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Abstract. – OBJECTIVE: Various studies 
have shown that aberrant expression of circular 
RNAs (circRNAs) has a pivotal role in multifari-
ous cancers. However, the role of circRNAs in 
hepatoblastoma (HB) is not clearly understood. 
In the present study, we attempted to explore 
the underlying mechanism of hsa_cric_0000594 
in HB along with its clinical importance.

PATIENTS AND METHODS: In our research, 
the expression pattern of hsa_circ_0000594 
in HB tissues and matched normal liver tis-
sues was determined by in situ hybridization 
and RT-qPCR. Proliferation, viability, migration, 
and apoptosis of HB cell lines were detected 
via Cell Counting Kit-8 (CCK-8), colony forma-
tion, transwell, and flow cytometry assays. The 
interaction of hsa_circ_0000594 with miR-217 
was investigated by Dual-Luciferase reporter 
assay.

RESULTS: Expression levels of hsa_circ_0000594 
were significantly upregulated in HB tissues com-
pared with those in paired normal liver tissues 
and showed a clear association with the subtype 
of HB. The knockdown of hsa_circ_0000594 in-
hibited the malignant phenotype of HB. Bioinfor-
matics analysis suggests that sirtuin 1 (SIRT1) 
may serve as a target gene of miR-217.

CONCLUSIONS: Mechanically, hsa_circ_0000594 
was identified to have a critical role in HB devel-
opment through the hsa_circ_0000594/mir-217/

SIRT1 regulatory axis, which might become a 
novel diagnostic marker and potential therapeu-
tic target in HB.

Key Words:
Circular RNA, Hsa_circ_0000594, Hepatoblastoma, 

MiR-217, SIRT1.

Introduction

Hepatoblastoma (HB) is a common type of 
primary malignant hepatic tumor usually iden-
tified in children during the first 3 years of life. 
The annual incidence rate of HB is extremely 
low at 1.5 per million of population. The exact 
mechanism of this cancer is unknown but it is 
assumed to originate from abnormal stem cells 
and early hepatic epithelial progenitor cells1. 
Despite its low occurrence, the Surveillance, 
Epidemiology, and End Results (SEER) program 
of the National Cancer Institute in the US has 
reported that HB accounts for almost 79% of 
pediatric liver cancers. This pediatric cancer 
has received considerable critical attention due 
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to its dreadful prognosis resulting from the am-
biguous incipient symptoms and high frequen-
cy of metastasis and recurrence2. The 5-year 
survival rate of children with HB is over 70% 
due to treatment regimens involving systemic 
chemotherapy and surgical resection1. However, 
given the increasing incidence of HB, there is an 
ongoing need to deliver new reliable diagnostic 
methods and markers besides alpha fetoprotein 
(AFP)3 and β-catenin4 to support prompt di-
agnosis and optimum treatment, as well as to 
improve the precision of prognosis. Hence, the 
discovery of novel biomarkers to improve diag-
nosis and treatment, especially during the initial 
stages of HB, is urgently required.

Circular RNAs (circRNAs), a novel class of 
endogenous RNAs expressed in all types of or-
ganisms, are formed by back-splicing events and 
characterized by covalently closed continuous 
loops without a 5’ cap or a 3’ poly(A) tail. Qu et 
al5 suggest that circRNAs usually exhibit tissue/
developmental-stage-specific expression and may 
be engaged in the initiation and development of 
various diseases such as neurological disorders, 
cancer, atherosclerosis, and prion-related diseas-
es. It is now well established that circRNAs have 
been observed to be abnormally expressed in var-
ious cancer types and have an important role in 
the carcinogenesis and progression of cancer. For 
instance, Hansen et al6 demonstrated that ciRS-7, 
originating from the CDR1 gene and one of the 
best studied circRNAs, has more than 70 miRNA 
binding sites. This circRNA serves as a miRNA 
sponge to silence the expression of miRNA-7 and 
its downstream targeted genes, which can pro-
mote the proliferation, invasion, and metastasis 
of cancer cells. 

