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LncRNA SNHG16 promotes cell proliferation through miR-302a-3p/FGF19 
axis in hepatocellular carcinoma 
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Hepatocellular carcinoma (HCC) is the sixth most common malignancy worldwide and the leading cause of death in 
Asian and African countries. Aberrant accumulation of lncRNAs is one of the major causes of tumorigenesis in HCC. 
Small nucleolar RNA host gene 16 (SNHG16) is identified as an oncogene in multiple types of tumors. However, the role of 
SNHG16 in HCC is poorly understood. Herein, we show that SNHG16 is up-regulated and associated with poor prognosis 
in HCC. We also demonstrate that SNHG16 interacts with miR-302a-3p and decreases its expression. Moreover, our results 
indicate that SNHG16/miR-302a-3p axis regulates expression of the FGF19 in liver cancer cells. Finally, we investigated the 
biological function of SNHG16 in HCC and showed that SNHG16 promotes liver cancer cell proliferation via the SNHG16/
miR-302a-3p/FGF19 axis. Collectively, these data suggest that SNHG16 might be a predictive biomarker and a potential 
therapeutic target in liver cancer. 
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Hepatocellular carcinoma (HCC) is the sixth common 
malignancies worldwide and the leading cause of death 
in Asian and African countries with a higher rate of HBV 
and HCV infections [1]. Although surgical treatment and 
chemotherapy are proved to be effective for treatment of 
HCC patients, there are still a large number of patients who 
are hard to benefit from the current treatment. Therefore, 
exploring of the molecular mechanism underlying HCC is 
critical for the development of effective treatment strategies.

Long non-coding RNAs (lncRNAs) are more than 200 
nucleotides in length and belong to the non-coding RNA 
family [2]. LncRNAs occupy a large proportion of transcrip-
tomes in cells and play important roles in cell growth, activa-
tion, apoptosis and differentiation [2]. Aberrant accumula-
tion of lncRNAs is one of major causes of tumorigenesis in 
multiple types of solid tumor, including HCC [2, 3]. Small 
nucleolar RNA host gene 16 (SNHG16) localized at 17q25.1 
is originally identified as an oncogene in neuroblastoma [4], 
bladder cancer [5] and colorectal cancer [6]. The expression 
of SNHG16 is reported to be linked with poor prognosis in 
neuroblastoma, bladder cancer and colorectal cancer patients. 
SNHG16 exhibited oncogenic phenotypes by promoting cell 

proliferation in colorectal cancer, bladder cancer and neuro-
blastoma cell lines. Reduced SNHG16 expression increased 
chemotherapy sensitivity in bladder cancer cells lines [5].

The main objectives of the current study were to investi-
gate the role of SHNG16 in HCC. In our study, we examined 
the clinical relevance of SNHG16 in HCC and found that 
overexpressed SNHG16 was associated with poor prognosis 
in HCC specimens. Then, we showed that SNHG16 interacted 
with miR-302a-3p and depressed its expression. Moreover, 
we demonstrated that SNHG16/miR-302a-3p axis regulated 
the expression of FGF19 in liver cancer cells. Finally, we 
investigated the biological function of SNHG16 in HCC and 
showed that SNHG16 promoted liver cancer cells prolifera-
tion through the SNHG16/miR-302a-3p/FGF19 axis. 

Materials and methods

Cell culture and tissue samples. All liver cancer cell lines, 
including Huh7, HepG2, SMMC7721, SK-Hep1 and Hep 3B, 
and human fetal hepatocyte line LO2 were purchased from 
the Chinese Academy of Science Cell Bank. All cells were 
grown in the DMEM medium (Gibco, USA) with 10% fetal 
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bovine serum. The cell lines were maintained in a humidi-
fied atmosphere at 37 °C, 5% CO2. All of HCC tissues samples 
(n=34) were obtained during operations at our hospital. All 
of HCC patients (n=34) signed informed consent and this 
study was approved by the Ethics Committee of First People’s 
hospital of Tianmen.

