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Hepatocellular carcinoma (HCC) is one of the most famous fatal malignancies in the world. LncRNA SNHG1 has been
shown to play roles in the development and progression of various tumors, including HCC. The present study aims to investigate the deeper molecular mechanisms of SNHG1 in HCC. The expression levels of SNHG1 and miR-377-3p were detected
by qRT-PCR in HCC tissues and cells. MTT assay was used to examine cell proliferation. Cell apoptosis was evaluated by
detecting the apoptotic rate and the protein level of C-caspase 3 using flow cytometry and western blot assays. The protein
levels of EMT-related proteins (E-cadherin, N-cadherin, and Vimentin) were measured by western blot. Cell migration and
invasion were examined by transwell assay. Xenograft analysis was performed to explore the tumor growth in vivo. The
binding sites of SNHG1 and miR-377-3p were predicted by the online software and confirmed by dual-luciferase reporter
assay, RNA immunoprecipitation (RIP) assay, and RNA pull-down assay. We found that SNHG1 was markedly upregulated in HCC tissues and cells. Knockdown of SNHG1 induced apoptosis and inhibited proliferation, migration, invasion,
and epithelial-to-mesenchymal transition (EMT) of HCC cells. SNHG1 knockdown suppressed the tumor growth of HCC
in vivo. SNHG1 directly bound to miR-377-3p. Knockdown of miR-377-3p attenuated the effect of SNHG1 knockdown
on proliferation, apoptosis, migration, invasion, and EMT of HCC cells. In conclusion, SNHG1 inhibited apoptosis and
induced proliferation, migration, invasion, and EMT by sponging miR-377-3p in HCC, which indicated that SNHG1 may
be a potential biomarker and therapeutic target for HCC treatment.
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Hepatocellular carcinoma (HCC) is the most common
primary liver cancer, accounting for approximately 75–85%
of cases [1, 2]. The mortality rate of hepatocellular carcinoma
is very high, and the prognosis of HCC has been unsatisfactory over the past few decades [3]. The 5-year overall survival
rate of patients with HCC is less than 30% [4]. However, the
molecular mechanisms involved in the initiation and progression of HCC remain poorly understood. Long non-coding
RNAs (lncRNAs) are a class of non-coding RNAs (ncRNAs)
consisting of more than 200 nucleotides. By exploiting the
mechanism of lncRNAs, lncRNAs have been discovered as
potential biomarkers and therapeutic targets for tumorigenesis and development [5]. Small nucleolar RNA host gene 1
(SNHG1) is a novel carcinogenic factor that is abnormally
expressed in various diseases including colorectal cancer
[6], prostate cancer [7], and gastric cancer [8]. In previous
research, lncRNA SNHG1 promoted cell proliferation and
invasion in liver cancer by binding DNMT1 to inhibit the

