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Introduction: Hepatocellular carcinoma (HCC) is one of the most common malignant
cancers, while the molecular mechanism is not clear. Circular RNAs (circRNAs) are
a class of naturally occurring endogenous noncoding RNAs that prove to play important
roles in the occurrence, development and prognosis of HCC. In this study, we focused on an
abnormally expressed circular RNA-circPCNX in HCC and study the function of circPCNX
and Pecanex (PCNX) in HCC.

Methods: Circular RNA sequencing was used to find the abnormally expressed circRNAs
and qRT-PCR was used to verify it. CCKS8 assay, colony formation assay and cell apoptosis
assay were used to study biological functions, and Luciferase reporter assay and Western blot
analysis were used to study the mechanism.

Results: We observed that circPCNX and Pecanex were significantly upregulated in tumor
tissues of patients with HCC and correlated with clinicopathological variables or prognosis
of HCC patients. Functional investigations showed circPCNX and Pecanex could promote
the viability of HCC cells. Mechanistic investigations suggested that both circPCNX and
Pecanex 3'UTR could bind to miR-506 and subsequently inhibited the miR-506-induced
anticarcinogenic effect in HCC.

Conclusion: Our study revealed the function of circPCNX and Pecanex in promoting HCC
progression and acting as biomarkers in the clinical estimate and treatment of HCC.
Keywords: circPCNX, Pecanex, miR-506, hepatocellular carcinoma

Introduction

Hepatocellular carcinoma (HCC) is one of the most common primary malignancies
of the liver and a major global health problem." Surgical treatments, such as liver
resection and transplantation, remain the most frequently used curative therapy for
patients with early-stage HCC. However, the prognosis after curative resection of
HCC has remained unsatisfactory because of a high incidence of postoperative
recurrence.”* Recently, many studies have explored the molecular mechanism of
HCC tumorigenesis, and further investigations of new molecular targets affecting
tumor progression are required for both the clinical diagnosis and treatment of
patients with HCC.

Circular RNAs (circRNAs) represent a class of naturally occurring, endogenous,
noncoding RNAs that have recently been recognized as important regulators of
gene expression networks. Unlike linear RNAs that terminate with 5’ and 3’ tails,
circRNAs are characterized by covalently closed-loop structures with neither 5'
caps nor 3’ polyadenylated tails.>*® circRNAs are conserved and stable, and numer-
ous circRNAs have been reported to be specifically expressed in a given cell type or
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developmental stage.”® circRNAs contain selectively con-
served microRNA (miRNA) target sites and serve as effi-
cient miRNA sponges, interacting with miRNAs to
regulate gene expression.” Therefore, circRNAs associate
with cancer-related miRNAs and influence the progression
of cancers by regulating the function of miRNAs. The
circRNA-miRNA axes in cancer-related pathways have
been a hot topic in recent studies. Abnormal circRNA
expression has been observed in many human cancers
and might play significant roles in the pathogenesis and
diagnosis of these cancers.'*'?

In our study, we analyzed the expression profile of
circRNAs in HCC tissues and identified that hsa circR
NA 0102533, which we termed circPCNX because it is
derived from the PCNX gene, was significantly up-regulated
in HCC tissues. A recent study revealed a role for PCNX in
non-small cell lung cancer (NSCLC), including promoting cell
growth and proliferation, inducing cell cycle progression and
repressing cell apoptosis.'”* PCNX may act as a competitive
endogenous RNA (ceRNA) of S-phase kinase-associated pro-
tein 2 (Skp2) to positively regulate Skp2 expression, and
PCNX might exert its oncogenic effect on Skp2 by inducing
Akt phosphorylation in a miRNA-dependent manner."
However, no studies have examined PCNX and circPCNX
expression in HCC, and the functions of PCNX and
circPCNX in HCC remain unclear. In this study, we focused
on PCNX and circPCNX to study their biological functions,
mechanisms and abilities to serve as biomarkers of HCC.

Materials and Methods

Tissue Specimens from Patients

Seventy pairs of HCC tissues and adjacent nontumor liver
tissues (ANLTs) were randomly selected from patients who
underwent liver resection at The Affiliated Hospital of
Qingdao University from January 2011 to December 2016.
The notumor samples were removed from a site located more
than 2 cm from the tumor site. The study protocol conformed
to the ethical guidelines of the Declaration of Helsinki. All
human materials were obtained with written informed con-
sent and the procedure was approved by the Ethics
Committee of The Affiliated Hospital of Qingdao University.

