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Abstract: Objective: Long non-coding RNAs (IncRNAs) may have a significant regulatory effect on the progression of
hepatocellular carcinoma (HCC), according to recent data. This study aims to investigate how SNHG20, a small nu-
cleolar RNA host gene, contributes to the development of HCC. Methods: LncRNA SNHG20, miR-5095, and MBD1
gene levels were determined using reverse transcription gPCR (RT-qPCR). Huh-7 and HepG2 cell bioactivities were
evaluated using the CCK-8 kit, EdU, flow cytometry, and wound-healing migration tests. To assess the metastasis
of Huh-7 and HepG2 cells, a transwell assay was used. The amounts of invasion- and proliferation-associated pro-
teins were determined using western blot. Using the miRDB (www.mirdb.org) software, the possible target genes
of IncRNA and miRNA were predicted, and this prediction was then verified by a twofold luciferase reporter test. To
determine the pathologic alteration and Ki67 level in tumor tissues, H&E staining and IHC were employed. TUNEL
was conducted to assess the presence of apoptotic bodies in the tumor tissues. Results: IncRNA SNHG20 exhibited
a high expression in HCC cells (P<0.01). LncRNA SNHG20 knockdown inhibited HCC cell metastasis (P<0.01) and
accelerated apoptosis (P<0.01). LncRNA SNHG20 acted as a sponge of miR-5095 in HCC. In addition, miR-5095
overexpression inhibited HCC cell metastasis (P<0.01) and accelerated apoptosis (P<0.01); and miR-5095 nega-
tively targeted MBD1.. Furthermore, LncRNA SNHG20 regulated HCC progression through the miR-5095/MBD1 axis,
and LncRNA SNHG20 knockdown inhibited HCC growth. Conclusion: LncRNA SNHG20 accelerates HCC progression
by the miR-5095/MBD1 axis, indicating IncRNA SNHG20 can be used as a biomarker for patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most prevalent malignant tumors worldwide
and a frequent cause of cancer-related deaths
[1]. Even though screening and therapy have
made significant advancements, the morbidity
and mortality of HCC is unfortunately increas-
ing [2].

Since non-coding genes account for most of
the total DNA, and carcinogenic mutations
occur mostly in non-coding genomes, non-cod-
ing genes are the main inducers of tumorigen-
esis. Long non-coding RNAs (IncRNAs) may be
crucial in the formation of tumors, according to
previous research [3, 4]. Therefore, the regula-
tion of non-standard non-coding transcription

may affect the tumor phenotype [5]. LncRNAs,
as intracellular regulatory factors, have func-
tional activities in tumor proliferation and
metastasis [6]. Many biologic processes are
affected by IncRNAs because they are involved
in miRNA-mediated gene regulation, acting as
miRNA sponges [7, 8]. To date, the functions of
a variety of IncRNAs have been elucidated in
HCC. Huang et al. reported that as a growth
regulator, INcCRNA taurine up-regulated 1 (TUG1)
regulated the progression of HCC through epi-
genetic silencing of KLF transcription factor 2
(KLF2) [9]. Furthermore, according to Liang et
al., the release of HCC exosomes was encour-
aged by the IncRNA HOX transcript antisense
RNA (HOTAIR) [10]. However, the fundamental
mechanism of IncRNA short nucleolar RNA
host gene 20 (SNHG20) in regulating HCC is
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unknown, despite reports of its involvement in
laryngeal squamous cell carcinoma and gastric
cancer [11].

A non-coding short RNA with an evolutionary
length of 18 to 20 bp is known as a microRNA
(miRNA) [12]. miRNAs control post-transcrip-
tional translation, has and have been linked to
the development of several illnesses [13, 14].
According to studies, miR-5095 participates in
the regulation of the bioactivity of esophageal
cancer cells by acting as a sponge for cir-
cRAD23B [15]. According to Zhao et al., miR-
5095 affects how responsive cervical cancer
cells are to radiation by modulating the pliable
nature of IncRNA LINCO0958 [16]. Through
suppressing the expression of miR-5095,
LINCO1296’s ectopic expression encourages
the growth and migration of non-small cell lung
cancer cells [17]. Based on previous research,
we speculate that miR-5095 is regulated by
the sponging of LncRNA SNHG20. However, a
correlation between miR-5095 and LncRNA
SNHG20 has not been investigated.

