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Abstract: Primary hepatocellular carcinoma (HCC) affects people all over the world. Circular RNAs are involved in the 
growth and development of several malignancies and regulate a number of biological processes. However, the roles 
of has-circ-0009158 in HCC remain unknown. This study explored the expression and associated miRNA-mRNA 
network of has-circ-0009158 in HCC. Quantitative real-time polymerase chain reaction was used to measure the ex-
pression of hsa-circ-0009158 in the HCC tissues of 143 patients and four human HCC cell lines. Then, the potential 
relationship of hsa-circ-0009158 expression with clinical characteristics and prognosis of patients was analyzed us-
ing the GO and KEGG databases. Correlated miRNA-mRNA networks were forecasted using the TCGA database and 
Cytoscape software. The hsa-circ-0009158 expression was significantly upregulated in HCC tissues and cell lines 
(P<0.001). The multivariate Cox analysis revealed that HCC patients were associated with high hsa-circ-0009158 
expression. The bioinformatics analysis screened 1 miRNA, and 248 mRNAs associated with the circRNA in HCC. A 
pathway analysis suggested that the differentially expressed genes (DEGs) may be linked to the development and 
growth of HCC tumors. Ten hub genes (MELK, NCAPG, BUB1B, BIRC5, CDCA8, CENPF, BUB1, CDK1, TTK, TPX2) were 
identified from the PPI network based on the 248 genes. Additionally, the 10 hub genes that were verified had an 
association between high expression levels and low overall survival rates. As a result, the high expression of hsa-
circ-0009158 was found to be a separate risk factor for recurrence and a poor prognosis in HCC patients.
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Introduction

Based on the Global Cancer Statistics in 2020, 
cancer of the liver is the sixth most common 
cancer (approximately 906,000 new cases per 
year) and the fourth leading cause of cancer-
related deaths (approximately 830,000 deaths 
every year) [1]. HCC is the most common kind of 
primary liver cancer, accounting for 75%-85% 
of all cases [1]. Due to the absence of early 
symptoms, most patients receive their diagno-
ses when they are in the middle or advanced 
stages, leading to high incidence and mortality 
of HCC patients. It is worth noting that owing to 
the high recurrence rate (5-year recurrence 
rate of up to 70%), the patient’s long-term sur-
vival rate for HCC is not satisfactory [2]. 

However, none of the molecular biomarkers 
proposed can be used to predict HCC recur-
rence or prognosis [3]. It is urgent to identify 
sensitive molecular biomarkers that are specif-
ic to the assessment of the prognosis of HCC.

Circular RNAs (circRNAs) are presented in a 
wide range of species [4, 5]. In the past, due to 
the lack of protein-coding function, circRNAs 
were considered as by-products of mRNA pro-
cessing related to mis-splicing and thus have 
been neglected [6, 7]. However, subsequent 
studies have found that circRNAs control a 
number of biological activities [8, 9]. Some cir-
cRNAs have been identified as functional bio-
markers of HCC, which can influence the devel-
opment of HCC by controlling a number of bio-

http://www.ajtr.org
https://doi.org/10.62347/MYMM7384


Circular RNA of HCC

416 Am J Transl Res 2024;16(2):415-431

logical processes, such as cell division, migra-
tion, invasion, apoptosis, and epithelial-mesen-
chymal transition, etc. [10-13].

Hsa-circ-0009158 is found on chromosome 
8:52546241-62566219, with its correspond-
ing gene symbol Aspartyl/Asparaginyl-hydro- 
xylase (ASPH), which is a member of the -keto-
glutarate-dependent dioxygenase family as 
well as an 86 KD Type II transmembrane pro-
tein [14]. ASPH is overexpressed in HCC and 
can promote the occurrence, proliferation, inva-
sion, and migration of tumor cells by increasing 
motility and invasiveness, resulting in high 
recurrence and low survival rate of HCC 
patients, that has been proven in studies [15, 
16]. However, no reports are currently available 
regarding how hsa-circ-0009158 manifests 
and what it means clinically for the prognosis of 
HCC.

Therefore, in this research, we want to look into 
the expression and clinical significance of hsa-
circ-0009158 in HCC, and to explore the pre-
diction ability of hsa-circ-0009158 for recur-
rence and prognosis of HCC patients.

