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Background: Aberrant expression of up-regulated long non-coding RNA [LncRNA highly upregulated in 
liver cancer (HULC)] has been observed to play an important regulatory role in the development of multiple 
human diseases. However, the molecular mechanism underlying the role of HULC and miR-377-5p in HCC 
needs to be urgently explored.
Methods: The mRNA and protein expression levels of HULC were detected by quantitative real-time 
polymerase chain reaction (qRT-PCR) and western blot in hepatocellular carcinoma (HCC) cell line HB611, 
HepG2 and H22, respectively. HULC-shRNA was transfected into HepG-2 cells, which were randomly 
divided into the control, shRNA-NC, and sh-HULC groups. The correlation between HULC and miR-
377-5p was analyzed by performing a luciferase reporter assay. The targeting relationship between miR-
377-5p and hypoxia-inhibitory factor-1α (HIF-1α) was also investigated using a luciferase reporter assay. 
Sh-HULC and miR-377-5p inhibitors were transfected either alone or together into HepG2 cells, and 
which were divided into the control group, the sh-HULC group, the miR-377-5p inhibitor, and the 
sh-HULC + inhibitor group for subsequent experiments. HepG2 cell proliferation and invasion were 
measured by 5-Ethynyl-2-Deoxyuridine (EdU) staining and Transwell invasion assay, respectively. Western 
plot was carried out to detect the protein expression levels of Ki67, PCNA, E-cadherin, and N-cadherin. 
Tumor xenograft mouse models were established to confirm the effect of HULC down-regulation on the 
development of HCC in vivo. 
Results: The mRNA and protein expression levels of HULC were markedly increased, whereas the mRNA 
expression levels of miR-377-5p were decreased in HCC cell lines. HepG2 cell proliferation and invasion 
were suppressed in the Sh-HULC group, while miR-377-5p showed the opposite. Further experiments 
exhibited that miR-377-5p was targeted by HULC, and an negative correlation between HULC and miR-
377-5p was observed. Importantly, the in vivo experiments indicated that down-regulation of HULC could 
inhibit tumor growth. Taken together, our research demonstrated that down-regulation of HULC plays an 
anti-cancer role through restrainingHepG2 cell proliferation and invasion. 
Conclusions: In summary, our in vitro and in vivo findings confirmed HULC to play a role in the 
progression of HCC, with the underlying mechanism possibly involving the miR-377-5p/HIF-1α pathway.
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Introduction
Hepatocellular carcinoma (HCC) ranks third deadliest 
of all cancers globally, accounting for more than 600,000 
fatalities annually (1). HCC possesses a strong ability to 
invade hepatic vessels (2). The molecular mechanism of 
hepatocarcinogenesis is complex and multi-staged, which 
may be related to genetic and epigenetic factors (3). HCC 
remains an intractable problem worldwide.

Recently, a number of long non-coding RNAs (lncRNAs) 
have been discovered to carry out pivotal roles in various 
biological functions and disease processes, including those 
of cancer (4). LncRNAs may act as miRNA sponges. In 
HCC, the expressions of many lncRNAs are dysregulated, 
including those of maternally expressed gene-3 (MEG-3),  
metastasis-associated lung adenocarcinoma transcript 1 
(MALAT1), highly upregulated in liver cancer (HULC), 
HOX transcript antisense RNA (HOTAIR), and H19, 
which is associated with tumorigenesis, metastasis, 
prognosis, and diagnosis (5). HULC functions as an 
oncogene in several cancers including ovarian cancer (6), 
colorectal cancer (7), pancreatic cancer (8), and prostate 
cancer (9). Therefore, the molecular mechanism underlying 
the role of HULC in HCC needs to be urgently explored.

