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Abstract

Introduction: Although long non-coding RNA SNHG1 (IncRNA SNHG1) action
on cell proliferation and invasion of hepatocellular carcinoma (HCC) cells has
been reported, the effects of IncRNA SNHG1 on migration of HCC cells and
the mechanisms are still unclear. The present study aimed to investigate
the influence of IncRNA SNHG1 on metastasis in HCC cells and the possible
mechanisms underlying this phenotype.

Material and methods: Expression of IncRNA SNHG1 and miR-195 was de-
termined using gRT-PCR in both HCC cell lines Huh7 and HepG2. Si-RNA was
used to silence SNHG1 and miR-195 inhibitor was used to inhibit expression
of miR-195. Luciferase reporter assay was conducted to confirm whether
miR-195 was the direct binding target of SNHG1.

Results: [IncRNA SNHG1 was significantly up-regulated and miR-195 was
significantly down-regulated in HCC cell lines. When transfected with si-SN-
HG1, migration and invasion of HCC cells, as well as expression of astro-
cyte elevated gene 1 (AEG-1) protein, were significantly inhibited compared
with the control cells. Results of dual luciferase reporter assay showed that
IncRNA SNHG1 acted as an endogenous sponge of miR-195. On the other
hand, the expression of miR-195 in tumor tissue was much lower than that
of miR-195 in the corresponding normal tissue. Furthermore, the correlation
analysis showed a strong negative relationship between IncRNA SNHG1 and
miR-195 expression in HCC tissues.

Conclusions: SNHG1 may promote cell invasion and migration in HCC cells
by sponging miR-195. These results can provide deeper understanding of
SNHG1 in hepatocellular cancer and give new potential targets for treat-
ment of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the second leading cause of can-
cer-related mortality worldwide with the common cancer type [1, 2].
Excessive proliferation of cells causes the initiation and progression of
malignant tumors including hepatocellular carcinoma [3-5]. The progno-
sis of hepatocellular carcinoma featuring high postoperative recurrence
and probability of metastasis is still not satisfactory due to the lack of
available treatments [6-8]. Furthermore, the latent molecular mecha-
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nism by which HCC progresses and metastasizes
is still unclear. Therefore, it is urgent to elucidate
the mechanisms whereby suppressing prolifera-
tion and enhancing apoptosis may provide new
targets for hepatocellular carcinoma therapy.

The long non-coding RNAs (IncRNAs), which do
not contain any open reading frame with more
than 200 nucleotides in length, are gradually
being proven to be associated with diverse bio-
processes and diseases in humans [9]. In recent
years, the association between IncRNAs and can-
cer development has attracted the eyes of many
researchers [10]. Many IncRNAs have been report-
ed as tumor regulators in various types of carcino-
mas such as breast cancer [11, 12], kidney cancer
[13], lung cancer [14], etc. Also, it is reported that
some IncRNAs play a key role in development and
progression of HCC [15-18].

Recently,IncRNAhasbeenidentifiedasasponge
for mediating miRNA expression and named as
a competitive endogenous RNA [7, 8, 19, 20].
Growing evidence has revealed that ectopically
expressed IncRNA small nucleolar RNA host gene 1
(SNHG1) could function as an oncogene to en-
hance cell proliferation, migration and invasion
in several cancers, such as non-small cell lung
cancer [14] and prostate cancer [21]. However,
the mechanism of SNHG1’s effect on hepatocel-
lular carcinoma has not been elucidated. Further-
more, it was demonstrated that SNHG1 acts as
an important regulator of the regulation of pro-
gression of various cancers by sponging to miR-
195 and miR-199a-3p [22].

Now, we investigated the influence of SNHG1
on cell migration and invasion in hepatocellular
carcinoma and its relationship with miR-195. The
present study may provide deeper understanding
of SNHG1-miR-195 in HCC and a new potential
target for the treatment of HCC.

Material and methods
Tissue specimens

In total, 60 matched hepatocellular carcinoma
specimens of patients with pathological diagnosis
of hepatocellular carcinoma and corresponding
adjacent non-tumor tissues were recruited from
the Clinical Laboratory of Hainan General Hospi-
tal between October 2015 and September 2017.
Immediately after the surgery, all tissue samples
from patients with hepatocellular carcinoma were
treated in liquid nitrogen, and then stored at
—80°C until use. Clinical characteristics of patients
with hepatocellular carcinoma included in the
present study are presented in Table I. The med-
ical ethics committee of Hainan General Hospital
approved this research. A letter of written agree-
ment consistent with the principles of the Helsin-

to modulate miR-195

ki Declaration was obtained from each participant
before the study.