Materials and methods

Data collection

We obtained hepatocellular carcinoma-associ-
ated miRNA and mRNA sequencing from The 
Cancer Genome Atlas (TCGA) database is avail-
able at https://cancergenome.nih.gov. There 
were 50 matched normal samples and 374 
liver cancer samples, totaling 424 total 
samples.

Patient data and specimens

HCC samples and comparable neighboring nor-
mal tissues (>3 cm from the tumor margin) 
were collected from 143 patients undergoing 
hepatectomy at the Affiliated Tumor Hospital of 
Xinjiang Medical University, Urumqi, Xinjiang 
Uygur Autonomous Region. The samples were 
obtained between May 2013 and May 2015. To 
ensure preservation, all tissues were promptly 
placed in liquid nitrogen and delivered to the 
lab within 30 minutes. The HCC diagnosis was 
confirmed through postoperative pathological 
examination. Prior to surgery, there had been 
no chemotherapy, radiation, or immunotherapy 
for any of the patients. Comprehensive clinical 
data, including age, gender, presence of cirrho-

sis, serum alpha-fetoprotein (AFP) levels, tumor 
characteristics, and TNM stage, were collected. 
The patients received 60 months of follow-up 
care, during which valid survival data and infor-
mation on tumor recurrence were recorded for 
all patients.

Differential expression analysis

We employed the EdgeR software package to 
determine the mRNAs and miRNAs that are  
differentially expressed. To predict the in- 
teractions of miRNAs, we utilized the Circular 
RNA Interactome (https://circinteractome.nia.
nih.gov) and data from the TCGA database. 
Furthermore, we employed TargetScan (http://
www.targetscan.org/vert_80/) and the TCGA 
database to predict the crucial mRNA targets  
of the identified miRNAs.

Bioinformatic DEG analysis

We conducted gene ontology (GO) and Kyoto 
Encyclopedia of Gene and Genomes (KEGG) 
enrichment analyses using the Cluster Profiler 
package (version 3.14.3). If the corrected p-val-
ue was less than 0.05, the difference was sta-
tistically noteworthy.

PPI network construction and topological 
analysis

To evaluate the interaction of DEmRNAs and 
build a protein-protein interaction (PPI) net-
work, we used the String database (https://
string-db.org/). A combined score threshold of 
greater than 0.4 was applied to determine the 
interactions in the PPI network. To evaluate the 
interaction of DEmRNAs and build a PPI net-
work, we used the String database (https://
string-db.org/). Finally, we visualized the inter-
active network using Cytoscape version 3.9.0 
software.

Validation of hub genes

We validated the identified hub genes using the 
Human Protein Atlas (HPA) (http://www.protein-
atlas.org/). Clinical statistics of the TCGA data-
base were applied for survival analyses of 10 
key genes.

Cell culture

Four human HCC cell lines (PLC, Huh7, Hep3B, 
and SMMC-7721) and one human normal hepa-
tocyte (QSG-7701) were cultured in DMEM 
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(Gibco, USA) with 10% heat-inactivated fetal 
bovine serum, 100 mg/mL streptomycin, and 
100 U/mL penicillin. In a humidified incubator, 
the cell cultures were incubated at 37°C and 
5% CO2.

RNA extraction and cDNA synthesis

Trizol reagent (Invitrogen, Carlsbad, CA, USA) 
was used to extract RNA from HCC tumors,  
surrounding normal tissues, and cells. A 
Nanodrop 2000 spectrophotometer (Thermo 
Scientific Inc., Waltham, MA, USA) was used to 
measure the concentration of RNA. Reverse 
transcription of RNA into cDNA was performed 
using the HiScript II Reverse Transcriptase 
SuperMix with gDNA wiper (Vazyme, Nanjing, 
China) following the manufacturer’s instruc- 
tions.

Quantitative real-time polymerase chain reac-
tion (RT-PCR)

With the use of the Fast Start Universal SYBR 
Green Master ROX (Roche, Basel, Switzerland), 
the expression level of hsa-circ-0009158 was 
discovered. The primers for hsa-circ-0009158 
and GAPDH were as follows (5’-3’): hsa-circ- 
0009158: GAAGTAAGCATTTTTCCTGTGG (for-
ward), GGGACTGCTGGCTCTGAA (reverse); GA- 
PDH: CAGGAGGCATTGCTGATGAT (forward), GA- 
AGGCTGGGGCTCATTT (reverse). The house-
keeping gene GAPDH was utilized for internal 
normalization. The 2-Ct technique was used to 
examine the data.