DNA methylation is a crucial method of control-
ling cancer epigenetics, and DNA methylation is
strongly tied to MBD1 (methyl-CpG binding
domain protein 1) [18]. At this point, several
miRNAs can regulate the function of MBD.
According to Liu et al., miR-184 targets MBD1
to regulate the bioactivity of neural stem cells
[19]. Furthermore, in cervical cancer, MBD1 is
targeted by miR-4429 to accelerate cell prolif-
eration [20]. We speculate that MBD1 may be
regulated by miR-5095 to play a role in the HCC
development based on a prior study. Namely,
MBD1 may be regulated by miR-5095 and
involved in HCC progression. However, this has
not yet been investigated.

Therefore, further exploring the pathogenesis
of HCC will be helpful to the demand for novel
treatment strategies, which has important
practical significance. This investigation atte-
mpts to determine whether the miR-5095/
MBD1 axis is involved in HCC development,
aiming to find a marker for the evaluation and
outlook of HCC.

Materials and methods
Cell lines and culture

HCC cells, including Huh-7, MHCC97-H, HepG2,
and SMMC-7721 cells were provided by Procell
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Life Technologies Co., Ltd., Wuhan, China.
Dulbecco’s modified Eagle’s medium (Roche,
Basel, Switzerland, Roche), 10% fetal bovine
serum (Basel, Switzerland, Roche), and 1%
penicillin-streptomycin solution (Beijing, China,
Solarbio) were employed to cultivate cells in a
humid culture tank with 5% carbon dioxide at
37°C.

Hepatoblastoma, eventually discovered to be
the source of the HepG2 cell line, was once
believed to be a HCC cell line. The HepG2 cell
line has been the subject of various investiga-
tions, despite being thought of as hepatoblas-
toma, according to the most recent study [21,
22]. The source of the cell was verified using
STR, and the STR certificate is included in the
supplemental information.

Cell transfection

The miR-5095 mimics (5-UUACAGGCGUGAA-
CCACCGCG-3’), miR-5095 inhibitor (5-CGCG-
GTGGTTCACGCCTGTAA-3’), pGL3-LncRNA SN-
HG20 (sh-SNHG20, 5-GCCACUCACAAGAGUG-
UAUTT-3’), pGL3-MBD1 (sh-MBD1, 5-CCGG-
GAACAGAGAATGTTTAA-3’), and its negative
controls NC mimics (5-ACUCUAUCUGCACGC-
UGACUU-3’), NC inhibitor (5-CAGUACUUUUGU-
GUAGUACAA-3’) and pGL3-NC (sh-NC, 5-GG-
ATACGGAGTACTATAGC-3’) were synthesized by
Biotechnology Co., Ltd., Beijing, China. The
transfection doses were 2 pg/well for Huh-7
and HepG2 cells in 6-well plates. All transfec-
tions were carried out using the transfection
agent Liposome™ 3000 (Kusatsu Takayama,
Japan). Huh-7 and HepG2 cells that had been
transfected 48 hours earlier were employed for
the following tests.

Reverse transcription gPCR (RT-qPCR)

Total RNA was extracted from HCC cell lines
using TRIZOL reagents (Takara, WKusatsu,
Japan), and RNA concentrations were calculat-
ed at a wavelength of 260 nm. The cDNA was
produced using the M-MLV Reverse Trans-
criptase (RNase H) Kit (TakaRa, Ohtsu, Japan).
RT-gPCR kit (Thermo Fisher Scientific) was
used to specifically measure the levels of the
MBD1 and SNHG20 LncRNA genes [23]. The
expression of miR-5095 was determined using
the Tagman microRNA assay kit (Applied
Biosystems; Thermo Fisher Scientific, Inc.).
GAPDH was used as the endogenous control
for LncRNA SNHG20 and MBD1, while U6
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Table 1. Primer sequences

Primer name Primer sequences

F-LncRNA SNHG20 5’-ATGGCTATAAATAGATACACGC-3’
R-LncRNA SNHG20 5’-GGTACAAACAGGGAGGGA-3’

F-miR-5095 5’-AACGAGACGACGACAGAC-3’
R-miR-5095 5’-TACAGGCGTGAAC-CACC-3’
F-MBD1 5’-CTGCATCTGCGTCTTCACAT-3’
R-MBD1 5’-CACACCCCACAGTCCTCTTT-3’
F-Ue 5’-GCTCGCTTCGGCAGCACA-3’
R-U6 5’-GAGGTATTCGCACCAGAGGA-3’
F-GAPDH 5’-GAGTCAACGGATTTGGTCGT-3’
R-GAPDH 5 -TTGATTTTGGAGGGATCTCG-3’

Noted: MBD1: Methyl-CpG-Binding Domain Protein 1.
LncRNA: long non-coding RNA. GAPDH: Glyceraldehyde-
3-phosphate dehydrogenase.

served as the internal reference for miR-5095
in the data analysis. The 222°t method was
employed to identify fold changes. The entire
process was performed in triplicate. Table 1
lists the primers used.