expression of p53 [9]. In osteosarcoma (OS), the expression of
SNHG1 was significantly upregulated, and SNHG1 induced
cell proliferation, migration and invasion by regulating
miRNA‑101‑3p considered as a tumor suppressor to elevate
the expression of Rho‑associated coiled‑coil‑containing
protein kinase 1 (ROCK1) [10]. In addition, there are some
reports on the effect of SNHG1 in HCC [11, 12]. SNHG1
facilitated HCC cell proliferation and blocked cell apoptosis
via inhibiting p53 and p53-target genes expression [13].
However, the mechanism of SNHG1 in HCC still needs
further research.
MicroRNAs (miRNAs) are short non-coding RNAs
composed of 18–25 nucleotides. In recent years, miRNAs
have been defined as vital regulators of gene expression by
the silencing of complementary target mRNA [14]. The
previous study has revealed that miR-377-3p acts as a tumor
suppressor and is abnormally expressed in many tumors,
such as ovarian cancer [15], non-small cell lung cancer [16]
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and glioma [17]. Accumulating evidence has revealed that
lncRNAs function as competing endogenous RNAs (ceRNAs)
for miRNAs [18]. We predicted that SNHG1 might interact
with miR-377-3p through an online database. Therefore, we
speculated that SNHG1 might act as a ceRNA of miR-377-3p.
Nevertheless, the role of miR-377-3p in the progression of
HCC and the association of SNHG1 with miR-377-3p has
not been reported.
In this study, the expression levels of SNHG1 and
miR-377-3p in HCC tissues and cells were measured. In
addition, the molecular mechanism of SNHG1 in HCC was
systematically studied. In conclusion, this study may provide
novel therapeutic targets for HCC treatment.
Patients and methods
Tissue samples. All 35 pairs of HCC tissues and adjacent
normal tissues were obtained from patients who underwent surgery at Yidu Central Hospital of Weifang. None of
the patients did receive any chemotherapy or radiotherapy
before surgery. The research was approved by the Ethics
Committee of Yidu Central Hospital of Weifang. Written
informed consent was signed by all participants. All tissues
were immediately frozen in liquid nitrogen and then stored
at –80 °C.
Cell culture. Human normal hepatocyte cell line
(THLE-2) was purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). Human HCC cell
lines (Huh-7 and HCCLM3) were obtained from China
Center for Type Culture Collection (CCTCC, Wuhan,
China). These cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM; Gibco, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum (FBS; Gibco) at 37 °C
with 5% CO2.
Plasmids and cell transfection. Small interfering RNA
(siRNA) targeting SNHG1 (si-SNHG1) and scrambled control
(Scramble), pcDNA-SNHG1 (SNHG1) and the control
pcDNA (Vector) were purchased from RiboBio (Guangzhou,
China). The control mimic (NC) and miR-377-3p mimic
(miR-377-3p), miR-377-3p inhibitor (anti-miR-377-3p)
and the negative control (anti-NC) were synthesized by
HanBio Technology (Shanghai, China). Cell transfection was
performed using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) following the manufacturer’s instructions. Lentiviruses containing shRNA against SNHG1 (sh-SNHG1) or
negative control (sh-NC) were obtained from GenePharma
(Shanghai, China). For lentiviral infection, cells (2×105
cells/well) were incubated in 1×106 TU/ml viral suspension
supplemented with polybrene. Stably transfected cells were
selected using puromycin.
Quantitative real-time PCR. Total RNA was extracted
from tissues or cells using Trizol reagent (Invitrogen) as
described by the manufacturer. Then, RNA reverse transcription was performed by High-Capacity cDNA Reverse
Transcription Kits (Thermo Fisher Scientific, Waltham,