Small non-coding RNAs, known as microRNAs 
(miRNAs),  are an important mechanism of  post-
transcriptional gene regulation, which affects cell 
differentiation, proliferation, metabolism, apoptosis, 
cancer, and other processes (10). Various miRNAs are 
abnormally expressed in HCC, some of which are HCC-
specific miRNAs (11). MiR-377 has been demonstrated to 
regulate the proliferation and invasion of HCC cells (12,13). 
However, the molecular mechanism underlying the role of 
HULC/miR-377-5p/HIF-1α in HCC needs to be urgently 
explored. In the present study, we aimed to examine the 
HULC/miR-377-5p/HIF-1α axis in HCC. 

We present the following article in accordance with the 
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5556).

Methods

Cell culture

Human normal liver cell line L-02was obtained from 
the BeNa Culture Collection Biological Technology 
Co., Ltd. (Beijing, China), along with HCC cell lines 
HB611, HepG2, and H22. Eagle’s Minimum Essential 
Medium (EMEM; Gibco) supplemented with FBS (Life 

Technologies, Grand Island, USA) and 100 U/mL penicillin 
and 100 mg/mL streptomycin was used to culture HCC 
cell lines, which were incubated at 37 ℃ in 95% O2 with 
5% CO2. Upon reaching 90% confluency, the cells were 
collected, and the medium was changed every 48–72 hours.

Quantitative real-time polymerase chain reaction (qRT-
PCR) 

Trizol reagent (Invitrogen, Carlsbad, CA, USA) was used 
to extract total RNA from HepG2 tumor tissue cells. 
Then, 200 ng of extracted RNA was used for reverse 
transcription into cDNA using a PrimeScript™ RT 
reagent Kit (TaKaRa). The SYBR Premix Ex Taq™ II 
(TaKaRa) and a LightCycler 480 Real-Time PCR system 
(Roche, Shanghai, China) were utilized for qRT-PCR. The  
2−ΔΔCT method was employed to analyze the candidate 
genes’ relative fold changes. The primers for HULC were 
as follows: (forward, 5'-CTGGCAATAAACTAAGCA-3' 
and reverse  5 '-CAACATAATTCAGGGAGAA-3' . 
Primer for miR-377-5p (forward,  5'-GTTTGTT
T TA G G G T TATA G A A G T T G G - 3 '  a n d  r e v e r s e 
5'ATATAACCRTATTCAATCCAACCTAC'). Primer 
for shRNA U6 (5'-CTCGCTTCGGCAGCACA-3' and 
reverse 5'-AACGCTTCACGAATTTGCGT-3'). The 
primers were synthesized by SangonBioteh (Shanghai, 
China). 

Cell transfection

HepG2 cells were cultured in 6-well plates at a density of 
1×104 cells/mL. After incubation for 24 hours, HepG2 cell 
lines were subjected to transfection with 50 nM shRNA-
NC, Sh-HULC, mimic-NC, miR-377-5p mimic, or miR-
377-5p inhibitor using Lipofectamine® 3000 (Invitrogen) 
in line with the manufacturer’s protocol. To target HULC, 
pGPU6/Neo plasmid (GenePharma, Shanghai, China) was 
cloned from short-hairpin RNA (sh-RNA) oligonucleotides 
and the corresponding negative controls (14). ShRNA-NC, 
Sh-HULC, mimic-NC, miR-377-5p mimic, and miR-377-
5p inhibitors were obtained from Shanghai GenePharma 
Inc. (Shanghai, China). The scrambled control shRNA 
(shRNA-NC) and miRNA control (mimic-NC) were used 
as controls. pcDNA™3.1 was bought from Invitrogen 
(USA). The HIF-1α pcDNA vector was constructed to 
overexpress HIF-1α and transfected into HepG2 cells. The 
cells were randomly divided into three groups, the control 
group, the pcDNA group, and the pcDNA-HIF-1α group. 
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RT-PCR and Western blot were used to determine whether 
the overexpression was successful.

