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Background: Recent studies reported that circular RNAs (circRNAs) exert essential func-
tions in hepatocellular carcinoma (HCC) progression. However, the expression profile and 
function of circular RNA PVT1 (circPVT1) in HCC are not fully addressed. Thus, we aimed 
to probe into the function of circPVT1 in HCC development.
Methods: The levels of circPVT1, microRNA-377 (miR-377) and transcripts encoding 
tripartite motif containing 23 (TRIM23) were determined by qRT-PCR. The stability and 
localization of circPVT1 were examined by RNase R digestion assay and subcellular fraction 
assay, respectively. Cell proliferation and apoptosis were evaluated by MTT assay and flow 
cytometry analysis, respectively. The relationship between miR-377 and circPVT1 or 
TRIM23 was determined by dual-luciferase reporter assay and RNA immunoprecipitation 
(RIP). The protein expression of TRIM23 was measured by Western blot. The glycolysis 
level was assessed by specific kits and Seahorse Extracellular Flux Analyzer XF96. The 
function of circPVT1 in vivo was investigated in a murine xenograft model.
Results: CircPVT1 and TRIM23 levels were elevated, while miR-377 was decreased in HCC. 
CircPVT1 knockdown restrained proliferation and glycolysis, but enhanced apoptosis in HCC 
cells. CircPVT1 could bind to miR-377 and inhibition of miR-377 restored circPVT1 knock-
down-mediated effect on HCC cells. TRIM23 was certified as a target of miR-377, and TRIM23 
upregulation overturned the influence of miR-377 upregulation or circPVT1 silence on HCC 
progression. Moreover, circPVT1 knockdown restrained tumor growth in HCC in vivo.
Conclusion: CircPVT1 aggravated the progression of HCC by upregulating TRIM23 via 
sponging miR-377.
Keywords: hepatocellular carcinoma, circPVT1, miR-377, TRIM23

Introduction
Hepatocellular carcinoma (HCC) is a prevalent and lethal cancer worldwide, which 
ranks as the sixth of cancer-related death with a fairly high incidence and 
mortality.1 Although the diagnosis and treatment of HCC have been improved in 
recent years, the overall survival rate is still low because of the high risk for disease 
metastasis and recurrence. Hence, it is significant to uncover the underlying mole-
cular mechanism of HCC progression.

Circular RNAs (circRNAs) with closed single-stranded continuous rings have 
been demonstrated to take part in the regulation of multiple malignant tumors, 
including HCC.2,3 For example, circPTPRM could promote HCC cell proliferation, 
migration and invasion.4 CircVAPA was abnormally upregulated in HCC and could 
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accelerate proliferation of HCC cells.5 Circular RNA 
PVT1 (circPVT1) has been verified to play a promoting 
role in various cancers, including oral squamous cell 
carcinoma,6 esophageal carcinoma7 and colorectal 
cancer.8 Likewise, circPVT1 has also been reported to be 
upregulated in HCC and expedite proliferation and migra-
tion in HCC cells.9 However, the related reports about the 
expression and potential role of circPVT1 in HCC are 
inadequate.

MicroRNAs (miRNAs) are small noncoding RNAs and 
can affect mRNA expression via binding to its 3ʹ- 
untranslated region (3ʹUTR).10 Numerous studies have 
shown that miR-377 could affect cancer progression in 
different types of cancers through acting as cancer- 
promoting gene11,12 or tumor suppressor.5,13 For instance, 
overexpression of miR-377 could suppress HCC cell 
progression.14,15 Transcripts encoding tripartite motif con-
taining 23 (TRIM23) is an ubiquitin ligase belonging to the 
tripartite motif (TRIM) family and has been certified to 
participate in tumor development.16 However, the relation-
ship between miR-377 and TRIM23 and the specific 
mechanism underlying HCC progression has not been 
documented.

In the present study, the detailed function of circPVT1 
in vitro and in vivo was investigated in HCC. Besides, 
a circRNA-miRNA-mRNA functional network was con-
structed to clarify the potential mechanism of HCC 
progression.

Patients and Methods
Patients and Tissue Samples
Twenty-six pairs of HCC tissues and the adjacent normal 
tissues were collected from HCC patients at the Central 
Hospital of Jiamusi City and the tissue samples were 
stored at −80°C until use. The patients had not accepted 
with any preoperative anti-tumor treatments. This study 
had obtained approval from the Ethics Committee of the 
Central Hospital of Jiamusi City. All participants signed 
the written informed consent.