Statistical analysis

The data was evaluated statistically using  
SPSS 26.0 (IBM Corp., Armonk, NY, USA) and 
GraphPad Prism 8.0 (GraphPad Software Inc., 
CA, USA). Each experiment was performed 
three times. The standard deviation (SD) and 
the mean are used to present continuous  
data. One-way ANOVA or the Student’s t-test 
was used to analyze group differences. Using 
the chi-square test and Fisher’s exact test,  
the relationships between clinicopathological 
traits and hsa-circ-0009158 expression were 
examined. The curves for overall survival (OS) 
and recurrence-free survival (RFS), which were 
drawn using the Kaplan-Meier method, and 
were compared using the log-rank test. Using 
the Cox proportional hazard regression model, 

survival analysis was conducted both in a sin-
gle-factor and multi-factor fashion. If the p-val-
ue was less than 0.05, the difference was 
declared to be significantly different. P values 
of 0.05, 0.01, or 0.001 were used as the crite-
ria for statistical significance (*, **, ***). 
Correlations were analyzed using Pearson’s 
correlation coefficient. The comparisons of 
gene expression between the cancer and nor-
mal groups of samples were carried out using 
t-tests.

Results

Hsa-circ-0009158 expression is upregulated 
in HCC tissues

We employed RT-PCR to look at hsa-circ- 
0009158 expression in HCC tumors and near-
by healthy tissues. When compared to the  
nearby normal tissues, the HCC tissues had a 
significant overexpression of hsa-circ-00091- 
58, according to the findings (P<0.001; Figure 
1A). Besides, the waterfall plot revealed that 
85.3% of the HCC tissues had much higher 
expression of the gene hsa-circ-0009158 
(Figure 1B).

Hsa-circ-0009158 expression is also upregu-
lated in HCC cell lines

To further validation of our findings, we detect-
ed the expression levels of hsa-circ-0009158 
in HCC cell lines. Naturally, hsa-circ-0009158 
was also notably increased in four human HCC 
cell lines (PLC, Huh7, Hep3B, and SMMC-7721) 
when compared to the QSG-7701 human nor-
mal hepatocyte (P<0.001, Figure 2). Together, 
our findings support the finding that hsa-
circ-0009158 expression exhibited an overex-
pression pattern in HCC tissues and cells, indi-
cating that it may play a part in promoting the 
development and spread of HCC.

The connection between the hsa-circ-0009158 
gene and clinicopathological traits in HCC pa-
tients

To understand the impact of hsa-circ-0009158 
on the progression of HCC, we investigated how 
it related to the clinicopathological traits of 
HCC patients. In our study involving 143 HCC 
cases, there were 112 males (78.3%) and 31 
females (21.7%), aged 54.41 years on average 
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(with a range of 37 to 79 years). Table 1 pro-
vides an overview of the clinical features of 
HCC patients.

Based on the median values of relative hsa-
circ-0009158 expression, we divided the HCC 
patients into two groups based on the levels of 
hsa-circ-0009158 expression: a low-expres-
sion group (n=71) or a high-expression group 
(n=72). According to our findings, patients in 
the group with high expression of the hsa-
circ-0009158 had a considerably greater inci-
dence of tumor thrombosis (P<0.05) and 
decreased differentiation compared to those  
in the group with low expression (P<0.001). 
Additionally, a higher likelihood of tumor recur-
rence was positively associated with the 
expression of hsa-circ-0009158 (P<0.001) 

(Table 1). However, no real relationship was 
found between hsa-circ-0009158 expression 
and age, gender, cirrhosis, serum AFP, tumor 
diameter, microvascular invasion and TNM 
stage. Therefore, we considered that hsa-
circ-0009158 overexpression is linked to unfa-
vorable clinicopathological characteristics and 
bleak prognosis for those with HCC.