Cell culture and transfection

Cells from the hepatocellular carcinoma cell
lines Huh7 and HepG2 and the immortalized hu-
man fetal liver cell line LO2 were purchased from
American Type Culture Collection (ATCC, Manas-
sas, VA, USA). Briefly, cells were cultured in RPMI
1640 medium (Gibco, Gaithersburg, MD, USA)
supplemented with 10% Gibco fetal bovine se-
rum (FBS) (GE Healthcare Life Sciences, Logan,
Ut, USA) under 37°C with 5% CO,. The HCC cells
were transfected with SNHG1si-RNA, si-Negative
Control (si-NC) or si-SNHG1 combined with miR-
195 inhibitor (10 nmol/| for each) using Lipofect-
amine 2000 (Invitrogen, Life Technologies, Carls-
bad, CA, USA) according to the manufacturer’s
instructions. Si-RNA of SNHG1 was synthesized
by Guangzhou ribobio Co. Ltd. China with the se-
quence of si-5-CUUAAAGUGUUAGCAGACATT-3".
miR-195 inhibitor was purchased from Shanghai
Gene Pharma Co., Ltd, China with the sequence of
5'-GCCAAUAUUUCUGUGCUGCUA-3'. The negative

Table 1. Clinical characteristics of patients with
hepatocellular carcinoma included in the present
study (n = 60)

Parameter N
Sex:
Male 33
Female 27
Age [years]:
> 40 53
<40 7

Serum alanine aminotransferase level [U/l]:

<50 29

>50 31

Hepatitis B virus surface antigen:

Positive 55

Negative 5 (13.9) 5

Serum a-fetoprotein level [ng/ml]:

< 400 34

> 400 26

Length of tumor [cm]:

<5 13

25 47

New American Joint Committee on Cancer stage:

Early (1-11) 39

Late (I1A-I1IB) 21
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control was a blank vector while the control group
was without any treatment.

Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)

Total RNA was isolated with the TRIzol (Invitro-
gen, America) reagent according to the manufac-
turer’s instructions. Approximately 1 ng of RNA was
reverse transcribed using the Reverse EasyScript
One-Step gDNA Removal and cDNA Synthesis Su-
perMix (Trangene, Beijing, China) following the
manufacturer’s instructions. Real-time polymerase
chain reaction (RT-PCR) was performed using the
SYBR Green Master Mixture (Roche, America) re-
agent in an ABI 7500 Real-time PCR instrument.
The following primers were used to detect the
expression: the stem-loop RT primer for miR-195,
5'-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACT-
GGATACGACGCCAAT-3' and the amplifying primers
for miR-195, forward 5'-CGTAGCAGCACAGAAAT-3’
and reverse 5'-GTG CAGGGTCCGAGGT-3'; SNHGI,
forward 5’-AGGCTGAAGTTACAGGTC-3' and reverse
5'-TTGGCTCCCAGTGTCTTA-3'; Astrocyte elevated
gene 1 (AEG-1), forward 5-AAATGGGCGGACTGTT-
GAAGT-3" and reverse 5'-CTGTTTTGCACTGCTTTAG-
CAT-3"; GAPDH, forward 5'-AAGGTGAAGGTCGGAGT-
CA-3" and reverse 5'-GGAAGATGGTGATGGGATTT-3".
The relative expression level of miRNAs was nor-
malized to U6 small nucleolar RNA. All gRT-PCR runs
were repeated in three replications. The results
were calculated with the 274 method. GAPDH
served as an internal control.

MTT assay

After 48 h after transfection, the effect of In-
cRNA SNHG1 on the proliferation of Huh7 and
HepG2 cells was measured by MTT assay. The cells
were seeded at a density of 1 x 10° cells per well in
96-well plates and transfected with 50 nM Ln cRNA
mimics. 1 x 10* cells per well were cultured in 96-
well plates. MTT (100 pl) was added and incubated
for an additional 4 h. Next, 150 ul of DMSO was
added and the absorbance was read at 570 nm
using a microplate reader (Thermo Scientific).

Cell migration and invasion test

For the migration assay, 1 x 10° Huh7 and HepG2
cells were seeded in six-well plates and cultured at
37°C. Alinear wound was carefully made in the mid-
dle of the plates, and cell debris was removed and
incubated with serum-free medium. The wounded
monolayers were then photographed at 0 and 24 h
after wounding. For the invasion assay, 3 x 10° cells
were seeded in FBS-free DMEM in 24-well transwell
chambers pre-coated with Matrigel (BD Bioscience,
USA). The lower chamber was filled with DMEM
supplemented with 20% FBS. After 24 h of incuba-

tion, cells in the upper chamber were removed, and
the cells that had traversed the membrane were
stained with crystal violet. All experiments were
performed at least three times in triplicate.