Several studies have postulated that circRNAs 
can be novel promising molecular biomarkers 
in a range of cancers. CircRNAs are a group 
of highly conserved and tissue-specific RNA 
molecules by virtue of their distinct circular 
covalently closed structure and specific expres-
sion pattern, and lack 5’ or 3’ polarity, leading 
to stronger tolerance to RNase R, as well as 
having better stability than linear RNAs, which 
cannot resist digestion by RNase R7-10. Two 
circRNAs, hsa_circRNA_100855 and hsa_cir-
cRNA_104912, were reported to be significant-
ly upregulated and downregulated in laryngeal 
squamous cell cancer tissues (LSCC), respec-
tively, when compared with adjacent non-tumor 
tissues11. Their expression was closely associat-
ed with neck nodal metastasis, differentiation 

degree, and advanced clinical stage of patients, 
supporting their potential as novel biomarkers 
for the diagnosis and progression of LSCC. Liu 
et al12 suggested that circRNAs are involved in 
the pathogenesis of HB and that circ_0015756 is 
a promising target for the diagnosis, prognosis, 
and management of HB. Nevertheless, there is 
still no systematic understanding of how cir-
cRNAs contribute to HB.

In this study, we first analyzed the expression 
patterns of hsa_circ_0000594 in HB tissues and 
matched non-tumor liver tissues using qRT-PCR 
and in situ hybridization. The results demon-
strated that its expression level was significant-
ly upregulated in HB tissues. Additionally, we 
found that hsa_circ_0000594 could influence 
the development and progression of HB by di-
rectly regulating the miR-217/SIRT1 pathway. 
These results provide adequate evidence that 
hsa_circ_0000594 has a critical role in HB and 
may act as a diagnostic marker and therapeutic 
target in HB.

Patients and Methods

Tissue Specimens and HB Cell Lines
Twenty-four pairs of human HB and matched 

non-tumor liver tissues were collected from 
patients undergoing hepatectomy surgery at the 
Department of Hepatobiliary Surgery of Shang-
hai Children’s Medical Center (Shanghai, Chi-
na). Detailed clinicopathological information of 
each HB tissue sample was available. These 
patients had not received chemotherapy, radio-
therapy, or targeted therapy before admission. 
This investigation was approved by the Eth-
ics Committee of Shanghai Children’s Medical 
Center and informed consent was obtained from 
each patient. 

HB cell lines HepG2 and Huh6 obtained from 
the Cell Bank of the Chinese Academy of Scienc-
es (Shanghai, China) were cultured in Minimum 
Eagle’s Medium (MEM) and Dulbecco’s Modi-
fied Eagle’s Medium (DMEM), respectively, sup-
plemented with high glucose, 10% fetal bovine 
serum (FBS), 100 μg/ml streptomycin, and 100 
U/ml penicillin in 5% CO2 at 37°C.

In Situ Hybridization and 
Immunohistochemistry

The expression level of hsa_circ_0000594 in 
tissues was assessed by in situ hybridization 
(ISH) according to a previous protocol13. Briefly, 
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ISH was performed on 5-μm-thick tissue sections 
from HB tissues and matched normal tissues 
(n=24). After pretreatment, tissue sections were 
hybridized overnight with digoxygenin (DIG)-la-
beled probes specific for hsa_circ_0000594. Then, 
slides were incubated with anti-DIG-HRP anti-
body (#ab6212; Abcam, Cambridge, MA, USA) 
at room temperature for 1 h, and the specific 
hybridization reaction of the DIG-linked probes 
was observed using diaminobenzidine (DAB) 
substrate. To visualize the complete morphology 
of tissues, the slides were counterstained with 
hematoxylin and subsequently examined under a 
bright-field microscope. The probe sequences are 
listed in Table I.

