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Long non-coding RNA SNHG7 inhibits NLRP3-dependent
pyroptosis by targeting the miR-34a/SIRT1 axis in liver cancer
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Abstract. Long non-coding RNA small nucleolar RNA host
gene 7 (SNHG7) is involved in a variety of different types
of cancer; however, the role of SNHG7 during liver cancer
progression is not completely understood. The aim of the
present study was to investigate the functional role and regula-
tory mechanism underlying SNHG7 during liver cancer. A total
of 25 paired hepatocellular carcinoma (HCC) tumor tissues
and adjacent normal tissues were collected. Reverse transcrip-
tion-quantitative PCR and western blotting were performed to
detect the expression levels of SNHG7, microRNA (miR)-34a,
sirtuin 1 (SIRT1) and pyroptosis-related targets. RNA fluo-
rescence in situ hybridization was performed to detect the
expression of SNHG7 in HCC tissues. SNHG7 expression was
upregulated in HCC tissues and liver cancer cells compared
with normal tissues and normal liver cell lines. High expres-
sion of SNHG?7 inhibited NLR family pyrin domain containing
3 (NLRP3)-dependent pyroptosis in HepG2 and SK-hep-1
cells. Bioinformatics analysis and dual-luciferase reporter
assays were performed to investigate the interactions between
miR-34a and SNHG7 or SIRT1. SNHG7 served as a competing
endogenous RNA of miR-34a, and SIRT1 was identified as a
direct target of miR-34a. Cell pyroptosis was evaluated by
TUNEL and lactate dehydrogenase release assays. SNHG7
knockdown reduced SIRTI1 expression, but increased the
expression levels of NLRP3, caspase-1 and interleukin-1,
leading to pyroptosis. SNHG7 knockdown-induced effects
were enhanced by miR-34a upregulation. In summary, the
present study indicated that the SNHG7/miR-34a/SIRT1 axis
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contributed to NLRP3-dependent pyroptosis during liver
cancer.

Introduction

Hepatocellular carcinoma (HCC), the most common type of
liver cancer, is the fifth most frequently diagnosed cancer and
the third leading cause of cancer-associated mortality world-
wide (1). Aside from liver transplantation, hepatic resection
and chemotherapy are the main effective treatment strategies
used for HCC. However, despite recent advances in surgery
and chemotherapy, the prognosis of HCC remains poor,
with a postoperative 5-year recurrence rate of approximately
70% (2). Therefore, understanding the mechanisms underlying
liver cancer and identifying novel therapeutic targets for the
disease is important.

Inflammasomes are a group of intracellular multiprotein
complexes that mediate host immune responses to pathogen
infection and cellular damage (3). Chronic inflammation in the
tumor microenvironment serves a crucial role during tumor
development; however, the roles of the inflammasome during
tumor progression are complex (4). The inflammasome acts
as a double-edged sword in various types of cancer, serving
as a tumor promoter or suppressor (5). The NLR pyrin
domain containing 3 (NLRP3) inflammasome, the most
highly characterized inflammasome, consists of the scaffold
protein NLRP3, the adaptor apoptosis-associated speck-like
protein containing a CARD and caspase-1 (6). Upon activa-
tion, NLRP3 recruits and cleaves pro-caspase-1 into its active
form, which subsequently cleaves pro-interleukin (IL)-1p
into mature biologically active IL-1f, ultimately resulting in
inflammation (7). Activated caspase-1 also induces pyroptosis,
a proinflammatory programmed cell death (6). It has been
reported that the components of the NLRP3 inflammasome
are significantly downregulated in HCC cells (8). Consistently,
another study demonstrated that pyroptosis is inhibited in
HCC tissues and cells (9), suggesting that NLRP3-dependent
pyroptosis may serve crucial roles in liver cancer. Therefore,
investigating the mechanism underlying NLRP3-dependent
pyroptosis in liver cancer is of interest.