Western blotting analysis

Briefly, total protein extracted from cells was
quantified with a bicinchoninic acid protein assay
kit (Beyotime Institute of Biotechnology, Inc.), then
loaded on 10% SDS-PAGE and transferred to PVDF
membranes (Millipore, Bedford, MA, USA). After
blocking with 5% non-fat milk for 1 h, the mem-
branes were incubated with primary antibody at
4°C overnight, and subsequently incubated with
the corresponding secondary antibodies at 37°C
for 45 min. The target bands were scanned using
Super Signal West Pico Chemiluminescent Sub-
strate Kit (Pierce, Rockford, IL, USA) according to
the manufacturer’s instructions. GAPDH served as
an internal control.

Dual luciferase reporter assay

The miR-195 full length 5" IncRNA SNHG1-bind-
ing seed region or mutant (Mut) was amplified
and sub-cloned into the pGL3-basic luciferase
vector (Promega, USA). Huh7 and HepG2 were
co-transfected with either the wild-type or Mut
SNHG1-binding seed region, together with IncRNA
SNHG1 or pcDNA6.2-control. After 48 h of trans-
fection, relative luciferase value was measured
and normalized to the values of Renilla luciferase
activity using the Bright-Glo Luciferase Assay Sys-
tem (Promega, Cat. E2610, Promega).

Statistical analysis

All data were expressed as mean + SD. Com-
parison between two groups was performed using
Student’s t-test. It was considered to be statisti-
cally significant when the p-value was less than
0.05. All calculations were made using SPSS 18.0.

Results

Long non-coding RNA SNHG1 was
up-regulated in HCC cell lines and tissues

The expression level of SNHG1 was detected
in two hepatocellular carcinoma cell lines, Huh7
and HepG2. Generally, a significant increase in
SNHG1 expression was observed in cancer cell
lines compared to normal liver cell lines (Fig-
ure 1 A p < 0.001). Additionally, the levels of
SNHG1 expression were detected in 60 paired he-
patocellular carcinoma tissues and normal adja-
cent liver tissue. Consistent with this observation,
SNHG1 was significantly up-regulated in hepato-
cellular carcinoma tissues in comparison to the
levels in adjacent non-tumor tissues (Figure 1 B,
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Figure 1. Long non-coding RNA SNHG1 was up-regulated in HCC tissues and cell lines. A — Expression of SNHG1 in
cell lines HepG2 and Huh7, and a normal human hepatic cell line (L02); ***p < 0.001 vs. control. B — The levels of
SNHG1 were quantified by qRT-PCR analysis in tumor tissues and normal tissues (n = 60)

p < 0.001). These results indicated that SNHG1
expression was impaired in HCC and may be in-
volved in HCC progression.

Knockdown of SNHG1 inhibits HCC cell
proliferation and induces apoptosis

To determine the function of SNHG1 in hepa-
tocellular carcinoma tumor genesis, Huh7 and
HepG2 were transfected with si-SNHG1 and the
scramble negative control si-Scramble. The results
showed that compared with si-Scramble, the lev-
els of SNHG1 in Huh7 and HepG2 cells transfected
with si-SNHG1 were significantly down-regulated
(Figure 2 A, p < 0.01). We then performed an MTT
assay to determine cell proliferation, and as a re-
sult, knockdown of SNHG1 was scrambled by the
negative control (p < 0.05) (Figures 2 B, C) com-
pared to the control group. As shown in Figures 2 D
and E, inhibition of SNHG1 expression reduced
the invasive ability of Huh7 and HepG2 cells (all
p < 0.01). These results indicate that inhibition of
si-SNHG1 can significantly inhibit migration and
invasion of hepatocellular carcinoma cells.

Silencing SNHG1 could significantly inhibit
expression of AEG-1 protein in HCC cells

To further investigate the influence of SNHG1
on hepatocellular carcinoma cells, expression of
AEG-1 protein was quantified using modern mo-
lecular techniques of gRT-PCR and Western blot-
ting assay. The results showed that after silencing
SNHG1 in both Huh7 and HepG2 cells, expression
of AEG-1 significantly decreased at both mRNA
and protein levels compared with the control (p <
0.05, Figure 3).

