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Background: The most common malignant tumor of the digestive system is HCC.

However, the mechanism and pathogenesis of HCC occurrence and progress are still

unknown. LncRNA is closely related to the occurrence and progress of HCC. It is important

to investigate the effect and role of lncRNA in HCC.

Materials and Methods: LncRNA microarray assay was used to screen the differential

expression profile of lncRNA. SNHG11, miR-184 and GO2 expression was analyzed by RT-

PCR. The ability of SNHG11 to serve as a sponge for miRNA and the fact that miR-184

directly targets mRNA were revealed by dual luciferase assay and RIP. Apoptosis and

autophagy related proteins were detected by Western blot. Cell proliferation, invasion,

migration, and apoptosis were detected by CCK-8 assay, wound healing assay, transwell

assay, and flow cytometry.

Results: LncRNA microarray assay and RT-PCR results revealed that the expression of

SNHG11 was increased in HCC tumor tissues and also upregulated in HCC cells. SNHG11

had a connection with poor survival rate in HCC. In addition, dual luciferase assay and RIP

results revealed that SNHG11 serves as a sponge for miR-184 and miR-184 directly targets

AGO2. Pearson correlation analysis showed that SNHG11 with miR-184 and miR-184 with

AGO2 were negative correlations, and SNHG11 with AGO2 was a positive correlation. Cell

function assay and Western blot showed SNHG4/miR-184/AGO2 regulatory loop was

critical for HCC cell proliferation, migration, apoptosis, and autophagy.

Conclusion: Our study demonstrated that the expression of SNHG11 is higher in HCC;

moreover, SNHG11 promotes proliferation, migration, apoptosis, and autophagy by regulat-

ing AGO2 via miR-184 in HCC. Our verification of the role of SNHG11 may provide

a novel biomarker for the diagnosis, therapy, and prognosis of HCC.
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Introduction
Hepatocellular carcinoma (HCC) forms 75–85% of primary liver cancer. Globally,

liver cancer has become the sixth most common cancer, comprising about 5% of

new cases of cancer. It is also the fourth leading cause of cancer death and

accounts for about 8% of cancer deaths in 2018.1 Therefore, it is necessary to

understand the occurrence and development mechanisms of HCC. Finding new

molecular targets is very important to HCC prevention and treatment.

Long non-coding RNA (lncRNA) is a type of RNAmore than 200 nt in length. Due

to the differential expression of lncRNAs in many tissues and cells, lncRNAs have

become a “star gene” of high concern in recent years. LncRNAs have been recognized
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as being closely related to a variety of diseases, such as the

occurrence, development, and prognosis of malignant

tumors, cardiovascular diseases, and endocrine diseases,

and have played important roles in regulating physiological

processes such as cell proliferation, differentiation, and

apoptosis.2–7 Therefore, further research and verification of

the role of abnormal lncRNA expression in HCC may pro-

vide novel ideas for the treatment of HCC.

In our study, LncRNA SNHG11 was increased in HCC

tumor tissues and in 4 HCC cells. Overexpression of

SNHG11 led to poor survival rate in HCC. To investigate

the effect and role of SNHG11 in HCC, bioinformatics

analysis, and luciferase reporter assay found that the binding

sites of SNHG11 are miR-184 and miR-184 directly targets

argonaute RISC catalytic component 2(AGO2), SNHG11

with AGO2 was positively correlation. Further, our investi-

gations revealed that the SNHG4/miR-184/AGO2 regulatory

loop was critical for HCC cell proliferation, migration, apop-

tosis, and autophagy.

Materials and Methods
Tumor Tissues and Normal Tissues
From 2017 to 2018, HCC tumor tissues (n=57) and matched

normal samples (n=57) were obtained from Third Xiangya

Hospital, Central South University. Before surgery, none of

them received radiotherapy or chemotherapy. During sur-

gery, all tissues were stored in liquid nitrogen for further

research. The study was approved by the Ethics Committee

of Xiangya Third Hospital, and written informed consent

was signed with the patients before surgery.

Cell Culture and Cell Transfection
HL-7702, SK-HEP-1, Hep G2, HuH-7, and Li-7 were

obtained from the Cell Collection Committee of the

Chinese Academy of Sciences (Shanghai, China) and cul-

tured at 37°C in a 5% CO2 humidified incubator.