Long non-coding RNAs (IncRNAs) are a class of
non-coding RNAs that are >200 base pairs in length. IncRNAs
are novel regulators of various cellular processes during
tumorigenesis and tumor progression, including cell prolifera-
tion, apoptosis, pyroptosis and cell cycle progression (10,11).
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A genome-wide analysis of IncRNA profiles identified small
nucleolar RNA host gene 7 (SNHG7) as a metastasis-associated
IncRNA during HCC. It has also been reported that SNHG7
is upregulated during HCC, indicating its critical role during
the development of the disease (11). Furthermore, The Cancer
Genome Atlas database indicated a strong correlation between
a high expression of SNHG7 and poor prognosis of patients
with HCC. Patients with HCC with a higher SNHG7 expres-
sion had a poorer overall survival compared with patients
with lower SNHG7 expression, indicating that SNHG7 may
serve as a potential indicator of HCC clinical outcomes (12).
Consistently, HCC tissues with an advanced TNM stage, high
tumor grade or vascular invasion displayed higher expression
levels of SNHG7 compared with corresponding controls (13).
A recent study demonstrated that SNHG7 acts as an onco-
genic IncRNA by competing with microRNA (miR)-34a and
polypeptide N-acetylgalactosaminyltransferase 7 (GALNT7)
to regulate the PI3K/Akt/mTOR signaling pathway during
colorectal cancer (14). However, the biological functions
and regulatory mechanisms underlying SNHG7 during liver
cancer progression are not completely understood.

To the best of our knowledge, the aim of the present study
was to demonstrate for the first time that SNHG7 regulated
sirtuin 1 (SIRT1) expression by acting as a competing endog-
enous RNA (ceRNA) for miR-34a, resulting in inhibition of
NLRP3-dependent pyroptosis during liver cancer.

Materials and methods

Collection of normal and HCC human tissue samples. A total
of 25 paired HCC tumor and adjacent normal tissues (=3 cm
from the tumor margin) were collected post-operatively from
patients with HCC (mean age, 63 years; age range, 43-72 years;
13 males and 12 females) at the People's Hospital of Deyang
City between January 2016 and December 2018. HCC diag-
nosis was confirmed by two independent pathologists. The
present study was approved by the Ethics Committee of the
People's Hospital of Deyang City. Written informed consent
was obtained from all patients.

Cell culture and transfection. Normal liver epithelial THLE-3
cells, human embryonic kidney 293 cells, and human hepato-
cellular carcinoma HepG2 and SK-hep-1 cells were purchased
from The Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences. The cell lines were authenticated by
short tandem repeat DNA profiling analysis prior to purchase
by The Cell Bank of Type Culture Collection of the Chinese
Academy of Sciences. Cells were cultured in DMEM supple-
mented with 10% FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin (all Gibco; Thermo Fisher Scientific, Inc.) at
37°C with 5% CO,.

The small interfering (si)RNA targeted against SNHG7,
miR-34a mimic, miR-34a inhibitor and corresponding controls
were obtained from Guangzhou RiboBio Co., Ltd. SNHG7
was cloned into the pcDNA3.1 vector (Invitrogen; Thermo
Fisher Scientific, Inc.), as previously described (13). Cells were
seeded at a density of 2x10° cells/wellin 12-well plates and were
transfected using Lipofectamine® 3000 transfection reagent
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. For siRNA and miRNA transfection,
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50 nM siRNA and/or 50 nM miRNA was transfected into cells.
For overexpression experiments, 0.5 ug plasmid DNA was
transfected into cells. pcDNA3.1 alone served as a negative
control. The sequences of the siRNAs and miRNAs used in the
present study are as follows: si-SNHG7-1, 5-GUGCAGCAA
UUACUCUUAAUU-3'; si-SNHG7-2, 5'-UUAGCAGAGUAA
UUUGCACUU-3"; miR-34a mimic NC forward, 5'-UUCUCC
GAACGUGUCAGGUTT-3" and reverse, 5~ ACGUGACAC
GUUCGGAGAATT-3"; miR-34a mimic forward, 5'-UGGCAG
UGUCUUAGCUGGUUGU-3'" and reverse, 5-AACCAGCUA
AGACACUGCAAUU-3'; miR-34a inhibitor NC, 5'-CAGUAC
UUUUGUGUAGUACAA-3"; and miR-34a inhibitor, 5'-ACA
ACCAGCUAAGACACUGCCA-3'" Cells were harvested and
subjected to subsequent analysis 48 h post-transfection.