Western blot

HepG2 cells were harvested from each group, and the total 
protein was extracted using 1 mL ice-cold RIPA buffer 
containing 2 mM phenylmethylsulfonyl fluoride (PMSF) 
and cocktail. A BCA kit, purchased from Beyotime Institute 
of Biotechnology (China), was used to measure the protein 
concentration and. Subsequently, sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) was 
carried out to separate 20 μg of proteins. After separation, 
the proteins were transferred to polyvinylidene difluoride 
(PVDF) membranes. The membranes were sealed with 
5% skimmed dry milk for 1 hour at room temperature, 
before the blocking solution was discarded and primary 
antibodies were added for incubation at 4 ℃ overnight. The 
primary antibodies were: rabbit β-actin (1:1,000, #4970, 
Cell Signaling), rabbit anti-Ki67 (1:1,000, ab243878, 
Abcam), rabbit anti-PCNA (1:1,000, ab92552, Abcam), 
rabbit anti-E-cadherin (1:10,000, ab40772, Abcam), rabbit 
anti-N-cadherin (1:5,000, ab76011, Abcam), and rabbit 
anti-HIF-α (1:500, ab51608, Abcam). After that, goat anti-
rabbit IgG horseradish peroxidase (HRP)-conjugated 
secondary antibody was added to the membranes, which 
were incubated for 60 min at 37 ℃. Enhanced HRP (Pierce, 
Rockford, IL, USA) was employed to visualize the signals. 
An automatic digital gel image analysis system (Bio-Rad 
CFX-96, Bio-Rad, CA, USA) was used to determine and 
analyze the band densities.

Luciferase reporter assay

We  c o n s t r u c t e d  3 ' U T R - H U L C  a s  p r e v i o u s l y  
described (15). PCR was performed to amplify the 3'UTR 
of HULC mRNA containing the predicted miR-377-5p 
binding site or mutant binding site, before its insertion into 
the pmirGLO dual luciferase expression vector (Promega, 
Madison, WI, USA). Using Lipofectamine 3000, HepG2 
cells were transfected with miR-377-5p mimic and then co-
transfected with HULC wild-type (HULC-Wt) or HULC 
mutation-type (HULC-Mut). TargetScan was used to 
predict the sequences of HULC-Wt and HULC-Mut, and 
the reporter plasmids were synthesized by GenePharma. 
Using Lipofectamine 3000, HepG2 cells were transfected 
with miR-377-5p mimic and then co-transfected with HIF-
1α wild-type (HIF-1α-Wt) or HIF-1α mutation-type (HIF-

1α-Mut). TargetScan was used to predict the sequences of 
HIF-1α-Wt and HIF-1α-Mut (Figure S1), and the reporter 
plasmids were synthesized by GenePharma. After 48 hours 
of transfection, a dual-luciferase reporter assay system 
(Promega Corporation, Madison, WI, USA) was used for 
analysis, in line with the instructions of the manufacturer. 
Data were normalized to Renilla activity.

Transwell invasion assay

HepG2 cells transfected with Sh-HULC or miR-377-5p 
inhibitor or co-transfected with Sh-HULC and miR-377-5p 
inhibitor were cultured in a 24-well chamber. A Transwell 
invasion assay was carried out to analyze the HepG2 cells’ 
invasion capacity. Briefly, the cells were placed in the 
upper chamber in for culture with Dulbecco’s Modified 
Eagle Medium (DMEM) supplemented with 0.1% FBS. 
DMEM with 10% FBS was added to fill the lower chamber. 
Following 24 hours’ incubation, 95% ethanol was used to fix 
the bottom cells, which were then stained with hematoxylin. 
Cells were selected four randomly of microscopic fields. 
The images were observed and counted with the assistance 
of an Olympus DX51 fluorescence microscope (Olympus, 
Tokyo, Japan). 

5-Ethynyl-2-Deoxyuridine (EdU)staining for cell 
proliferation

HepG2 cells from all of the groups underwent culture in 
a 24-well chamber. A Cell Light™ EdU Apollo® 488 In 
Vitro Imaging kit was employed to perform a 5-ethynyl-
2’-deoxyuridine (EdU) incorporation assay to analyze cell 
proliferation, in line with the manufacturer’s protocol 
(RiboBio). Images of cells in four randomly selected 
microscopic fields were observed and counted using an 
Olympus DX51 fluorescence microscope (Olympus, Tokyo, 
Japan). 