LncRNA SNHG11 cDNA was synthesized and cloned

into vector (Biotech, China). Plasmids were transfected into

SK-HEP-1 and Hep G2 cells with Lipofectamine 2000

(Invitrogen, USA) according to the manufacture’s protocol.

RNA Extraction and lncRNA Microarray

Analysis
Total RNA was extracted from HCC tissues and cells by

Trizol (Invitrogen, USA). According to Low Input Quick

Amp WT Labeling Kit (Agilent, USA) and standard

operation procedure, the qualified samples of total RNA

were amplified by cDNA. SBC human lncRNA microarray

(Shanghai Biotechnology Corporation, China) was used to

screen the expression profile of lncRNA.

Real-Time PCR Analysis
SNHG11, miR-184, and AGO2 expression were measured by

real-time qPCR with the CFX96Tm Real-Time System (Bio-

Rad, USA). Sangon Biotech (Shanghai, China) provided the

primers and GAPDH/U6 acted as the internal reference. The

following primers were used: SNHG11-Forward: TGGGA

GTTGTCATGTTGGGA, SNHG11-Reverse: ACTCGTCAC

TCTTG -GTCTGT; miR-184-Forward: TGGACGGAGAAC

TGAUAAGGGT,miR-184-Reverse: GTGCA -GGGTCCGA

GGT; AGO2-Forward: AGTGCCCGAGGAGAGTTAAC,

AGO2-Reverse: AGAT -GCGATCCTTGCCTTCT; U6-

Forward: CTCGCTTCGGCAGCACA, U6-Reverse: AACG

CT -TCACGAATTTGCGT; GAPDH-Forward: ATGTTCGT

CATGGGTGTGAA, GAPDH-Reverse: CAGTGATGGCAT

GGACTGT. Data were analyzed using the comparative Ct

(2−ΔΔCt) method.

CCK8 Analysis
Aliquots of 100 μL with a concentration of 5 × 105/mL cells

were seeded into a 96-well plate for 24 h, then 10 μL CCK-8

reagent was added and incubated at 37°C for 2 h in the dark.

The absorbance values of each group were measured with

a microplate detector (EnSpire 2300, PerkinElmer, USA) at

450 nm, and repeated three times in each group.

Flow Cytometry Assay
SK-HEP-1, Hep G2 cells transfected with the plasmids

were stained with propidium iodide (PI) and Annexin

V-FITC Apoptosis Detection Kit I (BD, USA) according

to manufacturer’s protocol, then the cells were measured

by FACS (BD, USA) for apoptosis and Cell Quest

Research Software (BD, USA) was used to analyze data.

Wound Healing and Transwell Assay
For this assay, 5 × 105 cells were inoculated into 6-well

plates for 24 h, 200 μL tips were used to draw three lines

on 6-well plate, then cells were incubated at 37°C for 48

h and observed with an optical microscope (Nikon, Japan).

Aliquots of 100μL with a concentration of 1×105/mL cells

were inoculated in the upper chambers, and to the bottom

chamber was added medium containing 10% FBS for about

24 h. Then the chamber was fixed in anhydrous methanol for

20 min, dyed with 0.1% crystal violet for 20 min, before
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washing and drying. An inverted microscope (Nikon, Japan)

was used to measure the number of migrating cells.

Luciferase Reporter Assay
SNHG11 wild-type (WT), AGO2 WT, and SNHG11

mutant-type (MUT), AGO2 MUT were constructed. The

miRNA mimics and negative control were obtained from

Ribobio (Guangzhou, China). The luciferase activity and

normalized Renilla activity were measured by dual luci-

ferase reporter assay system (Promega, Madison, WI) fol-

lowing the manufacturer’s protocol.

Pull-Down Assay with Biotinylated

miRNA
The pull-down assay with biotinylated miRNA was per-

formed as described previously,8 then the RNAs were pur-

ified using RNeasy Mini Kit (QIAGEN), and SNHG11 and

miR-184 were detected by qRT-PCR.

Western Blot Assay
Protein was extracted with RIPA reagent from SK-HEP-1,

Hep G2 cells, and the concentration of protein was tested by

BCA Protein Concentration Assay Kit (Thermo Scientific,

USA) following the manufacturer’s protocol. According to

the experimental design, the primary antibodies we selected

were: AGO2, LC3 I/LC3 II, Beclin-1, cleaved caspase3,

and GAPDH (Cell Signaling Technology, USA). The che-

miluminescence system (Bio-Rad, USA) imaging system

was used to measure the protein samples.

