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Objective: This study investigated the mechanism of RP11-422N16.3 sponging miR-23b-3p in
cell proliferation, apoptosis and epithelial-mesenchymal transition (EMT) in liver cancer.
Methods: Expressions of RP11-422N16.3, miR-23b-3p and dimethylglycine dehydrogenase
(DMGDH) were determined in liver cancer tissues, adjacent normal tissues, hepatocellular carci-
noma cell lines and normal liver epithelial cell line. Up-regulation of RP11-422N16.3 and down-
regulation of miR-23b-3p were conducted in hepatocellular carcinoma cells. Bioinformatics
analysis, luciferase reporter assay and RNA-pull down assay were performed to verify the relation-
ship among miR-23b-3p, DMGDH, as well as RP11-422N16.3. Cell proliferation and cell
apoptosis were determined by CCK-8 and Flow Cytometry analysis, respectively.

Results: Expressions of RP11-422N16.3 and DMGDH were down-regulated while that of
miR-23b-3p were up-regulated in hepatocellular carcinoma cancer tissues and cells. RP11-
422N16.3 localized in cytoplasm and competitively bound to miR-23b-3p. Up-regulation of
RP11-422N16.3 and down-regulation of miR-23b-3p contributed to increased expressions of
DMGDH and E-cadherin, and decreased expressions of miR-23b-3p, ZEBI1, Snail and
Vimentin, resulting in inhibiting cell proliferation and promoting cell apoptosis. Inhibition
of RP11-422N16.3 or overexpression of miR-23b-3p accelerated cell proliferation and
slowed down cell apoptosis. miR-23b-3p inhibited the expression of DMGDH.
Conclusion: Our data suggested that LncRNA RP11-422N16.3, by competitively binding to
miR-23b-3p, promoted DMGDH expression, contributing to inhibit cell proliferation and
EMT, and induce cell apoptosis in hepatocellular carcinoma cells.

Keywords: LncRNA RP11-422N16.3, DMGDH, miR-23b-3p, liver cancer, hepatocellular
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Introduction
Hepatocellular carcinoma is a common malignant tumor, and its incidence rate
ranks fifth among tumor-related diseases, while its mortality accounts for the
second place.! Currently, liver cancer treatment methods are extremely limited
and the effect is poor. To date, there are not many approved liver cancer-related
molecules reported in different laboratories around the world.” Therefore, only by
further researching the pathogenesis of liver cancer, exploring new intervention
strategies, and finding new diagnostic and therapeutic targets can we further
improve the therapeutic effect on liver cancer.

Long non-coding RNA (LncRNA) is a type of RNA that does not encode a protein
with a transcript of more than 200 nt in length. This kind of RNA was originally thought
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to be the “noise” of genomic transcription.® With the discov-
ery of HOTAIR function in 2007, the function of IncRNA
gradually became clear.* Although only a small number of
IncRNA functions have been reported, it is clear that IncRNA
is involved in the regulation of development, differentiation,
metabolism and tumorigenesis and progression.” The expres-
sion of IncRNA HULC is abnormally elevated in pancreatic
cancer, and its abnormally high expression is significantly
associated with tumor volume, high-grade lymph node
metastasis and vascular invasion, and HULC level is asso-
ciated with overall patient survival.®” HOTAIR is elevated in
various cancers such as breast cancer,® colorectal cancer’ and

cervical cancer;lo

in cervical cancer, high expression of
HOTAIR is associated with lymph node metastasis and
patient overall survival rate is low;'' Cell biology experi-
ments showed that knockdown of HOTAIR can significantly
inhibit the proliferation, migration and invasion of cervical
cancer cells, while overexpression of HOTAIR can cause
EMT-related phenotypes.'> In our previous study, we
screened IncRNAs that were significantly differentially
expressed in liver cancer and closely related to prognosis
based on large sample RNAseq bioinformatics data from the
TCGA database to provide possible targets for targeted ther-
apy. RP11-422N16.3 was one of them (Supplementary
Figure 1). In addition, IncRNAs can also participate in gene
transcriptional processes mediated by DNA methylation,
acetylation, etc. to regulate tumorigenesis.'> Although we
have a significant increase in the understanding of
IncRNAs, this is only the tip of the iceberg, the complex
biological functions of IncRNAs in cancer, and the detailed
regulation mechanism remains to be further studied.

The miRNA can be complementary to the target RNA,
resulting in the restriction of gene expression and protein
synthesis; and IncRNAs can directly or indirectly interact
with the microRNA, causing it to lose its regulatory
function.'"*'® The miR-23b-3p belongs to the miR-23b/
27b/24—1 cluster and has been reported to function as an
onco-miR in different cancers including glioma, gastric
cancer, and breast cancer.'””'® However, the functions
and mechanisms of miR-23b-3p in hepatocellular carci-
noma have not been previously reported.