RNA isolation and reverse transcription-quantitative PCR
(gRT-PCR). Total RNA was isolated from cells using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA
was reverse transcribed into cDNA using the Prime-Script RT
Reagent kit (Takara Biotechnology Co., Ltd.). Subsequently,
gPCR was performed using SYBR Premix Ex Taq (Takara
Biotechnology Co., Ltd.) and the ABI PRISM 7500 real-time
PCR system (Applied Biosystems; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. qPCR
reaction was performed using the following conditions:
Pre-denaturation at 95°C for 1 min, 40 cycles of denaturation
at 95°C for 30 sec, annealing at 67°C for 30 sec and extension
at 72°C for 30 sec, followed by a final extension step at 72°C
for 5 min. The following primers were used for gPCR: SNHG7
forward, 5'"-TTGCTGGCGTCTCGGTTAAT-3" and reverse,
5'-GGAAGTCCATCACAGGCGAA-3"; miR-34a forward,
5'-CACGGACTCGGGGCATTTGGAGATTTT-3' and
reverse, 5'-CTGTCTAGATCGCTTATCTTCCCCTTGG-3;
U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and reverse,
5'-AACGCTTCACGAATTTGCGT-3'; NLRP3 forward,
5'-CACCTGTTGTGCAATCTGAAG-3' and reverse, 5'-GCA
AGATCCTGACAACATGC-3'; caspase-1 forward, 5'-CCT
TAATATGCAAGACTCTCAAGGA-3' and reverse, 5'-TAA
GCTGGGTTGTCCTGCACT-3"; IL-1p forward, 5"TACCTG
TCCTGCGTGTTGAA-3' and reverse, 5-TCTTTGGGTAAT
TTTTGGGATCT-3'; SIRT1 forward, 5“TGCTGGCCTAAT
AGAGTGGCA-3' and reverse, 5'-CTCAGCGCCATGGAA
AATGT-3'; and GAPDH forward, 5"AACGTGTCAGTGGTG
GACCTG-3' and reverse, 5'-AGTGGGTGTCGCTGTTGA
AGT-3". The specificity of the fluorescent signal was verified
by melting curve and 1% agarose gel electrophoresis. miRNA
and mRNA expression levels were quantified using the 2-44¢4
method (15) and normalized to the internal reference genes U6
and GAPDH, respectively.

RNA fluorescence in situ hybridization (FISH). RNA FISH
was performed using the Fluorescent in Situ Hybridization
kit (Guangzhou RiboBio Co., Ltd.), according to the manu-
facturer's protocol. HCC and paired adjacent normal tissues
were fixed with 4% paraformaldehyde at room temperature for
8 h, embedded in paraffin and cut into 7-ym-thick sections.
The Cy3-conjugated SNHG7 probe was synthesized by
Guangzhou RiboBio Co., Ltd. as previously described (16).
For Cy3 detection, fluorescence images (magnification, x400)
were acquired using a fluorescence confocal laser-scanning
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microscope with excitation at 543 nm (Olympus Corporation).
Slides were mounted with Prolong Gold Antifade reagent with
DAPI (Invitrogen; Thermo Fisher Scientific, Inc.).

Western blotting. Total protein from HepG2 and SK-hep-1
cells was extracted using RIPA lysis buffer (Pierce; Thermo
Fisher Scientific) and quantified using the BCA protein assay
kit (Pierce; Thermo Fisher Scientific, Inc.). Equal amounts of
protein (40 pg/lane) were separated via 4-12% SDS-PAGE and
transferred onto PVDF membranes (EMD Millipore), which
were blocked with 5% non-fat milk at room temperature for
1 h. Subsequently, the membranes were incubated at 4°C over-
night with primary antibodies targeted against: SIRT1 (1:500;
cat. no. sc-74504; Santa Cruz Biotechnology, Inc.), NLRP3
(1:1,000; cat. no. ab214185; Abcam), caspase-1 (1:1,000; cat.
no. 4199; Cell Signaling Technology, Inc.), IL-1f (1:1,000; cat.
no. sc-52012; Santa Cruz Biotechnology, Inc.) and GAPDH
(1:1,000; cat. no. 5174; Cell Signaling Technology, Inc.).
Following primary incubation, the membranes were incubated
with HRP-conjugated goat anti-rabbit (cat. no. 31460) or goat
anti-mouse (cat. no. 31430) (both 1:5,000; Invitrogen; Thermo
Fisher Scientific, Inc.) secondary antibodies at room tempera-
ture for 1 h. Protein bands were visualized using SuperSignal
West Pico PLUS Chemiluminescent substrate (Pierce) and
exposed to X-ray film. Protein expression was quantified using
ImagelJ v1.52a software (National Institutes of Health) with
GAPDH as the loading control.