SNHG1 and miR-195 interact with
and repress each other

LncRNA acts as a miRNA sponge, and mRNA has
been reported to reduce regulatory effects. This

function introduces an additional layer of the com-
posite layer in the miRNA target interaction net-
work. Major mRNA and non-coding RNA are miR-
NAs that may be affected by methods, including
cancer cell proliferation, apoptosis, and invasion
of cancer. In addition, miR-195 was confirmed by
luciferase assay to regulate SNHG1. A luciferase
reporter vector (MUT-SNHG1 includes a predicted
binding site mutation of 8BP in WT-SNHG1 and
miR-195) with wild-type and mutant SNHG1 was
constructed (Figure 4 A). These indicated vectors
were co-transfected into HEK293 cells with miR-
195 mimics or miR-195 NC; the luciferase activity
was then monitored. The results showed that the
luciferase activity of wt- SNHG1 vector could be
significantly suppressed by miR-195 mimics; after
mutation in the predicted binding sites of miR-
195 in SNHG1, the effect of miR-195 mimics or
miR-195 NC on luciferase activity was abolished
(Figure 4 B), indicating that SNHG1 could directly
bind to miR-195.

In addition, the level of miR-195 was signifi-
cantly down-regulated compared to the normal
human liver cell line LO2, indicating that there is
SNHG1 expression in the HCC cell line (p < 0.01;
Figure 4 C). Subsequently, gRT-PCR was performed
to determine the level of miR-195 in tumor tis-
sues. The results indicate that miR-195 is shown
to be much lower in tumor tissues than in corre-
sponding normal tissues (p < 0.01; Figure 4 D).
Furthermore, correlation analysis indicated that
there was a strong negative correlation between
SHHG1 expression and miR-195 expression in
HCC tissues (Figure 4 E). These data indicate that
interaction inhibition occurs between SNHG1 and
miR-195.

Discussion

Due to cancer invasion and migration and
a high rate of recurrence, HCC has become one of
the biggest threats to human health, with a poor
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Figure 2. Silencing SNHG1 could significantly inhibit migration and invasion of HCC cells. A — The interfering effects
of si-SNHG1 were evaluated in Huh7 and HepG2 cells after transfection with si-SNHG1 or si-Scramble; B, C — the
Huh7 and HepG2 cells were transfected with si-SNHG1 or si-Scramble and the MTT assay was used to detect the
cell proliferation; D, E — results of transwell assay in Huh7 and HepG2 cells transfected with si-RNA and si-NC. The
invasion of HCC cells was significantly inhibited by si-SNHG1

*P < 0.05, **p < 0.01, compared with the si-Scramble group.
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*P < 0.05, compared with the si-NC group.
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prognosis and low 5-year survival rate [23]. Stud-
ies of long non-coding RNAs (IncRNAs) in various
cancers have demonstrated that many IncRNAs
are involved in HCC [15-17, 24-32]. However,
the role of SNHG1 in cell migration and invasion
in HCC still needs to be illuminated. In the pres-
ent study, we demonstrated effects of inhibiting
SNHG1 on cell migration and invasion in HCC, and
for the first time we showed that the effect of
SNHG1 on HCC cells might be through regulation
of miR-195, and also AEG-1 was involved in the
process.

Many studies have confirmed that the expres-
sion of IncSNHG1 was deregulated in different
types of cancers such as colorectal cancer, naso-

Figure 4. LncRNA SNHG1 as an endogenous sponge
of miR-195. A — The IncRNA SNHG1-binding se-
quence in the 5' region of miR-195; B — the relative
luciferase activity of SNHG1 wild-type or mutant
3’-UTR in HEK293 cells following transfection with
the miR-195 mimic or corresponding mimic NG;
C - the relative expression levels of miR-195 were
quantified using qRT-PCR in the Huh7 and HepG2
cells; D — the relative expression of miR-195 in tu-
mor tissues and normal tissues; E — the negative
correlation between SNHG1 and miR-195 levels in
the HCC patients (R? = —0.6625, p < 0.001)

*P < 0.05; **p < 0.01 vs. control.

pharyngeal carcinoma and prostate cancer etc.
[21, 33, 34]. However, the potential role of SNHG1
in HCC remains unknown. Consistent with previ-
ous work, our results also showed that SNHG1 was
up-regulated in HCC tissues and cell lines. SNHG1
was up-regulated in non-small cell lung cancer
and can promote cancer development by inhibit-
ing miR-101-3p [35]. The results from Yan et al.
found that SNHG1 was significantly up-regulated
in esophageal carcinoma tissues [36]. Zhang et al.
obtained similar results for SNHG1 in esophageal
squamous cell cancer [37]. miR-195 was also prov-
en to be a tumor suppressor in several cancers.
Wang et al. found that miR-195 was down-regu-
lated in colorectal cancer and was correlated with
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lymph node migration and poor prognosis [38].
All these results are consistent with our findings.
These data indicate that SNHG1 is dysregulated
in HCC and may function as an oncogene in HCC
tumorigenesis.