A. QU, Q. YANG

MA, USA). The expression levels were detected using SYBR
Green Mixture (Takara, Dalian, China). GAPDH was used as
an internal control. Primers used were as follows: SNHG1-F
(for ward, 5’-GGAGCGAGATCCCTCCAAAAT-3’),
SNHG1-R (reverse, 5’-GGCTGTTGTCATACTTCTCATGG-3’), miR-377-3p-F (forward, 5’-GAGCAGAGGTTGCCCTTG-3’), miR-377-3p-R (reverse, 5’-ACAAAAGTTGCCTTTGTGTGA-3’), GAPDH-F (forward, 5’-GACTCCACTCACGGCAAATTCA-3’), GAPDH-R (reverse,
5’-TCGCTCCTGGAAGATGGTGAT-3’).
MTT assay. 5×103 cells were seeded in 96-well plates
after transfection. Then, MTT was added to each well after
incubation for 24 h, 48 h and 72 h, and then incubated for 3
h at 37 °C. Intracellular formazan crystals were dissolved by
dimethyl sulfoxide (DMSO; Sigma, St Louis, MO, USA). The
absorbance was measured at 490 nm by a microplate reader
(Bio-Rad, Hercules, CA, USA).
Flow cytometry. The transfected cells were resuspended
and stained with FITC Annexin V Apoptosis Detection Kit
II (BD Biosciences, Franklin Lakes, NJ, USA) according to
the protocols of the manufacturer. The cell apoptotic rate was
assessed by flow cytometry (BD Biosciences) following the
manufacturer’s instructions.
Western blot assay. Total protein was lysed by RIPA lysis
buffer (Thermo Fisher Scientific). Proteins were quantified
using the BCA Protein Assay Kit (Pierce, Appleton, WI,
USA) following the manufacturer’s protocol. Then, proteins
were separated by SDS-PAGE gel electrophoresis and transferred to polyvinylidene fluoride membranes (Millipore,
Billerica, MA, USA). Next, the membranes were blocked
by 5% skim milk (Nestlé, Shuangcheng, China) for 2 h at
37 °C and then incubated overnight at 4 °C with primary
antibodies against C-caspase 3 (ab13847, 1:2,000; Abcam,
Cambridge, UK), pro-caspase 3 (ab32150, 1:2,000; Abcam),
E-cadherin (ab15148, 1:2,000; Abcam), Vimentin (ab137321,
1:2,000; Abcam), N-Cadherin (ab18203, 1:2,000; Abcam),
and GAPDH (ab9485, 1:2,000; Abcam). Subsequently,
the membranes were washed three times with TBST and
incubated with horseradish peroxidase (HRP)-conjugated
secondary antibody (ab205718, 1:4,000; Abcam) for 2 h
at 37 °C. Finally, the protein bands were visualized by the
enhanced chemiluminescence system (Thermo Fisher Scientific) and quantitated using ImageJ software (National Institutes of Health, Bethesda, MD, USA). GAPDH was used as
an endogenous control.
Transwell assay. For cell migration analysis, the transfected cells were seeded in serum-free medium and plated
into the upper chamber of a 24-well transwell with 8 μm
polycarbonate membrane ﬁlters (Thermo Fisher Scientific).
The medium of the lower chamber contained 10% fetal
bovine serum (FBS). Cells were incubated for 24 h with 5%
CO2 at 37 °C, the cells adhered to the lower surface were
fixed by paraformaldehyde and stained with crystal violet.
For invasion analysis, the upper layer of the polycarbonate
membrane was coated with 100 μl of diluted Matrigel (BD
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Figure 1. LncRNA SNHG1 was upregulated in HCC tissues and cell lines. A) qRT-PCR assay was performed to examine the expression of SNHG1 in
HCC tissues and adjacent normal tissues. B) The expression of SNHG1 was detected in a normal human liver cell line (THLE-2) and HCC cell lines
(Huh-7 and HCCLM3). *p<0.05.

Biosciences) and the rest of the methods were the same as for
detecting cell migration.
Xenograft mice experiment. Male BALB/c nude mice
(6 weeks) were maintained in clean conditions and used for
xenograft assay. Huh-7 and HCCLM3 cells were transfected
with lentivirus harboring sh-SNHG1 or sh-NC, respectively.
Subsequently, cells were subcutaneously injected into nude
mice. Tumor volume was measured every 5 days and tumor
weight was detected after mice were sacrificed. The xenograft
mice experiment was approved by the Committee on Animal
Welfare of Yidu Central Hospital of Weifang.
Dual-luciferase reporter assay. The binding sites of
SNHG1 and miR-377-3p were predicted by the online
software starBase v2.0. The SNHG1-wt or SNHG1-mut
sequences containing the miR-377-3p wild or mutant
binding sites were cloned into pGL3 plasmids (Promega,
Madison, WI, USA). The constructed pGL3 vectors were
then co-transfected into Huh-7 and HCCLM3 cells with
miR-377-3p mimic (miR-377-3p) or the control mimic
(NC) using Lipofectamine 2000 (Invitrogen). Luciferase
activity was detected with the Dual-Luciferase Reporter
Assay System (Promega) according to the manufacturer’s
instructions. The activity of Renilla luciferase was used as a
standardized reference.
RNA Immunoprecipitation (RIP) assay. Magna RIP Kit
(Millipore) was used to perform the RIP assay according to
the manufacturer’s instructions. Briefly, Huh-7 and HCCLM3
cells transfected with the control mimic (NC) or miR-377-3p
mimic (miR-377-3p) were collected and resuspended in
RIP lysis buffer with protease inhibitor and RNase inhibitor.
Then, cell lysates were incubated with RIP buffer containing
magnetic beads conjugated Anti-Ago2 (Millipore) for 2 h
at 4 °C. Finally, the co-precipitated RNAs were detected by
qRT-PCR.
Pull-down assay. Biotin-labeled miR-377-3p probe
(Bio-miR-377-3p) and the corresponding control probe
(Bio-NC) were purchased from RiboBio. In brief, the biotinylated probe was incubated with M-280 Streptavidin