Patients with HCC who have elevated expres-
sion of hsa-circ-0009158 have a worse prog-
nosis

To investigate how HSA-circ-0009158 affects 
HCC patients’ survival, we conducted a Kaplan-
Meier analysis. Figure 3A, 3B demonstrates 
that patients with HCC patients in the hsa-
circ-0009158 high expression group had sub-
stantially shorter RFS and OS than those in the 
low expression group (P<0.001). The low-
expression group’s median RFS time was 17.2 
months, compared to the median RFS duration 
of 5.5 months in the high-expression group. To 
assess the independent prognostic value of 
hsa-circ-0009158, we conducted a Cox analy-
sis using single and multiple variables. With the 
findings presented in Table 2. Univariate Cox 
analysis revealed that age, tumor thrombosis, 
microvascular invasion, TNM stage, differentia-
tion and has-circ-0009158 were significantly 
related to RFS. Multivariate Cox analysis vali-
dated that tumor thrombosis, microvascular 
invasion, TNM stage, and hsa-circ-0009158 
were independent high-risk factors of RFS 
(Table 2). Furthermore, univariate Cox analysis 

Figure 1. Relative expression of hsa-circ-0009158 in HCC and adjacent normal tissues. A. Hsa-circ-0009158 ex-
pression was significantly upregulated in HCC tissues compared with the adjacent normal tissues (P<0.001). B. The 
waterfall plot showed that hsa-circ-0009158 was significantly and highly expressed in 85.3% of the HCC tissue.

Figure 2. Hsa-circ-0009158 expression in HCC cells 
and normal hepatocyte lines. Hsa-circ-0009158 was 
significantly up regulated in four HCC cell lines (PLC, 
Huh7, Hep3B, and SMMC-7721) compared to nor-
mal l-hepatocyte QSG-7701 (***P<0.001).
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revealed variables such as tumor thrombosis, 
microvascular invasion, differentiation, and 
hsa-circ-0009158 were associated with OS, 
while differentiation was not found to be asso-
ciated with OS in multivariate Cox analysis 
(Table 2).

Taken together, high has-circ-0009158 expres-
sion constituted a separate risk factor for 
shorter RFS (HR: 3.333, 95% CI: 2.127, 5.221, 
P<0.001) and poor OS (HR: 17.505, 95% CI: 

9.223, 33.222, P<0.001) in HCC patients, as 
shown in the forest plots (Figure 3C, 3D).

Prediction and analysis of miRNA and mRNA 
that interacted with the circRNA in HCC

To study whether the downstream mRNA of 
hsa-circ-0009158 exhibits differential expres-
sion and can provide a signal for hepatocellular 
carcinoma (HCC) diagnosis, we constructed a 
network pathway to examine the target genes 

Table 1. Hsa-circ-0009158 expression and clinical characteristics in 143 HCC patients

Characteristics Total
Circ-0009158 expression

P value
Low (n=71) High (n=72)

Age (years) 0.284
    <70 135 69 (0.97) 66 (0.92)
    ≥70 8 2 (0.03) 6 (0.08)
Gender 0.874
    Male 112 56 (0.79) 56 (0.78)
    Female 31 15 (0.21) 16 (0.22)
Cirrhosis 0.172
    Positive 104 48 (0.68) 56 (0.78)
    Negative 39 23 (0.32) 16 (0.22)
AFP (ng/mL) 0.943
    ≥400 60 30 (0.42) 30 (0.42)
    <400 83 41 (0.58) 42 (0.58)
Tumor diameter 0.275
    ≥5 cm 85 39 (0.55) 46 (0.64)
    <5 cm 58 32 (0.45) 26 (0.36)
Multiple lesions 0.874
    Positive 31 15 (0.21) 16 (0.22)
    Negative 112 56 (0.79) 56 (0.78)
Tumor thrombosis 0.017*
    Positive 20 5 (0.07) 15 (0.21)
    Negative 123 66 (0.93) 57 (0.79)
Microvascular invasion 0.060
    Positive 15 4 (0.06) 11 (0.15)
    Negative 128 67 (0.94) 61 (0.85)
TNM stage 0.813
    I-II 96 47 (0.66) 49 (0.68)
    III-IV 47 24 (0.34) 23 (0.32)
Differentiation 0.000***
    High/moderate 126 71 (1.00) 55 (0.76)
    Low 17 0 (0.00) 17 (0.24)
Tumor recurrence 0.000***
    Positive 112 44 (0.62) 68 (0.94)
    Negative 31 27 (0.38) 4 (0.06)
Abbreviations: AFP: alpha fetal protein; TNM: tumor-node-metastasis. *P<0.05, ***P<0.001.
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downstream of hsa-circ-0009158 in a precise 
manner.