Dual-luciferase reporter assay. The potential binding sites
between SNHG7 and miR-34a, and the putative association
between miR-34a and SIRT1 were predicted using bioinfor-
matics analysis, namely TargetScan (www.targetscan.org) and
miRanda (www.microrna.org/microrna/searchMirnas.do).
The putative binding site between miR-34a and the 3'-untrans-
lated region (UTR) of SNHG7 or SIRT1 was cloned into
the pmirGLO vector (Promega Corporation). The mutant
(MUT) 3'UTR of SNHG7 or SIRT1 was synthesized using the
QuickChange Lighting Multi Site-Directed Mutagenesis kit
(Agilent Technologies, Inc.) according to the manufacturer's
protocol. 293 cells (2x10° cells/well) were co-transfected
with 0.5 pg SNHG7-wild-type (WT), SIRT1-3'UTR-WT,
SNHG7-MUT or SIRTI-3'UTR-MUT vectors and 50 nM
miR-34a mimic NC or miR-34a mimic using Lipofectamine®
3000 transfection reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
Following incubation at 37°C for 48 h, luciferase activities
were measured using the Dual Luciferase Reporter assay
system (Promega Corporation), according to the manufac-
turer's protocol. Firefly luciferase activities were normalized
to Renilla luciferase activities.

Analysis of DNA fragmentation. A TUNEL assay was
performed to detect DNA fragmentation of individual cells.
Briefly, HepG2 cells (2x10° cells/well) were seeded onto
coverslips in 12-well dishes. Following transfection, cells
were fixed with 4% paraformaldehyde at room temperature
for 10 min and permeabilized using 0.1% Triton X-100 at
room temperature for 10 min. Subsequently, cells were incu-
bated with TUNEL reaction mixture (Roche Diagnostics),
according to the manufacturer's protocol. For one test, 45 ul
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TUNEL Label and 5 yul TUNEL Enzyme were prepared prior
to use. Slides were incubated with TUNEL reaction mixture
at 37°C for 1 h. After rinsing with PBS, slides were mounted
with Prolong Gold Antifade reagent with DAPI (Invitrogen;
Thermo Fisher Scientific, Inc.). Stained cells were observed
using a fluorescence confocal laser-scanning microscope
(Olympus Corporation). The cells were observed at 5-10 fields
of view (magnification, x400), and the TUNEL-positive cells
were counted per 100 cells in each field of view.

Cytotoxicity assay. Cytotoxicity assay was performed using
HepG?2 cells. Cell culture medium was collected and centri-
fuged at 12,000 x g at 4°C for 15 min to remove the cell debris.
Pyroptotic cell death was determined by quantifying lactate
dehydrogenase (LDH) content of the cell culture medium using
the LDH Cytotoxicity Detection kit (Clontech Laboratories,
Inc.), according to the manufacturer's protocol.

Statistical analysis. All experiments were performed at least
three times. Data are expressed as the mean + standard devia-
tion. Differences among groups were analyzed using one-way
ANOVA followed by Dunnett's post hoc test. Differences
between two groups were analyzed using the paired Student's
t-test. Statistical analyses were performed using GraphPad
Prism software (version 6.0; GraphPad Software, Inc.). P<0.05
was considered to indicate a statistically significant difference.