To further investigate this mechanism, siRNA-
mediated knockdown assays were used to exam-
ine SNHG1 function. We observed that knockdown
of SNHG1 inhibits cell proliferation and invasion.
Other results showed that down-regulation of
SNHG1 could suppress cell proliferation and in-
vasion by regulating the Notch signaling pathway
in esophageal squamous cell cancer [37], but the
effect of SNHG1 on cell migration in HCC was not
discussed. By conducting migration and invasion
assays, we for the first time demonstrated that in-
hibiting SNHG1 could significantly suppress both
migration and invasion of HCC cells. Meanwhile
expression of AEG-1 protein, which is a key pro-
tein that has been proven to promote migration
and invasion of tumor cells [39, 40], was also in-
hibited through silencing SNHG1. Some related
studies on SNHG1 in other cancers have been re-
ported. Liu et al. demonstrated that SNHG1 could
promote cell growth, migration and invasion in
cervical cancer [41]. These results indicate that
SNHG1 may mainly act as a stimulator of invasion
and migration for tumor cells, which needs more
studies for further confirmation.

Finally, we tested miR-195 as a direct target
of SNHG1 and showed that SNHG1 acts as an
endogenous sponge of miR-195 in HCC cells. By
using the dual luciferase reporter assay, we con-
firmed that miR-195 is a direct target of SNHG1.
The mechanism by which miR-195 is dysregulated
in HCC remains unknown. In previous studies, pre-
liminary data and bioinformatics analysis indicat-
ed that DNA methylamine plays an important and
complex role in regulating miR-195 expression in
HCC, indicating that miR-195 is deregulated in
HCC [22]. Maintaining proliferation and avoiding
apoptosis was a feature of malignant tumors. Ab-
normal expression of miRNAs was involved in the
regulation of various cellular processes that often
become dysregulated during the onset and dura-
tion of HCC [7, 42, 43]. For example, up-regula-
tion of miR-221 in HCC increases cell proliferation,
colonization and invasion, increases S-phase cell
number and inhibits apoptosis [44]. miR-199a/b-
3p is down-regulated in HCC, and its expression
is restored by inhibiting the mTOR pathway by
inhibiting HCC proliferation in tumor-promoting
P21 (RAC1)-activated kinase 4 (PAK4), in vitro and
in vivo [45].

The AEG-1 gene is always amplified in patients
with HCC and serves a key role in regulating the
hepatocarcinogenesis gene of the oncogenic
Ha-Ras pathway, being transcriptionally regulat-

ed by c-Myc upon Ha-Ras and phosphoinositide
3-kinase (PI3K) activation [46]. Overexpression of
AEG-1 activates the PI3K/Akt, nuclear factor-xB,
and Wnt/B-catenin signaling pathways. Our data
also documented that AEG-1 was overexpressed
in HCC tissues compared with the corresponding
normal liver tissues. Furthermore, an inverse cor-
relation was observed between miR-195 and AEG-1
expression in HCC tissues. miR-195 was shown to
suppress AEG-1 expression by directly binding to
the 3'-UTR of AEG-1. The function of miR-195 has
already been investigated in several distinct can-
cer types, such as non-small cell lung cancer [47],
bladder cancer [48], breast cancer [49] and HCC
[50]. To date, 17 genes, including PCMT1, SRC-3,
CCND1, CCNE1, CDC25A, CCND3, CDK4, CDKs,
E2F3, BTRC, IKKa, TAB3, VEGF VAV2, CDC42,
LATS2 and BCL-w, have been identified as targets
of miR-195 in HCC [51-54]. miR-195 has also been
implicated in various biological processes of HCC,
including cell cycle, proliferation, apoptosis, drug
resistance angiogenesis and metastasis [50]. The
reported targets of miR-195 and our observations
suggest that miR-195 may regulate multiple sig-
naling pathways, and that loss of miR-195 could
lead to tumor progression in HCC [55].

In conclusion, we conducted an in vitro study to
investigate effects of long non-coding RNA SNHG1
on cell migration and invasion in HCC. The results
showed that SNHG1 could promote cell migration
and invasion of HCC cells by sponging miR-195,
and AEG-1 was also involved in the process. These
results can provide deeper understanding of SN-
HG1-miR-195 in HCC and give new potential tar-
gets for treatment of HCC.
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