Wound healing assay 

HepG2 cells were seeded in 6-well plates at a density of 
2×105 cells/well. Until they reached confluence of 90%, 
wound gaps were carefully created with a sterile 200 μL 
pipette tip. The cells were washed twice with PBS to 
remove debris. The remaining cells were washed with cold 
PBS three times gently. A proliferation inhibitor mitomycin 
C (10 μg/mL) was added to the cell culture medium to 
inhibit cell replication. Then the cells were cultured in 
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complete medium for 24 h. Same marked areas were re-
photographed and calculated using Image J software. 
Images were acquired with a light microscope (Olympus, 
Tokyo, Japan) at 100× magnification.

Animal experimental protocols

Female four-week-old BALB/c nude mice were supplied by 
Beijing Huafukang Bioscience Co. Inc. (Beijing, China). All 
animal experiments in this study received approval from the 
Committee for Animal Experiments of the First Affiliated 
Hospital of Henan University. This study also conformed 
to the NIH guidelines. The mice were housed under a  
12-hour light/dark cycle in a controlled environment 
at 25±3 ℃ with 60% humidity. The mice were given 
free access to water. The mice were equally divided into  
2 random groups: the control group (HepG2 cells 
transfected with ShRNA-NC) and the Sh-HULC group 
(HepG2 cells transfected with Sh-HULC). The mice were 
administered HepG2 cells via subcutaneous injection into 
their flanks. After 30 days, the mice were sacrificed and the 
tumors were weighed.

Immunohistochemistry

The tumor tissues from each group of mice were fixed with 
4% paraformaldehyde. After 24 hours, the tissues were 
embedded in paraffin, and sectioned to a thickness of about 
4 μm. Xylene was used to separate the sections before they 
were rehydrated using gradient ethanol. Then, antigen 
extraction was carried out with 10 mM citric acid buffer. 
The tissue sections were subsequently incubated in 3% 
H2O2 for 10 minutes, before sealing at room temperature 
for 1 hour. Following that, the sections were subjected 
to overnight incubation with rabbit anti-Ki67 (1:100, 
ab243878, Abcam) and rabbit anti-E-cadherin (1:500, 
ab40772, Abcam). The corresponding second antibody 
was incubated at room temperature for 1 hour. Finally, the 
images were observed with an Olympus DX51 fluorescence 
microscope (Olympus, Tokyo, Japan), and the data were 
analyzed with Image-Pro Plus 6.0 (Media Cybernetics, 
USA). 

Bioinformatics data set 

The interaction between miR-377-5p and HULC was 
predicted with miRnada(http://www.microrna.org) and 
TargetScan (http://www.targetscan.org).

Statistical analysis

Each experiment in this study was carried out three 
times. The data were presented as mean ± SD. IBM SPSS 
Statistics 25.0. (IBM, Armonk, USA) was used for statistical 
analysis of all data. Student’s t-test was used to analyze 
differences between the two groups. The significance of 
differences between treatment groups was studied using 
one-way analysis of variance (ANOVA). A P value of <0.05 
was considered to show statistical significance.

Results

HULC was abnormally expressed in HCC cells

To study the effect of HULC in HCC progression, the 
expression levels of HULC were detected in normal liver 
cell L02 and HCC cell lines HB611, HepG2, and H22. As 
shown in Figure 1A,B, the results showed that compared 
with normal L02 cells, the mRNA and protein expression 
levels of HULC were significantly increased in HB611 
cells (P<0.05), H22 cells (P<0.05), and especially HepG2 
cells (P<0.01). In comparison to the shRNA-NC group, 
the mRNA and protein expression levels of HULC were 
markedly decreased in the HULC shRNA transfection (sh-
HULC) group, while the shRNA-NC group displayed 
no significant changes compared with the control group  
(Figure 1C,D). 