Cell Culture

HL-7702, SMMC-7721, HuH-7, Hep3B and HepG2 cells
were obtained from the Cell Resource Center of Shanghai
Institutes for Biological Sciences, Chinese Academy of
Sciences (Shanghai, China) and cultured in DMEM

containing 10% fetal bovine serum in a 5% CO2 atmo-
sphere at 37°C.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was isolated using TRIzol reagent (Life
Technologies, USA). The nuclear and cytoplasmic fractions
were isolated using NE-PER Nuclear and Cytoplasmic
Extraction Reagents (Thermo Scientific). Complementary
DNAs were synthesized using the PrimeScript RT reagent
kit (Takara Bio Inc., China), and RT-PCR was performed
using the SYBR Premix Ex Taq (Takara Bio Inc.). The follow-
ing primers were used: circPCNX, F: 3-ATCCAGAG
TGAGCGATTACAG-5', R: 3-ACAAAACCCACAAAGC
CAACC-5"; PCNX, F: 5-GTGCTCAGTGCTAGTGCCTCC
T-3', R: YGATGCTCTTCTTGCTGCTGGTTCA3'"; and B-
actin, F: 5-CAGAAGGAGATTACTGCTCTGGCT-3, R: 5'-
TACTCCTGCTTGCTGATCCACATC-3".

Circular RNA Sequencing

Total RNA was extracted from five HCC tissue samples
and five ANLT samples using Trizol (Invitrogen, Carlsbad,
CA, USA). RNAs were digested with RNase R (Epicentre
Technologies, Madison, WI, USA) to remove the linear
RNAs and enrich the circular configuration. The sequen-
cing analysis was performed using an Illumina HiSeq2000
Platform (Illumina Inc., San Diego, CA, USA). The
expression profile was sorted using Cluster 3.0 software
(University of Tokyo, Human Genome Center).

Luciferase Reporter Assay

Luciferase reporter vectors carrying the wild-type and mutant
binding sites from circPCNX or the 3'UTR of PCNX were
constructed. The circPCNX sequences containing predicted
wild-type miR-506 binding sites were inserted into the region
directly downstream of a cytomegalovirus (CMV) promoter-
driven firefly luciferase cassette in a pCDNA3.1 vector. The
PCNX 3’ UTR sequences containing the predicted wild-type
miR-506 binding sites were inserted into the region directly
downstream of a CMV promoter-driven firefly luciferase
cassette in the pPCDNA3.1 vector. Mutant reporter plasmids
were prepared using a mutagenesis kit (Stratagene, La Jolla,
CA, USA). All constructs were verified by sequencing. Cells
were seeded into 96-well plates and were co-transfected with
a mixture of 30 ng of firefly luciferase reporter, 5 ng of pRL-
TK Renilla luciferase reporter, and miRNA mimics or inhi-
bitors. Luciferase activity assay was conducted using the
Dual Luciferase Assay System (Promega, Madison, WI,
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USA). The pRL-TK plasmid (Promega) was used to normal-
ize the transfection efficiency.

Oligonucleotide and Plasmid Transfection
The miR-506 mimics and miR-506 inhibitors were purchased
from GenePharma (Shanghai, China). Oligonucleotides were
transfected into cells using the Hiperfect transfection reagent
(Qiagen), and plasmids were transfected using Lipofectamine
3000 (Invitrogen, Carlsbad, CA, USA). The circPCNX siRNA
sequences were: sense, GAAAUCCAGAGUGAGCGAUU
ATT; UAAUCGCUCACUCUGGAUUUCTT.
The mature sequence for circPCNX was synthesized and

antisense,

cloned into pCD-ciR vector to construct circPCNX overex-
pression plasmids. The overexpression of circPCNX was vali-
dated by Sanger sequencing.

CCK8 Assay

Cell proliferation was assessed using the Cell Counting Kit-8
assay (Dojindo, Kumamoto, Japan). Cells were seeded into
96-well plates and transfected with the corresponding oligo-
nucleotides or plasmids. Then, 10 pL of the CCK-8 solution
was added to each well at 24, 48, and 72 hrs. After a 30-min
incubation at 37°C, the absorbance was measured at 450 nM.

Colony Formation Assays

After transfection, cells were counted and 500 cells per well
were seeded. Then, the cells were cultured in a 5% CO2
atmosphere at 37°C for 2 weeks of culture. Methanol was
used to fix the cells and 1% crystal violet was used to dye the
cells.