Cell transfection. The miR mimic and inhibitor used 
in this study were purchased from Gene Pharma Co., Ltd. 
(Shanghai, China). Transfections were conducted using 
lipid-based method (Lipofectamine 2000, Thermo Fisher 
Scientific) following the manufacturer’s instructions. 

Real-time RT-PCR. Total RNA was extracted from cells and 
tissue samples using Trizol reagent (Thermo Fisher Scientific). 
1 µg RNA was reversely transcribed into first-strand cDNA 
by using a cDNA Reverse Transcription kit and real-time 
PCR analysis was carried out with a PCR kit according to the 
manufacturer’s protocols. The two kits were purchased from 
Takara Bio Inc. (Shigo, Japan). All signals were normalized 
against GAPDH and the 2–ΔΔCt method was used to quantify 
the fold change. Primers used: SNHG16-F: AAGACAT-
GGCCACTCCAGTC; SNHG16-R: TCGTCACCACTTC-
GTCTCTG; miR-302a-3p-F: ATGAGCTGCGGTCAATACAA; 
miR-302a-3p-R: GGATTCTAACTTTTTCCAAGACTGG; 
FGF19-F: GCACAGTTTGCTGGAGATCA; FGF19-R: 
ATCTCCTCCTCGAAAGCACA; GAPDH-F: GGATTTGGT-
CGTATTGGG; GAPDH-R: GGAAGATGGTGATGGGATT. 

Luciferase assay. SNHG16 and FGF19 3’-untranslated 
region (UTR) containing the putative miR-302a-3p binding 
site were cloned into a pMIR-REPORT plasmids (Promega) 
to form the reporter vector pMIR-SNHG16-WT and FGF19-
WT. GeneArt™ Site-Directed Mutagenesis System (Thermo 
Fisher Scientific) was used to produce mutant-type SNHG16 
reporter (SNHG16-Mut ) and mutant-type FGF19 reporter 
(FGF19-Mut). SNHG16-WT and Mut or FGF19-WT and 
Mut were co-transfected with miR-302a-3p mimics into 
cells. Luciferase activities were determined using a dual-
luciferase assay system (Promega) following the protocols of 
the manufacturer.

Biotin pull-down assay. HepG2 and Huh7 cells were 
plated in the 6-well plate. Cells were transfected with 
Bio-SNHG20, or negative control using Lipofectamine 
2000. After 48 h, cells were harvested and lysed. The level of 
miR-302a-3p in the pull-down of Bio-SNHG16 or negative 
control was quantified by qRT-PCR.

Western blotting. Cells were collected by centrifuga-
tion and lysed using buffer for Western blotting (Beyotime, 
China, P0013). Protein concentrations were determined 
using the BCA method. Proteins were heating at 100 °C for 
5 minutes in sample buffer. Then protein were separated 
on SDS-PAGE gels and transferred onto PVDF membranes 
(Pierce Biotechnology). The membranes were blocked in 5% 
not-fat milk for 1 hour at room temperature and incubated 
with a primary antibody overnight at 4 °C. The membranes 
were then washed with 1xTBST and incubated with a 
secondary antibody for 1 hour. Finally, the membranes were 

visualized by chemiluminescence. The primary antibody 
used as follows: FGF19 (Abcam, ab85042, dilution 1:1000), 
Tubulin (Cell signal technology, 5346, dilution 1:1000). 

MTS assay. Cell viability was determined using a CellT-
iter 96® AQueous One Solution Cell Proliferation Assay kit 
(Promega) accord-ing to the manufacturer’s instructions. 
Generally, at the indicated time points (1, 2, 3, and 4 day) 
after transfection, cells were incubated with Cell-Titer 96 
AQueous One Solution reagent for 1 h. Then, cell absorbance 
was measured at 490 nm.