The protein levels of β-catenin and glypi-
can-3 in tissues were examined by immunohis-
tochemistry (IHC). Briefly, tissue sections from 
HB tissues and matched normal tissues (n=24) 
were routinely dewaxed and rehydrated. After 
antigen retrieval and blocking of endogenous 
peroxidase and non-specific binding, sections 
were incubated with primary antibody against 
β-catenin (#ab22656; Abcam, Cambridge, MA, 
USA) and glypican-3 (#ab129381; Abcam, 
Cambridge, MA, USA), followed by incubation 
with biotinylated secondary anti-mouse IgG 
antibody (#ab6789; Abcam, Cambridge, MA, 
USA), and horseradish peroxidase (HRP)-la-
beled streptavidin antigen was visualized after 

incubation with DAB. Representative images 
were photographed under a microscope (Leica, 
Buffalo Grove, IL, USA).

RNA Isolation and Real 
Time-Quantitative Reverse-Transcription 
Polymerase Chain Reaction (RT-qPCR)

Total RNA from HB tissues and cell lines 
was extracted using TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA) in accordance with the 
manufacturer’s protocol. One microgram of total 
RNA was utilized to synthesize cDNA with the 
PrimeScript™ RT Reagent Kit (TaKaRa, Dalian, 
Liaoning, China). RT-qPCR was performed with 
KAPA SYBR® FAST qPCR Kit Master Mix (2X) 
Universal (Applied Biosystems, Foster City, CA, 
USA) on an ABI7900 Real-Time PCR Detection 
System (Applied Biosystems, Foster City, CA, 
USA). All data were analyzed by the 2-ΔΔCT meth-
od. Primers used are listed in Table II.

Oligonucleotides and Transfection
SiRNAs for hsa_circ_0000594, siRNA-NC, 

miR-217 mimics, miR-NC mimics, miR-217 in-
hibitor, and miR-NC inhibitor were chemically 
synthesized by GenePharma (Shanghai, China). 
All transfections were conducted using Lipo-
fectamine 2000 transfection reagent (Invitrogen, 
Carlsbad, CA, USA) in accordance with the man-
ufacturer’s instructions.

Table I. Sequence of ISH probes.

	 Probe	 Sequence (5’-3’)

Hsa_circ_0000594	 CAATCTTTCTCAATGGTCTGACGTCA
Negative Control (NC)	 GTGTAACACGTCTATACGCCCA

Table II. Sequence of primers.

	 Primer	 Sequence (5’-3’)

Hsa_circ_0000594	 F: GCTTGGCTCGACAATTTACC
	 R: AGTGCAACATTTTCCCTGGT
GAPDH	 F: AAATCCCATCACCATCTTCCAG
	 R: TGATGACCCTTTTGGCTCCC
SIRT1	 F: GTATTTATGCTCGCCTTGCTG
	 R: TGACAGAGAGATGGCTGGAA
	 RT: CATGATCAGCTGGGCCAAGAATCCAGTGAGTT
miR-217	 F: TACTGCATCAGGAACTGACTGGA
	 R: TACTGCATCAGGAACT
	 RT: AAAAATATGGAACGCTCACGAATTTG
U6	 F: GTGCTCGCTTCGGCAGCACATATAC
	 R: AAAAATATGGAACGCTCACGAATTTG
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Cell Proliferation and 
Colony Formation Assays

For cell counting kit-8 (CCK-8) assays, cells 
were seeded into 96-well plates at a density of 
5,000 cells per well in triplicate. After treatment, 
the cells were cultured in 100 μl of fresh medium, 
which was supplemented with 10 μl of CCK-8 re-
agent (Beyotime, Shanghai, China) and incubated 
at 37°C for 3 h. Finally, the absorbance was deter-
mined at a wavelength of 450 nm by a multiplate 
reader (Bio Tek, Winooski, VT, USA).

For colony formation assays, cells were seed-
ed into 12-well plates at a density of 1,000 cells 
per well. The cells in the plates were incubated 
for approximately 7 days in fresh medium and 
stained with 0.1% crystal violet. The numbers 
of cell colonies represented the colony-forming 
ability.

