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Abstract
The occurrence of Hepatitis B Virus-induced Hepatocellular Carcinoma (HBV-HCC) is a complex process of multi-gene and multi-step interaction, in which 
the synergistic effect of various cancer-promoting mechanisms accelerates the disease evolution from inflammation to tumorigenesis. In this study, first, genes 
encoding human proteins associated with HBV-HCC were screened from the MEDLINE literature. Based on the Protein-Protein Interaction network (PPI) 
in the database, CluterONE algorithm was used to infer the HBV-HCC-related protein-protein interaction network and identify some Potential HBV-HCC-
related Genes (PHHG). Second, the effectiveness of PHHG in classifying cancerous and normal tissues was verified in a public database. Finally, univariate and 
multivariate Cox regression analyses were performed to identify the best Prognostic Genes (PRGS) for PHHG. CYP2C19 (HR 1.29016, P=0.01894), FLNC (HR 
1.2609, P=0.00839), HNRNPC (HR 3.17362, P=0.03754) and UBE3A (HR 0.28233, P=0.03754) were selected. P=0.01461) to establish a prognostic risk score 
model and validate it in the TCGA cohort. Kaplan-Meier survival analysis showed that patients with high-risk score had significantly worse overall survival (OS, 
log-scale P=9.04 × 10-7). Finally, a prognostic nomogram including PRG, age, gender, PTNM stage and Grade is constructed. The HBV-HCC related four-gene 
risk score model may be useful as a prognostic biomarker for HBV-HCC patients, providing targets for their treatment and contributing to individualized survival 
predictions, which could be of great importance for the study of treatment strategies.
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Introduction
Hepatocellular Carcinoma (HCC) is one of the most common 

malignancies, with the fifth highest incidence and third highest 
mortality worldwide [1]. HCC is the most influential primary liver 
cancer, mainly caused by Hepatitis B Virus (HBV), and 50% of HCC 
patients worldwide are infected by HBV [2]. However, the role of HBV 
in the development and progression of liver disease remains unclear. 
While existing studies have shown that the clinical therapeutic targets 
for HBV-HCC are related to gene expression, autophagy, exosomes, 
gut microbiota, epigenetic dysregulation and immune mechanisms 
[2,3]. At present, some completely proven HCC-related driver genes, 
such as TP53 (R249S) codon 249 third nucleotide is frequently 
replaced in HBV-HCC patients [4], TERT promoter and CTNNB1 
mutations have been observed as the most common somatic genetic 
changes [5]. The de-regulation of the Met gene suppresses the growth 
of human HCC cells, and the de-regulation of the Axl gene suppresses 
the metastatic nature of hepatocellular carcinoma through the PI3K/
AKT-PAK1 signaling pathway [6]. These genes are of clinical interest 
as biomarkers in drug clinical trials and pathogenesis studies. But 
these driver genes are responsible for only a few populations, specific 

experimental cell lines or animal models. However, the genes and 
genetic markers associated with HBV-HCC pathogenesis are far from 
being explored. The occurrence of hepatocellular carcinoma caused 
by Hepatitis B Virus (HBV-HCC) is a complex process with multi-
gene and multi-step interaction. The synergistic effect of various 
cancer-promoting mechanisms accelerates the disease evolution 
process from inflammation to tumorigenesis, which is influenced by 
environmental and genetic factors. Genes with different biological 
functions can jointly promote the tumorigenesis of HBV-HCC, and 
each gene plays a moderate or tiny role.

Thus, a comprehensive analysis of potentially relevant genes 
within the framework of related pathways and/or protein interaction 
networks may provide numerous crucial insights beyond traditional 
single-gene analyses. Zhang G et al. [7] identified the genes PON1, 
AGR2, SSR2 and TMCC1 and constructed a novel prognostic risk 
model for four ER stress-related genes that accurately predicted 
survival outcomes in HBV-HCC patients. Hu et al. [8] found that 
increased PRKRA expression may predict a poorer prognosis for 
HBV-associated hepatocellular carcinoma and found that a triple 
combination of blood PRKRA expression, serum AFP and CEA 
levels may be a non-invasive diagnostic strategy. Data from Zhang C 
et al. [9] suggest that the C1653T mutation in HBX promotes HCC 
malignancy by altering the levels of fibrosis, ROS, and some cytokine 
levels. This mutation could be used as a potential biomarker for 
screening patients for HCC to determine the efficacy of treatment. 
Current research focuses on targeted genes, and lacks a network 
framework to guide and comprehensively explore the underlying 
genes. However, the expression patterns of multiple genes can serve 
as excellent molecular biomarkers, allowing for early diagnosis, 
subgroup classification, risk stratification, prognostic prediction and 
therapeutic targeting of HBV-HCC.



© 2022 - Medtext Publications. All Rights Reserved. 06

Cancer Clinics Journal

2022 | Volume 3 | Article 1014

In this study, we comprehensively collected HBV-HCC related 
genes from the genetic literature, and constructed PPI to dig out 
modules corresponding to potential genes. The set of key genes that 
we identified is of great value for the diagnosis and treatment of HBV-
HCC. Furthermore, we combine key genetic features and clinical 
parameters to develop a novel and promising prognostic nomogram 
model with higher accurate predictive power than clinical risk factors 
for HBV-HCC patients.

Materials and Methods
Data and sample acquisition

The validation set data for the identified key genes was 
downloaded from TCGA database via R software package [10], 
consisting of 145 HBV-associated hepatocellular carcinoma patients 
and 50 normal samples. All patients without prognostic information 
were initially excluded. In addition, microarray expression profiles 
GSE113996 and GSE94660 were downloaded from the GEO database 
of HBV-associated hepatocellular carcinoma patients. The probes 
were converted to gene names based on the annotation files provided 
by the manufacturer, and duplicate probes for the same gene were 
removed. The value of the median expression is retained for all 
repeated detections. Since the data were obtained from TCGA and 
GEO, no ethical committee approval was required for our study.