Cell Culture
The normal human liver cell line (THLE-2) and HCC cell 
line (SNU-387) were purchased from the American Type 
Culture Collection (ATCC, Manassas, VA, USA). HCC 
cell line (Huh7) was bought from Procell (Wuhan, 
China). Huh7 cells were maintained in Dulbecco’s mod-
ified Eagle’s medium (DMEM, Gibco, Carlsbad, CA, 

USA), and SNU-387 and THLE-2 cells were incubated 
in Roswell Park Memorial Institute 1640 (RPMI-1640) 
medium (Gibco) and Bronchial Epithelial Basal medium 
(BEBM, HY StemCell, Chongqing, China), respectively. 
All the media supplemented with 1% penicillin- 
streptomycin (Gibco) and 10% fetal bovine serum (FBS; 
Gibco). All cells were cultured in a humidified incubator at 
37°C with 5% CO2.

Cell Transfection
Small interfering RNA (siRNA) against circPVT1 (si- 
circPVT1) and its corresponding negative control (si-NC), 
miR-377 mimic and the control (miRNA NC), miR-377 
inhibitor and the control (inhibitor NC), TRIM23 overex-
pression vector (pcDNA-TRIM23) and the control 
(pcDNA-Control), and lentivirus-mediated short hairpin 
RNA against circPVT1 (sh-circPVT1) and its control (sh- 
NC) were obtained from Genepharma (Shanghai, China). 
The above plasmids or oligonucleotides were transfected 
into HCC cells by Lipofectamine 2000 Reagent (Invitrogen, 
Carlsbad, CA, USA).

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
Trizol reagent (Invitrogen) was utilized to extract total 
RNA. Briefly, the total RNA was reverse-transcribed into 
complementary DNA using PrimeScript™ RT reagent Kit 
(Takara, Dalian, China) or miRNA 1st Strand cDNA 
Synthesis Kit (Vazyme, Nanjing, China). Then, the ampli-
fied transcript expression of the relative specific genes was 
determined utilizing BeyoFast™ SYBR Green qPCR Mix 
(Beyotime, Shanghai, China). The relative expression was 
determined with the 2−ΔΔCt method. The expression of 
circPVT1, linear RNA PVT1 and TRIM23 was normalized 
by glyceraldehyde 3-phosphate dehydrogenase (GAPDH), 
while miR-377 expression was normalized to the level of 
U6. The primer sequences of the relative genes were listed 
as follows (5ʹ-3ʹ): circPVT1, GGTTCCAC 
CAGCGTTATTC (Forward, F) and CAACTTCCT 
TTGGGTCTCC (Reverse, R); linear RNA PVT1, 
TTCAGCACTCTGGACGGACTT (F) and TATGGCATG 
GGCAGGGTAG’ (R); miR-377, TGGTGTCGTGGAG 
TCG (F) and ACACTCCAGCTGGGATCACACAA 
AGGCA (R); TRIM23, TTGGAATGGCTCACACA 
GAAC (F) and ACATGGGCATCAACAACAC (R); 
GAPDH, GAAGGTGAAGGTCGGAGTC (F) and 
GAAGATGGTGATGGGATTTC (R); U6, CTCGCTTCG 
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GCAGCACA (F) and AACGCTTCACGAATTTGCGT 
(R); β-actin: TGGACTTCGAGCAGGAAATGG (F) and 
ACGTCGCACTTCATGATCGAG (R); U2, AATACCAG 
GTCGATGCGTG (F) and CCTTTTGGCTAAGATCAAG 
TGTAG (R).

RNase R Digestion
Total RNA isolated from SNU-387 and Huh7 cells was trea-
ted with RNase R (Solarbio, Beijing, China) or not (MOCK), 
with MOCK serving as control. After incubation for 15 min at 
37°C, the samples were used for qRT-PCR assay.

Subcellular Fraction Assay
Cytoplasmic and Nuclear RNA Purification Kit (Norgen 
Biotek, Thorold, Canada) was applied to separate the 
nuclear and cytoplasmic RNA of SNU-387 and Huh7 
cells following the protocols to measure the localization 
of linear and circular RNA. The expression patterns of 
circPVT1, linear RNA, β-actin and U2 in cytoplasmic 
and nucleus fractions were determined by qRT-PCR. U2 
and β-actin were served as controls of nuclear fraction and 
cytoplasm fraction, respectively.