Statistical analysis. Statistical analyses were performed 
with one-sided or two-sided paired Student t test for single 
comparison and One-way ANOVA and a post hoc test for 
multiple comparisons. A p-value <0.05 was considered statis-
tically significant. All values were expressed as means ± SD.

Results

LncRNA SNHG16 is upregulated and associated with 
poor prognosis in Hepatocellular carcinoma. Given that 
lncRNAs are critical for the tumorigenesis [1], the roles of 
lncRNAs in hepatocellular carcinoma (HCC) development 
have risen up. To investigate the specific role of SNHG16 in 
HCC progression, we firstly examined SNHG16 mRNA level 
in HCC and normal liver tissues. We found that SNHG16 was 
overexpressed in HCC compared with normal liver tissues 
(Figure 1A). Next, we checked the SNHG16 in liver cancer 
cell lines. In consistent with the finding in HCC patient speci-
mens, the expression of SNHG16 in liver cancer cell lines was 
higher than normal liver cell lines (Figure 1B). Moreover, we 
analyzed the disease free survival rate and overall survival 
rate in HCC patients using GEPIA web tool [7]. Results 
indicated that SNHG16 in HCC was significantly associ-
ated with poor disease free survival and overall survival of 
patients (Figures 1C, 1D). Together, these data indicate that 
SNHG16 is up-regulated and associated with poor prognosis 
in HCC specimens. 

SNHG16 interacts with miR-302a-3p and depresses its 
expression in HCC. As up-regulated SNHG16 linked to poor 
prognosis in HCC, we want to search the specific molecular 
mechanism of SNHG16 in HCC. It has been documented that 
lncRNAs could function as miRNA sponges and inhibit the 
expression of miRNA via binding with the mRNA of miRNA 
[8]. To investigate whether SNHG16 interacted with miRNA, 
we found that SNHG16 possessed a potential binding site of 
miR-302a-3p using Starbase web tool [9] (Figure 2A). Next, 
to examine whether SNHG16 repressed the expression of 
miR-302a-3p in HCC, we knocked down the SNHG16 in 
both HepG2 and Huh7 liver cancer cell lines (Figure 2B). Our 
data demonstrated that knockdown of SNHG16 increased 
miR-302a-3p expression in liver cancer cell lines (Figure 2B). 
To confirm the interaction between miR-302a-3p and 
SNHG16, we performed dual-luciferase reporter assay and 
found that luciferase activity was remarkably decreased in 
cells co-transfected with SNHG16-Wt and miR-302a-3p 
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mimics (Figure 2C). Moreover, biotin pull down assay 
indicated that the miR-302a-3p obtained a great enrichment 
in the SNHG16 pulled down pellets compared with negative 
control in both HepG2 and Huh7 cells (Figure 2D). Further-
more, we detected the expression of miR-302a-3p in HCC 
and normal liver tissues. Results showed that miR-302a-3p 
was down-regulated in HCC compared to normal liver tissue 
(Figure 2D). Statistical analysis revealed that the SNHG16 
expression was inversely correlated with miR-302a-3p in 
this cohort (Pearson’s product-moment correlation r2=0.407, 

p<0.05, Figure 2E). These data indicate that SNHG16 may 
interact with miR-302a-3p and depress its expression in 
HCC. 

SNHG16/miR-302a-3p axis regulates the expression of 
FGF19 in liver cancer cells. To further search the novel role 
of SNHG16/miR-302a-3p pathway in liver cancer cells, we 
identified potential targets of miR-302a-3p using TargetScan 
and MiRanda tools and found miR-302a-3p recognition 
site in the 3’-UTR of FGF19 (Figure 3A), and the interac-
tion was validated via luciferase assay (Figure 3B). As FGF19 