Dynabeads (Invitrogen) at 37 °C for 2 h to form probecoated beads. Then Huh-7 and HCCLM3 cells were lysed and
incubated with probe-coated beads at 4 °C for 3 h. Finally, the
enrichment of SNHG1 was examined by qRT-PCR.
Statistical analysis. All data were displayed as mean ±
standard deviation with three independent experiments.
The difference was checked by Student’s t-test and one-way
analysis of variance (ANOVA). Statistical analysis was implemented using GraphPad Prism 7 software (GraphPad, San
Diego, CA, USA). A p-value <0.05 was taken as statistically
significant.
Results
LncRNA SNHG1 was upregulated in HCC tissues and
cell lines. To explore the expression of SNHG1 in HCC tissues
and cells, we measured SNHG1 expression using qRT-PCR.
The results revealed that SNHG1 expression was dramatically upregulated in HCC tissues compared with adjacent
normal tissues (Figure 1A). Likewise, SNHG1 expression was
strikingly higher in HCC cell lines (Huh-7 and HCCLM3)
than normal human liver cell line (THLE-2, Figure 1B).
These results suggested that SNHG1 may be associated with
hepatocellular carcinoma.
Knockdown of SNHG1 inhibited cell proliferation
and induced apoptosis in HCC cells. In vitro, Huh-7 and
HCCLM3 cells were transfected with Scramble or si-SNHG1
to investigate the effects of SNHG1 in HCC. The result exhibited that knockdown of SNHG1 significantly decreased the
expression level of SNHG1 in both Huh-7 and HCCLM3 cells
compared to the negative control (Figure 2A). To analyze the
effects of SNHG1 on HCC progression, we measured cell
proliferation and apoptosis using MTT and flow cytometry
assays. These results showed that transfection of si-SNHG1
remarkably restrained cell proliferation (Figure 2B), and
markedly facilitated apoptosis rates in Huh-7 and HCCLM3
cells (Figure 2C). Furthermore, western blot revealed that the
protein level of C-caspase 3 was higher in HCC cells trans-
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Figure 2. Knockdown of SNHG1 inhibited cell proliferation and induced apoptosis in HCC cells. A–D) Huh-7 and HCCLM3 cells were transfected with
Scramble or si-SNHG1. A) SNHG1 expression was measured by qRT-PCR in transfected cells. B) Cell proliferation was detected by MTT assay at 24
h, 48 h and 72 h after transfection. C) Cell apoptotic rate was evaluated using flow cytometry at 48 h upon transfection. D and E) The protein level of
C-caspase 3 was measured by western blot. *p<0.05.

fected with si-SNHG1 than that in cells transfected with
Scramble (Figures 2D, 2E). These data suggested that SNHG1
knockdown inhibited cell proliferation and promoted
apoptosis in HCC cells.
Knockdown of SNHG1 suppressed cell migration,
invasion, and EMT in HCC cells. Firstly, transwell analysis
indicated that transfection of si-SNHG1 resulted in a
notable increase in cell migration (Figure 3A) and invasion
(Figure 3B) in Huh-7 and HCCLM3 cells. To investigate the
effect of SNHG1 on EMT, we examined EMT-related protein
levels by western blot. The results showed that knockdown of
SNHG1 significantly increased the protein level of E-cadherin,
and obviously decreased the protein levels of N-cadherin
and Vimentin in Huh-7 and HCCLM3 cells (Figure 3C).
Taken together, these results demonstrated that SNHG1
inhibited cell migration, invasion, and EMT in HCC cells.
Knockdown of SNHG1 blocked the tumor growth in
vivo. To evaluate the potential effect of SNHG1 on HCC