3-(4, 5-Dimethyl-2-Thiazolyl)-2, 
5-Diphenyl-2-H-Tetrazolium Bromide 
(MTT) Assay
Cell proliferation was determined by MTT assay. Briefly, 
SNU-387 and Huh7 cells were added with 20 μL MTT 
(5 mg/mL; Sangon, Shanghai, China) at 0 h, 24 h, 48 h and 
72 h after transfection and incubation for another 4 
h. Then, 150 µL dimethyl sulfoxide (DMSO; Solarbio) 
was added to dissolve the formazan crystals. The optical 
density (OD) value at 490 nm was examined with 
a microplate reader (BioTek Instruments, Winooski, 
VT, USA).

Flow Cytometry Analysis
Annexin V-fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) Apoptosis Detection Kit (BD Pharmingen, 
San Diego, CA, USA) was used to test apoptosis of 
SNU-387 and Huh7 cells. In brief, cells were collected at 
48 h after transfection. Then, 5 μL AnnexinV-FITC and 5 
μL PI were used to incubate cells in the darkness for 15 
min. Apoptotic cells were tested with a FACScan flow 
cytometer (Becton Dickinson, Mountain View, CA, USA).

Dual-Luciferase Reporter Assay
The wide-type sequences of circPVT1 or TRIM23 3ʹ UTR 
containing predicted binding sequences of miR-377 and 
mutant sequences of circPVT1 or TRIM23 3ʹ UTR were 
constructed and cloned into the pGL3 promoter vectors 
(Invitrogen) to generate WT-circPVT1, MUT-circPVT1, WT- 
TRIM23, MUT-TRIM23 luciferase reporter vectors, respec-
tively. Then, the above reporter vectors and miR-377 mimic or 
miRNA NC were co-transfected into SNU-387 and Huh7 
cells. Finally, Dual-Luciferase Reporter Assay Kit (Promega, 
Madison, WI, USA) was used to detect the relative luciferase 
activity.

RNA Immunoprecipitation (RIP) Assay
RIP assay was conducted using the Magna RIPTM RNA 
Binding Protein Immunoprecipitation Kit (Millipore, 
Bedford, MA, USA). In brief, SNU-387 and Huh7 cells 
were collected and lysed in RIP buffer, and then incubated 
with magnetic beads conjugated with antibody against 
Argonaute2 (Ago2) (ab32381) (Anti-Ago2; Abcam, 
Cambridge, MA, USA) or immunoglobulin G (IgG) antibody 
(ab133470) (Anti-IgG; Abcam). The RNA enrichment of 
circPVT1 and miR-377 in the magnetic beads was detected 
by qRT-PCR.

Western Blot Assay
The involved total protein was isolated using RIPA lysis 
buffer (Beyotime). Then, 10% sodium dodecyl sulfonate- 
polyacrylamide gel (SDS-PAGE; Solarbio) electrophoresis 
was adopted to separate total protein. Next, the protein was 
transferred onto polyvinylidene difluoride membranes 
(PVDF; Bio-Rad, Hercules, CA, USA) and blocked in 
skim milk for 2 h. Afterwards, the primary antibody against 
TRIM23 (orb555874) (1:1000; Biorbyt, Cambridge, UK) or 
GAPDH (1:1000; Biorbyt) (orb38655) was used to incubate 
the membranes at 4°C overnight. Subsequently, the mem-
brane was incubated with secondary antibody (ab6721; 
1:5000; Abcam) at room temperature for 1 h. Finally, the 
signals of protein were visualized using ECL 
Chemiluminescence kit (Pierce, Rockford, IL, USA) and 
analyzed by ImageJ (NIH, Bethesda, MD, USA).

Determination of Glucose Consumption 
and Lactate Production
Glucose Assay Kit (Abcam) and Lactate Assay Kit (Sigma- 
Aldrich, St. Louis., MO, USA) were used to determine 
glucose consumption and lactate production in SNU-387 
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and Huh7 cells, respectively. The experiments were per-
formed based on the instructions.