Cell Apoptosis Assay

After transfection, cells were collected and stained with
Annexin V-FITC and 5 pL propidium iodide (PI). The
apoptosis rates were then analyzed by flow cytometry.

Western Blot Analysis

Levels of the Snail2 and YAP1 proteins were analyzed using
Western blot analyses. Total proteins were extracted, separated
by 10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transferred to a polyvinylidene difluoride mem-
brane (Millipore, USA). Membranes were incubated with 5%
skim milk powder at room temperature for 1 h to block non-
specific binding. The membrane was then incubated with
a primary antibody, followed by a horseradish peroxidase-
labeled secondary antibody and detected using chemilumines-
cence. Antibodies used in this assay included a Snail2 antibody
(ab106077; Abcam, Cambridge, MA, USA), YAP1 antibody

(ab205270; Abcam), and B-actin antibody (ab8227; Abcam)
that was used as a protein loading control.

Statistical Analysis

Statistical analyses were performed using the SPSS program
(version 18.0; SPSS, Chicago, IL, USA). Data are presented as
means+SD Statistical significance was calculated using
Student’s #-test, x> test, Fisher’s exact test or one-way
ANOVA. Pearson’s or Spearman correlation coefficients
were calculated for the correlation analyses. The Kaplan-
Meier survival analysis (log-rank test) was used to analyze
disease-free survival (DFS) and overall survival (OS); the
factors with P values<0.05 were included in the Cox regression
hazard model. P<0.05 was considered statistically significant.

Results

The Expressions of circPCNX and PCNX
are Upregulated in HCC Tumor Tissues
and Cell Lines

We analyzed circRNA expression patterns between HCC
tissues and paired adjacent nontumor liver tissues (ANLTS)
using circRNA sequencing. Increased hsa-circ-0102533
expression was detected in HCC tumor tissues compared to
matched nontumor liver tissues, with fold change greater
than 3, P < 0.05 (Figure 1A). We then measured hsa-circ
-0102533 levels in 70 pairs of HCC tissues and ANLTS using
quantitative reverse transcription-PCR (qRT-PCR) to con-
firm these results, and hsa-circ-0102533 was expressed at
significantly higher levels in HCC tissues (Figure 1B and C).
Because hsa-circ-0102533 was derived from the PCNX gene
locus, we renamed it circPCNX. We then detected PCNX
mRNA levels in 70 pairs of HCC tissues and ANLTs using
gRT-PCR and observed significantly higher PCNX expres-
sion in HCC tissues (Figure 1D and E) that positively corre-
lated with circRCNX expression (Figure 1F). Furthermore,
we showed that both circPCNX and PCNX mRNA expres-
sions were increased in HCC cell lines (Figure 1G and H).
Thus, we focused on the expression and roles of circPCNX
and PCNX in HCC progression in this study.

Correlation Between circPCNX or
PCNX Expression and the
Clinicopathological Variables or Prognosis
of Patients with HCC

First, circPCNX or PCNX expression in HCC tissues was
divided into two groups including the high expression
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Figure | The expressions of circPCNX and PCNX are upregulated in HCC tumor tissues and cell lines. (A) Heatmap showing the circRNA expression profiles of HCC
tissues and ANLTSs. Red and green indicate high and low expression, respectively. (B) Relative expression levels of circPCNX in 70 pairs of HCC tissues and ANLTs were
determined using qRT-PCR. The data were analyzed using the delta Ct method and compared using paired Student’s t-tests. (C) Relative circPCNX expression with the ratio
of its level in HCC tissues versus ANLTs shown on the logarithmic scale. (D) Relative expression levels of the PCNX mRNA in 70 pairs of HCC tissues and ANLTs. (E)
Relative PCNX mRNA levels with the ratio of its level in HCC tissues versus ANLTs shown on the logarithmic scale. (F) Spearman correlation analysis of the relative
expression of circPCNX and PCNX. (G and H) Relative expression levels of circPCNX and PCNX mRNA in human normal liver cell line and HCC cell lines. Results are

presented as meanst SD *P<0.05, **P<0.01, and ***P<0.001.
Abbreviation: NS, not significant.

