A). MYO6-WT-Luc or MYO6-MUT-Luc vector was

constructed and co-transfected into SW620 and HCT116

cells with miR-NC or miR-124. Luciferase reporter assay

analysis showed that luciferase activity of MYO6-WT-Luc

was apparently decreased after co-transfection with miR-

124, but no significant change was observed in luciferase

activity of MYO6-MUT-Luc (Figure 5B and C). RIP assay

also determined that MYO6 expression was enriched in

the RIP-Ago2 than RIP-IgG in SW620 and HCT116 cells

(Figure 5D and E). Additionally, the expression of MYO6

was inhibited by the upegulation of miR-124, while pro-

moted by downregulation of miR-124 in SW620 and

HCT116 cells (Figure 5F and G). The above results

Figure 4 The repressed effects of si-HNF1A-AS1 on cell migration, invasion and glycolysis in CRC cells were impaired by anti-miR-124. (A) The expression of miR-124 in

CRC cell tissues and normal tissues was detected using RT-qPCR. (B) The expression of miR-124 in CRC cell lines (SW620, HT-29, HCT116 and SW480) and immortalized

colon cells (NCM460) was analyzed by RT-qPCR. (C–M) SW620 and HCT116 cells were transfected with si-NC, si-HNF1A-AS1, si-HNF1A-AS1 + miR-NC or si-HNF1A-

AS1 + miR-124. (C and D) the expression of miR-124 was detected in SW620 (C) and HCT116 (D) cells using RT-qPCR. (D and E) Glucose consumption was measured in

SW620 (E) and HCT116 (F) cells after transfection. (G and H) Lactate production was tested in SW620 (G) and HCT116 (H) cells after transfection. (I) The expression of

HK2 was evaluated in transfected SW620 and HCT116 cells. (J and K) cell migration was detected in treated SW620 (J) and HCT116 (K) cells. (L and M) cell invasion was

analyzed in SW620 (L) and HCT116 (M) cells after transfection. **P < 0.01. ***P < 0.001.
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indicated that MYO6 was the target gene of miR-124 in

CRC cells.

The Effects Induced by Overexpression of

miR-124 on Colorectal Cancer Cells

Were Rescued by Upregulated MYO6
To further clarify the regulatory mechanisms of miR-124

and MYO6 in CRC, the rescue experiments were per-

formed on SW620 and HCT116 cells. First, we measured

the expression of MYO6 in CRC tissues and cell lines

(SW620, HT-29, HCT116 and SW480), and the results

showed that MYO6 was highly expressed in CRC tissues

and cells (Figure 6A and B). In the following experiment,

miR-124 mimics and pcDNA-MYO6 were co-transfected

into SW620 and HCT116 cells. As depicted in Figure 6B

and C, promotion of miR-124 inhibited MYO6 expression,

while upegulating MYO6 could reverse this effect in

SW620 and HCT116 cells. Furthermore, relative glucose

consumption, lactate production and HK2 expression were

obviously reduced by miR-124 transfection, which was

impaired by the induction of MYO6 in SW620 and

HCT116 cells (Figure 6D–H). More than that, the inhib-

ited effects of high miR-124 expression on cell migration

and invasion in SW620 and HCT116 cells were rescued by

improving MYO6 expression (Figure 6I–M). These results

showed that the induction of MYO6 could impair the

inhibited effects of high miR-124 expression on cell

metastasis and glycolysis in CRC cells.

HNF1A-AS1 Regulated MYO6 Expression

Through miR-124 in Colorectal Cancer

Cells
In order to further explore the regulatory network among

HNF1A-AS1, miR-124 and MYO6. Luciferase reporter

methods and Western blot assay were conducted. We

found that the luciferase activity was significantly reduced

in MYO6-WT-Luc + miR-124 group compared with that

in the MYO6-WT-Luc group. In addition, compared with

MYO6-WT-Luc+miR-124 + pcDNA group, luciferase

activity was notably increased in MYO6-WT-Luc + miR-

124 + HNF1A-AS1 group in SW620 and HCT116 cells

(Figure 7A and B). Not only that, the analysis of Western

blot showed that induction of HNF1A-AS1 improved the

protein level of MYO6, which was inhibited by the pro-

motion of miR-124 in SW620 and HCT116 cells

(Figure=7C and D). Therefore, these results indicated

that HNF1A-AS1 regulated the expression of MYO6

through miR-124 in colorectal cancer cells.

Discussion
In this paper, we found that lncRNA HNF1A-AS1 was

highly expressed in CRC tissues and cells, and further

functional experiments showed that silenced HNF1A-AS1

Figure 5 miR-124 directly targeted MYO6. (A) The predicted wild-type and mutated type of miR-124 binding sites in the 3′UTR of MYO6 were shown. (B and C)

Luciferase activity was measured in SW620 (B) and HCT116 (C) cells co-transfected with MYO6-WT-Luc or MYO6-MUT and miR-124 or miR-NC by luciferase reporter

assay. (D and E) RIP assay was performed to ensure the relationship between MYO6 and miR-214 in SW620 (D) and HCT116 (E) cells. (F and G) The protein expression of

MYO6 in SW620 (F) and HCT116 (G) cells transfected with miR-NC, miR-124, anti-miR-NC or anti-miR-124 was detected with Western blot assay. ***P < 0.001.
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reduced the cell invasion and metastasis abilities of CRC

cells. And it was found for the first time that low expression

of lncRNA HNF1A-AS1 inhibited intracellular glycolysis

in tumor cells. In the research on the regulation mechanism

of lncRNA HNF1A-AS1, luciferase reporter assay deter-

mined that miR-124 was a target of HNF1A-AS1 and

MYO6 was a target gene of miR-124. Therefore, we specu-

lated that lncRNA HNF1A-AS1 affected cell migration,

invasion and glycolysis by regulating miR-124/MYO6

axis in CRC cells. Rescue experiments further confirmed

our speculation. In this paper, we first put forward lncRNA

HNF1A-AS1 regulates MYO6 expression by sponging

miR-124 to affect the cell glycolysis process in CRC cells,

which significantly improved our understanding of the reg-

ulatory mechanisms in CRC.