Results

SNHG7 is upregulated in HCC tissues and cell lines, and
mediates NLRP3-dependent pyroptosis during HCC. To
investigate the biological function of SNHG7 during HCC,
the expression of SNHG7 in HCC and adjacent normal tissues
was assessed. SNHG7 expression levels were significantly
higher in HCC tissues compared with adjacent normal tissues
(Fig. 1A). RNA FISH confirmed that SNHG7 expression was
increased in HCC tissues compared with adjacent normal
tissues (Fig. 1B). Similarly, SNHG7 expression levels were
significantly upregulated in liver cancer cell lines HepG2
and SK-hep-1 compared with the normal liver epithelial
THLE-3 cell line (Fig. 1C), indicating that SNHG7 may
serve important roles during liver cancer tumorigenesis.
Furthermore, a previous study demonstrated that pyroptosis is
inhibited in HCC tissues and cells (9); therefore, to investigate
whether SNHG7 was involved in liver cancer cell pyroptosis,
loss-of-function experiments were performed. si-SNHG7-1
and si-SNHG7-2 significantly decreased SNHG7 expression
levels in HepG2 and SK-hep-1 cells compared with si-NC.
However, si-SNHG7-1 silenced SNHG7 expression more
effectively compared with si-SNHG-7-2, so si-SNHG7-1 was
used for subsequent experiments (Fig. 1D). SNHG7 knock-
down significantly increased the mRNA expression levels of
pyroptosis-related NLRP3, caspase-1 and IL-1f3 in HepG?2 and
SK-hep-1 cells compared with si-NC (Fig. 1E-G). Consistently,
the western blotting results indicated that the protein expres-
sion levels of NLRP3, caspase-1 and IL-1p were significantly
increased in SNHG7-knockdown cells compared with
si-NC-transfected cells (Fig. 1H). The results suggested that
SNHG7 may serve a crucial role during NLRP3-dependent
pyroptosis in liver cancer cells.
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Figure 1. SNHG?7 is upregulated in HCC and mediates NLRP3-dependent pyroptosis. (A) SNHG7 mRNA expression levels in paired HCC and adjacent normal
tissues were determined by RT-qPCR. (B) The expression of SNHG7 in paired HCC and adjacent normal tissues was determined by RNA FISH (scale bar,
10 ym). (C) SNHG7 mRNA expression levels in THLE-3, HepG2 and SK-Hep-1 cells were determined by RT-qPCR. mRNA expression levels of (D) SNHG7,
(E) NLRP3, (F) caspase-1 and (G) IL-1p were determined by RT-qPCR. (H) Protein expression levels of NLRP3, caspase-1 and IL-1f3 were determined by
western blotting and semi-quantified. "P<0.05 and “"P<0.01 vs. the corresponding control. SNHG7, small nucleolar RNA host gene 7; HCC, hepatocellular
carcinoma; NLRP3, NLR pyrin domain containing 3; RT-qPCR, reverse transcription-quantitative PCR; FISH, fluorescence in situ hybridization; IL-1f,

interleukin-1p; si, small interfering RNA; NC, negative control.

SNHG?7 sponges miR-34a to repress its expression in liver cancer
cells. To further understand the mechanism underlying SNHG7
during NLRP3-dependent pyroptosis, bioinformatics analysis was
performed to predict the putative interactions between SNHG7 and
miRNAs. Among the predicted miRNAs, the expression levels of
miR-34a were significantly lower in HCC tissues compared with

adjacent normal tissues (Fig. 2A). Moreover, miR-34a expression
levels were significantly decreased in HepG2 and SK-hep-1 cells
compared with THLE-3 cells (Fig. 2B), suggesting that miR-34a
was negatively regulated by SNHG7 during liver cancer; there-
fore, SNHG7 may function as a molecular sponge of miR-34a. A
dual-luciferase reporter assay was conducted to verify the direct
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Figure 2. SNHG7 sponges miR-34a to repress its expression in HCC cells. (A) mRNA expression levels of miR-34a in (A) paired HCC and adjacent normal
tissues, as well as in (B) THLE-3, HepG2 and SK-Hep-1 cells were determined by RT-qPCR. (C) The potential binding sites between SNHG7 and miR-34a. A
mutation was generated in the miR-34a binding site of the SNHG7 sequence. The mutations were indicated in red. (D) Luciferase activities were determined
by a dual-luciferase reporter assay. (E) SNHG7 mRNA expression levels following SNHG7 overexpression were determined by RT-qPCR. miR-34a expression
levels following SNHG7 (F) overexpression and (G) knockdown were determined by RT-qPCR. ‘P<0.05 and ““P<0.01 vs. the corresponding control. SNHG7,
small nucleolar RNA host gene 7; miR, microRNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative PCR; WT, wild-type;

MUT, mutant; si, small interfering; NC, negative control.

binding between SNHG7 and miR-34a. The potential binding
sites were predicted using TargetScan and miRanda (Fig. 2C).
miR-34a mimic significantly reduced the luciferase activities of
the SNHG7-WT group compared with the miR-34a mimic NC.
By contrast, miR-34a mimic displayed no effect on the luciferase
activities of the SNHG7-MUT group compared with miR-34a
mimic NC (Fig. 2D). Gain- and loss-of-function experiments
were conducted. SNHG7 overexpression significantly increased
the expression levels of SNHG7 in HepG2 and SK-hep-1 cells
compared with the vector control (Fig. 2E). SNHG7 overexpres-
sion and knockdown experiments suggested that miR-34a was
negatively regulated by SNHG7 in HepG2 and SK-hep-1 cells
(Fig. 2F and G). Collectively, the results indicated that SNHG7
acted as a sponge of miR-34a to repress its expression in HepG2
and SK-hep-1 cells.