group (higher than the median expression in HCC) and the
low expression group (lower than the median expression in
HCC) to investigate correlations between circPCNX or
PCNX expression and the clinicopathological variables
or prognosis of patients with HCC. The results revealed
a relative increase in circPCNX expression in HCC tissues
from patients whose tumor size was >5 cm and TNM stage
was [I-11I, and a relative increase in PCNX expression in
HCC tissues from patients whose tumor size was >5 cm
(Table 1). Moreover, the Kaplan-Meier survival analysis
also showed that patients with high circPCNX levels
showed lower disease-free survival and overall survival
rates (Figure 2A and B), and patients with high PCNX

levels showed lower overall survival but not disease-free
survival rates (Figure 2C and D). According to the Cox
regression hazard model, PCNX was an independent risk
factor for the overall survival rates of patients with HCC
(Tables 2 and 3).

circPCNX Serves as a Sponge for
miR-506

Because circRNA has been shown to act as a miRNA sponge,
we first detected the intracellular enrichment of circPCNX in
SMMC-7721 cells using qRT-PCR, and circPCNX was
mainly located in the cytoplasm (Figure 3A). Next, we
explored whether circPCNX bound to miRNAs. Using
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Table | Correlations Between the Clinicopathological Characteristics and circPCNX and PCNX Expression in HCC Tissues

Factor Total Number | circPCNX Expression High/Low | P value | PCNX Expression High/Low | P value
Gender

Male 63 31/32 32/31

Female 7 4/3 0.500 3/4 0.500
Age(years)

<60 52 28/24 26/26

>60 18 71 0.206 9/9 0.607
AFP(ng/mL)

<20 30 16/14 15/15

>20 40 29/21 0.405 20/20 0.595
ALT(U/L)

<40 57 27/30 26/31

>40 13 8/5 0.270 9/4 0.109
Liver cirrhosis

Absent 10 4/6 6/4

Present 60 31729 0.367 29/31 0.367
TNM stage

| 59 26/33 27/32

11111 I 92 0.023 8/3 0.094
Tumor size(cm)

<5 47 18/29 19/28

>5 23 1716 0.005 16/7 0.020
Tumor number

| 56 26/30 28/28

>2 14 9/5 0.185 717 0.617
Microvascular invasion*

No 47 21126 23/24

Yes 21 13/8 0.147 /10 0.500
Hepatitis B status

Negative 7 2/5 4/3

Positive 63 33/30 0.214 31/32 0.500

Note: *Data are missing for some patients.

Abbreviations: AFP, a-fetoprotein; circPCNX or PCNX expression high, the expression of circPCNX or PCNX in HCC tissues was higher than the median; circPCNX or
PCNX low expression, the expression of circPCNX or PCNX in HCC tissues was lower than the median.

a prediction tool based on TargetScan, potential miR-506
binding sites were presented in the circPCNX sequence
(Figure 3B). Thus, we performed luciferase reporter assays
to determine whether circPCNX functioned as an miR-506
sponge. The luciferase activity was decreased when SMMC-
7721 cells were co-transfected with luciferase reporters and
miR-506 mimics (Figure 3C) but was increased when
SMMC-7721 cells were co-transfected with luciferase repor-
ters and the miR-506 inhibitor (Figure 3D). Then, the target
sites of miR-506 in the luciferase reporter were mutated. Co-
transfection of the mutated luciferase reporter and miR-506

mimics or miR-506 inhibitor had no significant effect on
luciferase activity (Figure 3C and D). Thus, circPCNX func-
tioned as a sponge for miR-506. Because miR-506 was shown
to inhibit HCC cell proliferation in many studies, we then
detected the expression of the oncogenes proven to be targets
of miR-506 in cells overexpressing circPCNX. Snail2 and
YAPI, which are targets of miR-506 and promote prolifera-
tion, were significantly upregulated by circPCNX (Figure 3E);
We also observed that the Snail2 and YAP1 upregulation
induced by circPCNX could be rescued by miR-506
(Figure 3E). Therefore, we postulate that circPCNX may
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Figure 2 Correlations between circPCNX or PCNX expression and the clinicopathological variables or prognosis of patients with HCC. (A) Disease-free survival (DFS) of
patients with a high-level circPCNX expression and low level of circPCNX expression. (B) Overall survival (OS) of patients with a high-level circPCNX expression and a low
level of circPCNX expression. (C) Disease-free survival of patients with a high level of PCNX expression and a low level of PCNX expression. (D) Overall survival of
patients with a high level of PCNX expression and a low level of PCNX expression. Red line, circPCNX or PCNX low expression group; green line, circPCNX or PCNX

high expression group; +, censored points.