In vitro Tumor Xenografts
About 1×106 cells were injected into the upper back of

4–8-week BALB/c Nude mice. The tumor size was mea-

sured as follows: 0.5×W2×L every week. One month later,

the BALB/c Nude mice were killed and the tumor size was

measured. The laboratory animals were approved by the

medical laboratory animal ethics committee of Third

Xiangya Hospital, Central South University. Instructions

with respect to caring for laboratory animals (released by

the Ministry of Science and Technology of the People’s

Republic of China on September 30, 2006) were followed

for the welfare of the animals.

Statistical Analysis
All data were analyzed by SPSS 20.0 and shown as means

± standard; the differences between group data were ana-

lyzed by ANOVA and post hoc Tukey’s test. Survival

analysis was performed by KaplanMeier curves and log

rank test and Pearson correlation coefficient analysis was

used to analysis SNHG11, miR-184, AGO2. *P<0.05,
#P<0.05 were considered statistically significant.

Results
SNHG11 Was Upregulated in HCC

Patients and HCC Cell Lines
LncRNA microarray assay was used to screen the differential

expression profile of lncRNA and detected thousands of

lncRNA abnormal expressions in HCC tumor tissues

compared with normal samples (Figure 1A). The highest

expression levels of lncRNAs were selected and tested by RT-

PCR; lncRNA SNHG11 expression was higher in HCC tumor

tissues compared with normal samples (Figure 1B). Kaplan–

Meier curve and log rank test showed that higher expression of

SNHG11 had poor survival rate inHCC (Figure 1C). SNHG11

was increased in HCC cells compared to normal cell lines

(Figure 1D).

SNHG11 Serves as a Sponge for miR-184

in HCC
To investigate the function and role of SNHG11 in HCC,

sh-SNHG11, SNHG11 overexpression, and control

groups were transfected into SK-HEP-1 and Hep G2

cells. SNHG11 expression had a higher level when trea-

ted with SNHG11 overexpression and had a lower level

when treated with sh-SNHG11 in SK-HEP-1 and Hep G2

(Figure 2A). Bioinformatics analysis found that SNHG11

may have 4 miRNAs (miR-183-5p, miR-184, miR-122-

5p, miR-7-5p) directly binding sites. The luciferase repor-

ter assay found that miR-184 mimic could significantly

decrease luciferase activity was significant reduced by

WT-SNHG11 (Figure 2B and C). RIP assay showed

that miR-184 interacts with SNHG11 (Figure 2D), miR-

184 expression was increased in the sh-SNHG11 group

and decreased in the SNHG11 overexpression group

compared with the control group in SK-HEP-1 and Hep

G2 (Figure 2E).

SNHG11 as a ceRNA Binding to miR-184

and Targets AGO2 in HCC Cells
Bioinformatics analysis revealed that miR-184 and AGO2 3ʹ-

UTR may have binding sites (Figure 3A). Future, luciferase

reporter assay showed that luciferase activity was significantly

inhibited by co-transfected WT-AGO2 and miR-184

(Figure 3B). To investigate whether SNHG11 regulated the
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expression of AGO2 via targeting miR-184, we compared

AGO2 mRNA expression mediated by sh-SNHG11, sh-

SNHG11+ miR-184 inhibitor, miR-184 inhibitor, sh-AGO2,

and negative control by RT-PCR. AGO2 mRNA expression

was increased in sh-SNHG11+miR-184 inhibitor andmiR-184

inhibitor group and significantly reduced in sh-SNHG11 and

sh-AGO2 group (Figure 3C and D).

The expression of miR-184 and AGO2 was measured by

RT-qPCR in 57 pairs of HCC tumor tissues and matched

normal samples; miR-184 expression was decreased and

AGO2 expression was increased in HCC tumor tissues

(Figure 3E and F). In addition, Pearson correlation analysis

showed that SNHG11 with miR-184 and miR-184 with

AGO2 were negative correlations and SNHG11 with AGO2

was a positive correlation. Above all, SNHG11 directly

binds miR-184 to target AGO2 in HCC (Figure 3G).