SIRTI is a direct target of miR-34a. Increasing evidence has
suggested that IncRNAs function as miRNA sponges and
inhibit miRNA function, thus regulating miRNA target gene
expression (17,18). Therefore, the present study aimed to iden-
tify the direct target of miR-34a by bioinformatics analysis.
Among the putative theoretical targets, the present study
focused on SIRT1 due to its reported role in NLRP3-dependent
pyroptosis (19). The mRNA expression levels of SIRT1 were
examined in HCC tissues and cells. SIRT1 was significantly
upregulated in HCC tissues compared with adjacent normal
tissues (Fig. 3A). Similarly, the mRNA expression levels of
SIRT1 were significantly higher in HepG2 and SK-hep-1 cells
compared with THLE-3 cells (Fig. 3B). The complementary
binding site between miR-34a and the 3'UTR of SIRT1 was
predicted (Fig. 3C). miR-34a mimic significantly reduced the
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Figure 3. SIRT1 is a direct target of miR-34a. (A) mRNA expression levels of SIRT1 in (A) paired HCC and adjacent normal tissues, as well as in (B) THLE-3,
HepG2 and SK-Hep-1 cells were determined by RT-qPCR. (C) The potential binding sites between miR-34a and the 3'UTR of SIRT1. A mutation was
generated in the miR-34a binding site of the 3'UTR sequence of SIRT1. The mutations were indicated in red. (D) Luciferase activities were determined by
a dual-luciferase reporter assay. (E) miR-34a expression levels following miR-34a overexpression or knockdown were determined by RT-qPCR. (F) Protein
expression levels of SIRT1, NLRP3, caspase-1 and IL-1f following miR-34a overexpression or knockdown were determined by western blotting. “P<0.05 and
“P<0.01 vs. the corresponding control. SIRT1, sirtuin 1; miR, microRNA; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative PCR;
3'UTR, 3'-untranslated region; NLRP3, NLR pyrin domain containing 3; IL-1f, interleukin-13; WT, wild-type; MUT, mutant; NC, negative control.

luciferase activities of the SIRT1-3'UTR-WT group compared
with miR-34a NC, indicating that SIRT1 was a direct target of
miR-34a (Fig. 3D). To further investigate the effect of miR-34a
on SIRT1 expression, HepG2 and SK-hep-1 cells were
transfected with miR-34a inhibitor, miR-34a mimic and corre-
sponding miRNA controls. miR-34a inhibitor and miR-34a
mimic significantly decreased and increased miR-34a expres-
sion levels in HepG2 cells, respectively, compared with the
corresponding controls (Fig. 3E). The protein expression levels
of SIRT1 were significantly increased by miR-34a inhibitor,
but significantly decreased by miR-34a mimic compared with
the corresponding controls in liver cancer cells (Fig. 3F).
In HepG2 cells, the expression levels of pyroptosis-related

NLRP3, caspase-1 and IL-1p were significantly decreased
by miR-34a inhibitor and significantly increased by miR-34a
mimic compared with the corresponding controls (Fig. 3F).
Similar results were observed in SK-hep-1 cells (data not
shown). Collectively, the results indicated that SIRT1 was a
direct target of miR-34a; therefore, miR-34a/SIRT1 may be
associated with NLRP3-dependent pyroptosis in liver cancer
cells.

NLRP3-dependent pyroptosis is regulated by the
SNHG7/miR-34a/SIRT1 axis during liver cancer. To further
determine the effect of the SNHG7/miR-34a/SIRT1 axis on
pyroptosis in liver cancer cells, si-SNHG7, miR-34a mimic
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Figure 4. NLRP3-dependent pyroptosis is regulated by the SNHG7/miR-34a/SIRT1 axis in HCC. mRNA expression levels of (A) SIRT1, (B) NLRP3,
(C) caspase-1 and (D) IL-1p were determined by RT-qPCR. (E) Protein expression levels of SIRT1, NLRP3, caspase-1 and IL-1f3 were determined by western
blotting. (F) DNA fragmentation was assessed using the TUNEL assay. Blue indicates DAPI nuclear staining and green indicates TUNEL staining (scale bar,
50 um). (G) Pyroptotic cell death was determined by quantifying LDH release in the cell culture media. “P<0.05 and *"P<0.01 vs. the corresponding control.
NLRP3, NLR pyrin domain containing 3; SNHG7, small nucleolar RNA host gene 7; miR, microRNA; SIRTI, sirtuin 1; HCC, hepatocellular carcinoma;
IL-1B, interleukin-1f3; RT-qPCR, reverse transcription-quantitative PCR; LDH, lactate dehydrogenase; si, small interfering RNA; NC, negative control.