In a study on liver cancer, it was confirmed that dimethyl-
glycine dehydrogenase (DMGDH) can inhibit tumor metasta-
sis by inhibiting Akt activation, and can be used as a
biomarker to distinguish between benign and malignant
tumors."® In addition, recent epidemiological studies have
revealed that DMGDH deficiency may be involved in the
progression of diabetes, further emphasizing the importance

of the enzyme.?* We further studied through the UCSC web-
site that RP11-422N16.3 was mapped to Human (GRCh38.
p10) chr8 (q23.2), strand= +, with two exons and a transcript
length of 3075 bps (Supplementary Figure 2A and B).
Furthermore, multiple algorithms in the online database
LNCipedia predicted that RP11-422N16.3 did not have
protein-coding capability (Supplementary Figure 3). The
DMGDH gene is located in Human (GRCh38.p10) chr5
(ql4.1), strand= -. We obtained a promoter sequence of
2000bps upstream of the DMGDH gene. The analysis found
that: RP11-422N16.3 chr8: 109,646,792-109,646,804 is 5'-
CTTTTTTCTCTCA-3', DMGDH promoter chr5:79,071,
006-79,071,018 is 5-TGAGAGAAAAAAG-3, they can be
reverse-complementary paired binding, with the basis of tar-

geted regulation (Supplementary Figure 2C). Based on the

results of previous studies and data analysis, we hypothesized
that RP11-422N16.3 can positively regulate the expression of
DMGDH gene by competitively binding to miR-23b-3p,
thereby affecting the biological behaviors such as proliferation
and metabolism of liver cancer cells, thus playing an important
role in the occurrence and development of liver cancer.

Materials and Methods

Ethical Statement

This study was approved by the Ethics committee of The
First Affiliated Hospital of Wenzhou Medical University.
All patients signed written informed consents and had the
right to know the experiment prior to the study.

Study Subjects

A total of 55 patients with hepatocellular carcinoma diag-
nosed from April 2016 to April 2019 in our hospital were
included in this study. The hepatocellular carcinoma tissues
and adjacent normal tissues (5 cm away from the cancer
tissues) were collected. The inclusion criteria were 1)
patients were pathologically diagnosed with hepatocellular
carcinoma; and 2) no history of radiotherapy, chemotherapy
and other adjuvant therapy. Subjects were eliminated from
inclusion if they 1) had distant metastasis; 2) had other
malignant tumors; and 3) were pregnant or lactating.

Cell Cultures

Hepatocellular carcinoma cell lines (HepG2, SMMC-7721,
MHCC97-H, and HCCLM3) and human normal liver cell
line (LO2) were purchased from Shanghai Institutes for
Biological Sciences, CAS (Shanghai, China). All cells were
incubated in DMEM culture medium (Gibco, Grand Island,
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NY, USA) which contains 10% FBS (Gibco, Grand Island,
NY, USA) in an incubator at 37°C with 5% CO,. The culture
medium was replaced every 2 to 3 days. Sub-culture was
conducted when cell density reaches 80-90%. The expres-
sions of RP11-422N16.3 and miR-23b-3p in each cell lines
were determined using qRT-PCR. The HepG2 cells showed
the biggest difference of expressions of both RP11-422N16.3
and miR-23b-3p compared with normal epithelial cells and
was selected for further experiments.

Cell Grouping and Corresponding

Treatment

HepQ2 cells at their logarithmic growth phase was divided into
the following seven groups: 1) Blank group (no treatment), 2)
pcDNA3.1 group (transfected with pcDNA3.1), 3)
pcDNA3.1-RP11-422N16.3 group (transfected with pcDNA3.
1-RP11-422N16.3); 4) inhibitors NC group (negative control,
transfected with inhibitors NC); 5) miR-23b-3p inhibitors
group (transfected with miR-23b-3p inhibitors); 6) pcDNA3.
1-RP11-422N16.3+mimics NC group (transfected with
pcDNA3.1-RP11-422N16.3 and mimics NC); and 7) pcDN
A3.1-RP11-422N16.3+miR-23b-3p mimics group (trans-
fected with pcDNA3.1-RP11-422N16.3 and miR-23b-3p
mimics). pcDNA3.1, pcDNA3.1-RP11-422N16.3, inhibitors
NC, miR-23b-3p inhibitors, mimics NC and miR-23b-3p
mimics were purchased from Sangon Biotech (Shanghai,
China). Cell transfection was conducted according to the
instruction of Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA). Transfected cells were incubated for 48 hrs and sub-
jected to morphology evaluation with an inverted microscope.

Determining the Localization of RPI |-
422N16.3 in Cells

PARISTM Kit (Ambion, Austin, Texas, USA) was used for
subcellular fractionation. HepG2 cells were harvested,
washed with PBS and put on ice. Then, 500 pL of pre-cold
cell fractionation buffer was used to resuspend cells, fol-
lowed by dissolution on ice for 10 min. After cells were
centrifuged for 5 mins, the supernatant (cytoplasm) was
separated from sediment (cell nucleus). The separated super-
natant was added with same volume of 2 x Lysis/Binding
Solution for full mixture to prevent RNA from degradation.
Anhydrous alcohol of the same volume of supernatant was
then added before the mixture was added into the filter candle
of the kit. The liquid was abandoned after the filter candle
was washed for several times. The RNA on the filter was
collected, which was the dissolved cytoplasm RNA, by

centrifugation for 30s. Cell nucleus sediment was harvested
based on process above, which was the final nucleus RNA.
Then, cytoplasm RNA and nucleus RNA were collected for
reverse transcript using M-MLV kit (No. 28025013.
ThermoFisher Scientific, USA). Expressions of RP11-
422N16.3 in cytoplasm and nucleus were determined using
gRT-PCR.