Sh-HULC inhibited HepG2 cell proliferation and invasion

To obtain a deeper understanding of HULC’s role in HCC, 
the effect of HULC on the proliferation and invasion 
of HepG2 cells was examined. As shown in Figure 2A, 
there were fewer numbers of EdU-positive cells (red) in 
the sh-HULC group in comparison to the control group 
(P<0.05). Besides, the protein expression levels of Ki67 and 
PCNA were reduced by Sh-HULC compared with the 
control group (Figure 2B, P<0.05). Additionally, HepG2 
cells invasion ability was restrained in the sh-HULC 
group in comparison to the control group (Figure 2C, 
P<0.05). HepG2 cells migration ability was restrained in 
the sh-HULC group in comparison to the control group  
(Figure 2D,E, P<0.05). Interestingly, the Sh-HULC group 
had increased protein expression levels of E-cadherin while 
those of N-cadherin were down-regulated in contrast with 
the control group (Figure 2F,G, P<0.05). These findings 
suggested that down-regulation of HULC might inhibit the 
proliferation and invasion of HepG2 cells.

http://www.targetscan.org
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Figure 1 The expression of HULC was detected in HCC cells. (A) The expression of HULC was detected by qRT-PCR in liver normal cell 
line L02 and HCC cell lines HepG2, HB611, and H22. (B) The expression of HULC was detected by western blot in liver normal cell line 
L02 and HCC cell lines HepG2, HB611, and H22. *, P<0.05, **, P<0.01, compared with the L02 group. (C) HULC expression was detected 
by qRT-PCR in HepG2 cells after transfection with HULC shRNA and shRNA-NC. (D) HULC expression was detected by western 
blot in HepG2 cells after transfection with HULC shRNA and shRNA-NC. *, P<0.05, compared with the control group. HULC, highly 
upregulated in liver cancer; HCC, hepatocellular carcinoma; qRT-PCR, quantitative real-time polymerase chain reaction.
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miR-377-5p was repressed by HULC 

To study the function of miR-377-5p in HCC progression, 
the expression levels of miR-377-5p were detected in 
normal liver cell L02 and HCC cell lines HB611, HepG2, 
and H22. As shown in Figure 3A, the levels of miR-377-
5p expression in HB611 cells (P<0.05), H22 cells (P<0.05), 
and especially HepG2 cells (P<0.01), were markedly lower 
than in normal L02 cells. As expected, the levels of miR-
377-5p were up-regulated in the sh-HULC group in 

contrast with the control group (Figure 3B, P<0.05). As 
shown in Figure 3C, the 3'UTR of HULC-Wt contains 
elements complementary to miR-377-5p regions. miR-377-
5p expression was markedly elevated by miR-377 mimic  
(Figure 3D, P<0.05), while the mimic-NC showed no 
difference compared with the control group. As described 
in Figure 3E, cells co-transfected with HULC-Wt and 
miR-377-5p displayed reduced luciferase activity (P<0.05); 
however little effect was observed in cells co-transfected 
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Figure 2 Sh-HULC inhibited the proliferation and invasion of HepG2 cells. (A) The proliferation of HepG2 cells was detected by EdU 
staining. The EdU-positive (+) cells were quantified. (B) The relative protein levels of Ki67 and PCNA were detected by western blot. 
Quantitation of signal intensities was performed using ImageJ software. (C) The invasion ability of HepG2 cells was detected by Transwell 
assay. HepG2 cells were stained with hematoxylin. (Magnification 40×). (D) The migration ability of HepG2 cells was detected by wound 
healing assay. (E) Epithelial mesenchymal transition (EMT) assay. (F,G) The relative protein levels of E-cadherin and N-cadherin were 
detected by western blot. The signal intensities were quantitated using Image J software. *, P<0.05, compared with the control group; **, 
P<0.01, compared with the control group. HULC, highly up-regulated in liver cancer.
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Figure 3 HULC could directly interact with miR-377-5p in HepG2 cells. (A) The expression levels of miR-377-5p were detected by qRT-
PCR in L02 cells and HCC cell lines HepG2, HB611 and H22. *, P<0.05, **, P<0.01, compared with the L02 group. (B) The expression 
levels ofmiR-377-5p were detected in HepG2 cells after transfection with HULC shRNA and shRNA-NC. *, P<0.05, compared with the 
control group. (C) The binding sites between HULC and miR-377-5p were predicted. (D) The mRNA level of miR-377-5p in HepG2 cells 
was detected by qRT-PCR after miR-377 mimic or mimic-NC. (E) Luciferase activity was detected by luciferase reporter assay. HepG2 cells 
were co-transfected with either 50 nM miR-377-5p mimics or NC oligos and 200 ng of pmirGLO-HULC-wt or pmirGLO-HULC-mut 
using Lipofectamine 3000. *, P<0.05, compared with the HULC-wt group. HULC, highly upregulated in liver cancer; HCC, hepatocellular 
carcinoma; qRT-PCR, quantitative real-time polymerase chain reaction.