Initially, we utilized CircInteractome and TCGA 
databases the miRNAs that link to hsa-
circ-0009158 are predicted. The intersection 
of 103 differential miRNAs in the TCGA data-
base and 28 potential miRNAs predicted to 
bind hsa-circ-0009158 in the CircInteractome 
database were used to obtain only one miRNA, 
hsa-miR-942 (Figure 4A). Then, using the TCGA 
database, we discovered 26,379 differentially 
expressed genes (DEGs). In contrast to normal 
HCC tissues, 1,882 of these genes were elevat-
ed and 264 were downregulated (Figure 4B). 
We used the TCGA and TargetScan databas- 
es (Figure 4C) to estimate the downstream tar-
get genes of hsa-miR-942. Finally, we used 
Cytoscape (Figure 4D) to build a co-expression 
network of the miRNA-mRNA relationships.

Functional and pathway enrichment analysis

To evaluate the deg’s role in the network, we 
employed GO and KEGG analysis on the 248 

overlapping genes. Regarding the GO biological 
process (BP), we observed enrichment in 
GO:0140014 mitotic nuclear division and GO: 
0000280 nuclear division. For cellular compo-
nents (CC), the top three enriched terms were 
GO:0005819 spindle, GO:0072686 mitotic 
spindle, and GO:0000775 chromosome, cen-
tromeric region. In terms of molecular function 
(MF), the enriched terms were GO:0008017 
microtubule binding, GO:0015631 tubulin  
binding, and GO:0003774. Additionally, KEGG 
pathway enrichment analysis revealed a num-
ber of strongly enriched pathways, including 
the cellular senescence, oocyte meiosis, the 
PPAR signaling pathway, viral protein interac-
tions with cytokines and cytokine receptors, 
and the cell cycle are all shown in Figure 5.

Reconstruction of miRNA-mRNA in sub-net-
work

We inputted the 248 differentially expressed 
genes into the String database to retrieve the 
gene interactions. Using Cytoscape software, 
we created a PPI network diagram (Figure 6A) 

Figure 3. Prognostic significance of hsa-circ-0009158 expression in HCC patients. By multivariate Cox regression 
analysis, high hsa-circ-0009158 expression was identified as an independent prognostic factor in HCC patients. 
A. Cumulative recurrence-free survival curves of patients in high and low hsa-circ-0009158 expression groups. B. 
Cumulative survival curves of patients in high and low hsa-circ-0009158 expression groups. C. Forest plot of the 
results of multivariate Cox analysis for RFS. D. Forest plots of the results of multivariate Cox analysis for OS.
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Table 2. Univariate and multivariate Cox analysis for hsa-circ-0009158 and survival of HCC patients

Variables
RFS OS

Univariate Multivariate Univariate Multivariate
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Age (≥70 years vs <70 years) 3.077 (1.308, 7.239)** 0.807 (0.303, 2.147) 2.395 (0.957, 5.999) -
Gender (male vs female) 0.698 (0.451, 1.080) - 0.958 (0.592, 1.637) -
Cirrhosis (+ vs -) 1.322 (0.869, 2.010) - 1.329 (0.820, 2.153) -
AFP (≥400 ng/mL vs <400 ng/mL) 1.397 (0.959, 2.036) - 1.052 (0.688, 1.609) -
Tumor diameter (≥5 cm vs <5 cm) 1.175 (0.801, 1.723) - 1.179 (0.766, 1.816) -
Multiple lesions (+ vs -) 1.491 (0.967, 2.298) - 1.154 (0.693, 1.921) -
Tumor thrombosis (+ vs -) 2.978 (1.778, 4.988)*** 2.757 (1.578, 4.817)*** 3.665 (2.137, 6.286)*** 5.272 (2.923, 9.507)***
Microvascular invasion (+ vs -) 4.357 (2.430, 7.812)*** 3.831 (1.995, 7.357)*** 4.279 (2.336, 7.838)*** 6.413 (3.226, 12.746)***
TNM stage (I/II vs III/IV) 1.691 (1.154, 2.479)** 1.977 (1.316, 2.971)*** 1.144 (0.733, 1.786) -
Differentiation (low vs high/moderate) 1.686 (0.999, 2.847)* 1.021 (0.570, 1.829) 2.955 (1.713, 5.097)*** 1.015 (0.583, 1.766)
Hsa-circ-0009158 (high vs low) 3.545 (2.351, 5.346)*** 3.333 (2.127, 5.221)*** 14.184 (7.744, 25.980)*** 17.505 (9.223, 33.222)***
Abbreviations: RFS: recurrence-free survival; OS: overall survival; HR: hazard ratio. *P<0.05, **P<0.01, ***P<0.001.
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based on this information. In order to further 
study the intersection of differential genes, the 
cytoHubba app and MCC algorithm, which is a 
topological algorithm, were used to generate 
sub network and then obtained the top 10 key 
genes with the strongest interaction (Figure 
6B). The top ten hub genes were Maternal 
Embryonic leucine zipper kinase (MELK), 
NCAPG stands for non-structural maintenance 
of the condensin I complex subunit G of chro-
mosomes, budding uninhibited by benzimid-
azole 1B (BUB1Β), Baculovirus IAP repeat con-
taining 5 (BIRC5), cell cycle division associat- 
ed 8 (CDAC8), centromere binding protein F 
(CENPF), budding uninhibited by benzimidazole 