Cell Apoptosis Analysis
HB cells transfected with siRNA-hsa_

circ_0000594_1 or negative control were collect-
ed followed by washing with pre-chilled phos-
phate-buffered saline (PBS). Next, 5×105 cells 
were treated with 50 μl of Annexin V-Binding 
buffer comprising 2.5 μl of Annexin-V-FITC. Af-
ter incubation, propidium iodide (PI) was added 
in the dark to stain necrotic cells. Finally, fluores-
cence-activated cell sorting (FACS) analysis was 
performed using BD FACSCanto II™ (Franklin 
Lakes, NJ, USA) to evaluate the percentage of 
apoptotic cells.

Cell Migration Assay
Cell invasion ability was evaluated by tran-

swell assays. In brief, cells (approximately 4×104) 
were collected at 48 h after transfection, followed 
by resuspension in serum-free medium and seed-
ing in the upper chamber of a transwell plate, 
with normal culture medium added to the lower 
chamber. After 24 h of incubation at 37°C with 
5% CO2, the cells migrating through the mem-
brane were fixed by polyoxymethylene and then 
stained with 0.1% crystal violet.

Dual-Luciferase Reporter Assay
The full-length sequence of hsa_circ_0000594 

containing the binding site of miR-217 and mu-
tant hsa_circ_0000594 were cloned downstream 
of the Renilla luciferase gene of Dual-Luciferase 
plasmid pGL4.21 vector (Promega, Madison, WI, 
USA) to construct the pGL4.21-hsa_circ_0000594 
vector or pGL4.21-hsa_circ_0000594-Mut vector. 

Afterwards pGL4.21-hsa_circ_0000594 vector or 
pGL4.21-hsa_circ_0000594-Mut vector together 
with miR-217 mimics or negative control mimics 
were co-transfected into HB cell lines HepG-2 
and Huh6 using Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA). Forty-eight hours later, 
firefly and Renilla signals were detected using a 
Dual-Luciferase system (E1910; Promega, Madi-
son, WI, USA).

Bioinformatics Analysis
Three circRNA-related databases, CircIn-

teractome (https://omictools.com/circinterac-
tome-tool), starBase (http://starbase.sysu.edu.
cn/), and CircBank (http://www.circbank.cn/), 
along with three miRNA-related databases, Tar-
getScan (http://www.targetscan.org/vert_72/), 
miRDB (http://mirdb.org/), and miRPathDB 
(https://mpd.bioinf.uni-sb.de/), were used to 
track the underlying target miRNAs of hsa_
circ_0000594 and the potential target genes of 
miR-217. The predicted target genes of miR-217 
were inputted into DAVID (http://david.abcc.ncif-
crf.gov) for gene annotation and functional analy-
sis, comprising Gene Ontology (GO) and KEGG 
pathway analysis. The protein-protein interaction 
(PPI) network was analyzed by the STRING da-
tabase (https://string-db.org/) and illustrated by 
Cytoscape (https://cytoscape.org/).

Western Blotting Assay
Total protein was extracted in RIPA lysis buf-

fer (Beyotime, Shanghai, China), quantified, and 
boiled in sodium dodecyl sulphate (SDS). Af-
terwards, 60 μg of protein was separated by 
10% sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and then trans-
ferred to nitrocellulose membranes (GE Health-
care, Natick, MA, USA). The membranes were 
blocked with 5% bovine serum albumin (BSA) 
and subsequently incubated for 1 h at 37°C with 
primary antibody against SIRT1 (#ab110304; 
Abcam, Cambridge, MA, USA) and GAPDH 
(#ab9484; Abcam, Cambridge, MA, USA). Af-
ter washing, membranes were incubated with 
fluorescent-conjugated secondary antibodies (LI-
COR Biosciences, Lincoln, NE, USA) for 1 h 
at room temperature. Finally, the bands on the 
membranes were visualized using an Odyssey 
instrument (LI-COR Biosciences, Lincoln, NE, 
USA). Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) was used as an internal control.
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Statistical Analysis
All experiments were repeated at least three 

times. Pearson’s correlation coefficient was uti-
lized to analyse the correlations between two 
parameters. Data were analyzed using one-way 
ANOVA with the Scheffé post-hoc test. Data 
are presented as the mean ± standard deviation 
(SD). The statistical significance is indicated as 
*p<0.05 and **p <0.01.