Western blot

Using a cell lysis solution that comprises 25
mM Tris-HCI, 150 mM NaCl, 1% NP-40, 1%
sodium deoxycholate, and 0.1% sodium dodec-
yl sulfate, the total protein was extracted from
samples of HCC cells (Beyotime, Nanjing,
China). All of the antibodies adopted in this
work were from Abcam (Cambridge, UK,
1:1000), and they were utilized to measure the
proliferative proteins PCNA (ab29) and Ki-67
(@b270650), and the apoptosis-related pro-
teins Bax (ab32503), Bcl-2 (ab32124), cleav-
ed-caspase-3 (ab32042), cleaved-caspase-9
(@ab2324), with B-actin (ab8226) as internal ref-
erence. Band intensities acquired by Image)
software (Inc., California, USA) for western blot
quantifications were adjusted to B-actin [24].

Cell counting kit-8 (CCK-8) assay

The Beyotime Cell Count Kit was used to as-
sess the viability of Huh-7 and HepG2 cells
(Beyotime, Nanjing, China). Huh-7 and HepG2
cells were specifically grown on a 96-well
plate. At O h, 24 h, 48 h and 72 h, a solution of
10 yL CCK-8 was introduced to each well.
Subsequently, a fresh 96-well plate was filled
with the medium and the combined CCK-8
solution. A fluorescent microplate reader
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(Sigma, St. Louis, Missouri, USA) was used to
measure the absorbance at 450 nm.

5-ethynyl-20-deoxyuridine (EdU) assay

Huh-7 and HepG2 cells were transfected with
the respective plasmids and injected into a
24-well plate after 48 hours. Thereafter, the
prepared EDU medium (Abcam, Cambridge,
UK, soluble in water to 10 mM and in DMSO to
100 mM) was added to the plate. After two
hours of incubation, the culture was removed,
and the cells were trypsinized and washed
twice with 1xPBS (pH=7.4). Huh-7 and HepG2
cells were fixed with formaldehyde for 30 min-
utes, after which they were dyed with glycine,
washed twice with 1xPBS, left in 0.5% Triton
X-100 for 10 minutes, and again washed twice
with 1xPBS. EdU staining was performed
according to the operating instructions of the
Cell Light MEDU Cell Proliferation Assay (Sigma,
St. Louis, Missouri, USA). The stained samples
were visualized using an inverted fluorescence
microscope (Olympus, Tokyo, Japan).

Flow cytometry analysis

Cell apoptosis was analyzed using flow cytom-
etry. Initially, matching plasmids were transfect-
ed into 1x10° Huh-7 or HepG2 cells, and the
cells were then grown in a 12-well plate with
serum-free DMEM for 24 hours. After that,
Huh-7 or HepG2 (5 L/well) were treated with
Annexin V-FITC and Propylene lodide (Pl), and
incubated at 37°C for 2 hours. With BD-
FACSAria™ Fusion, the number of apoptotic
cells was counted (BD Biosciences, New York,
USA). The apoptosis rate was calculated as Q4
(early apoptosis) + Q2 (late apoptosis). To ana-
lyze the data, ModiFit software 5.0 (Olympus,
Tokyo, Japan) was used.

Wound-healing migration assay

The wound-healing assay was conducted in
both Huh-7 and HepG2 cells. A 24-well culture
plate received Huh-7 and HepG2 cells, respec-
tively. The relevant plasmid was transfected
once the cell population had expanded to
80% of its original size. After 24 hours of trans-
fection, a wound gap was created by gently
scratching a single layer of cells was crossed
with the tip of a 200 yL. The migratory potential
of Huh-7 and HepG2 cells was evaluated by
observing the cells on culture plates (0-48 h)
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under an inverted microscope (Olympus, Tokyo,
Japan).