Dual-Luciferase Reporter Assay

Bioinformatics software (http://www.targetscan.org) was
used to predict the relationship of IncRNA RPI11-
422N16.3 and miR-23b-3p. Luciferase reporter assay was

used to verify the relationship between IncRNA RP11-
422N16.3 and miR-23b-3p. The artificially synthesized
RP11-422N16.3 3'UTR gene sequence was introduced to
pMIR-reporter (Beijing Huayue Biotechnology Co., Ltd,
Beijing, China) through restriction enzyme sites Bamhl
and Ecorl. A mutant site of the complementary sequence
of RP11-422N16.3 wide target sequence was designed and
the target segment was inserted into the pMIR-reporter
plasma through restriction enzyme digested T4 DNA.
The confirmed WT and MUT plasmids were separately
transfected with mimics NC and miR-23b-3p mimics into
293T cells (Shanghai Beinuo Bio-Tech Co., Ltd, Shanghai,
China). Cells were harvested after being transfected for 48
hrs and subjected to cell lysis. Glomax20/20 luminometer
(Promega, Madison, Wisconsin, USA) and Luciferase kit
(BioVision, San Francisco, CA, USA) were used to detect
the activity of luciferase. Experiments in each group were
repeated three times.

Bioinformatics software (http://www.targetscan.org) was

used to predict the relationship of miR-23b-3p and
DMGDH, as well as the binding site of miR-23b-3p and
DMGDH 3'UTR. The DMGDH 3'UTR promoter sequence
with binding site of miR-23b-3p was synthesized to con-
struct DMGDH 3'UTR wild type plasmid (DMGDH
3'UTR-WT). DMGDH 3'UTR mutant plasmid (DMGDH
3'UTR -MUT) was also constructed. The plasmid was
established according to the procedure instructed on the
plasmid extraction kit (Promega, Madison, Wisconsin,
USA). Then, cells in the logarithmic phase were seeded
into a 96-well plate and when cell density reached 70%,
DMGDH 3'UTR-WT and DMGDH-3'UTR-MUT plasmids
were respectively transfected with mimics NC and miR-
23b-3p mimics into 223b-3pT cells using Lipofectamine
2000 regent. Cells were harvested after being transfected
for 48 hrs and subjected to cell lysis.
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Verifying the Relationship of RP1 |-
422N16.3 and miR-23b-3p by RNA-Pull

Down

A total volume of 50 nM miR-23b-3p transfected with biotin
labeled WT and 50 nM of miR-23b-3p transfected with biotin
labeled MUT were separately transfected into cells. After
being transfected for 48 hrs, cells were harvested and washed
with PBS before being incubated with special cell lysis buffer
(Ambion, Austin, Texas, USA) for 10 mins. Then, 50 mL of
cell lysates were prepared and incubated with M-280 strep-
tavidin MagneSphere (Sigma, St. Louis, MO, USA) pre-
coated with RNase-free yeast tRNA (Sigma, St. Louis,
MO, USA) at 4°C for 3 hrs. The cells were washed twice
with cold lysis buffer, thrice with low salt buffer solution and
once with high salt buffer solution. Antagonism miR-23b-3p
probe was used as negative control. qRT-PCR was applied to
determine the expression of RP11-422N16.3.

Quantitative Reverse Transcript

Polymerase Chain Reaction

Trizol (Invitrogen, Carlsbad, CA, USA) reagent was applied to
extract the total RNA from tissue samples and cells.
Ultraviolet analysis and formaldehyde denaturation electro-
phoresis were applied to verify the quality of extracted RNA.
Then, 1 pg of RNA was subjected to AMV reverse transcrip-
tase to obtain cDNA. PCR primers were designed and synthe-
sized by Sangon Biotech (Shanghai, China) (Table 1).
GAPDH was used as an internal control and U6 was used as
an internal control for RNA in cell nucleus and miR-23b-3p.
PCR was amplified with the following conditions: pre-dena-
ture at 94°C for 5 mins, followed by 40 cycles of denature at

Table | Primer Sequences for RT-PCR

94°C for 40s, anneal at 60°C for 40s and extend at 72°C for 1
min, and finally extend at 72°C for 10 mins. The PCR product
was verified through agarose gel electrophoresis. The lowest
point in the parallel rising of the logarithmic amplification
curve was manually selected to obtain the cycle threshold.

Data were analyzed by 272" method, in which 274" pre-
sents the ratio of gene expressions between the experimental

group and the control group.

Western Blot

The proteins from cells and tissue samples in each group were
extracted and measured using BCA kit (Wuhan Boster
Biological Technology, Ltd). Loading buffer was added for
boiling at 95°C for 10 mins. Thirty micrograms of proteins
were separated in 10% polyacrylamide gel (Wuhan Boster
Biological Technology. LTD). The resolving proteins were
transferred into the PVDF membrane. The blocking was per-
formed using 5% BSA at room temperature. The primary
antibodies of DMGDH, E-cadherin, Vimentin (1:1000) and
B-actin (1:3000) were purchased from Abcam Cambridge,
MA, USA. The primary antibodies were added and incubated
at 4°C overnight. Then, the membrane was washed thrice with
TBST for Smins. The corresponding secondary antibodies
(Shanghai MT-bio, China) were added for incubation for 1 h
at room temperature. The membrane was washed thrice for5-
mins before color development. Bio-rad Gel Dol EZ imager
(GEL DOC EZ IMAGER, Bio-Rad, California, USA) was
used to obtain images. The intensity of the target strip was
analyzed by ImageJ software. Each test was repeated thrice to
obtain the average value.