Figure 1. LncRNA SNHG16 is upregulated and associated with poor prognosis in hepatocellular carcinoma. A) SNHG16 expression was upregulated in 
liver cancer tissues compared with normal liver tissue (n=34). B) RT-qPCR analysis of SNHG16 expression level in indicated cell lines. Data shown are 
mean values ± SD from three replicates. *p<0.05; **p<0.01; ***p<0.001. The disease-free (C) and overall survival (D) rate of liver cancer patients with 
low or high expression of SNHG16 were computed by GEPIA dataset..
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Figure 2. SNHG16 interacts with miR-302a-3p and depresses its expression in HCC. A) The predicted position of miR-302a-3p binding sites on the 
SNHG16 transcript. B) HepG2 and Huh7 cells were transfected with indicated constructs. 48h post transfection, cells were harvested for RT-qPCR 
analysis. Data shown are mean values ± SD from three replicates. *p<0.05; **p<0.01. C) HepG2 cells were transfected with SNHG16 (WT) or SNHG16 
(Mut) reporter and miR-NC or miR-302a-3p mimic. After 48 h, relative luciferase activity was detected using a dual-luciferase reporter assay. D) 
HepG2 and Huh7 cells were transfected with indicated constructs. 48h post transfection, cells were harvested for RT-qPCR analysis. Data shown are 
mean values ± SD from three replicates. ***p<0.001. E) miR-302a-3p expression was downregulated in liver cancer tissues compared with normal liver 
tissue (n=34). F) A negative correlation between SNHG16 expression and miR-302a-3p expression in liver cancer tissues.
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Figure 3. SNHG16/miR-302a-3p axis regulates the expression of FGF19 in liver cancer cells. A) The predicted position of miR-302a-3p binding sites 
on the FGF19 3’-UTR. B) HepG2 cells were transfected with FGF19 (WT) or FGF19 (Mut) reporter and miR-NC or miR-302a-3p mimic. After 48 h, 
relative luciferase activity was detected using a dual-luciferase reporter assay. C) HepG2 and Huh7 cells were transfected with indicated constructs. 48h 
post transfection, cells were harvested for western blotting and RT-qPCR analysis. Data shown are mean values ± SD from three replicates. **p<0.01; 
***p<0.001. HepG2 and Huh7 cells were transfected with indicated constructs. 48h post transfection, cells were harvested for western blotting (D) and 
RT-qPCR analysis (E). Data shown are mean values ± SD from three replicates. ns, not significant; **p<0.01. F) A hypothetical model depicting that 
SNHG16 binds and represses the expression of miR-302a-3p, and FGF19 is the target of miR-302a-3p, thus SNHG16/miR-302a-3p axis regulates the 
expression of FGF19 in liver cancer cells.
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Figure 4. SNHG16 promotes cell proliferation via SNHG16/ miR-302a-3p/FGF19 axis. HepG2 (A) and Huh7 (C) cells were transfected with indicated 
constructs. 48h post transfection, cells were harvested for RT-qPCR analysis (A and C) and MTS assay (B and D).For RT-qPCR analysis ,data shown 
are mean values ± SD from three replicates. **p<0.01; ***p<0.001. For MTS assay, data shown are mean values ± SD from five replicates. **p<0.01; 
***p<0.001. E) HepG2 and Huh7 cells were transfected with indicated constructs. 48h post transfection, cells were harvested for MTS assay. Data shown 
are mean values ± SD from five replicates. ns, not significant. F) HepG2 and Huh7 cells were transfected with indicated constructs. 48h post transfec-
tion, cells were harvested for MTS assay. Data shown are mean values ± SD from five replicates. ns, not significant. *p<0.05;**p<0.01; ***p<0.001.
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acting as an oncogenic driver in HCC [10], we want to verify 
whether SNHG16/miR-302a-3p axis regulated the expres-
sion of FGF19. As expected, the FGF19 expression was 
up-regulated after treated anti-miR-302a-3p in HepG2 and 
Huh7 cells (Figure 3C). Moreover, we showed that knock-
down of SNHG16 decreased the expression of FGF19 and 
this effect was diminished after treated with anti-miR-
302a-3p in HepG2 and Huh7 cells (Figures 3D, 3E). These 
results suggest that FGF19 is a direct target of miR-302a-3p 
and SNHG16/miR-302a-3p axis regulates the expression of 
FGF19 in liver cancer cells (Figure 3F). 