1 (BUB1), Cyclindependent kinase 1 (CDK1), 
threonine tyrosine kinase (TTK). Then corplot 
was used to verify the correlation among the 10 
top genes (Figure 6C). There was a strong cor-
relation between these 10 genes. Both meth-
ods yielded consistent results.

Relative mRNA expression of ten hub genes by 
TCGA

We obtained box plots of the top 10 genes from 
the TCGA database. Figure 7 shows that all of 
these genes had considerably greater levels of 
mRNA expression in HCC tissues than in nor-
mal tissues.

Figure 4. Prediction and prognosis of miRNA that interacted with has-circ-0009158. A. Venn diagram displaying the 
overlaps of miRNA predicted by the intersection of differential miRNAs in TCGA and prediction of in CircInteractome 
database. B. Volcano map displaying the differential genes present in the TCGA database. C. Venn diagram display-
ing the overlaps of mRNA predicted by the intersection of differential mRNAs in TCGA and prediction of in TargetScan 
database. D. Correlation between has-miR-942 and overlaps of mRNAs, the color red signifies a significant level of 
expression, and the color blue is a low level of expression.
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HPA database’s analysis of 9 hub genes’ rela-
tive expression in tissues

In addition, the HPA database’s immunohisto-
chemistry (IHC) staining data showed that, with 
the exception of BUB1B, the expression levels 
of 9 hub genes were considerably greater in 
hepatocellular carcinoma cells than in healthy 
liver tissues. However, there was no available 
record for BUB1B in the HPA database (Figure 
8).

High expression of the top 10 hub genes is as-
sociated with poor prognosis

To examine the survival prospects of the top 10 
hub genes, we used the ggsurvplot R program. 
Figure 9’s results showed a statistically signifi-
cant positive connection between higher hub 
gene expression levels and worse overall 
survival.

Discussion

A complex, multi-step process involving the 
abnormal expression of a large number of 
genes leads to the formation of HCC. So far, the 
genes associated with the growth of HCC are 

still not completely understood. CircRNAs have 
emerged as potential biomarkers for tumors, 
with numerous studies highlighting their re- 
gulatory role in various diseases [17-19]. 
Research conducted by Wei Y et al. revealed a 
hidden network of circRNA-centric noncoding 
regulatory RNAs that are active in the early 
stages of HCC. They found that circ-CDYL 
affected the network to promote HCC tumori-
genesis, promoting the tumorigenesis of HCC. 
This discovery opens up possibilities for early 
treatment of HCC, and a promising biomarker 
for early HCC surveillance may be created by 
combining AFP, circ-CDYL, HDGF, and HIF1AN 
[20]. By controlling the miR-338-3p/PKM2  
axis both in vitro and in vivo, Li Q et al. found 
that circMAT2B increases glycolysis and malig-
nancy of HCC cells under hypoxia. They also 
demonstrated that circMAT2B is considerably 
enhanced in HCC tissues and related to clini- 
cal characteristics. This suggests that circ-
MAT2B could potentially provide a therapeutic 
target for HCC [21]. Han D et al. [22] discovered 
that circMTO1 promotes p21 expression by 
serving as a sponge for the oncogenic miR-9, 
which inhibits the progression of HCC. These 
results suggest that circMTO1 may be a thera-