Results

Hsa_circ_0000594 Is Upregulated in 
HB Specimens, Primarily in Epithelium

ISH was performed on 24 pair of HB tissue 
specimens and matched non-tumor liver tissues 
to examine the transcriptional expression levels 
of hsa_circ_0000594. ISH generated distinct and 
positive DIG-labeled hybridization signals for 
hsa_circ_0000594 in the tissue specimens. The 
results of ISH revealed that the intensity and ex-
tent of hybridization signals for hsa_circ_0000594 
in HB tissues were significantly higher than 
those in paired non-tumor liver tissues, partic-
ularly in epithelial tissues, which proved that 
hsa_circ_0000594 expression in HB tissues was 
significantly upregulated compared with that in 
normal liver tissues, and that hsa_circ_0000594 
was mainly expressed in epithelial rather than 
mesenchymal tissues (Figure 1A). Zhou et al14 
identified that HB epithelium has a distinct im-
munohistochemical profile with glypican-3 and 
β-catenin, which might promote the differentia-
tion of diverse HB subtypes and distinguishing 
HB from HCC. Consequently, we attempted to 
detect whether hsa_circ_0000594 could serve as a 
marker of HB like glypican 3 and β-catenin. IHC 
and ISH were performed to detect the expression 
of glypican 3, β-catenin, and hsa_circ_0000594 
in HB tissues and matched normal liver tissues. 
As shown in Figure 1B, hsa_circ_0000594 shared 
the same expression pattern as glypican-3 and 
β-catenin in that hsa_circ_0000594 was high-
ly expressed in the cytoplasm but not in the 
nuclei of HB epithelial cells, which suggested 
that hsa_circ_0000594 could be a latent mo-
lecular biomarker for HB diagnosis. Moreover, 
the RT-qPCR results, which were normalized to 
18s rRNA, revealed the relative transcriptional 
expression levels of hsa_circ_0000594 in each 
specimen of HB tissue and matched non-tumor 
liver tissue, further verifying our observations 
from ISH (n=24; **p<0.01) (Figure 1C).

Hsa_circ_0000594 Is Required for 
HB Malignant Phenotypes

To confirm whether hsa_circ_0000594 stimu-
lates transformed phenotypes in HB cells, two in-
dependent short interfering RNAs (siRNAs) tar-
geting hsa_circ_0000594 were introduced and the 
transfection efficiency was validated by qRT-PCR. 
As expected, hsa_circ_0000594 siRNA trans-
fection significantly reduced hsa_circ_0000594 
expression in HepG2 and Huh6 cells (Figure 
2A). We selected hsa_circ_0000594-siRNA-1 
with better silencing efficiency for the subsequent 
studies. CCK8 assays (Figure 2B) and colony 
formation assays (Figure 2C) demonstrated that 
hsa_circ_0000594 silencing remarkably reduced 
the proliferation and viability of HB cells. In 
addition, by knocking down hsa_circ_0000594 
in HepG2 and Huh6 cells, a significant reduction 
in cell migration capacity was observed (Figure 
2D). Moreover, we observed that silencing of hsa_
circ_0000594 induced total apoptosis in HepG2 
and Huh6 cells, which could be analyzed through 
FACS. In general, therefore, hsa_circ_0000594 is 
required to maintain the malignant phenotype in 
HB cells.

Hsa_circ_0000594 Serves as 
a Sponge for MiR-217 and MiR-217 
Is Required for Hsa_circ_0000594 to 
Exert its Effects in HB

It has been conclusively shown that circRNAs 
can function as miRNA sponges15 and our pre-
vious studies found that hsa_circ_0000594 was 
abundant in the cytoplasm, suggesting that hsa_
circ_0000594 may regulate HB cells by sponging 
miRNAs. Three powerful web tools, CircInter-
actome, starBase, and CircBank, were exploited 
to predict the underlying binding miRNAs of 
hsa_circ_0000594. Strikingly, only one miRNA, 
miR-217, was identified in all three independent 
databases (Figure 3A); the potential binding site 
between hsa_circ_0000594 and miR-217 is pre-
sented in Figure 3B. The expression level of miR-
217 was investigated by RT-qPCR, showing that 
miR-217 was prominently downregulated in HB 
tissues compared with that in matched non-tu-
mor liver tissues (Figure 3C). Furthermore, the 
expression level of miR-217 in HB cell lines was 
reduced upon the silencing of hsa_circ_0000594 
(Figure 3D). To validate whether miR-217 could 
directly target hsa_circ_0000594, we performed 
Dual-Luciferase assays. Hsa_circ_0000594 or 
mutant hsa_circ_0000594 cDNA (shown in Fig-
ure 3B) cloned downstream of the luciferase gene 