CCK-8 Assay

Cell suspension in each group was diluted and inoculated in a
96-well plate with 1x10°/100pL/well. Each group has 15
parallel wells. According to the incubation time, cells in
each group were sub-grouped into five groups (Oh, 24hrs,
48hrs, 72hrs and 96hrs), with each subgroup has three dupli-
cate wells. The culture medium without cells adding CCK-8
was served as blank control. The plate was incubated at 37°C
with 5% CO,. A total of 10 uL of CCK-8 reagent (Sigma, St.
Louis, MO, USA) was added in corresponding well at each
time point for incubation for 4 hrs. Later, the optical density
(OD) was measured using a microplate reader (Bio-Rad,
USA) under 450 nm wavelength.

Flow Cytometry (FCM)
Cells in logarithmic growth phase of each group were
digested with pancreatic enzymes and centrifuged. The

Genes Sequences

RPI11-422N16.3 F:5'-CCGTAGGACTCGCAGGACTCG-3
R:5'-GGTGAGAGGTGAGCTGGTAAGGAG-3’

miR-23b-3p F:5'-ACACTCCAGCTGGGATCACATTG
CCAGGGAT-3
R:5-CTCAACTGGTGTCGTGGAGTCGGCA
ATTCAGTTGAGGTGGTAAT-3’

DMGDH F:5'-TCCATCGTCCACAGAAAG-3’
R:5-AAATGTCCTCCGCAAGCT-3’

U6 F:5'-GCTTCGGCAGCACATATACTAAAAT-3’
R:5'-CGCTTCACGAATTTGCGTGTCAT-3’
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supernatant was removed and cells collected. After cells
were washed twice with pre-cold PBS, centrifugation was
performed at 1000 rpm for 5 mins. Then, the cell density
was adjusted into 10%mL and a total volume of 200 pl
cells were washed twice with 1 mL PBS before centrifu-
gation. Cells were re-suspended in 100 ul of binding buffer
and added with 2 pl of Annexin-V-FITC (20 ug/mL) for
full mixture at ice without light exposure. About 15 mins
later, cells were transferred into the testing tube and 300 pl
of PBS was added. Each sample was added with 1 ul PI
(50 ug/mL) before detection within 30 mins. Using
AnnexinV as horizontal axis, PI as vertical axis, cells in
upper left area were mechanical damaged cells, upper right
area were late apoptotic cells or necrotic cells, lower left
area were negative normal cells and lower right area were
early apoptotic cells.

Cell Migration Assay

Matrigel diluent was paved in 24-well plates, then the
plates were placed in room temperature with air drying
for 30 mins. Cells were inoculated in the prepared plate
and cultured in an incubator (37°C, 5%CQO,). When cells
fully covered the plate bottom, a line was lightly drawn in
each well with a sterilized tip, ensuring the width of each
line was the same. A mark was left on the cap of the 24-
well plates in order to make sure the same visual field in
the photograph, and then photos were taken and recorded
as 0 hr. After 24 hrs incubation at 37°C, cell culture fluids
were suctioned out and discarded. The 24-well plate was
washed 3 times with PBS to remove any cell debris caused
by scratching. Then, the cells were put into serum-free
medium for photographing, and recorded as 24 hrs.
Photographs were taken with an Olympus Inverted
Microscope (Olympus Optical Co., Ltd, Tokyo, Japan)
with six visual fields at a fixed location. The migrated
distance was calculated with the ImageTool software
(Bechtel Nevada, Los Alamos Operations, USA).
Migrated distance = (width at Ohr — width at 24hrs)/2.

Transwell Chamber Assay

Each Transwell chamber (Corning Glass Works, Corning,
New York, USA) was added with matrigel (BD Biosciences,
USA. 3.9 mg/mL, 60~80 uL), and incubated at 37°C. When
the matrigel was coagulated, chambers were taken out and
put into a 24-well plate. After the medium was pre-warmed
in the incubator, the pre-warmed mediums (0.5 mL per
chamber) were separately added into upper and lower cham-
bers. Then, the chambers were put into the incubator for a 2-

hr hydration, followed by the liquid being suctioned out from
upper and lower chambers and being discarded. The cell
suspension (5 x 10* cells/mL) was prepared after digestion.
A total of 0.5 mL complete medium was extracted and put
into a 24-well plate, and then the hydrated chamber was
transferred into the 24-well plate, avoiding bubble formation.
A total of 0.5 mL cell suspension was extracted and put into
the chamber, followed by incubation at 37°C for 24 hrs. The
liquid in upper and lower chambers was suctioned out and
discarded. Cotton swabs were used to clean the cells on the
surface of the upper chamber of the Transwell membrane.
After three PBS washed, the transferred cells were fixed with
ice-cold methanol for 30 mins. Cells were then dyed with
0.1% crystal violet for 10 mins. After this, cells were washed
with running water until no extra crystal violet remained and
were air-dried. Finally, data were recorded through observa-
tion and photography under a microscope. Photographs were
captured using an Olympus Inverted Microscope (Olympus
Optical Co., Ltd., Tokyo, Japan) with six visual fields at a
fixed location. A hit counter was applied to count the number
of cells transferred onto Transwell lower chamber.