Extracellular Acidification (ECAR) and 
Oxygen Consumption Rate Assays 
(OCR)
The Seahorse Extracellular Flux Analyzer XF96 (Seahorse 
Bioscience, North Billerica, MA, USA) was used to calcu-
late ECAR and OCR in HCC cells. After transfection, cells 
(2 × 104 per well) were seeded into the XF96-well plate and 
cultured overnight. For ECAR determination, Glucose, 
Oligomycin (oxidative phosphorylation inhibitor), and 
2-deoxyglucose (2-DG; glycolytic inhibitor) were sequen-
tially injected into HCC cells. For OCR determination, cells 
were sequentially injected with Oligomycin, FCCP (rever-
sible inhibitor of oxidative phosphorylation), and Rotenone/ 
antimycin A (Rote/AA). Finally, the data were analyzed, and 
ECAR detection and OCR detection were noted as mPH/ 
min and pmol/min, respectively.

Murine Xenograft Model
To establish HCC murine xenograft model, the 4–6 
weeks old BALB/c nude mice purchased from Beijing 
Vital River Laboratory Animal Technology (Beijing, 
China) were used. SNU-387 cells stably transfected 
with sh-circPVT1 or sh-NC were subcutaneously 
injected into the right flanks of the nude mice. After 
injection for 7 days, the length (L) and width (W) of 
tumors were measured every 4 days using a caliper and 
tumor volume was assessed using the formula: (L×W2)/ 
2. The mice were sacrificed at 27 days after injection 
and the tumor weight was calculated. The experimenta-
tion on animals was approved by the Ethics Committee 
of Animal Research of the Central Hospital of Jiamusi 
City. The experiments were carried out in accordance 

with the National Guidelines for Experimental Animal 
Welfare (the Ministry of Science and Technology, 
China).

Statistical Analysis
All data in this study obtained from at least three inde-
pendent experiments were displayed as the mean ± the 
standard deviations (SD) and analyzed by SPSS 18.0 
software. Difference analysis between two groups or 
among multiple groups was conducted using Student’s 
t test or one-way analysis of variance (ANOVA). 
P-value less than 0.05 was defined as a statistically 
significant difference.

Results
CircPVT1 Was Upregulated in HCC 
Tissues and Cells
Firstly, circPVT1 level in 26 paired tumorous tissues and 
the adjacent normal tissues from HCC patients was 
detected by qRT-PCR. The result suggested that 
circPVT1 was significantly upregulated in HCC tissues 
relative to that in normal tissues (Figure 1A). Besides, 
we found that the level of circPVT1 was elevated in 
HCC cells (SNU-387 and Huh7) in comparison to 
THLE-2 cells (Figure 1B). Overall, circPVT1 might be 
associated with the development of HCC.

Silencing of circPVT1 Suppressed Cell 
Proliferation and Accelerated Apoptosis 
of HCC Cells
Next, we examined the stability of circPVT1 by RNase 
R digestion assay and the data displayed that RNase 
R treatment distinctly suppressed linear PVT1 mRNA 
level in SNU-387 and Huh7 cells, but the level of circular 
RNA PVT1 (circPVT1) was not affected, indicating that 

Figure 1 CircPVT1 was upregulated in HCC tissues and cells. (A) The expression of circPVT1 in 26 pairs of HCC tissues and the adjacent non-tumor tissues was detected 
by qRT-PCR. (B) The expression of circPVT1 in HCC cells (SNU-387 and Huh7) and normal liver cell lines (THLE-2) was examined by qRT-PCR. *P<0.05.
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circPVT1 was indeed circRNA (Figure 2A). Subsequently, 
subcellular fraction assay manifested that circPVT1 was 
mainly located in the cytoplasm, and its distribution propor-
tion in the cytoplasm was larger than that of linear RNA 
(Figure 2B and C). To explore the function of circPVT1 in 
HCC, si-circPVT1 or si-NC was transfected into SNU-387 
and Huh7 cells to knock down circPVT1 expression. As 
expected, circPVT1 expression was distinctly declined 
after transfection with si-circPVT1, while linear PVT1 
mRNA level was not changed (Figure 2D and E). All 
these exhibited the successful knockdown efficiency of 
circPVT1. Meanwhile, MTT assay demonstrated that 
circPVT1 deletion repressed the proliferation of SNU-387 
and Huh7 cells (Figure 2F and G). Moreover, the apoptosis 
was dramatically enhanced in SNU-387 and Huh7 cells by 
si-circPVT1 transfection, as illustrated by flow cytometry 
(Figure 2H). All these data demonstrated that circPVT1 
served as a cancer-promoting gene in HCC progression.