and corresponding controls were co-transfected into liver
cancer cells. Liver cancer cells transfected with si-SNHG7
or miR-34a mimic displayed significantly reduced mRNA
expression levels of SIRT1 compared with the negative control
group; co-transfection of si-SNHG7 and miR-34a mimic also
significantly reduced SIRT1 expression levels in HepG2 cells
compared with the negative control group (Fig.4A). By contrast,
the mRNA expression levels of NLRP3, caspase-1 and IL-1p
were significantly increased in cells transfected with si-SNHG7
or miR-34a mimic compared with the negative control group;
additionally, the co-transfection group displayed higher expres-
sion levels compared with the si-SNHG7 or miR-34a mimics
group (Fig. 4B-D). The western blotting results indicated that
protein expression levels displayed a similar pattern (Fig. 4E).
In addition, the present study aimed to determine the effect

of the SNHG7/miR-34a/SIRT1 axis on cell death. A TUNEL
assay was performed to detect DNA fragmentation in liver
cancer cells. Liver cancer cells transfected with si-SNHG7
or miR-34a mimic displayed an increased proportion of
TUNEL-positive cells compared with the negative control
group, and co-transfection of si-SNHG7 and miR-34a mimic
further increased the proportion of TUNEL-positive HepG2
cells (Fig. 4F). Furthermore, pyroptosis is generally assessed
by quantifying cytosolic LDH release (20). In HepG2 cells,
LDH release was significantly increased in the cell culture
media of cells transfected with si-SNHG7 or miR-34a mimic
compared with the negative control group (Fig. 4G). LDH
release was even higher in the si-SNHG7+miR-34a mimics
group compared with that in the si-SNHG7 or miR-34a mimics
groups (Fig. 4G). Similar results were observed in SK-hep-1
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cells (data not shown). Collectively, the results indicated
that the SNHG7/miR-34a/SIRT1 ceRNA network regulated
NLRP3-dependent pyroptosis in liver cancer cells.

Discussion

The present study demonstrated that SNHG7 and SIRT1
were upregulated, and miR-34a was downregulated in liver
cancer tissues and cell lines compared with adjacent normal
tissues and cell lines. The results indicated that SNHG7
sponged miR-34a to suppress its expression, and SIRT1
was identified as a direct target of miR-34a in liver cancer
cells. Gain- and loss-of-function experiments demonstrated
that SNHG7 repressed miR-34a by acting as a ceRNA,
thus enhancing the expression of SIRT1 and inhibiting
NLRP3-dependent pyroptosis. Collectively, the results indi-
cated that the SNHG7/miR-34a/SIRT1 axis may serve as a
potential therapeutic target for liver cancer.

With advancements to high-throughput sequencing tech-
niques, a large number of dysregulated IncRNAs have been
identified in HCC. Functional studies have revealed that
dysregulated IncRNAs serve critical roles during the tumori-
genesis and progression of HCC (17,18). IncRNA SNHG7,
which is located on chromosome 9q34.3, has been identified
as a novel oncogenic gene and has recently received increasing
attention in the field of cancer research (21). Increasing
evidence has indicated that SNHG7 regulates cell prolifera-
tion, migration, invasion and apoptosis in a variety of different
types of cancer, including non-small cell lung, gastric, prostate
and colorectal cancer, as well as in glioblastoma (14,22-25).
For example, SNHG7 promotes lung cancer cell proliferation,
migration and invasion, and inhibits apoptosis by inducing Fas
apoptotic inhibitory molecule 2 expression (22). Furthermore,
by comparing IncRNA profiles between early recurrence HCC
tissues with metastasis and late recurrence HCC tissues without
metastasis, SNHG7 was identified as a metastasis-related
IncRNA (12). Moreover, Cancer Cell Line Encyclopedia
RNA sequencing results demonstrated that SNHG7 is highly
expressed in HCC cell lines, and SNHG7 knockdown inhibits
HCC cell invasion (12). However, the role of SNHG7 in liver
cancer is still not completely understood. The present study
indicated that SNHG7 was significantly upregulated in liver
cancer tissues and cell lines compared with adjacent normal
tissues and cell lines. Consistently, recent studies have also
demonstrated that SNHG7 is significantly upregulated in HCC
tissues and cells (13,26). Another recent study reported that
IncRNA growth arrest specific 5 serves as an ovarian tumor
suppressor by inducing inflammasome formation and pyrop-
tosis (27). By contrast, the present study indicated that SNHG7
knockdown upregulated the expression of pyroptosis-related
NLRP3, caspase-1 and IL-1f3 compared with the negative
control group, which indicated that SNHG7 may display an
oncogenic role by inhibiting pyroptosis in liver cancer.