Cell invasion and migration are necessary biological

processes for tumor cells, marking their abilities to migrate

and spread.27,28 In clinical research, inhibiting and block-

ing cell migration and invasion are important processes in

the treatment of cancer. Many noncoding RNAs, such as

lncRNA and miRNA, as important regulatory factors of

cell metabolism, were closely involved in cell progression

for various cancers, including invasion and migration.29–31

For example, lncRNA UCA1 impacted cell invasion

and migration through regulating FOXO3 via sponging

miR-96 in pancreatic cancer.32 LncRNA ZFAS1 was

upregulated in rheumatoid arthritis and contributed to

cell invasion and migration through the reduction of

miR-27a.33 Moreover, lncRNA SNHG16 promoted cell

migration, invasion and proliferation through modulating

miR-520d-3p/STAT3 axis in hemangioma endothelial

cells.34 Lin et al reported that HIFIA-AS2 promoted cell

progression and EMT in CRC cells via regulation of miR-

129-5p/DNMP3A.35 In our study, we also found that

Figure 6 The inhibitory effects of miR-124 overexpression on cell migration, invasion and glycolysis in CRC cells were rescued by upregulated MYO6. (A) The expression of

MYO6 was analyzed by RT-qPCR in CRC tissues and normal tissues. (B) The expression of MYO6 was analyzed by RT-qPCR in CRC cells (SW620, HT-29, HCT116 and

SW480) and immortalized colon cells (NCM460). (C–M) SW620 and HCT116 cells were transfected with miR-NC, miR-124, miR-124 + pcDNA or miR-124 + MYO6.

(C and D) The protein expression of MYO6 in transfected SW620 (C) and HCT116 (D) cells was detected by Western blot assay. (E and F) Glucose consumption was

measured in SW620 (E) and HCT116 (F) cells after transfection. (G and H) Lactate production was examined in treated SW620 (G) and HCT116 (H) cells. (I) The
expression of HK2 in transfected SW620 and HCT116 cells was analyzed via Western blot assay. (J–M) cell migration and invasion were monitored in transfected SW620

and HCT116 cells by transwell assay. *P < 0.05. **P < 0.01. ***P < 0.001.
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Figure 7 HNF1A-AS1 mediated MYO6 expression through miR-124 in CRC cells. (A and B) Luciferase reporter assay was performed in SW620 (A) and HCT116 (B) cells
transfected with MYO6-WT-Luc following introduction with miR-124 or miR-124+ HNF1A-AS1. (C and D) The protein expression of MYO6 was detected in SW620 (C)

and HCT116 (D) cells transfected with pcDNA, HNF1A-AS1, HNF1A-AS1+miR-NC and HNF1A-AS1+miR-124 utilizing Western blot assay. **P < 0.01. ***P < 0.001.
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knockdown of HNF1A-AS1 or promotion of miR-124

inhibited CRC cell migration and invasion. Furthermore,

we found that miR-124 was a target of HNF1A-AS1, and

MYO6 was a target of miR-124. Accumulating evidence

suggested that miR-124 had multiple roles in cell progres-

sion of cancers, such as brain tumor and CRC.36,37

A previous study determined that miR-124 was downre-

gulated in CRC and inhibited cell proliferation and drug

resistance.37–39 More than that, MYO6 has been verified to

highly express in many cancers, such as prostate cancer,

CRC, breast cancer and gastric cancer, which also partici-

pated in cell progression.40–43 In our study, consistent with

a previous study, miR-124 expressed low and MYO6

expressed high in CRC tissues and cells, and rescue

experiments confirmed the effects of HNF1A-AS1 on

cell migration and invasion through targeting miR-124/

MYO6 axis.

More than that, glycolysis provides energy for the meta-

bolism of tumor cells and guarantees the proliferation and

development of tumor cells. Lactate production and glucose

consumption are important indexes for the determination of

glycolysis. Additionally, the glycolytic enzyme hexokinase

2 (HK2) is one of the important aerobic glycolytic mediat-

ing factors in cells.44–46 Increasing the expression of HK2

could promote cell glycolysis and release more energy for

cell development.47,48 Various lncRNAs were related to

glycolysis in cancers, such as lncRNA Ftx, lncRNA

p23154, lncRNA MIF and lncRNA MALAT1.49–52 The

study of Li et al suggested that lncRNA UCA1 induced

glycolysis in bladder cancer cells, and promoted lactate

production and glucose consumption through upregulating

HK2 via activation of mTOR-STAT3/miR-143 pathway.48

In this study, inhibition of HNF1A-AS1 or promotion of

miR-124 decreased cell glycolysis. While inhibition of

miR-124 or promotion of MYO6 could weaken the sup-

pressive effect of reduction of HNF1A-AS1 or promotion of

miR-124 on glycolysis, respectively. Therefore, lncRNA

HNF1A-AS1 regulated cell glycolysis in CRC cells through

targeting the miR-124/MYO6 axis.

Conclusion
In this study, we first found that HNF1A-AS1 regulated

cell migration, invasion and glycolysis via modulating

miR-124/MYO6 in CRC cells, providing a new regulatory

network and a new therapeutic target of CRC.
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