tumorigenesis in vivo, a mouse xenograft model was established. Huh-7 and HCCLM3 cells transfected with sh-NC
or sh-SNHG1 were subcutaneously injected into nude mice.
Compared with the negative control group, tumor volume
and weight of the sh-SNHG1 group were prominently
decreased (Figures 4A, 4B). Similarly, the results of the injection of HCCLM3 cells were consistent with the above results
(Figures 4D, 4E). Moreover, we also determined SNHG1
expression in the tumor tissues by qRT-PCR analysis. SNHG1
expression was obviously lower in the sh-SNHG1 group than
that in the sh-NC group (Figures 4C, 4F). Thus, these data
concluded that SNHG1 knockdown suppressed the tumor
growth of HCC in vivo.
SNHG1 acted as a sponger of miR-377-3p. To explore
the molecular mechanism of SNHG1 in HCC, we predicted
that miR-377-3p and SNHG1 have putative binding sites
by online database starBase v2.0 (Figure 5A). Next, a dualluciferase reporter assay was performed to confirm whether
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Figure 3. Knockdown of SNHG1 suppressed cell migration, invasion, and EMT in HCC cells. A–C) Huh-7 and HCCLM3 cells were transfected with
Scramble or si- SNHG1. A and B) Cell migration and invasion were detected by transwell assay. C) The protein levels of EMT-related proteins (Ecadherin, N-Cadherin, and Vimentin) were examined by western blot assay. *p<0.05.

Figure 4. Knockdown of SNHG1 blocked the tumor growth in vivo. A–F) Huh-7 and HCCLM3 cells were transfected with sh-NC or sh-SNHG1 and
subcutaneously injected into nude mice. A and D) Tumor volume was measured every 5 days. B and E) Tumor weight was detected after mice were
sacrificed. C and F) The expression of SNHG1 was examined by qRT-PCR.

SNHG1 targets miR-377-3p. The results showed that mature
miR-377-3p apparently reduced the luciferase activity of the
SNHG1-wt group, whereas it had no inhibitory effect on the
luciferase activity of the SNHG1-mut group compared to the
control in Huh-7 and HCCLM3 cells (Figure 5B). Moreover,

RIP and pull-down assays were performed to further validate
the relationship between SNHG1 and miR-377-3p in Huh-7
and HCCLM3 cells. RIP assay showed that SNHG1 was
notably enriched in the miR-377-3p group coated with the
Ago2 antibody compared with the control group (Figure 5C),
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Figure 5. SNHG1 directly targeted miR-377-3p. A) The putative binding sites of SNHG1 and miR-377-3p. B) Huh-7 and HCCLM3 cells were cotransfected with SNHG1-wt or SNHG1-mut luciferase reporter vectors and miR-377-3p mimic (miR-377-3p) or the control mimic (NC), and luciferase
activity was examined at 48 h after transfection. C) Huh-7 and HCCLM3 cells were transfected with miR-377-3p mimic (miR-377-3p) or the control
mimic (NC), and RIP assay was performed to determine SNHG1 enrichment in the Ago2 immunoprecipitation complex. D) Huh-7 and HCCLM3 cells
were transfected with Bio-miR-377-3p or Bio-NC, and RNA pull-down assay was carried out to detect SNHG1 enrichment. E) Huh-7 and HCCLM3
cells were transfected with pcDNA (Vector), pcDNA-SNHG1 (SNHG1), Scramble, and si-SNHG1, respectively. The expression levels of miR-377-3p
were detected by qRT-PCR. *p<0.05.

and pull-down analysis revealed that SNHG1 was significantly enriched by Bio-miR-377-3p, but not by Bio-NC
(Figure 5D). These data suggested that SNHG1 might interact
with miR-377-3p in HCC.
Next, the expression of miR-377-3p was detected in
Huh-7 and HCCLM3 cells transfected with pcDNA (Vector),
pcDNA-SNHG1 (SNHG1), Scramble and si-SNHG1, respectively. The results showed that overexpression of SNHG1
strikingly reduced the expression of miR-377-3p, whereas
knockdown of SNHG1 markedly upregulated the expression level of miR-377-3p in Huh-7 and HCCLM3 cells
(Figure 5E). Taken together, these results demonstrated that
SNHG1 regulated miR-377-3p.
Knockdown of miR-377-3p attenuated the effects of
the SNHG1 knockdown on proliferation and apoptosis of
HCC cells. First, we examined the miR-377-3p expression in
HCC tissues and cells by qRT-PCR. The results indicated that
miR-377-3p was remarkably downregulated in HCC tissues
compared with adjacent normal tissues (Figure 6A), and the