Knockdown of circPVT1 Suppressed 
Proliferation and Enhanced Apoptosis via 
Binding to miR-377 in HCC Cells
To study the underlying mechanism of circPVT1 in the 
regulation of HCC, the direct miRNA targets of 
circPVT1 were predicted by online software starBase. 
As depicted in Figure 3A, circPVT1 contained the 

potential binding sequence of miR-377. Afterwards, 
the dual-luciferase reporter assay was performed and 
the result exhibited that co-transfection of WT- 
circPVT1 and miR-377 mimic caused a significant 
decline of the luciferase activity compared to WT- 
circPVT1 and miRNA NC group, while no obvious 
change was observed in MUT-circPVT1 groups 
(Figure 3B and C). Meanwhile, RIP assay presented 
that circPVT1 and miR-377 were enriched in Anti- 
Ago2 immunoprecipitates in SNU-387 and Huh7 cells 
relative to control Anti-IgG group (Figure 3D and E), 
which further confirmed the combination between 
circPVT1 and miR-377. Moreover, our data showed 
that miR-377 was decreased in HCC tissues 
(Supplement Figure 1A). Furthermore, miR-377 was 
upregulated by circPVT1 silence in SNU-387 and 
Huh7 cells (Figure 3F). qRT-PCR revealed that miR- 
377 expression was dropped after miR-377 inhibitor 
transfection (Figure 3G). Intriguingly, miR-377 inhibi-
tor overturned the enhancement effect of circPVT1 
knockdown on miR-377 expression (Figure 3H). More 
interestingly, the inhibitory impacts of circPVT1 
silence on cell proliferation and the facilitating effect 
on apoptosis were restored by miR-377 inhibitor 
(Figure 3I–K). Together, these findings suggested that 
circPVT1 silence impeded cell proliferation and 

Figure 2 CircPVT1 knockdown inhibited cell proliferation and induced apoptosis in HCC cells. (A) The expression of linear PVT1 mRNA and circular circPVT1 in SNU-387 
and Huh7 cells treated or untreated with RNase R was determined by qRT-PCR. (B and C) Relative expression levels of circular RNA circPVT1, linear RNA PVT1 in the 
nuclei and cytoplasm of SNU-387 and Huh7 cells were measured by qRT-PCR. (D–H) SNU-387 and Huh7 cells were transfected with si-circPVT1 or si-NC. (D and E) The 
expression levels of circPVT1 and linear PVT1 in SNU-387 and Huh7 cells were evaluated using qRT-PCR. (F and G) The proliferation of SNU-387 and Huh7 cells was tested 
using MTT assay. (H) The apoptosis rate of SNU-387 and Huh7 cells was assessed using flow cytometry. *P<0.05.
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stimulated apoptosis via enhancing miR-377 expression 
in HCC cells.

TRIM23 Overexpression Reversed 
miR-377 Mimic-Mediated Effects on Cell 
Proliferation and Apoptosis in HCC Cells
Next, the functional relationship between miR-377 and 
TRIM23 in HCC cells was explored. StarBase predicted 
that TRIM23 was a target of miR-377, and the potential 
binding sites between them were presented in Figure 
4A. Besides, the luciferase activity was suppressed in 
SNU-387 and Huh7 cells after transfection with miR- 
377 and WT-TRIM23 relative to miRNA NC and WT- 
TRIM23 group, while the luciferase activity was 

insusceptible in MUT-TRIM23groups (Figure 4B and 
C). Our data indicated that TRIM23 was upregulated in 
HCC tissues (Supplement Figure 1B). Then, miR-377 
mimic or miRNA NC was transfected into SNU-387 and 
Huh7 cells, simultaneously, and the results indicated that 
miR-377 was upregulated, whereas TRIM23 mRNA and 
protein were downregulated after overexpression of 
miR-377 (Figure 4D–F). Then, the transfection effi-
ciency of TRIM23 overexpression (pcDNA-TRIM23) in 
SNU-387 and Huh7 cells was detected by qRT-PCR and 
Western blot (Figure 4G and H). MiR-377 mimic 
overtly restrained the proliferation and accelerated apop-
tosis in SNU-387 and Huh7 cells, while these effects 
were partly abrogated by TRIM23 overexpression 