SNHG4/miR-184/AGO2 Regulatory Loop

Is Critical for HCC Cell Proliferation,

Migration, Apoptosis, and Autophagy
In vitro, cell proliferation, invasion, migration, and apoptosis

w detected by CCK-8 assay, wound healing assay, transwell

assay, and flow cytometry; sh-SNHG11 and sh-AGO2 groups

could significantly suppress cell viability, invasion, migration,

and promoted apoptosis, while sh-SNHG11+miR-184 inhibi-

tor and miR-184 inhibitor groups could significantly enhance

proliferation, invasion, and migration, and inhibited apoptosis

Figure 1 SNHG11 is upregulated in HCC patients and HCC cell lines. (A) LncRNAmicroarray assay analysis of expression levels of lncRNA in HCC tissues (n=57) compared with

normal tissues (n=57). (B) RT-qPCR analysis of expression levels of SNHG11 in HCC tissues (n=57) compared with normal tissues (n=57). (C) The survival rate was evaluated by

Kaplan–Meier curve and log rank test between higher expression levels of SNHG11 (n=35) and lower expression of SNHG11 (n=22) in HCC patients. (D) QRT-PCR analysis of

expression levels of SNHG11 was increased in HCC cells than normal cell lines. Data represent mean ± SD. *P<0.05 compared with the control group.
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in Hep G2 (Figure 4A–G). When SNHG11 and AGO2

expression were decreased, the cell activity, invasion, and

migration decreased and apoptosis increased. When miR-

184 expression was reduced, it could neutralize the inhibition

of cell viability, invasion, and migration, and promoted apop-

tosis in HCC. In addition, in vivo, the tumor average volume

of overexpression of the SNHG11 groups was significantly

larger than the control group. However, the tumor average

volume contrasted with knockdown SNHG11 expression

groups (Figure 4H). Western blot detected the expression of

apoptosis and autophagy related protein: AGO2, Beclin-1,

LC3 II/LC3 I, cleaved Caspase3, and AGO2, Beclin-1, and

LC3 II/LC3 I expression was decreased and cleaved

Caspase3 expression was increased in the sh-SNHG11, sh-

AGO2 group, while the opposite result was found in sh-

SNHG11+miR-184 inhibitor and miR-184 inhibitor groups

(Figure 4I and J). In conclusion, SNHG11 downregulated the

expression of miR-184 and upregulated AGO2 expression,

indicating that SNHG11 acts as a ceRNA, binding miR-184

and targeting AGO2 to enhance cell viability, invasion,

migration, apoptosis, and autophagy in HCC.

Discussion
HCC is a disease that seriously endangers human health. It

is important to explore the pathogenesis of HCC and find

effective early diagnostic markers and biological treatment

targets. More and more evidence shows that lncRNA is

closely related to the occurrence and progress of HCC.9,10

In our study, LncRNA microarray assay and RT-PCR

results showed that SNHG11 had higher expression in

HCC tumor tissues compared with normal samples.

SNHG11 was also increased in HCC cells than normal

cell lines. Bioinformatics analysis revealed that SNHG11

had poor survival rate in HCC.

Figure 2 SNHG11 serves as a sponge for miR-184 in HCC. (A) RT-PCR assay showed SNHG11 expression in SK-HEP-1 and Hep G2 transfected with sh-SNHG11 or

SNHG11 overexpression. (B) Bioinformatic analysis to search for miR-184 interactions with SNHG11-MUT or SNHG11-WT. (C) RNA pull-down assay for the luciferase

activity of SNHG11-MUT or SNHG11-WT in Hep G2 co-transfected with 4 miRNA mimics. (D) RIP assay for SNHG11 and miR-184 in Hep G2 transfected with either

SNHG11 overexpression or negative control. (E) QRT-PCR analysis of expression levels of miR-184 in SK-HEP-1 and Hep G2 transfected with sh-SNHG11 or SNHG11

overexpression. Data represent mean ± SD. *P<0.05 compared with the control group.
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lncRNA can act as a ceRNA to interact with miRNA and

participate in the regulation of targeted gene expression.