promote the expression of miR-506 targeted oncogenes via
miR-506. When SMMC-7721 cells were transfected with
circPCNX plasmids or siRNAs, a significant change in miR-
506 expression was not observed (p>0.05) (Figure 3F and G).
When SMMC-7721 cells were transfected with miR-506
mimics or inhibitors, significant changes in cirk PCNX expres-
sion were not observed (p>0.05) (Figure 3H and I). Based on
these results, miR-506 and circPCNX might not cause the
degradation of each other.

circPCNX Promotes HCC Cell Viability
via miR-506

Because circPCNX expression was higher in HepG2
cells than that in SMMC-7721 cells, we overexpressed
circPCNX in SMMC-7721

cells using expression

plasmids and wvalidated it by Sanger sequencing
(Figure 4A and B). We silenced circPCNX expression
in HepG2 cells with an siRNA (Figure 4C); the
circPCNX siRNA did not affect PCNX expression
(Figure 4D). After transfection, we used CCK-8 assays,
colony formation assays and cell apoptosis assays to
assess proliferation and apoptosis. Overexpression of
circPCNX in SMMC-7721 cells promoted cell prolifera-
tion and restrained cell apoptosis which could be atte-
nuated by miR-506 mimics (Figure 4E, G, I and J).
in HepG2
accelerated

Accordingly, cells
inhibited
apoptosis which could be reversed by miR-506 inhibitor
(Figure 4F, H, K and L). Based on these data, circPCNX

promoted HCC cell viability via miR-506.

silencing circPCNX

cell proliferation and cell

submit your manuscript

10962

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove Sun et al
Table 2 Factors Influencing the Disease-Free Survival (DFS) of Patients with HCC
Factors Kaplan-Meier Analysis Cox Regression Hazard Model
Median DFS (Month) P value HR(95% CI) P value
Sex (male/female) 17.0/22.4 0910
Age (£60/>60 years) 13.1/22.4 0.831
AFP (£20/>20 ng/mL) 18.9/13.8 0.352
ALT (<40/>40 U/L) 18.9/15.3 0.290
Liver cirrhosis (Absent/Present) 22.4/17.0 0.678
TNM Stage(I/11-111) 23.2/12.1 0.030
Tumor size (£5/>5 cm) 26.4/12.1 0.004 2.030 (1.017—4.051) 0.045
Tumor number (1/22) 18.9/15.3 0.846
Microvascular invasion* (no/yes) 26.4/10.4 0.002 2.322 (1.168-4.616) 0.016
Hepatitis B status (negative/positive) 60.0/17.0 0.556
circPCNX(high/low) 11.7/25.9 0.026
PCNX(high/low) 13.1/23.2 0.085
Note: *Data are missing for some patients.
Table 3 Factors Influencing the Overall Survival (OS) of Patients with HCC
Factors Kaplan-Meier Analysis Cox Regression Hazard Model
Median DFS (Month) P value HR(95% CI) P value
Sex (male/female) 28.2/32.1 0.714
Age (£60/>60 years) 28.2/36.1 0.831
AFP (£20/>20 ng/mL) 36.7/23.0 0.048
ALT (<40/>40 U/L) 36.1/18.9 0.226
Liver cirrhosis (Absent/Present) 32.1/28.2 0.885
TNM Stage(I/11-111) 28.2/20.5 0.167
Tumor size (£5/>5 cm) 37.7/18.9 0.000
Tumor number (1/22) 28.2/27.3 0519
Microvascular invasion* (nol/yes) 32.1/20.5 0.146
Hepatitis B status (Negative/Positive) 20/5/28.2 0.661
circPCNX(High/Low) 20.5/36.6 0.026
PCNX(High/Low) 18.9/37.7 0.000 2.506 (1.091-5.758) 0.030

Note: *Data are missing for some patients.

PCNX-3'UTR Promotes HCC Cell
Viability via a miR-506-Dependent
Manner

Because the PCNX-3"UTR promotes lung cancer cell prolif-
eration via a PCNX-miRNA-Skp2 regulatory pattern,'> we
then explored the function of the PCNX-3"UTR in HCC.
Using microRNA.org, we identified a binding site for miR-
506 in the PCNX-3'UTR (Figure 5A). Then, we performed
luciferase reporter assays to examine this interaction. The
miR-506 mimics decreased the expression of the reporter
gene containing the wt PCNX-3'UTR but not mut PCNX-
3'UTR (Figure 5B), and miR-506 inhibitors induced the
expression of the reporter gene containing wt PCNX-
3'UTR but not mut PCNX-3'UTR (Figure 5C). Thus,

PCNX-3'UTR was a direct target of miR-506. We also
observed that Snail2 and YAP1 were significantly upregu-
lated by overexpression of PCNX-3'UTR which could be
rescued by miR-506 (Figure 5D). Overexpression of
PCNX-3'UTR in SMMC-7721 cells promoted cell prolifera-
tion and restrained cell apoptosis which could be attenuated
by miR-506 mimics (Figure SE-H). Thus, PCNX might also
function as an oncogene in HCC in a miR-506-dependent

manner.