expression level of miR-377-3p was dramatically lower in
Huh-7 and HCCLM3 cells than THLE-2 cells (Figure 6B). We
further explored the relationship of SNHG1 and miR-377-3p
in Huh-7 and HCCLM3 cells transfected with Scramble,
si-SNHG1, si-SNHG1+anti-NC, and si-SNHG1+anti-miR377-3p, respectively. The results indicated that the expression
of miR-377-3p was markedly increased in the si-SNHG1
group, while miR-377-3p was remarkably downregulated
after simultaneous inhibition of SNHG1 and miR-377-3p
(Figure 6C). Meanwhile, the knockdown of SNHG1 significantly inhibited cell proliferation (Figure 6D) and promoted
apoptosis (Figure 6E) of Huh-7 and HCCLM3 cells. In
addition, Huh-7 and HCCLM3 cells transfected with
si-SNHG1 had a higher protein level of C-caspase 3 than
the control group (Figure 6F). However, these results caused
by SNHG1 knockdown could be abrogated by inhibition
of SNHG1 and miR-377-3p, suggesting that SNHG1 could
regulate HCC cell proliferation and apoptosis by mediating
miR-377-3p.
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Figure 6. Knockdown of miR-377-3p attenuated the effects of SNHG1 knockdown on proliferation and apoptosis of HCC cells. A) The expression of
miR-377-3p was measured by qRT-PCR in HCC tissues and adjacent normal tissues. B) The expression of miR-377-3p was detected in a normal human liver cell line (THLE-2) and HCC cell lines (Huh-7 and HCCLM3). C-F) Huh-7 and HCCLM3 cells were transfected with Scramble, si-SNHG1,
si-SNHG1+anti-NC, and si-SNHG1+anti-miR-377-3p, respectively. C) The expression of miR-377-3p was measured by qRT-PCR at 48 h post-transfection. D) Cell proliferation was evaluated by MTT assay at 24 h, 48 h, and 72 h after transfection. E) Cell apoptotic rate was detected by flow cytometry.
F) The protein level of C-caspase 3 was measured by western blot. *p<0.05.

Knockdown of miR-377-3p attenuated the inhibition
of SNHG1 knockdown on migration, invasion, and EMT
of HCC cells. Furthermore, transwell assay revealed that
cell migration and invasion were significantly inhibited after
transfecting si-SNHG1 into Huh-7 and HCCLM3 cells, but
co-transfection of si-SNHG1 and anti-miR-377-3p abolished
the effects (Figures 7A, 7B). In addition, the protein level
of E-cadherin was obviously lower, and the protein levels
of N-cadherin and Vimentin were apparently higher in
the si-SNHG1+anti-miR-377-3p group than that in the
si-SNHG1 group (Figure 7C). All these data suggested that
the knockdown of miR-377-3p reversed the effects of SNHG1
knockdown on migration, invasion, and EMT of HCC cells.

Discussion
The prognosis of hepatocellular carcinoma is very poor
with a high recurrence rate [4]. In recent years, the studies
suggested that lncRNAs dysregulation was associated with
the progression of cancers, including HCC [3, 19]. Therefore,
it’s meaningful to discover novel therapeutic targets for HCC
treatment.
LncRNA SNHG has been identiﬁed as an oncogene in
various cancers [20, 21]. SNHG1 has been widely reported
to be an oncogenic factor in many cancers, such as pancreatic cancer, non-small cell lung cancer, and gastric cancer
[22–24]. Increasing evidence suggested that SNHG1 was

564

A. QU, Q. YANG

Figure 7. Knockdown of miR-377-3p attenuated the inhibition of SNHG1 knockdown on migration, invasion, and EMT of HCC cells. A–C) Huh-7 and
HCCLM3 cells were transfected with Scramble, si-SNHG1, si-SNHG1+anti-NC, and si-SNHG1+anti-miR-377-3p, respectively. A and B) Cell migration and invasion were evaluated by transwell assay after transfection. C) The protein levels of EMT-related proteins (E-cadherin, N-Cadherin, and
Vimentin) were detected by western blot. *p<0.05.