with HULC-Mut and miR-377-5p (P>0.05). These results 
demonstrated that miR-377-5p was targeted by HULC. 

Sh-HULC suppressed proliferation and invasion via 
derepression of miR-377-5p

Down-regulation of HULC decreased numbers of the 
EdU-positive cells (P<0.05) obviously in comparison to 

the control group (P<0.05), while miR-377-5p inhibitor 
had the reverse effect (P<0.05). The numbers of the EdU-
positive cells were decreased in the sh-HULC + inhibitor 
group compared with miR-377-5p inhibitor (Figure 4A, 
P<0.05). The protein expressive of Ki67 and PCNA were 
up-regulated in miR-377-5p inhibitor group compared 
with control group, but the protein expressive of Ki67 and 
PCNA were down-regulated in the sh-HULC + inhibitor 
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Figure 4 Sh-HULC suppressed the invasion and migration abilities of HepG2 cells. Cells were divided into four groups: the control group, the sh-
HULC group, the miR-377 inhibitor group, and the sh-HULC + inhibitor group. (A) The proliferation of HepG2 cells was detected by EdU staining. 
The EdU-positive (+) cells were quantified. (B) The relative protein levels of Ki67 and PCNA were detected by western blot. Quantitation of signal 
intensities was performed using ImageJ software. (C) The invasion ability of HepG2 cells was detected by Transwell assay. HepG2 cells were stained 
with hematoxylin. (Magnification 40×). (D) The migration ability of HepG2 cells was detected by wound healing assay. (E) Epithelial mesenchymal 
transition (EMT) assay. (F,G) The relative protein levels of E-cadherin and N-cadherin were detected by western blot. The signal intensities were 
quantitated by ImageJ software. *, P<0.05, compared with the control group; #, P<0.05, compared with the miR-377 inhibitor group; **, P<0.01, 
compared with the control group; ##, P<0.01, compared with the miR-377 inhibitor group. HULC, highly upregulated in liver cancer. 
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group compared with miR-377-5p inhibitor (Figure 4B, 
P<0.05). Additionally, HepG2 cells invasion ability was 
promoted in the miR-377-5p inhibitor group in comparison 
to the control group, but HepG2 cells invasion ability was 
inhibited in the sh-HULC + inhibitor group in comparison 
to the miR-377-5p inhibitor group (Figure 4C, P<0.05). 
HepG2 cells migration ability was induced in the miR-377-
5p inhibitor group in comparison to the control group, but 
HepG2 cells migration ability was suppressed in the sh-
HULC + inhibitor group in comparison to the miR-377-
5p inhibitor group (Figure 4D,E, P<0.05). Meanwhile, the 
E-cadherin protein expression levels were increased by sh-
HULC but decreased by miR-377-5p inhibitor (P<0.05). 
Besides, the N-cadherin protein expression levels were 
decreased with sh-HULC but increased with miR-377-5p 
inhibitor (P<0.05, Figure 4F,G). Our findings suggested that 
down-regulation of HULC might suppress HepG2 cells 
proliferation and invasion abilities via derepression of miR-
377-5p.