Transwell assay

Cell invasion and migration were assessed in
the Transwell chamber with 8 um diameter
membrane holes. The Transwell chamber of
migration does not require matrigel coating, in
contrast to the invasion experiment. In the top
compartment, Huh-7 or HepG2 cells were
implanted in a medium devoid of serum. A cul-
ture containing 20% fetal bovine serum was
put into the bottom chamber at the same time.
After 24 hours of culture, the cells remaining on
the top chamber were removed with a cotton
brush, and the cells in the bottom chamber
were fixed with 4% polyformaldehyde and 0.1%
crystalline amethyst staining. The stained cells
were counted in five randomly selected fields
under an inverted microscope to assess the
invasion ability of the cells.

Bioinformatic and luciferase reporter assay

The miRDB database (www.mirdb.org) was
used to forecast potential target genes. Fluor-
inase vectors (pGL3 Luciferase Reporter
Vectors), obtained from Sangon Biotech, includ-
ed wild-type or mutant miR-5095 binding re-
gions of wild-type or mutant IncRNA SNHG20
and MBD1 (Shanghai, China). On a 6-well
plate, 500 ng of wild-type or mutant LncRNA
SNHG20 and MBD1 plasmids were injected
into each well. According to the directions, lipo-
somes ™3000 were applied to transfect Huh-
7 or HepG2 cells with miR-5095 mimics (100
nM) and NC mimics (100 nM) (Takara, Kusatsu,
Japan). A twofold photochemical luminescence
reporting gene analysis system (Foster City
Applied Biosystics, USA) was employed to mea-
sure luciferase activity and normalize it using
Renira luciferase activity.

Tumorigenesis assays

We purchased four-week-old female BALB/c
mice from Zhejiang Vital River Laboratory
Animal Technology. All animal studies were car-
ried out following the protocol that has been
authorized by the Animal Laboratory Center’s
Ethics Committee at Hangzhou Medical College
(YANSHEN 2020-220). For the subcutaneously
implanted tumor experiment, groups of BALB/c
nude mice (7 mice per group) were subcutane-
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ously injected with 1x10° Huh-7 cells transfect-
ed with either sh-LncRNA SNHG20 or mock
vectors obtained from Gene Pharmaceutical
Co., Ltd., (Shanghai, China). The cells were sus-
pended in 100 yL PBS before injection. The
nude mice were then acquired and fed in the
Zhejiang University Animal Center. Once every
week, the tumor’s development was observed.
After the mice were euthanized by intraperito-
neal injection of sodium pentobarbital over-
dose (260 mg/kg body weight) after 21 days,
the tumors were promptly excised, and tumor
weight and volume were examined. Finally, the
tumors were preserved and stained for histo-
logic studies using H&E staining and immuno-
histochemistry (IHC) [25, 26]. According to the
guidelines, H&E staining and IHC were carried
out to assess the pathologic alterations and
the levels of Ki67 in tumor samples.

TUNEL assay

Beyotime (Shanghai, China) provided colorimet-
ric TUNEL apoptosis assay kits, which were
utilized to assess the presence of apoptotic
small bodies in HCC tissues [27]. The dewaxed
tissue slices from the xenograft were subjected
to incubation with 20 ug/mL proteinase K with-
out DNase at room temperature for 15 min.
After three washes with PBS, the samples were
blocked with a blocking solution (Beyotime,
Shanghai, China) at room temperature for 20
min. Following three washes with PBS, 50 pL of
biotin labeling solution was added. Then the
sample was incubated at room temperature for
1 hin the dark. The stained sections were then
incubated with 50 L of streptavidin HRP work-
ing solution and stop reaction solution for 10
min at room temperature. A light microscope
(Olympus Microscope) was utilized to obtain the
images, and the percentage of TUNEL-positive
cells (brown) was computed.

Statistical analysis

The results from three independent experi-
ments were statistically evaluated using
GraphPad Prism version 5.0 software (Graph-
Pad Software, Inc.). The data were presented
as mean * standard deviation. Two indepen-
dent groups were compared using an unpaired
t-test. One-way repeated measures ANOVA
or two-way repeated measures ANOVA with
Tukey’'s post-test was employed to examine
data among several groups or time points. A
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Relative expression of SNHG20

Figure 1. LncRNA SNHG20 was highly expressed in
HCC cells. RT-gPCR was conducted to evaluate the
expressions of LncRNA SNHG20 in HCC cell lines, in-
cluding Huh-7, MHCC97-H, HepG2 and SMMC-7721.
Data indicate the mean of three independent experi-
ments. Error bars represent SD. In contrast to the
HL-7702 group, “"P<0.01, ""P<0.001. LncRNA: long
non-coding RNA.

difference was statistically significant when
P<0.05.