Statistical Analysis

SPSS 21.0 (SPSS, Inc, Chicago, IL, USA) software was used
for data analysis. The obtained data were expressed as mean +
standard deviation. Data were analyzed using Kolmogorov—
Smirnov if data were in normal distribution. Comparisons
between two groups were analyzed using #-test, while compar-
isons among multi groups were analyzed through One-Way
ANOVA. Pairwise comparison after ANOVA analysis was
conducted using Fisher’s least significant difference #test
(LSD-t). P value was based on a two-sided test. P < 0.05
was considered as statistical difference.

Results
Decreased LncRNA RPI11-422N16.3
Expression in Hepatocellular Carcinoma

Tissues and Hepatocellular Carcinoma Cells
Quantitative RT-PCR was applied to detect the expressions
of RP11-422N16.3 in hepatocellular carcinoma tissues and
adjacent normal tissues. The results showed that RP11-
422N16.3 expression in hepatocellular carcinoma tissues
was significantly decreased compared with adjacent nor-
mal tissues (P < 0.01) (Figure 1A).

RP11-422N16.3 expression was also reduced in hepa-
tocellular carcinoma HepG2, SMMC-7721, MHCC97-H,
and HCCLM3 cells in contrast to that in human normal
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Figure | RPI1-422N16.3 expressions in liver cancer tissue and cell lines. (A): relative RP11-422N16.3 expression in normal tissues and cancer tissues; (B): Relative RP| |-
422N16.3 expression in hepatocellular carcinoma cell lines (HepG2, SMMC-7721, MHCC97-H, and HCCLM3) and normal live cell line (L02); (C): RP11-422N16.3
expression in cytoplasm was higher than that in nucleus in subcellular fractionations; (D): overexpression of RPI1-422N16.3 in HepG2 cell was successfully established.

*Indicated that P < 0.05 compared to L02 or Blank group.

liver cell line (L02) cells (P < 0.05). Among the four
hepatocellular carcinoma cell lines, HepG2 had the lowest
RP11-422N16.3 expression (Figure 1B); therefore, HepG2
cells were selected for further experiments.

The localization of RP11-422N16.3 in HepG2 cells was
investigated using subcellular fractionation. It was found that
RP11-422N16.3 localized in cell nucleus and cytoplasm of
HepG2 cells, with higher expression in cytoplasm than in
nucleus, indicating an important role of RP11-422N16.3 in
the cytoplasm of hepatocellular carcinoma cells (Figure 1C).

gRT-PCR results showed that in HepG2 cells, cells in
pcDNA3.1-RP11-422N16.3 group had significantly higher

expression of RP11-422N16.3 than those in pcDNA3.1
group (P < 0.05) (Figure 1D), suggesting that overexpres-
sion of RP11-422N16.3 in HepG2 cells was successfully
established.

Overexpression of RP| 1-422N16.3 Inhibits
Proliferation and Promotes Apoptosis in

Hepatocellular Carcinoma Cells

CCK-8 assay was applied to determine the effect of over-
expression of RP11-422N16.3 on cell proliferation. The
results demonstrated that there was no significant difference
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in cell proliferation in pcDNA3.1 group compared with blank
group (P > 0.05). However, cell proliferation in pcDNA3.1-
RP11-422N16.3 group was inhibited (P < 0.05) (Figure 2A).

Cell apoptosis was examined with the application of
FCM. The results suggested that there was no difference on
cell apoptosis between blank groups and pcDNA3.1 group (P
> 0.05). Cell apoptosis in pcDNA3.1-RP11-422N16.3 group
increased in contrast to pcDNA3.1 group (P < 0.05)
(Figure 2B and C). These results implied that overexpression
of RP11-422N16.3 can inhibit proliferation and promote
apoptosis in hepatocellular carcinoma cells.

Overexpression of RP|1-422N16.3

Inhibits EMT in Hepatocellular Carcinoma
Under an inverted microscope, it was found that HepG2 cells
in blank groups were fusiform similar to mesenchymal cells.
The cells in pcDNA3.1 group were similar to that of blank
groups, while cells in pcDNA3.1-RP11-422N16.3 group
gradually changed to round shape (Figure 3A).

Western Blot was utilized to determine the expression of
EMT-related proteins (ZEBI,
Vimentin). There was no difference in the expression of
ZEBI1 and Snail in blank groups and pcDNA3.1 groups of
HepG?2 cells (P > 0.05). In contrast, the expressions of ZEB1
and Snail in pcDNA3.1-RP11-422N16.3 group were substan-
tially reduced compared to the pcDNA3.1 group (P < 0.05).
There was no difference in the expression of E-cadherin and

Snail, E-cadherin and

Vimentin in blank groups and pcDNA3.1 groups of HepG2
cells (P > 0.05). However, cells in pcDNA3.1-RP11-422N16.3
group showed elevated expression of E-cadherin, and
decreased expression of Vimentin compared with cells in
pcDNA3.1 group (P < 0.05) (Figure 3B). These results sug-
gested that overexpression of RP11-422N16.3 inhibits EMT in
hepatocellular carcinoma cells.