Discussion

Based on accumulating evidence, circRNAs might be
involved in the progression and serve as biomarkers of many
cancers, including HCC.'*'® In this study, we identified
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NC mimics. (E) Relative Snail2 and YAP| expression in SMMC-7721 cells transfected with circPCNX expression plasmids and miR-506 mimics, as analyzed using Western
blot assays. (F and G) qRT-PCR analysis of miR-506 expression in SMMC-7721 cells transfected with circPCNX expression plasmids or siRNAs. (H and I) qRT-PCR analysis
of circPCNX expression in SMMC-7721 cells transfected with miR-506 mimics or inhibitors. Results are presented as meanst SD *P<0.05, and **P<0.01.U6, RNU6-1.

Abbreviations: NS, not significant; NC, negative control.

a large number of circular RNAs expressed in HCC tissues.
Some circRNAs were also differentially expressed in HCC
tissues compared with ANLTSs, suggesting that these RNAs
may be regulated and may exert a particular function. The
expression of circPCNX was upregulated and positively cor-
related with the TNM stage and tumor size of HCC. The
expression of circPCNX also correlated with poor clinical
outcomes of patients with HCC. Moreover, circPCNX pro-
moted the viability of HCC cells in vitro. Thus, circPCNX
plays a vital role in HCC progression and may be a potential
prognostic biomarker and therapeutic target in HCC.

PCNX was originally identified as a maternal neuro-
genic gene in Drosophila that potentially plays a critical
role in maintaining the normal development of the nervous
system of the fly.'” PCNX is a component of the
N-signaling pathway, and its activity is essential for endo-
plasmic reticulum-regulated function in N signaling.'®
A recent study revealed a role for PCNX in NSCLC,

including promoting cell growth and proliferation, indu-
cing cell cycle progression and repressing cell apoptosis.
PCNX may function as a ceRNA of Skp2 to positively
regulate Skp2 expression by inducing Akt phosphorylation
in a miRNA-dependent manner.'® Our study also explored
the function of PCNX in HCC and showed that the PCNX-
3'UTR promoted HCC cell viability by binding to miR-
506. Therefore, PCNX might also function as an oncogene
in HCC in a miRNA-dependent manner.

Other researchers have shown that miR-506 suppresses
the proliferation of HCC cells.'* ' The function of miR-506
has mainly been examined in cancer. Notably, miR-506 inhi-
bits the proliferation, migration and invasion of various types
of cancer.** >’ In this study, we predicted that circPCNX may
function as a sponge for miR-506 and verified this hypothesis
using luciferase reporter assays. We presented that circPCNX
promoted HCC cell viability and increased the expression of
the miR-506 target genes Snail2’® and YAPI*’ through
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Figure 4 circPCNX promotes HCC cell viability via miR-506. (A and B) Relative circPCNX expression in SMMC-7721 cells transfected with circPCNX expression plasmids
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regulating miR-506. Since Snail2 and YAP1 are well-known
oncogenes in cancers, these results further revealed the
mechanism by which the circPCNX-miR-506-Snail2/YAP
axis promotes the progression of HCC.

However, in this study, the expressions and functions
of circPCNX and PCNX were only investigated in human
tissues and in vitro. Therefore, the lack of an in vivo study
is a limitation of this study.

Conclusions

In summary, our study characterized a differentially
expressed circRNA derived from the PCNX gene. We pro-
pose that circPCNX and PCNX are new prognostic markers
for HCC. Based on our findings, circPCNX and PCNX may
promote HCC progression by regulating miR-506.

Abbreviations

HCC, hepatocellular carcinoma; circRNA, circular RNAs;
PCNX, Pecanex; miRNA, microRNA; NSCLC, non-small
cell lung cancer; ceRNA, competitive endogenous RNA;
Skp2, S-phase kinase associated protein 2; ANLTSs, adjacent
nontumor liver tissues; qRT-PCR, quantitative real-time
PCR; DFS, disease-free survival; OS, overall survival,
CCK-8, Cell Counting Kit-8.
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