Results
LncRNA SNHG20 expressed highly in HCC

LncRNA SNHG20 has been found to be present
in various HCC cell lines, including Huh-7,
MHCC97-H, HepG2, and SMMC-7721. It was
revealed that IncRNA SNHG20 was strongly
expressed in HCC cells (P<0.01) in contrast
with the control, particularly in Huh-7 and
HepG2 cells (Figure 1). As a result, Huh-7 and
HepG2 cells were chosen for further functional
research.

LncRNA SNHG20 knockdown inhibited HCC
cell proliferation but accelerated apoptosis

The expression of LncRNA SNHG20 was
suppressed in Huh-7 and HepG2 cells in com-
parison to the control, according to RT-gPCR
analysis (P<0.01; Figure 2A). Cell viability of
Huh-7 and HepG2 was decreased by LncRNA
SNHG20 knockdown, according to CCK-8 as-
say analysis (P<0.01; Figure 2B). LncRNA SNH-
G20 knockdown consistently suppressed the
levels of proteins related to cell proliferation,
such as PCNA and Ki-67 in the EdU experiment
(P<0.01; Figure 2C). The results were also sup-
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ported by western blot. This was the case for
Huh-7 and HepG2 cell proliferation (P<0.01;
Figure 2D). Subsequently, LncRNA SNHG20
knockdown accelerated Huh-7 and HepG2 cell
death in comparison to the control (P<0.01;
Figure 2E). This was also supported by western
blot. LncRNA SNHG20 knockdown boosted
pro-apoptotic protein expression and lowered
Bcl-2 levels, indicating that it accelerated apop-
tosis (P<0.01; Figure 2F).

LncRNA SNHG20 knockdown inhibited HCC
cell metastasis

The migration and invasion ability of Huh-7
and HepG2 cells were decreased by LncRNA
SNHG20 knockdown in contrast with those in
the control group (P<0.01; Figure 3A and 3B).
In addition, western blot analysis revealed
that LncRNA SNHG20 knockdown significantly
reduced the expressions of proteins related to
the invasion ability (Cox-2, MMP2, and MMP9)
(P<0.01; Figure 3C), which are essential for
angiogenesis and tumor spread [28].

LncRNA SNHG20 functions as a sponge of
miR-5095 in HCC cells

Bioinformatic research revealed that LncRNA
SNHG20 and miR-5095 may have a common
binding site (Figure 4A). When Huh-7 and
HepG2 cells co-transfected with wild-type
plasmid of LncRNA SNHG20 and miR-5059
mimics, luciferase activity was reduced
(P<0.01), but the luciferase activity did not
change (P>0.05) in Huh-7 and HepG2 cells
transfected with the mutant LncRNA SNHG20-
containing plasmid. The double luciferase
reporter assay confirmed the prediction (Figure
4B). Moreover, RT-qPCR analysis revealed that
HCC cell lines in general (P<0.05), and Huh-7
and HepG2 cells in particular (P<0.01), showed
lower levels of miR-5059 than the control
HL-7702 cell lines (Figure 4C). Also, the analy-
ses of RT-qPCR suggested that, in Huh-7 and
HepG2 cells, sh-LncRNA SNHG20 up-regulated
the level of miR-5059 in contrast with the
absence of sh-NC (P<0.01; Figure 4D).

miR-5095 overexpression inhibited HCC cell
metastasis but accelerated apoptosis

After miR-5095 mimic transfection, RT-gPCR
analysis revealed that, in comparison to the
control, miR-5095 was substantially expressed
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Figure 2. LncRNA SNHG20 knockdown inhibited HCC cell proliferation while accelerating apoptosis. Huh-7 and HepG2 cells were transfected with sh-LncRNA
SNHG20, with sh-NC acting as the negative control, in order to knock down LncRNA SNHG20. A: To measure the knockdown efficiency of LncRNA SNHG20, RT-gPCR
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was adopted. B: Cell viability of Huh-7 and HepG2 cells was determined using CCK-8 assay. C, D: EdU assay (mag-
nification, x200) and western blot were conducted to measure the proliferation ability of Huh-7 and HepG2 cells.
E, F: FCMs assay and western blot were conducted to evaluate the apoptosis of Huh-7 and HepG2 cells. Data are
the average of three independent experiments. The error bars show SD. In contrast with the sh-NC group, "*P<0.01.
sh-NC was used as the negative control. LncRNA: long non-coding RNA.