Overexpression of RP|1-422N16.3
Inhibits Cell Migration and Invasion in

Hepatocellular Carcinoma

Scratch test was performed to measure cell migration,
results confirmed that at Ohr, the cells in all groups adhered
well, and there was no cell adherence at the scratch; after
24hrs, the cells started to migrate to the middle of the
scratch. The scratches of the blank, inhibitor NC and
pcDNA3.1 groups were covered by cells, and the migrated
distance of pcDNA3.1-RP11-422N16.3 and miR-23b-3p
groups was significantly shorter than other groups,
P < 0.05 (Supplementary Figure 4A).

Transwell chamber assay was performed to detect cell
invasion. Results showed that the numbers of cell invasion
in the blank, inhibitor NC and pcDNA3.1 groups were
higher than that in the pcDNA3.1-RP11-422N16.3 and
miR-23b-3p groups, P<0.05 (Supplementary Figure 4B).

It is suggested that overexpression of RP11-422N16.3
and down-regulation of miR-23b-3p can inhibit the migra-

tion and invasion of HepG2 cells.

Increased Expression of miR-23b-3p in

Hepatocellular Carcinoma Tissues and Cells
gRT-PCR was applied to detect the expressions of miR-23b-
3p in hepatocellular carcinoma tissues and adjacent normal
tissues. The results showed that compared with adjacent
normal tissues, hepatocellular carcinoma tissues had
increased expression of miR-23b-3p (P < 0.05) (Figure 4A).

In comparison with normal L02 cells, miR-23b-3p
expression in hepatocellular carcinoma cells (HepG2,
SMMC-7721, MHCC97-H, and HCCLM3) was elevated (P
< 0.05). Among the hepatocellular carcinoma cells, HepG2
had the highest miR-23b-3p expression (Figure 4B).

qRT-PCR detection showed that in HepG2 cells,
expression of miR-23b-3p in miR-23b-3p inhibitors
group was lower than those ininhibitors NC group (P <
0.05) (Figure 4C), indicating the successful establishment
of low-expression of miR-23b-3p in HepG2 cells.

Down-Regulation of miR-23b-3p Inhibits
Cell Proliferation and Promotes Cell

Apoptosis in Hepatocellular Carcinoma
CCK-8 assay in HepG2 cells showed that cells transfected
with miR-23b-3p inhibitors inhibited cell proliferation, while
transfection with NC had no effect on cell proliferation (P <
0.05) (Figure 5A).

FCM showed that cell apoptosis rate in miR-23b-3p
inhibitors group was elevated substantially, while there
was no difference in cell apoptosis between blank group
and NC group (P > 0.05). (Figure 5B). These results
showed that down-regulation of miR-23b-3p inhibited
cells proliferation and promoted cell apoptosis in hepato-
cellular carcinoma.

Down-Regulation of miR-23b-3p Inhibits

EMT in Hepatocellular Carcinoma

Cell morphology was observed under an inverted micro-
scope. HepG2 cells transfected with inhibitors NC showed
no change in cell morphology. The cells transfected with
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showed decreased ZEB| and Snail expressions in cells of pcDNA3.|-PTENPI group, and elevated expression of E-cadherin and decreased expression of Vimentin in cells of
pcDNA3.1-PTENPI group. *Compared with blank group, P < 0.05.

miR-23b-3p inhibitors gradually became round shape group in HepG2 cells (P > 0.05). In contrast to cells in NC
(Figure 6A). group, the expressions of ZEB1 and Snail in miR-23b-3p

Western Blot showed that there was no difference in  inhibitors group were substantially reduced (P < 0.05). No
expressions of ZEB1 and Snail in blank group and NC  significant difference on expressions of E-cadherin and
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Vimentin in HepG2 cells transfected with inhibitors NC
(P > 0.05). Cells transfected with miR-23b-3p inhibitors
had increased expression of E-cadherin, but decreased
expression of Vimentin in HepG2 cells (P < 0.05)
(Figure 6B).

Overexpression of miR-23b-3p Can
Reverse the Effect of pcDNA3.1-RPI |-
422N 16.3 on Cell Proliferation,
Apoptosis and EMT in Hepatocellular

Carcinoma

In HepG2 cells, cell proliferation in pcDNA3.1-RP11-
422N16.3+miR-23b-3p mimics group increased compared
to that in pcDNA3.1-RP11-422N16.3+mimics NC group
(P < 0.05) (Figure 7A).

FCM showed that cell apoptosis in pcDNA3.1-RP11-
422N16.3+miR-23b-3p mimics group was inhibited com-
pared to that inpcDNA3.1-RP11-422N16.3+mimics NC
group in HepG2 cells (P < 0.05) (Figure 7B).

Observation of cell morphology showed that HepG2
cells co-transfected with pcDNA3.1-RP11-422N16.3 and
miR-23b-3p mimics changed to fusiform shape similar to
mesenchymal cells (Figure 7C).

Western Blot confirmed that in HepG2 cells, the expres-
sions of ZEB1 and Snail in pcDNA3.1-RP11-422N16.3
+miR-23b-3p mimics group were substantially higher than
that inpcDNA3.1-RP11-422N16.3+mimics NC group in
HepG2 cells (P < 0.05) (Figure 7D), and the pcDNA3.1-
RP11-422N16.3+miR-23b-3p mimics group had decreased
expression of E-cadherin, and increased expression of
Vimentin when compared with pcDNA3.1-RP11-422N16.3
+mimics NC (P < 0.05) (Figure 7D). These results showed

that RP11-422N16.3 can regulate cell proliferation, apoptosis
and EMT in hepatocellular carcinoma by targeting miR-
23b-3p.