Figure 8. The cell pathway map demonstrates the mechanism of SNHG1
promoting HCC progression. Decreased level of miR-377-3p due to the
upregulation of SNHG1 results in diminished inhibition of proliferation,
migration, invasion, and EMT as well as the attenuation of apoptosis.
Contrarily, knockdown of SNHG1 supports apoptosis and inhibits proliferation, invasion, and EMT through the increased level of miR-377-3p.

associated with metastasis and prognosis in cancer patients
[11, 25]. SNHG1 silencing could ameliorate cisplatin resistance of NSCLC via targeting miR-140-5p [26]. The previous
study confirmed that SNHG1 as a competing endogenous
RNA (ceRNA) for DNMT1 contributed to cell proliferation
and invasion in liver cancer by inhibiting the expression of

p53 [9]. In cholangiocarcinoma (CCA), SNHG1 regulated
growth and tumorigenesis through elevating the expression of
toll-like receptor 4 (TLR4) and stimulating NF-κB signaling
by sponging miR-140 [27]. In glioma, SNHG1 regulated the
malignant behavior of cells by binding microRNA-154-5p or
miR-376b-3p to increase the expression of its downstream
target gene FOXP2 [28]. In addition, accumulating evidence
indicates that lncRNA SNHG1 functioned as a carcinogenic
factor in HCC. Li et al. indicated that the nuclear expression of SNHG1 was enhanced by miR-21 and contributed to
sorafenib resistance by activating the Akt pathway in HCC
cells [29]. SNHG1 was dramatically upregulated in HCC
tissues and cells and accelerated proliferation, invasion, and
migration of HCC cells by downregulating the expression
of miR-195, suggesting that miR-195 was a direct target of
SNHG1 [30]. SNHG1 was a prognostic biomarker and therapeutic target for HCC [13]. Consistent with the previous
study, the expression of SNHG1 in HCC tissues and cells
was dramatically higher than that in the normal liver tissues
and cells, which suggests that SNHG1 may play vital roles in
HCC growth and progression.
Moreover, this study indicated that SNHG1 could competitively bind with miR-377-3p. MiR-377-3p has been reported
as a tumor inhibitor or tumor promoter in cancers. Liu et
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al. demonstrated that miR-377-3p was significantly upregulated in colorectal cancer (CRC) tissues, promoted cell
proliferation and epithelial-mesenchymal transition (EMT),
and inhibited apoptosis in CRC cells by activating NF-κB
pathway and upregulating glycogen synthase kinase-3β
(GSK-3β) expression [31]. MiR-377-3p functioned as a
tumor inhibitor in many cancers, such as ovarian cancer [15],
non-small cell lung cancer [16], and glioma [17]. In hepatocellular carcinoma, miR-377 was downregulated [32–34]. Ge
et al. exhibited that miR-377 suppressed cell proliferation and
increased apoptosis by targeting Bcl-xL 3’UTR in HCC [32].
Moreover, miR-377 restrained proliferation, migration, and
invasion of HCC cells via regulating IRX3 [33]. MiR-377 was
prominently downregulated in HCC tissues and cells and
blocked HCC cell proliferation and invasion by targeting T
lymphoma invasion and metastasis 1 (TIAM1) [34]. In this
study, we further confirmed that miR-377-3p was significantly downregulated in HCC tissues and cells. The study
also showed that miR-377-3p was regulated by SNHG1 and
abolished the effect of SNHG1 on HCC progression, which
suggested that miR-377-3p might be a direct target of SNHG1
in HCC. Besides, we have drawn a simple cell pathway map
(Figure 8).
In conclusion, this study suggested that SNHG1 was
upregulated in HCC tissues and cells. SNHG1 might
promote hepatocellular carcinoma progression and metastasis by sponging miR-377-3p, suggesting that SNHG1 was a
promising therapeutic target for HCC treatment.
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