in Huh-7 and HepG2 cells (P<0.01; Figure 5A).
After that, CCK-8 and EdU assay results re-
vealed that miR-5095 overexpression reduced
Huh-7 and HepG2 cell viability and proliferation
when compared to the control (P<0.01; Figure
5B and 5C). In contrast, FCMs analysis reveal-
ed that miR-5095 overexpression sped up
Huh-7 and HepG2 cell death in comparison to
the control (P<0.01; Figure 5D). Transwell
assay results showed that miR-5095 overex-
pression reduced the invasion and metastasis
of Huh-7 and HepG2 cells when compared to
the control (P<0.01; Figure 5E).

miR-5095 negatively targeted MBD1

According to a bioinformatic study, there may
be a binding site between miR-5095 and MBD1
(Figure 6A), suggesting that the miR-5095
binding sequence was found in the 3-UTR of
MBD1. The physical interaction between MBD1
and miR-5095 was then demonstrated by the
luciferase reporter assay. Co-transfection of
wild-type MBD1 and miR-5095 mimic plasmid
resulted in a significant reduction in luciferase
activity in Huh-7 and HepG2 cells (P<0.01).
However, this reduction in luciferase activity
was not observed (P>0.05) when the putative
binding site mutation occurred (Figure 6B).
In addition, RT-gPCR findings revealed that
MBD1 was substantially expressed in HCC
cells, including Huh-7 (P<0.001), MHCC97-H
(P<0.01), HepG2 (P<0.01) and SMMC-7721
(P<0.01), particularly in Huh-7 and HepG2 cells
(Figure 6C). Besides, RT-gPCR and western blot
analyses showed that the expression level of
MBD1 was decreased in Huh-7 and HepG2
cells upon transfection with miR-5095 mimics,
compared to that in the control NC mimics
group (P<0.01; Figure 6D and 6E).

LncRNA SNHG20 regulated HCC progression
through the miR-5095/MBD1 axis

LncRNA SNHG20 knockdown increased miR-
5095 levels (Figure 4D), while miR-5095 inhibi-
tor antagonized the enhanced effect, accord-
ing to the RT-qPCR analysis (P<0.01; Figure 7A
left). LncRNA SNHG20 knockdown consistently
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reduced the expression of MBD1, but MBD1
knockdown counteracted this effect (P<0.01;
Figure 7A right). CCK-8 and EdU assays
revealed that the effects of miR-5095 inhibi-
tors were subsequently attenuated by MBD1
depletion (P<0.05), whereas the impacts of
LncRNA SNHG20 knockdown encouraged the
decrease in Huh-7 and HepG2 cell viability, pro-
liferation, migration, and invasion (P<0.01;
Figure 7B, 7C and 7E). According to the flow
cytometry, miR-5095 inhibitor inhibited the
apoptosis induced by LncRNA SNHG20 knock-
down in Huh-7 and HepG2 cells (P<0.01), but
MBD1 knockdown reversed the effects of
the miR-5095 inhibitor on LncRNA SNHG20
knockdown in Huh-7 and HepG2 cells (P<0.05;
Figure 7D).

LncRNA SNHG20 knockdown inhibited tumor
growth

Primarily, BALB/C nude mice were injected with
Huh-7 cells, in which LncRNA SNHG20 was
suppressed, for tumor information. According
to tumor phenotypic statistics between 0-21
days, LncRNA SNHG20 knockdown reduced
the volume of the tumors in comparison to
the control (P<0.01; Figure 8A and 8B). The
tumor weight in the LncRNA SNHG20 knock-
down group was less than that of the control
group (P<0.001; Figure 8C). Additionally, Lnc-
RNA SNHG20 knockdown dramatically reduc-
ed the cell density and level of Ki67 protein
expression in tumor tissue. TUNEL analysis
revealed that, as compared to controls, LhncRNA
SNHG20 knockdown expedited the develop-
ment of apoptotic bodies (P<0.01; Figure 8D).
Moreover, RT-gPCR analysis revealed that
LncRNA SNHG20 knockdown decreased the
levels of LncRNA SNHG20 and MBD1 (P<0.01)
and increased the expression level of miR-
5095 (P<0.01) when compared to control
(P<0.01; Figure 8E).