Overexpression of RPI1-422N16.3 and
Inhibition of miR-23b-3p Up-Regulated
DMGDH expression

gRT-PCR and Western blot were applied to detect the
mRNA and protein expression of DMGDH in hepatocel-
lular carcinoma tissues and cells. The mRNA and protein
expression of DMGDH in hepatocellular carcinoma tissues
decreased compared with adjacent normal tissues (P <
0.05) (Figure 8A and B). The mRNA and protein expres-
sion of DMGDH in hepatocellular carcinoma cells
decreased compared with normal hepatocellular cells (P
< 0.05) (Figure 8C and D).

In HepG2 cells, the mRNA and protein expression of
DMGDH in pcDNA3.1-RP11-422N16.3 group elevated
when compared with pcDNA3.1 group. In addition,
increased mRNA and protein expression of DMGDH
was seen in miR-23b-3p inhibitors group compared with
inhibitors NC group (P < 0.05) (Figure 8E and F).

RPI11-422N16.3 Competitively Bound to
miR-23b-3p to Promote DMGDH

The above results showed that there may be a negative
targeting relationship between RP11-422N16.3 and miR-
23b-3p in hepatocellular carcinoma tissues and cells. qRT-
PCR further verified that the expression of miR-23b-3p in
pcDNA3.1-RP11-422N16.3 group was inhibited when com-
pared with pcDNA3.1 group, while the expression of RP11-
422N16.3 in miR-23b-3p inhibitors group increased in
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Figure 5 Effect of miR-23b-3p on HepG2 cell proliferation (A) and cell apoptosis (B), *Indicated that P < 0.05 compared to the blank group.

HepG2 cells compared withinhibitors NC group (P < 0.05)
(Figure 9A and B).

Dual-luciferase reporter system identified that compared
with mimics NC group, the luciferase activity of RP11-
422N16.3+miR-23b-3p mimic group was inhibited (P <
0.05), while difference was found in comparison with mutant
RP11-422N16.3+miR-23b-3p mimics group (P > 0.05). All
these results supported the binding relationship between
RP11-422N16.3 and miR-23b-3p (Figure 9C).

RNA-pull down assay in HepG2 cells showed that the
expression of RP11-422N16.3 in Bio-miR-23b-3p-WT group
was higher than that in Bio-probe NC group (P < 0.05).
Comparison between Bio-miR-23b-3p-MUT group and Bio-
probe NC group showed no difference (P > 0.05). Those data
supported that Bio-miR-23b-3p-WT can gather RP11-
422N16.3 around, which Bio-23b-3p-MUT cannot. RP11-
422N16.3 can compete the binding site of miR-23b-3p, thus
decreasing the activity of miR-23b-3p (Figure 9D).
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Target scan (http://www.targetscan.org) predicted that ~with DMGDH-3'"UTR-WT+mimics NC group, DMGDH-
there is a targeting relationship between miR-23b-3p and  3'UTR-WT+ miR-23b-3p mimics had suppressed lucifer-
DMGDH. Luciferase activity assay showed that compared ase activity (P < 0.05). The luciferase activity of
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Figure 8 DMGDH expression in cancer tissue and normal tissue ((A): DMGDH mRNA expression; (B): DMGDH protein expression), and in hepatocellular carcinoma cell
lines (HepG2, SMMC-7721, MHC97-H and HCCLM3) and normal liver cell line (L02) ((C): DMGDH mRNA expression; (D): DMGDH protein expression). Effect of RPI |-
422N16.3 and miR-23b-3p on DMGDH expression ((E): DMGDH mRNA expression; (F): DMGDH protein expression). *Indicated that P < 0.05 compared to Blank or L02
groups.
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DMGDH-3'UTR-MUT+miR-23b-3p mimics was similar
to that in DMGDH-3'UTR-MUT+mimics NC group
(P > 0.05) (Figure 9E). All these data supported that
DMGDH is a direct target gene of miR-23b-3p.

Discussion

It is estimated that approximately 93% of transcripts are
IncRNAs, and IncRNAs are usually located in the nucleus
and cytoplasm.”’ However, the gene transcription level of
IncRNA is generally lower than that of protein-encoding
genes, and the sequence conservation is poor. Compared
with small RNAs (such as miRNAs), LncRNAs have
longer sequences and more complex spatial structures,
and the mechanisms involved in expression regulation
are more diverse and complex. Abnormal expression of
LncRNA is closely related to tumor diagnosis, recurrence,
metastasis and prognosis.”? LncRNAs display a variety of
biological functions in cancer, and are widely involved in
DNA damage repair, cell cycle regulation and other phy-
siological or pathological processes to regulate tumor
development, and can be used as transcriptional regulatory
molecules of oncogenes and tumor suppressor genes. The
mode of action can be roughly divided into four cate-
gories: signal, decoy, guide and scaffold.”> LncRNAs can
regulate the expression of genes through epigenetic regu-
lation, transcriptional regulation and post-transcriptional
regulation, and thus participate in various biological pro-
cesses such as cell proliferation, differentiation and apop-
tosis in cancer, the role of LncRNAs in signaling pathways
has become an important part of the mechanism of cancer
development.”**> Lnc TCF7 is highly expressed in liver
cancer cells and plays an important role in the mainte-
nance of liver cancer stem cell self-renewal ability. Lnc
TCF7 activates the Wnt signaling pathway by binding to
and recruiting SWI/SNF complexes to bind to the promo-
ter of the TCF7 gene to activate gene expression, which
leads to the development of liver cancer tumors.”® TGF-p
promotes the metastasis of liver cancer cells through
IncRNA-ATB.?” miRNAs can be paired with target
RNAs, resulting in inhibition of gene expression and inhi-
bition of protein synthesis. IncRNAs can act directly or
indirectly with microRNAs, causing them to lose regula-
tory function. In addition, IncRNAs can also participate in
gene transcriptional processes mediated by DNA methyla-
tion, acetylation, etc. to regulate tumorigenesis. ncRNAs
can regulate every aspect of cancer. Double luciferase
reporter assay in current study provided evidence support-
ing the negatively target relationship of miR-23b-3p with