Sh-HULC inhibited tumor growth in vivo

In comparison to the control group, the weight of the 
tumors from the mice were markedly suppressed by sh-
HULC in vivo (P<0.05, Figure 5A). The relative mRNA 
leves of sh-HULC were reduced, while the miR-377-
5p levels were expectedly elevated (P<0.05, Figure 5B). 
Figure 5C showed the survival rate of mice with tumors. 
Interestingly, the survival rate of the sh-HULC group was 
higher than that of the control group (P<0.05). The result 
of immunohistochemistry clearly demonstrated that sh-
HULC reduced the protein levels of Ki67 and N-cadherin 
in the tumor tissues of the mice (P<0.05, Figure 5D). These 
results indicated that down-regulation of HULC could 
inhibit tumor growth in nude mice. 

Discussion

This study confirmed that the mRNA relative expressive 
levels of HULC were up-regulated in HCC cells, while 
the expression levels of miR-377-5p were down-regulated. 
Interestingly, we identified that HULC could contribute to 
the proliferation and invasion of HepG2 cells via sponging 
miR-377-5p, while down-regulation of HULC could 
inhibit the proliferation and invasion of HepG2 cells by 
derepressing miR-377-5p.

LncRNA HULC i s  an  oncogene  in  numerous 
malignancies (7). Several studies have explored the 

tumorigenic function of HULC in HCC (16-18). According 
to these studies, in HCC, HULC accelerates metastasis 
and tumorigenesis through enhancing proliferation and 
epithelial-mesenchymal transition. Down-regulation of 
HULC improves the sensitivity of prostate cancer cells 
to irradiation in vivo and in vitro. HULC suppresses 
Beclin-1 phosphorylation, thus reducing autophagy, via 
the mTOR pathway (19). Knockdown of HULC inhibits 
pituitary adenoma GH3 cells via the up-regulation of 
miR-130b, the down-regulation of Forkhead box M1 
(FOXM1), and the activation of the phosphoinositide-3-
kinase/serine-threonine kinase Akt/mammalian target of 
rapamycin (PI3K/Akt/mTOR) and Janus kinase-1 (JAK1)/
signal transducer and activator of transcription-3 (STAT3) 
pathways (20). These results demonstrated that HULC 
knockdown inhibited HepG2 cells proliferation and 
invasion abilities in vitro, as well as tumor growth in vivo, 
and promoted the survival of the mice.

A growing bank of evidence have demonstrated miR-
377 to be a tumor suppressor (12,13,21). MiR-377-5p 
has been reported to inhibit cell proliferation, invasion, 
and cell cycle progression in lung cancer (22). MiR-
377 has been proved to suppress cell proliferation and 
invasion in HCC (13). HULC activates PI3K/Akt/
mTOR pathway through inhibiting phosphatase and 
tensin homolog (PTEN) in human liver cancer cells (23). 
HULC accelerates the progress of breast cancer through 
regulating the expression of Ly-6/PLAUR domain-
containing 1 (LYPD1) by sponging miR-6754-5p (24). 
Overexpression of HULC induces the development of 
ovarian carcinoma by activating the PI3K/AKT/mTOR 
signaling pathway through suppressing the levels of miR-
125a-3p (25). In our study, miR-377-5p downregulation 
were observed in HCC cells. Notably, overexpression of 
miR-377-5p suppressed cell proliferation and invasion in 
HCC. Interestingly, miR-377-5p was targeted by HULC, 
thus the regulatory activity of HULC in HCC was 
performed by sponging miR-377-5p. 