SNHG16 promotes cell proliferation via SNHG16/ 
miR-302a-3p/FGF19 axis. Our previous finding indicated 
that SNHG16 was overexpressed and associated with poor 
prognosis in hepatocellular carcinoma. To explore the 
function of SNHG16 in liver cancer progression, we knocked 
down SNHG16 in both HepG2 and Huh7 cells. MTS assay 
showed that knockdown of SNHG16 inhibits cell growth rate 
in liver cancer cells (Figures 4A-4D). Furthermore, we showed 
that knockdown of FGF19 also decrease the cell proliferation 
rate of liver cancer cells (Figure 4E). However, co-knock-
down of FGF19 and SNHG16 could inhibit cell growth more 
than knockdown of SNHG16 alone (Figure 4E). Moreover, 
we also showed that miR-302a-3p inhibits the tumor growth 
and this effect could be rescued by overexpression of FGF19 
or SNHG16 in both HepG2 and Huh7 cells (Figure 4F). 
These results indicate that SNHG16 inhibition significantly 
decreases liver cancer cell proliferation, and this process may 
mediate via SNHG16/ miR-302a-3p/FGF19 axis in HCC. 

Discussion

It has been documented that aberrant expression of 
lncRNAs is common in human solid tumors and critical 
for tumor progression [11]. In our study, we demonstrated 
that lncRNA SNHG16 was not only significantly increased 
in HCC patient samples but also in liver cancer cell lines. 
Furthermore, up-regulated SNHG16 was linked to poor 
prognosis in HCC patients. Those findings indicate that 
SNHG16 is involved in liver cancer progression.

MicroRNAs (miRNAs) are type of non-coding RNAs 
that can regulate a set of target genes through translational 
repression or mRNA degradation [12, 13]. The miR-302a-3p 
is one of the miR-302-367 cluster members [14]. It has been 
reported that miR-302s inhibits CDK4 and CCND1 expres-
sion and regulates cell cycle [15, 16]. Moreover, the miR-302s 
decreased cancer cell proliferation by down-regulating the 
SDC1, SOX1 and SHH [17]. Thus, miR-302s showed tumor 
suppressive activity in a number of solid tumors. It has been 
reported that lncRNAs might compete with miRNAs as 
miRNA sponges to depress its expression [18]. In our present 
study, we show that SNHG16 targets miR-302a-3p and 
represses its expression in HCC. 

FGF19 is a metabolic regulator gene belonging to the 
hormone-like FGF family [19, 20]. Recent studies demon-

strate that FGF19 acts as an oncogene by specifically binding 
to FGFR4 and activating various intracellular pathways, 
including GSK3β/β-catenin/E-cadherin signaling [21]. 
FGF19 promotes tumor progression in liver cancer cells and 
positively correlates with poor prognosis in HCC patients. 
Moreover, FGF19/FGFR4 signaling contributes to the resis-
tance of hepatocellular carcinoma to sorafenib [10]. There-
fore, FGF19 is an ideal target for HCC therapy. In our study, 
we demonstrate that FGF19 is a bona fide target gene of 
miR-302a-3p in HCC. Furthermore, our findings indicate 
that SNHG16/miR-302a-3p-mediated expression of FGF19 
regulates malignant behavior of liver cancer cells.

Taken together, our study demonstrates that lncRNA 
SNHG16 is overexpressed in HCC and associated with poor 
prognosis in HCC patients. SNHG16 repressed expression 
of miR-302a-3p in HCC. Moreover, miR-302a-3p decreased 
FGF19 expression in liver cancer cells. Therefore, SNHG16 
regulated cancer cell progression through SNHG16/
miR-302a-3p axis in HCC, which suggested that SNHG16 
might be a predictive biomarker and a potential therapeutic 
target of liver cancer.
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