DMGDH. LncRNAs act as an endogenous “sponge” or
ceRNA interacting with miRNA and exert their biological
function by binding to their target genes.”® To confirm
whether IncRNA RP11-422N16.3 interacts with miR-
23b-3p, we applied RNA-pull down assay and the results
supported the binding relationship between RPI1I1-
422N16.3 and miR-23b-3p.

As early as the 1950s, Warburg reported that pyruvate,
which decomposes glucose in tumor cells, was converted to
lactic acid in the presence of oxygen, rather than in the
mitochondria, and was later called the “Warburg effect.”’
Recent studies have further found that the key to rapid and
long-term growth, proliferation and hypoxia tolerance of
cancer cells was that they were different from the metabolic
characteristics of normal cells; and the metabolic character-
istics of tumor cells can be used to distinguish tumor cells
from normal cells.>**' Common features of tumor metabo-
lism include changes in glucose aerobic glycolysis, gluta-
mine metabolism, tricarboxylic acid cycle, and anabolism,
these characteristics may become a new development direc-
tion for the treatment of cancer, thereby avoiding and over-
coming the genetic heterogeneity of tumors, and revealing
the significance of research on the metabolism of substances
in tumor cells.**** Therefore, we previously performed a co-
expression analysis of RP11-422N16.3 and a metabolic
enzyme-related gene, and found that dimethylglycine dehy-
drogenase (DMGDH) was significantly positively correlated
with RP11-422N16.3 expression, and low expression of
DMGDH was a significant adverse factor in the prognosis
of liver cancer patients. DMGDH has two splicing isoforms.
Isomer 1 consists of 866 amino acid residues with a mole-
cular weight of 96,811 Da; isomer 2 consists of 394 amino
acid residues with a molecular weight of 45,079 Da. Among
them, residues 19-398 and 775-866 were deleted.'®>* In the
1950s and early 1960s, DMGDH was first identified and
purified from rat liver.*> DMGDH is a flavin adenine dinu-
cleotide (FAD) and tetrahydrofolate (THF)-dependent mito-
chondrial matrix enzyme involved in choline degradation,
one-carbon metabolism, and respiratory chain electron trans-
port. DMGDH catalyzes the oxidative demethylation of
dimethylglycine (DMG) to form sarcosine, and can convert
sarcosine to glycine to a certain extent, and participate in
choline degradation. Choline is an essential nutrient and a
component of many important biomolecules, such as the
membrane phospholipid phosphatidylcholine and the neuro-
transmitter acetylcholine.*®>” In recent years, DMGDH cat-
alytic product sarcosine has also attracted people’s attention
and has been used as a biomarker for invasive prostate
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cancer.”® Therefore, regulation of sarcosine levels and related
enzymes has become the focus of research.

Our results also demonstrated the effect of overexpres-
sion of RP11-422N16.3 and down-regulation of miR-23b-
3p on cell proliferation, apoptosis and EMT in liver cancer
cells. miR-23b-3p has been specifically linked to various
functions in different cancers through a cell-type-depen-
dent manner.*® In several kinds of tumors, miR-23b-3p
was reported to act as a tumor inhibitor.** It was shown
that the downregulation of miR-23b-3p in gastric carci-
noma inhibited growth and invasion of gastric cancer cells
through targeting Notch 2 and inhibiting its expression.*’
In addition, overexpression of RP11-422N16.3 and down-
regulation of miR-23b-3p was believed to inhibit EMT in
liver cancer as supported by increased expression of
E-cadherin and decreased expression of Vimentin. Apart
from that, EMT is considered to be one of the most
important mechanisms of tumor cell invasion and metas-
tasis, in which epithelial cells obtain mesenchymal and
fibroblast-like properties.**** Our study was consistent
with this observation as overexpression of RP11-
422N16.3 and down-regulation of miR-23b-3p can inhibit
EMT in liver cancer cells.

Conclusion

In summary, this study elucidated that RP11-422N16.3 can
competitively bind to miR-23b-3p to regulate expression
of DMGDH. Overexpression of RP11-422N16.3 and inhi-
bition on miR-23b-3p contributed to the suppression of
cell proliferation and accelerating cell apoptosis in liver
cancer cells. RP11-422N16.3 could be a potential thera-
peutic target for liver cancer.
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