Characterization of hsa_circ_0000594 as a new biomarker and therapeutic target for hepatoblastoma

8279

Figure 1. Hsa_circ_0000594 is upregulated in HB tissues and identical to glypican-3 and β-catenin in terms of sharing the 
same expression pattern. A, ISH was utilized to evaluate the expression level of hsa_circ_0000594 in HB tissues and matched 
normal liver tissues (n=24). *Represents epithelial tissues and & represents mesenchymal tissues (200×). B, ISH and IHC were 
used to detect the expression pattern of hsa_circ_0000594, glypican 3, and β-catenin in HB tissues using serial sections (n 
= 24). Representative images are shown (200×). C, Transcriptional expression levels of hsa_circ_0000594 in paired HB and 
normal liver tissues were analyzed by RT-qPCR. **p < 0.01.
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and miR-217 mimics or negative control mimics 
(miR-NC) were serially co-transfected into HepG2 
and Huh6 cells. The results indicated that miR-
217 significantly inhibited the luciferase reporter 
activity of hsa_circ_0000594 and had no effect 
on hsa_circ_0000594-Mut activity, suggesting 
that hsa_circ_0000594 could bind to miR-217 
and the binding site was just as predicted (Figure 
3E). Notably, hsa_circ_0000594-siRNA-1-medi-
ated inhibition of the transformed phenotypes 
could be reversed by simultaneous co-expression 
of miR-217 inhibitor (Figure 4A-4C). The above 
results suggest that hsa_circ_0000594 serves as a 
sponge for miR-217 to improve proliferation and 
invasion and reduced the apoptosis of HB cells.

Hsa_circ_0000594 Regulates the 
Expression of MiR-217 Target Gene, 
SIRT1, in HB Cells

Three bioinformatic tools, namely TargetS-
can, miRDB, and miRPathDB, were employed 
to predict the underlying targets of miR-217, and 
137 genes were intersected in a Venn diagram 
(Figure 5A). The predicted 137 target genes of 
miR-217 were inputted into DAVID for gene 
annotation and a functional analysis comprising 

Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway analyses. 
Genes annotated with GO terms were identified 
to be expressed mostly in the cytoplasm and to 
be specific to protein binding (Figure 5B, C). As 
shown in Figure 5D, the 137 target genes of miR-
217 mainly participated in the class O of fork-
head box transcription factor (FOXO) signaling 
pathway, endometrial cancer, glutamatergic syn-
apse, non-small cell lung cancer, acute myeloid 
leukemia, and renal cell carcinoma, indicating 
that these genes might have functions in sever-
al cancer types. Moreover, the protein-protein 
interaction network (PPI network) was analyzed 
by STRING and illustrated by Cytoscape (Figure 
5E). This network suggested that SIRT1 acted 
as a hub linking other protein nodes. NAD-de-
pendent protein deacetylase sirtuin-1 (SIRT1), 
an oncoprotein found in many cancers including 
B-cell lymphoma16, ovarian cancer17, breast can-
cer18, and hepatocellular carcinoma (HCC)19, may 
be a feasible target gene of miR-217. QPCR and 
western blotting analyses revealed that increased 
levels of miR-217 could inhibit the expression of 
SIRT1 in HB cell lines (Figure 5F, 5G). More im-
portantly, we found that the expression levels of 