Discussion
INcRNA, a novel class of non-coding RNAs that

has a length greater than 200 bp, is involved in
molecular processes [29]. Through regulating

Am J Transl Res 2023;15(6):4314-4331



IncRNA SNHG20/miR-5095/MBD1 axis in hepatocellular carcinoma

E= sh-NC
80-
sh-SNHG20 sh-NC sh-SNHG20 B3 <h.SNHG20
$ 604
e
z
% 40- l**
k! o
g !
S 20- :
0-
Huh-7
=
& 4009 E& sh-NC
Tt
2 B sh-SNHG20
i P e % 3001
=
- @
Huh-7 HepG2 £ 5004
5 Y
B g e
< 100
E i
: B
§ @ = Huh-7
on
=) = EA sh-NC
= 2 300+
& B3 sh-SNHG20
z
= S 2004
-
g 3
< s fukd
e £ 100 :
p— “5 e :
St -
2 :
2 v 2. = E 0 ;i c =
Huh-7 HepG2 z. Huh-7
C 20 20 = 1.5 Huh-7 = 1.57 HepG2
N WO ¢ WO & Em e £ e sinc
R & v & g EZ sh-SNHG20 ¢ [Em sh-SNHG20
1SS 1
(-9 o
Cox-2 — Z 1.0 z
@ @
MMP-2 S - s H
2 (.54
Lo Lo
MMP-9 - s 2 E
< <
Pactin W - o g

Cox-2 MMP-2 MMP-9 Cox-2 MMP-2 MMP-9

Huh-7 HepG2
4322 Am J Transl Res 2023;15(6):4314-4331



INcRNA SNHG20/miR-5095/MBD1 axis in hepatocellular carcinoma

Figure 3. LncRNA SNHG20 knockdown prevented HCC cells from migrating and invading. Huh-7 and HepG2 cells
were transfected with sh-LncRNA SNHG20, with sh-NC acting as the negative control, to knock down IncRNA
SNHG20. A: Huh-7 and HepG2 cell movement was evaluated using a wound-healing migration assay (magnifica-
tion, x200); B: Transwell assay was implemented to quantify the invasion and migration of Huh-7 and HepG2 cells
(magnification, x200); C: Western blotting was applied to ascertain the concentrations of proteins related to the
invasion ability, such as Cox-2, MMP-2, and MMP-9. Data are the average of three independent experiments. The
error bars show SD. In contrast with the sh-NC group, ""P<0.01. sh-NC was used as the negative control. IncRNA:
long non-coding RNA.
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Figure 4. LncRNA SNHG20 functions as a sponge of miR-5095 in HCC cells. A: miRDB program identified the loca-
tion of the probable binding site between LncRNA SNHG20 and miR-5059. To overexpress miR-5059, Huh-7, and
HepG2 cells were transfected with miR-5059 mimics. NC mimics acted as the negative control of miR-5059 mimics.
The direct binding connection between LncRNA SNHG20 and miR-5059 was verified. B: The dual luciferase reporter
gene experiment; C: The levels of miR-5095 in HCC cell lines such as Huh-7, MHCC97-H, HepG2, and SMMC-7721
were measured by RT-qPCR. Huh-7 and HepG2 cells were transfected with sh-LncRNA SNHG20, with sh-NC acting
as the negative control, to knock down LncRNA SNHG20; D: RT-gPCR measured level of miR-5095 in Huh-7 and
HepG2 cells. Data are the average of three independent experiments. The error bars show SD. In contrast with the
NC group, “"P<0.01. sh-NC was used as the negative control. WT: wild type; MUT: mutated. LncRNA: long non-coding
RNA.
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Figure 7. LncRNA SNHG20 regulated HCC progression through the miR-5095/MBD1 axis. In Huh-7 and HepG2
cells, miR-5095 inhibitor or sh-MBD1 was transfected to suppress the LncRNA SNHG20 for 24 hours; the negative
control for the miR-5095 inhibitor was an NC inhibitor, while the negative control for sh-MBD1 was sh-NC. A: MBD1
or miR-5095 levels were determined using RT-gPCR; B: Huh-7 and HepG2 cell viability was assessed with CCK-8. C:
EdU test was conducted (magnification, x200) to evaluate the proliferation of Huh-7 and HepG2 cells. D: Huh-7 and
HepG2 cell apoptosis was assessed using the FCMs assay. E: Transwell experiment was conducted to evaluate the
invasion and migration of Huh-7 and HepG2 cells (magnification, x200). Data are the average of three independent
experiments. The error bars reflect SE. In contrast to the NC inhibitors group, “P<0.05, ""P<0.001; in contrast to the
miR-505 inhibition group, #P<0.05. sh-NC, NC inhibitors or NC inhibitors + sh-NC was used as the negative control.
WT: wild type; MUT: mutated. LncRNA: long non-coding RNA. MBD1: Methyl-CpG-Binding Domain Protein 1.
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Figure 8. LncRNA SNHG20 knockdown inhibited tumor growth. For LncRNA SNHG20 knockdown, Huh-7 cells were
transfected with sh-LncRNA SNHG20, with sh-NC acting as the negative control. After that, BALB/C nude mice were
injected subcutaneously with LncRNA SNHG20 knockdown-Huh-7 cells to collect tumor information (n=7, 0-21
days). A: Tumor phenotypic statistics (21 days); B: Tumor volume (0-21 days); C: Tumor weight (21 days). D: H&E
staining (magnification, x200), IHC (magnification, x200), and TUNEL test were carried out to analyze the devel-
opment of apoptotic bodies as well as the pathologic alterations and levels of Ki67 in tumor tissues (21 days); E:
LncRNA SNHG20, miR-5095, and MBD1 levels were measured by RT-gPCR in HCC tumor tissues (magnification,
x200). Data are the average of three independent experiments. The error bars show SE. “"P<0.01, ***P<0.001 in
contrast to the si-NC group. sh-NC was used as the negative control. H&E: hematoxylin and eosin. LncRNA: long
non-coding RNA.