Figure 3 CircPVT1 regulated proliferation and apoptosis by sponging miR-377 in HCC cells. (A) The potential binding sites between circPVT1 and miR-377 were predicted 
by starBase. (B and C) The relative luciferase activity in SNU-387 and Huh7 cells co-transfected with WT-circPVT1 or MUT-circPVT1 and miR-377 mimic or miRNA NC 
was determined by dual-luciferase reporter assay. (D and E) RIP assay was performed to explore the enrichment of circPVT1 and miR-377 in SNU-387 and Huh7 cells 
incubated with Anti-Ago2 or Anti-IgG antibodies. (F and G) The expression of miR-377 in SNU-387 and Huh7 cells was examined by qRT-PCR. (H–K) SNU-387 and Huh7 
cells were transfected with si-circPVT1, si-NC, si-circPVT1 + miR-377 inhibitor, or si-circPVT1 + inhibitor NC. (H) The expression of miR-377 in SNU-387 and Huh7 cells 
after transfection was tested by qRT-PCR. (I and J) Cell proliferation was detected by MTT assay. (K) The apoptosis rate of SNU-387 and Huh7 cells was assessed using flow 
cytometry. *P<0.05.
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(Figure 4I–K). All these findings suggested that miR- 
377 might be involved in HCC progression through 
targeting TRIM23.

CircPVT1 Facilitated Proliferation and 
Suppressed Apoptosis in HCC Cells via 
miR-377/TRIM23 Axis
Base on the correlation between miR-377 and circPVT1 
or TRIM23, si-circPVT1, si-circPVT1 + pcDNA- 
TRIM23or matched controls was transfected into SNU- 
387 and Huh7 cells to further testify the relationship 

between circPVT1 and TRIM23. As shown in Figure 5A 
and B, TRIM23 was dramatically depressed by 
circPVT1 silence both in mRNA and protein levels, 
while it was reacquired after TRIM23 overexpression 
in SNU-387 and Huh7 cells. Similarly, TRIM23 over-
expression abrogated the inhibition effects on prolifera-
tion and promotion effects on apoptosis caused by si- 
circPVT1 (Figure 5C–E). Afterwards, we investigated 
the relationship among circPVT1, miR-377 and 
TRIM23 by examining TRIM23 expression in SNU-387 
and Huh7 cells after being transfected with si-circPVT1, 
si-circPVT1 + miR-377 inhibitor or matched controls. 

Figure 4 TRIM23 overexpression overturned the effects of miR-377 mimic on cell proliferation and apoptosis in HCC cells. (A) StarBase predicted the binding sequence 
between miR-377 and TRIM23. (B and C) The targeting relationship between miR-377 and TRIM23 was confirmed by dual-luciferase reporter assay. (D) The overexpression 
efficiency of miR-377 was checked in SNU-387 and Huh7 cells. (E–H) The mRNA and protein levels of TRIM23 in SNU-387 and Huh7 cells transfected with miR-377 mimic, 
pcDNA-TRIM23 or corresponding controls were measured by qRT-PCR assay or Western blot assay, respectively. (I–K) The proliferation and apoptosis of SNU-387 and 
Huh7 cells transfected with miR-377 mimic, miR-377 mimic + pcDNA-TRIM23 or corresponding controls were evaluated through MTT assay and flow cytometry, severally. 
*P<0.05.
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The results showed that the decreased mRNA and pro-
tein expression of TRIM23 in SNU-387 and Huh7 cells 
induced by circPVT1 knockdown was abolished by 
miR-377 inhibitor (Figure 6A and B). These data 
revealed that circPVT1 modulated TRIM23 expression 
by sponging miR-377 in HCC cells.

CircPVT1 Accelerated Glycolysis in HCC 
Cells by Reducing miR-377 and Enhancing 
TRIM23 Expression
Many studies have attested that the accelerated glycolysis 
metabolism is a remarkable feature of energy metabolism in 
cancer cells and participates in tumorigenesis.17 The 

Figure 5 TRIM23 overexpression reversed the effects of circPVT1 silence on HCC cell progression. SNU-387 and Huh7 cells were transfected with si-NC, si-circPVT1, si- 
circPVT1 + pcDNA-Control or si-circPVT1 + pcDNA-TRIM23. (A and B) The mRNA and protein levels of TRIM23 in SNU-387 and Huh7 cells after transfection were 
explored by qRT-PCR assay and Western blot assay, respectively. (C and D) Cell proliferation in SNU-387 and Huh7 cells after transfection was tested by MTT assay. (E) The 
apoptosis rate of SNU-387 and Huh7 cells was examined by flow cytometry. *P<0.05.