Novel IncRNA/miRNA/mRNA networks based on ceRNA
hypotheses have been identified in a variety of different
types of cancer. For example, SNHG7 promotes glioblas-
toma cell proliferation, migration and invasion by inhibiting
miR-5095 (25). SNHG7 also acts as a ceRNA against miR-503
to promote prostate cancer tumorigenesis (24). Recent studies
have reported that SNHG7 accelerates the progression and
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metastasis of HCC by regulating miR-122-5p/ribosomal
protein L4 or RNA binding motif protein 5 (13,26). However,
the ceRNA network that regulates pyroptosis in liver cancer
is not completely understood. The present study indicated
that miR-34a was negatively regulated by SNHG7 in liver
cancer. Previous studies have suggested that miR-34a expres-
sion is lost or downregulated in numerous types of cancer,
including HCC (28,29). miR-34a inhibits HCC glycolysis by
targeting lactate dehydrogenase A, leading to reduced cell
proliferation and invasion (28). However, aside from glucose
metabolism, the role of miR-34a during HCC has not been
previously reported. The present study further indicated that
SNHG7 directly bound to and negatively regulated miR-34a in
HepG2 and SK-Hep-1 cells, which was consistent with a recent
study that reported that SNHG7 acts as a ceRNA to regulate
GALNT?7 and the PI3K/Akt/mTOR signaling pathway by
sponging miR-34a in colorectal cancer (14).

SIRTI1, a well-studied member of the sirtuin family,
serves crucial roles in various cellular events, including
aging, metabolism, inflammation and tumorigenesis (30,31).
SIRT1 serves as a tumor promoter or suppressor dependent
on the tumor type, as well as the temporal or spatial distri-
bution of upstream and downstream factors (32). SIRT1
is frequently upregulated in HCC tissues and cell lines;
however, SIRT1 knockdown and inhibition of SIRT1 activity
by the small molecule inhibitor cambinol impairs cell prolif-
eration, increases cell differentiation and inhibits tumor
growth in vivo (33). The results of the present study support
the aforementioned finding, demonstrating that SIRT1 was
highly expressed in HCC tissues and cell lines. Mechanistic
studies suggested that miR-34a inhibited SIRT1 expression
by directly binding to the 3'UTR of SIRTI in liver cancer
cells. miR-34a-mediated inhibition of SIRT1 increased the
expression of NLRP3, caspase-1 and IL-1p. To the best of
our knowledge, the present study was the first to indicate
that miR-34a-mediated suppression of SIRT1 regulated
pyroptosis in liver cancer cells. TUNEL and LDH release
assays following co-transfection of si-SNHG7 and miR-34a
mimic further demonstrated that SNHG7 knockdown
reduced SIRT1 expression to promote inflammasome forma-
tion and pyroptosis via sponging miR-34a. The results of the
present study were consistent with a previous study, which
reported that lack of SIRT1 expression enhances NLRP3
inflammasome activation and caspase-1 cleavage in vascular
endothelial cells (19).

The present study further demonstrated the antipyroptotic
properties of SNHG?7 in liver cancer. The results suggested
that SNHG7 may act as an endogenous sponge of miR-34a,
thereby regulating the expression of SIRT1. Moreover, the
results indicated that SIRT1 induction may inhibit NLRP3
inflammasome-induced caspase-1 cleavage and IL-1f release
to inhibit pyroptosis in liver cancer cells.
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