Figure 5. GO and KEGG pathway analyses of DEGs. Bubble plot of DEGs GO analysis: BP (A), MF (B) and CC (C). (D) 
Bubble maps depicting the top 5 signaling pathways in the KEGG enrichment analysis of differential genes.
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Figure 6. The PPI network is constructed based on DEmRNAs in cytoscape. A. PPI network of all DEGs, the color of nodes stands for the expression of the gene, 
dark orange signifies high expression, and blue colors suggest that a gene is expressed at low levels. Edges stand for the relevance of two genes to each other, dark 
purple represents a high level of correlation, and orange indicates a weak correction margin. B. The top 10 genes are ordered by the approaches of MCC, darker red 
means higher correlated genes. C. Corplot of the top 10 genes in TCGA, the blue color implies a higher degree of correlation.
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Figure 7. The different expressions of the top 10 mRNAs from TCGA, the box plots in red refer to tumors, the blue box plots reflect normal samples.
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peutic target for HCC. A predictive marker for 
poor patient survival may also be the decreas- 
ed expression of circMTO1 in HCC tissues. 
Therefore, due to different functions, the selec-
tion of different circRNAs for the diagnosis, 
treatment and evaluation of patients is condu-
cive to personalized treatment.

We carried out a study to look at the relation-
ship between HCC and has-circ-0009158 
expression levels. According to our research, 
HCC tissues and cell lines have significantly 
higher levels of hsa-circ-0009158 expression 
than the tissues next to them. Additionally, 
increased expression of hsa-circ-0009158 
was linked to greater postoperative recurrence 
rates, weaker differentiation, and a higher  
prevalence of tumor thrombosis in HCC 
patients. This shows that hsa-circ-0009158 
could enhance tumor growth during the devel-
opment of HCC. Tumor thrombosis and micro-
vascular invasion have been established as 
critical factors contributing to the poor progno-
sis of HCC patients [23, 24]. Consistently, mul-
tivariate COX analysis confirmed that micro- 
vascular invasion and tumor thrombosis were 
separate risk factors for OS and RFS. More 
importantly, we found that high hsa-circ- 
0009158 expression independently predicted 
shorter RFS and poor OS in HCC patients. 

These findings have significant implications for 
accurately predicting recurrence and evaluat-
ing prognosis in HCC patients. However, to  
completely understand the intricate methods 
by which hsa-circ-0009158 affects HCC, more 
study is required. Larger-scale prospective 
studies will be crucial in achieving this goal.

The competing endogenous RNA (ceRNA) 
hypothesis suggests that mRNA expression 
can be regulated by circRNAs to interact with 
miRNAs through miRNA response elements 
[25]. Thus, the miRNAs that bind to circ009- 
158 were discovered. CircInteractome soft-
ware and TCGA database were used to identify 
circRNA potential target miRNA. It was discov-
ered that only one miRNA (hsa-miR-942) has 
been linked to hsa-circ-0009158. In increasing 
evidence, miRNAs bind to mRNA 3’UTRs and 
affect mRNA expression. Furthermore, the tar-
get mRNAs of miRNA were obtained using 
TargetScan. The prediction of miRNA target 
genes generated 3845. Moreover, we identifi- 
ed 2146 DEGs, including 1882 upregulated 
mRNAs and 264 downregulated mRNAs, from 
the TCGA database when comparing HCC and 
normal liver tissues. To narrow down our focus, 
we finally identified 248 mRNAs as the com-
mon DEGs from these two groups for further 
analysis, we constructed a miRNA-mRNA con-

Figure 8. Validation of the hub genes at the translational level by means of the HPA database. (A) TTK, (B) CDCA8, 
(C) TPX2, (D) MELK, (E) BIRC5, (F) BUB1, (G) CDK1, (H) NCAPG, (I) CENPF.
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Figure 9. Overall survival of the 
top 10 hub genes in HCC patients 
from TCGA. Kaplan-Meier survival 
curves showing the association 
between (A) NCAPG, (B) BIRC5, 
(C) CDK1, (D) TPX2, (E) BUB1, (F) 
BUB1B, (G) TTK, (H) CDCA8, (I) 
MELK, (J) CENPF, and overall sur-
vival in TCGA HCC patients.
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sisting of one miRNA and identified 248 mRNAs 
to gain deeper insights into the potential func-
tions of circRNA.

In order to comprehend the function of circRNA 
in liver cancer cells better, we performed Gene 
Ontology (GO) and KEGG analysis to analyze the 
protein-protein functional associations of the 
DEGs. The results of the GO analysis showed 
that the DEGs participated in mitotic nuclear 
division (GO:0140014), and tubulin binding 
(GO:0015631). Furthermore, the DEGs were 
primarily linked to the cell cycle, according to 
the KEGG pathway analysis.