Figure 6 CircPVT1 accelerated the expression of TRIM23 by targeting miR-377 in HCC cells. (A and B) The mRNA and protein levels of TRIM23 in SNU-387 and Huh7 
cells transfected with si-circPVT1, si-circPVT1 + miR-377 inhibitor or matched controls were determined by qRT-PCR assay and Western blot assay, respectively. *P<0.05.
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consumption of glucose in glycolysis of cancer cells can 
produce end-product lactate.17 Thus, we investigated 
whether circPVT1 affected glycolysis of HCC cells by 
detecting both glucose consumption and lactate production. 
The results indicated that deletion of circPVT1 drastically 
decreased glucose consumption and lactate production in 
SNU-387 and Huh7 cells (Figure 7A and B). As depicted 
in Figure 7C, D, G and H, the decreased glucose consump-
tion and lactate production in SNU-387 and Huh7 cells 
induced by circPVT1 deletion were both restored by miR- 
377 inhibition or TRIM23 overexpression. Moreover, 
TRIM23 overexpression also overturned the inhibitory 
effects of miR-377 mimic on glucose consumption and 
lactate production (Figure 7E and F). In addition, the indi-
cators of glycolysis (ECAR and OCR) were examined in 
this study. ECAR can reflect overall glycolytic flux, while 
OCR can reflect mitochondrial oxidative phosphorylation.17 

The data suggested that downregulation of circPVT1 could 
significantly suppress ECAR and enhance OCR in both 
SNU-387 and Huh7 cells, while these effects were partly 
abrogated by miR-377 inhibitor (Figure 8A–D). Likewise, 
overexpression of TRIM23 distinctly restored the declined 
ECAR and elevated OCR caused by miR-377 overexpres-
sion in SNU-387 and Huh7 cells (Figure 8E–H). These data 
implied that circPVT1/miR-377/TRIM23 axis accelerated 
glycolysis in HCC cells.

CircPVT1 Knockdown Suppressed Tumor 
Growth in vivo
To verify the effect of circPVT1 on tumor growth in vivo, 
SNU-387 cells stably transfected with sh-circPVT1 or sh- 
NC were injected into the nude mice. The tumor volume 
and weight were markedly restrained in sh-circPVT1 
group relative to the control group (Figure 9A and B). 
Besides, the levels of circPVT1, miR-377 and TRIM23 in 
the tumors were examined. The results showed that 
circPVT1 and TRIM23 levels were reduced, whereas the 
level of miR-377 was raised in tumor tissues collected 
from the mice of sh-circPVT1 group (Figure 9C–F). 
These in vivo data confirmed that circPVT1 promoted 
tumor growth in HCC through the miR-377/TRIM23 axis.

Discussion
In the recent years, a variety of circRNAs have been 
announced to serve as important regulators in HCC by 
regulating various biological processes.18,19 In this study, 
we mainly ascertained the expression trend and effect of 
circPVT1 on proliferation, apoptosis and glycolysis in 
HCC. Moreover, the circPVT1/miR-377/TRIM23 regula-
tory axis was constructed to expound the action mechan-
ism of circPVT1 in HCC, in an attempt to better 
understand the potential pathogenesis of HCC and present 

Figure 7 CircPVT1 expedited glucose consumption and lactate production in HCC cells via miR-377/TRIM23 axis. (A and B) The glucose consumption and lactate 
production levels in SNU-387 and Huh7 cells after circPVT1 knockdown were evaluated by specific kits. (C and D) The glucose consumption and lactate production levels in 
SNU-387 and Huh7 cells transfected with si-NC, si-circPVT1, si-circPVT1 + miR-377 inhibitor, or si-circPVT1 + miR-377 inhibitor were measured. (E–H) The glucose 
consumption and lactate production levels in SNU-387 and Huh7 cells transfected with miRNA NC, miR-377 mimic, miR-377 mimic + pcDNA-Control, or miR-377 mimic + 
pcDNA-TRIM23 were detected. *P<0.05.
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the cancer-related biomarkers for diagnosis and treatment 
for HCC.