Figure 3. Hsa_circ_0000594 serves as a sponge for miR-217. A, Venn diagram showing the putative target miRNAs of hsa_
circ_0000594 in three independent databases. B, The potential binding sites of miR-217 on hsa_circ_0000594. C, Expression 
level of miR-217 in paired HB tissues and normal liver tissues was determined by RT-qPCR. D, The expression level of miR-
217 in hsa_circ_0000594 silencing HB cell lines. E, Dual-Luciferase assays confirmed the interaction of hsa_circ_0000594 
with miR-217. *p<0.05, **p<0.01.
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SIRT1 were negatively correlated with miR-217 
in HB tissues (Figure 5H), suggesting that SIRT1 
could serve as a direct target of miR-217 in HB. 
Collectively, these results demonstrated that the 
hsa_circ_0000594/miR-217/SIRT1 axis may have 
critical roles in the progression and development 
of HB (Figure 6). 

Discussion

In this study, we first verified that hsa_
circ_0000594, which was derived from the on-
cogenic tau tubulin kinase 2 (TTBK2) gene20, 
naturally exists as a loop in HB tissues. Mean-
while, the expression levels of hsa_circ_0000594 

Figure 4. MiR-217 is required for hsa_circ_0000594 to exert effects in HB. Hsa_circ_0000594-siRNA-1-mediated inhibition 
of the transformed phenotypes was reversed by co-expression of miR-217 inhibitor. Levels of cell proliferation, apoptosis, and 
invasion ability were measured by CCK8 (A), transwell assay (B, magnification 200×), and FACS analysis (C), respectively. 
*p<0.05, **p<0.01.
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were markedly upregulated in HB tissues when 
compared with those in matched non-tumor liver 
tissues. Results from CCK8, colony formation, 
and transwell assays and FACS analysis demon-
strated that hsa_circ_0000594 in HB improved 
cell proliferation, viability, and invasion capacity 
and reduce apoptosis, suggesting its potential 
role in tumor growth and migration. Although 
the underlying mechanisms of hsa_circ_0000594 
and its binding miRNA miR-217 in HB remained 
to be further studied, hsa_circ_0000594 clearly 
has the potential to serve as a novel biomarker for 
HB diagnosis.

HB is a rather malignant embryonal hepatic 
neoplasm that mainly occurs in infants and chil-
dren under the age of 15, accounting for approx-
imately 1% of pediatric cancers1. Considering 
that HB is the most common primary liver tumor 
and the third most common abdominal tumor in 
childhood, along with its increasing incidence21, 
it holds great clinical significance and value. 
Most HB patients have a poor prognosis since it 
is difficult to make an early diagnosis due to the 
ambiguous and nonspecific incipient symptoms 
resulting from the pathological characteristics of 

HB and its heterogenous histological subtypes2. 
In addition, distant metastases often occur in 
roughly 20% of patients with HB at the time of 
diagnosis22. Consequently, the key to improving 
the prognosis of HB patients relies on early de-
tection and timely treatment. At present, serum 
AFP is the most prominent diagnostic biomarker 
for HB because it is markedly elevated in almost 
90% of patients with the disease23. In addition, 
previous studies have reported that AFP is the 
only prognostic marker used in a clinical context 
to monitor therapeutic response and survey re-
currence after treatment. A low level (<100 ng/
ml) of serum AFP and an extremely high level of 
serum AFP (>1.2×106 ng/ml) at HB diagnosis are 
predictors of a poor prognosis24. The prognostic 
roles of other molecules have been evaluated in 
HB. For instance, the co-expression of nuclear 
β-catenin and membranous epithelial cell adhe-
sion molecule (EpCAM) in HB tissue specimens 
was found to be significantly linked to a drop in 
serum AFP level (< 1200 ng/mL) after neoadju-
vant chemotherapy, which implied better chemo-
sensitivity25. In addition, glypican-3 and β-cat-
enin were suggested to help differentiate diverse 
HB subtypes and distinguish HB from HCC due 
to their distinct immunohistochemical profile in 
HB epithelium14. However, given that the serum 
level of AFP may also be increased in patients 
with benign liver neoplasms such as hemangioen-
dotheliomas, hepatic adenoma, and mesenchymal 
hamartoma, and in patients with HCC26, and that 
it is naturally high in infants, AFP is not an ide-
al and specific biomarker for the diagnosis and 
prognosis of HB. Thus, there is an urgent need to 
develop novel and effective biomarkers.