To identify cancer-specific genes, we integrated 
gene regulatory networks and established a 
complex PPI network of the DEGs. Subsequ- 
ently, the top ten hub genes were found within 
this network, which included MELK, NCAPG, 
BUB1B, BIRC5, CDCA8, CENPF, BUB1, CDK1, 
TTK, and TPX2. We evaluated the expression 
levels of these ten hub genes using information 
from the TCGA and HPA databases to confirm 
their importance. Results showed that all of 
these top 10 genes had significantly greater 
levels of mRNA expression in HCC tissues than 
in healthy liver tissues. With the exception of 
BUB1B, liver cancer tissues showed consider-
ably higher levels of these genes’ expression. 
Hub gene survival results were verified using 
the TCGA clinical database. Hub gene expres-
sion showed a strong connection with the out-
come of HCC patients in each case.

MELK (maternal embryonic leucine zipper 
kinase), which belongs to the family of the 
AMPK (AMP-activated protein kinase)-related 
kinase [26], suppressing MELK expression pre-
vents the growth, invasion, stemness, and 
tumorigenic potential of HCC cells [27]. NCAPG, 
also referred to as non-SMC condensin I com-
plex subunit G, was initially discovered in the 
nuclei of HeLa cell and has been shown to play 
a role in the organization of DNA with chromo-
somes [28]. Previous studies have highlighted 
the important roles of several hub genes in  
liver cancer. For instance, NCAPG has been dis-
covered to have a major impact on cell migra-
tion and invasion of liver cancer [29]. Ba- 
culovirus IAP repeat containing 5 (BIRC5), 
located on human chromosome 17q25, is the 
inhibitor of apoptosis protein (IAPs) family  
member [30]. By influencing cell division and 
proliferation and preventing apoptosis, it plays 

a significant part in the development of cancer 
[31]. CDAC8 is a member of the cell cycle divi-
sion associated (CDCA) protein family [32], is 
prominently expressed in malignancies, and is 
connected to poor prognosis in bladder and 
breast cancer [33]. On chromosome 1q41, cen-
trosome protein F (CENPF) encodes a protein 
that, as a component of the centrosome kina-
some complex during interphase G2, is a con-
stituent of the nuclear matrix [34]. Numerous 
studies have confirmed that CENPF is involved 
in tumor progression and metastasis [35]. 
BUB1 (budding uninhibited by benzimidazole 1) 
is essential for maintaining proper chromo-
some separation during mitosis and plays a 
role in reducing aneuploidy [36, 37]. CDK1 
(Cyclindependent kinase 1), an essential regu-
lator of cell cycle progression, especially in 
mitosis [38], is involved in a number of biologi-
cal functions, such as apoptosis, pluripotency, 
and maintaining genomic stability [39]. 
Monopole spindle 1 (MPS1), a protein kinase 
known as TTK (threonine tyrosine kinase), is a 
vital control mechanism for spindle assembly 
checkpoints and is in charge of preserving 
genomic integrity [40]. TTK has demonstrated 
its potential as a tumor therapeutic target [41]. 
TTK has been reported to modulate the pro-
gression of hepatocellular carcinoma [42]. 
TPX2 (targeting protein for Xenopus kinesin-like 
protein 2), has been reported as a marker for 
cancer diagnosis and prognosis [43].

It should be noted that this study revealed the 
prognostic significance of hsa-circ-0009158 in 
HCC, but there are several limitations. First, 
postoperative tissue specimens from HCC 
patients were collected. The expression of  
hsa-circ-0009158 was heterogeneous and 
variable in the tissue to some extent. Second, 
hsa-circ-0009158 expression in blood was not 
detected. In future studies, we will detect the 
expression of hsa-circ-0009158 in the blood, 
further exploring its potential role as a liquid 
biopsy diagnostic marker or its potential role as 
a therapeutic target. Clarification of the roles 
and mechanisms of circRNAs in cancer needs a 
lot more work, which will enhance our under-
standing of disease development and lead to 
improved prevention and treatment strategies.

Conclusion

In conclusion, hsa-circ-0009158 is elevated in 
HCC and may be used as a biomarker to iden-
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tify individuals having an unfavorable outlook 
and a significant likelihood of recurrence. The 
miRNA-mRNA network associated with hsa-
circ-0009158 helps to understand the 
mechanism.
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