CricRNAs are a type of non-coding RNAs and 3’ and 
5ʹ ends of circRNAs are covalently connected to form 
a stable closed-loop structure. Accumulating evidence 
indicated that the expression alterations of circRNAs 
have an extensive influence in biological characteristics 
of HCC.18 For instance, circFBLIM1 might exert biologi-
cal regulatory functions in HCC.20 Hsa_circ_0103809 
accelerated proliferation and migration and impeded apop-
tosis in HCC by acting as a sponge of miR-490-5p.21 

CircPVT1 was deemed to be an oncogenic noncoding 
RNA with emerging clinical importance.22 CircPVT1 was 
reported to be upregulated and could promote HCC cell 
proliferation by targeting miR-3666 and regulating Sirtuin 
7 expression.23 Consistent with previous reports, we found 
that circPVT1 level was elevated in HCC tissues and cells, 
and circPVT1 silence hampered HCC progression in vitro 
and in vivo. All these results suggested that circPVT1 
played an oncogenic role in HCC.

Meanwhile, it has been documented that the major 
mechanism of circRNAs was as competitive endogenous 
RNA (ceRNA) to sponge miRNA and then act on mRNA 
in multiple cancers.24–27 Starbase software was used to 
predict the binding sites between circPVT1 and miRNAs. 

The result showed that circPVT1 directly targeted miR- 
377. Moreover, we found that miR-377 was downregu-
lated in HCC tissues and the influences of circPVT1 
silence on HCC cells were all weakened by the inhibition 
of miR-377. All these data revealed that circPVT1 parti-
cipated in the progression of HCC by sponging miR-377.

TRIM23, an ubiquitin ligase, was upregulated in many 
cancers, including gastric cancer28 and lung 
adenocarcinoma.29 However, studies about the specific 
expression and function of TRIM23 in HCC were very 
rare. It has been reported that TRIM23 could facilitate the 
migration and invasion of HCC cells.30 Additionally, the 
circRNA-miRNA-mRNA network has been exhibited to 
be involved in HCC development.31 Similarly, miR-377 
could hinder HCC progression by functioning as a target 
of circRNA and regulating the mRNA expression of 
downstream gene. For example, miR-377-3p regulated 
HCC proliferation, cycle progression, and migration 
through affecting FGFR1expression.32 CircVAPA could 
contribute to HCC cell proliferation through sponging 
miR-377-3p to regulate PSAPexpression.5 In this 
research, it was revealed that miR-377 targeted TRIM23 
and overexpression of TRIM23 abrogated miR-377 
mimic-induced effects on HCC cells, implying that miR- 
377 could decelerate HCC development via targeting 

Figure 8 CircPVT1 increased ECAR level and suppress OCR level in HCC cells by regulating miR-377 and TRIM23 expression. (A–D) The quantification of OCR and ECAR 
in SNU-387 and Huh7 cells transfected with si-NC, si-circPVT1, si-circPVT1 + miR-377 inhibitor, or si-circPVT1 + miR-377 inhibitor was measured by Seahorse Extracellular 
Flux Analyzer XF96. (E–H) The quantification of OCR and ECAR in SNU-387 and Huh7 cells transfected with miRNA NC, miR-377 mimic, miR-377 mimic + pcDNA- 
Control, or miR-377 mimic + pcDNA-TRIM23 were determined.
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TRIM23. Moreover, TRIM23 overexpression also over-
turned the effects of circPVT1 silence on HCC cell pro-
gression. Thus, it was concluded that circPVT1 
modulated the progression of HCC through the miR- 
377/TRIM23 axis. Furthermore, circPVT1/miR-377/ 
TRIM23 can act as novel biomarkers and clinical targets 
for HCC.

Conclusion
In summary, circPVT1 expression was enhanced in HCC 
tissues and cells. Gain- or loss-function experiments con-
cluded that the carcinogenesis of circPVT1 was accom-
plished by regulating proliferation, apoptosis and 
glycolysis via the TRIM23/miR-377 axis. These findings 
enriched our knowledge of HCC pathogenesis and con-
tributed to the diagnosis and treatment of HCC.

Highlights
1. CircPVT1 knockdown suppresses HCC proliferation, 

glycolysis and accelerates apoptosis in HCC cells.
2. CircPVT1 silence decreases TRIM23 expression via 

sponging miR-377.

3. CircPVT1 deletion inhibited the progression of HCC 
through the miR-377/TRIM23 axis.

4. CircPVT1 knockdown impedes tumor growth in vivo.
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