The many candidate downstream genes of miR-
377-5p include T-lymphoma invasion and metastasis 1 
(TIAM1) (13), Bcl-xL (12), DNA methyltransferase 1 
(DNMT1) (21), and protein kinase B (AKT1) (22), each 
of which has been studied. We chose hypoxia-inhibitory 
factor-1α (HIF-1α) (one of the target sites predicted by 
TargetScan), detected the expression, and verified the 
target relationship of miR-377-5p with HIF-1α. HIF-
1α is a crucial transcription factor that contributes to the 
tumor EMT, which is characterized by the loss of cell 
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Figure 5 Sh-HULC suppressed HepG2 xenograft tumor growth in vivo. (A) The tumors of the mice were weighed. (B) The relative 
expressions of HULC and miR-377-5p in the tumor tissues were detected by qRT-PCR. (C) The survival of the mice was determined 
every 3 days for 30 days. (D) The protein expressions of Ki67 and N-cadherin were detected by immunohistochemistry. Positive cells 
were counted. *, P<0.05, compared with the control group. HULC, highly upregulated in liver cancer; qRT-PCR, quantitative real-time 
polymerase chain reaction.

adhesion, repression of E-cadherin expression, acquisition 
of the mesenchymal marker vimentin, and increased cell 
motility and invasiveness (26). HIF-1α is overexpressed 
in HCC (27). Therefore, HIF-1α may serve as a potential 
biomarker treatment response in HCC (28). HIF-1α 

directly transcriptionally up-regulate ras-like-without-
CAAX-1 (RIT1), and its stableness is positively correlated 
with RIT1 expression in HCC tissues. Knockdown of 
RIT1 attenuate the invasion and migration induced by 
hypoxia (29). The long intergenic non-coding ribonucleic 
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acid (lincRNA)-p21 can significantly down-regulate the 
level of HIF-1α, thus downregulating the expression 
of VEGF and affecting the cell proliferation, apoptosis 
and migration in HCC (30). HIF-1α plays an important 
role in the development of HCC by promoting HCC 
metastasis, epithelial mesenchymal transition (EMT) 
and vasculogenic mimicry (VM) through up-regulating 
LOXL2 (31). HIF-1α promotes HCC cell migration and 
invasion by modulating IL-8 via the NF-κB pathway (32). 
As a result (see the Supplementary materials), the mRNA 
and protein levels of HIF1α were reduced by HULC 
knockdown. These results indicated that HIF-1α might be 
a target of miR-377-5p, and HULC enhanced the growth 
and invasion of HepG2 cells by sponging miR-377-5p 
from HIF-1α.

Conclusions

In summary, this study showed that down-regulation of 
HULC inhibited the proliferation and invasion of HepG2 
cells. Meanwhile, down-regulation of HULC had an 
inhibitory effect on tumor growth in vivo. In vitro and in 
vivo experiments confirmed that HULC is involved in the 
progression of HCC and the underlying mechanism may be 
through the miR-377-5p/HIF1α pathway. The result of our 
experiments also presented the HULC/miR-377-5p/HIF1α 
axis as a promising therapeutic target in HCC.
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Figure S1 The target relationship between HIF-1α and miR-377-5p. (A) Predicted binding sites between HIF-1α and miR-377-5p. (B) The 
mRNA levels of HIF-1α were detected by qRT-PCR in control group, mimic-NC group and miR-377-5p mimic group. (C) The mRNA 
levels of HIF-1α were detected by qRT-PCR in control group, pcDNA-vector group and pcDNA-HIF-1α group. (D) Luciferase activity 
was presented relative to that of the control and mutant or wild-type HIF-1α 3'UTR.  (E) The mRNA levels of HIF-1α were detected by 
qRT-PCR in control group, miR-377-5p mimic group, pcDNA-HIF-1α group and miR-377-5p + HIF-1α group. (F) The relative protein 
levels  of HIF-1α were detected by western blotting in control group, miR-377-5p mimic group, pcDNA-HIF-1α group and miR-377-5p 
+ HIF-1α group. (G) The mRNA levels of HIF-1α were detected by qRT-PCR in control group, shRNA-NC group and sh-HULC group. 
(H) The relative protein levels  of HIF-1α were detected by western blotting in control group, shRNA-NC group and sh-HULC group.  
(*, P<0.05, compared with the control group; **, P<0.01, compared with the control group; ##, P<0.01, compared with the pcDNA-HIF-1α 
group). qRT-PCR, quantitative real-time polymerase chain reaction.
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