With the development of advanced technolo-
gies and bioinformatics, circRNAs have received 
increasing attention. Qin et al27 revealed that the 
expression of hsa_circ_0001649 was significantly 
decreased in HCC tissues when compared with 
that in paired adjacent non-tumor liver tissues, 
and the receiver operating characteristics (ROC) 
analysis for hsa_circ_0001649 in HCC showed its 
great potential as a diagnostic biomarker of HCC 
with high sensitivity, specificity, and accuracy. 
Similarly, hsa_circ_0000190 expression was re-
ported to be markedly downregulated in plasma 
specimens and gastric cancer (GC) tissues from 
GC patients, and displayed significant correla-
tions with TNM stage, tumor diameter, lymphat-
ic and distal metastasis, and CA19-9 and CEA 
levels, supporting it as a non-invasive biomarker 
for the auxiliary diagnosis of GC28. However, few 

Figure 6. Schematic of the hsa_circ_0000594/miR-217/
SIRT1 axis in HB.
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studies have examined the association between 
circRNAs and HB. Our results from RT-qPCR 
and ISH revealed that in contrast to the paired 
normal liver tissues, the expression level of hsa_
circ_0000594 was significantly upregulated in 
tissue specimens from patients with HB, and that 
the expression pattern of hsa_circ_0000594 coin-
cided with that of glypican-3 and β-catenin, indi-
cating the possibility of using hsa_circ_0000594 
as a more effective and specific biomarker than 
AFP for the diagnosis of HB. 

MiRNAs are a class of endogenous small 
non-coding RNAs (18-25 nucleotides) that sup-
press ribosome function and promote the deg-
radation of target mRNAs to regulate gene 
expression at the post-transcriptional level via 
binding to specific sites on the 3’-UTRs of target 
genes29. MiR-217 has been documented to be 
involved in carcinogenesis and tumor develop-
ment in several cancers, such as glioblastoma30, 
breast cancer31, and HCC32. In this study, we 
explored whether miR-217 is an important target 
of hsa_circ_0000594 in HB cells through bioin-
formatics analysis. Individual knockdown of hsa_
circ_0000594 in HB cells resulted in decreased 
proliferation, viability, and invasion ability and 
increased apoptosis, which could be significantly 
reversed upon the simultaneous co-transfection 
with miR-217 inhibitor. However, miR-217 in-
hibitor alone had no effect, probably due to the 
initial low expression of miR-217 in HB tissues. 
In addition, three miRNA-related databases were 
applied to search for target genes of miR-217, 
identifying SIRT1. QPCR and Western blot anal-
ysis demonstrated a negative correlation between 
miR-217 and SIRT1. The observations led to the 
consensus that hsa_circ_0000594 exerted its piv-
otal function in maintaining the transformed phe-
notypes of HB via sponging miR-217, a well-rec-
ognized tumor suppressor miRNA, to regulate 
SIRT1 expression.

Conclusions

Taking the findings of this study together, 
we first identified that hsa_circ_0000594 expres-
sion was significantly upregulated in HB tissues, 
thereby distinguishing cancerous from non-can-
cerous tissues. Owing to the limitation of the 
relatively small sample size in this study, there 
was insufficient statistical power to validate any 
associations; for instance, the correlation between 
the expression pattern of hsa_circ_0000594 and 

the histological subtypes of HB. Nevertheless, we 
did reveal that hsa_circ_0000594 might serve as 
a promising diagnostic and prognostic biomark-
er for HB patients. Future discoveries hinge on 
a large-scale study to elucidate the significant 
relationships among cell markers, histological 
subtypes, and the survival of patients with HB. 
Furthermore, our results established that hsa_
circ_0000594 is involved in the tumorigenesis 
and metastasis of HB, indicating that the block-
ing of hsa_circ_0000594 might be a promising 
therapeutic strategy for treating HB.
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