SNHG11 promotes proliferation and metastasis by targeting

the Hippo pathway in colorectal cancer and may act as

diagnostic markers for the detection of pancreatic cancer

and prostate cancer.11–13 Recent studies have shown that

lncRNA regulates cell proliferation, apoptosis, metastasis,

invasion, angiogenesis, lipid metabolism, EMT, and many

other processes, and has an impact on tumor size, TNM

grade, postoperative survival, and prognosis of HCC.8,14–16

Bioinformatics analysis and luciferase reporter assay found

that the binding site of SNHG11 is miR-184 and miR-184

directly targets AGO2. In this study, SNHG11 downregu-

lated the expression of miR-184 and upregulated AGO2

expression, and thereby regulated cell viability, invasion,

migration, and promoted apoptosis. Recent studies have

Figure 3 SNHG11 acts as a ceRNA binding to miR-184 and targets AGO2 in HCC cells. (A) Bioinformatic analysis to search for miR-184 interactions with AGO2-MUTor

AGO2-WT. (B) Luciferase reporter assay for the luciferase activity of AGO2-MUTor AGO2-WT co-transfected with miR-184. (C, D) RT-PCR analysis of expression levels

of AGO2 in SK-HEP-1 and Hep G2 transfected with sh-SNHG11, sh-SNHG11+ miR-184 inhibitor, miR-184 inhibitor, sh-AGO2, and negative control. (E) RT-qPCR analysis

of expression levels of miR-184 in HCC tissues (n=57) compared with normal tissues (n=57). (F) RT-qPCR analysis of expression levels of AGO2 in HCC tissues (n=57)

compared with normal tissues (n=57). (G) Pearson correlation was used for correlation analysis between SNHG11, miR-184, and AGO2 in HCC. Data represent mean ±

SD. *P<0.05 compared with the control group.
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shown that AGO2 might be involved in carcinogenesis, cell

proliferation, migration, invasion, arrested cell cycle, and

induced apoptosis, or recurrence of diffuse glioblastoma

multiform, HCC, and hypopharyngeal cancer.17–19

Caspase-3 is currently recognized as an apoptosis-

related gene, which can reflect apoptosis. Beclin-1 is cur-

rently recognized as genes involved in autophagy and

promotes the occurrence of autophagy.20–23 Western blot

Figure 4 The SNHG4/miR-184/AGO2 regulatory loop is critical for HCC cell proliferation, migration, apoptosis, and autophagy. (A, B) Wound healing assay showed that

sh-SNHG11, sh-SNHG11+ miR-184 inhibitor, miR-184 inhibitor, sh-AGO2, and negative control could regulate Hep G2 cells’ migration. (C, D) Transwell assay showed that

sh-SNHG11, sh-SNHG11+ miR-184 inhibitor, miR-184 inhibitor, sh-AGO2, and negative control could regulate Hep G2 cells’ invasive. (E, F) Flow cytometry showed that

sh-SNHG11, sh-SNHG11+ miR-184 inhibitor, miR-184 inhibitor, sh-AGO2, and negative control could regulate Hep G2 cells’ apoptosis. (G) CCK8 assay showed that sh-

SNHG11, sh-SNHG11+ miR-184 inhibitor, miR-184 inhibitor, sh-AGO2, and negative control could regulate Hep G2 cells’ proliferation. (H) BALB/c nude mice injected with

Hep G2 cells transfected with negative control or SNHG11 knockdown or SNHG11 overexpression could regulate tumor xenografts in vitro and analysis of tumor volume

of mice measured every week. (I, J) Western blot analysis of the expression levels of AGO2, Beclin-1, LC3 II/LC3 I, cleaved Caspase3 in Hep G2 cells transfected with sh-

SNHG11, sh-SNHG11+ miR-184 inhibitor, miR-184 inhibitor, sh-AGO2, and negative control; these effects revealed that SNHG11 acts as a ceRNA binding miR-184 and

targeting AGO2 to enhance cell viability, invasivity, migration, apoptosis, and autophagy in HCC. Data represent mean ± SD. *P<0.05 compared with the control group.
#P<0.05 compared with the sh-SNHG11 or sh-AGO2 group.
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revealed that sh-SNHG11 could downregulate Beclin-1

expression, while with AGO2, cleaved Caspase3 expres-

sion was increased, indicating that SNHG11 acts as

a ceRNA binding miR-184 and targeting AGO2 to regu-

late autophagy and promoted apoptosis in HCC.

Conclusion
Our study demonstrated that SNHG11 is upregulated in HCC

tissues and cell lines, and bioinformatics analysis revealed that

SNHG11 has a connection with poor survival rate in HCC.

Moreover, SNHG11 serves as a sponge for miR-184 and

regulates AGO2 expression; the SNHG4/miR-184/AGO2

regulatory loop is critical for HCC cell proliferation, migra-

tion, apoptosis, and autophagy. SNHG11 may provide a novel

biomarker for the diagnosis, therapy, prognosis of HCC.
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