target gene expression by sponging miRNA, it disorders [30]. Concerning cancer types,
has been demonstrated that IncRNA plays a IncRNA SNHG20 often exhibits aberrant expres-
significant role in the pathogenesis of various sion in HCC, colorectal cancer, and bladder
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cancer [31]. Functional research in vitro showed
that LncRNA SNHG20 knockdown prevented
HCC cell metastasis while speeding up the
apoptosis. These results suggested that
IncRNA SNHG20 might serve as a therapeutic
target in HCC.

According to previous research, RNA interfer-
ence-based LncRNA SNHG20 knockdown pre-
vented GC cells from proliferation and invasion
by suppressing the production of miR-495-3p
[11]. Similar to how LncRNA SNHG20 acted
as a sponge for miR-5095, RT-qPCR revealed
that the level of miR-5095 was suppressed in
HCC cells; however, the inhibitory impact was
reduced by LncRNA SNHG20 knockdown.
Further analysis found that miR-5095 overex-
pression accelerated the mortality but res-
trained the expansion of HCC cells. Our findings
demonstrated that LncRNA SNHG20 acceler-
ated the growth of HCC by sponging miR-
5095.

Research has revealed a strong correlation
between MBD1 and the formation and growth
of several cancers. According to Liu et al,,
MBD1 played a role in the epithelial-mesenchy-
mal transition of gallbladder cancer and was
substantially expressed in gallbladder tumors
[32]. Our findings indicated that MBD1 was
substantially expressed in HCC, indicating a
promoting function of MBD1 in the advance-
ment of HCC. Moreover, miRNAs target the
gene MBD1 to contribute to play a role in regu-
lating tumor growth. By targeting MBD1, for
instance, miR-4429 has been shown to accel-
erate the development of cervical cancer [20].
The findings in this paper demonstrated that
miR-5095 negatively targeted MBD1, and
additional investigations have shown that the
miR-5095/MBD1 axis, facilitated by LncRNA
SNHG20, promotes HCC metastasis and inhib-
its apoptosis.

However, our current understanding of the
functional mechanisms of IncRNA SNHG20 in
HCC remains limited. This study also has cer-
tain limitations that should be acknowledged.
For instance, it is unclear whetherIncRNA
SNHG20 would affect HCC through common
downstream signaling pathways. Another in-
triguing aspect that remains to be explored is
whether IncRNA SNHG20 plays a role in modu-
lating the immunological microenvironment of
HCC.

4329

Our study uncovered several key findings
regarding IncRNA SNHG20 in the context of
HCC. First, we observed that IncRNA SNHG20
was highly expressed in HCC. Additionally, when
IncRNA SNHG20 was suppressed, it led to a
reduction in metastasis and an acceleration
of apoptosis in HCC cells. Conversely, overex-
pression of INCRNA SNHG20 resulted in de-
creased metastasis but enhanced apoptosis.
Furthermore, we identified InNcRNA SNHG20 as
a miR-5095 sponge in HCC cells. Our findings
also indicated that IncRNA SNHG20 negatively
targeted MBDZ1. Moreover, the miR-5095/
MBD1 axis regulated the development of HCC
through IncRNA SNHG20. In conclusion, the
miR-5095/MBD1 axis plays a role in promoting
the development of HCC through IncRNA
SNHG20. Our findings suggest a viable HCC
prognostic and therapeutic target.
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