Identification of related genes
Candidate genes related to HBV-HCC were searched in the 

PUBMED literature. Epigenetic changes due to the molecular 
mechanisms of genes play an essential role in the development of 
HBV-HCC. Therefore, we searched the literature related to HBV-
HCC, with terms (HBV-HCC [MeSH]) and (polymorphism [MeSH] 
or genotype [MeSH] or allele [MeSH]) rather than (tumor [MeSH]). 
To reduce the number of false positive results, studies in the literature 
with negative or no significant association were not included. Full 
reports from selected publications were reviewed to ensure that 
conclusions were supported by content. As a result, the genes we 
screened showed significant genetic association with HBV-HCC on 
the whole genome.

Functional analysis of related genes
The identified genes were subjected to Gene Ontology (GO) 

analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) 
enrichment analysis to mine the functional categories of genes 
with significant HBV-HCC correlation in the database [11,12]. Its 
statistical principle is to use hypergeometric distribution type to test 
the significance of a certain functional class in a group of genes (co-
expressed or differentially expressed).

Functional classes of genes with significant relevance for 
experimental purposes, low false positive rates, and targets are 
obtained using discrete distribution, enrichment analysis, and 
significance analysis of false positives. The "org.hs.eg.db" package in 
R language is used to convert HBV-HCC related gene symbols into 
Entrez gene identifiers. The "ClusterProfiler" package is used for gene 
and gene cluster analysis and gene profile function visualization [10]. 
The "ClusterProfiler" package provides a gene classification method 
(groupGO) to classify genes based on specific levels of projection in 
the GO corpus and "enrichGO" and "enrichKEGG" analyses based on 
hypergeometric distributions to compute enrichment tests for GO 
terms and KEGG pathways.

Pathways with p-value Cutoff and q-value Cutoff less than or 

equal to 0.05 are considered to be significantly enriched. Finally, the 
"ggplot2" package was combined to draw GO analysis dot plots and 
KEGG analysis bar charts.

PPI construction of related genes
HIPPIE (Human Integrated Protein-Protein Interaction 

rEference) is a tool library for Human protein-protein interaction 
[13]. We downloaded all protein interaction pairs from HIPPIE 
(V2.2). To construct the most comprehensive library of human protein 
interaction relations to date, we downloaded protein interaction pairs 
with scores greater than 900 from the STRING database [14]. We 
then merge the two interaction group databases by excluding self-
interactions and redundant pairs, and use the Stringi package in the 
R language to transfer protein identifiers to gene symbols. Finally, we 
extracted genes associated with HBV-HCC from PPI.

Mining and verification of PHHG
The HBV-HCC related PPI subnetwork is imported into 

Cytoscape platform [15]. CluterONE is an algorithm for detecting 
potentially overlapping protein complexes in protein-protein 
interaction networks. It can detect high-density regions containing 
extra connections and possibly overlapping protein complex models 
in protein interaction networks. It can detect high-density regions 
in protein interaction networks that contain additional connections 
and possibly overlapping protein complex models [16]. Using the 
CytoCluster plugin, the ClusterONE algorithm was selected, and the 
minimum number larger than 25 was set as the screening criterion. 
The minimum density is set to Auto. The higher the centrality, the 
closer the relationship between the genes, suggesting that each gene 
also interacts frequently and therefore that these genes are more likely 
to be involved in the occurrence of HBV-HCC. Finally, we select 
the gene with the highest PPI network centrality for each protein 
complex model as PHHG. GO and KEGG analyses were performed 
using the BiNGO and ClueGO plugins in the Cytoscape software. We 
performed a differential analysis on the transcriptome data of PHHG 
in the TCGA database and re-validated it using the related data from 
the external GEO database.

Construction and evaluation of prognostic risk score 
model

Firstly, based on the transcriptome data of latent genes of HBV-
HCC patients in TCGA database, Kaplan-Meier univariate survival 
analysis was performed with the survival package in R software to 
explore the relationship between Overall Survival (OS) and latent 
genes. After univariate Cox regression analysis, all independent 
prognostic factors were screened by multivariate Cox regression 
analysis to construct a prognostic nomogram.

In this study, only patients who completed the follow-up period 
were selected for survival analysis and then divided into two groups 
based on the median expression value of the latent gene. PHHG 
associated with prognosis at P<0.05 are considered statistically 
significant. Subsequently, a prognostic risk score was generated for 
each patient. All TCGA HBV-HCC patients were divided into high-
risk (high-risk score) and low-risk (low-risk score) groups according 
to their median risk score. Then, a K-M survival curve is constructed 
to estimate the prognosis of patients with high or low risk scores, and 
a two-sided log-rank test was used to assess the difference in survival 
between high and low risk groups. The following formula was used 
to establish the prognostic risk score model: risk score=expression 
level of gene 1 × β1+expression level of gene 2 × β2+... + expression 
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level of gene n × βn; where β is the regression coefficient calculated 
by the multivariate Cox regression model. Prognostic performance 
was assessed at 0.5, 1- and 3-years using Harrell's Concordance index 
(C-index) and transient Receiver Operating Characteristic (ROC) 
curve scores to assess the predictive accuracy of the prognostic 
risk score model based on HBV-HCC. R package "survcomp" and 
"survival". C index and Area Under ROC Curve (AUC) values range 
from 0.5 to 1, where 1 indicates complete discrimination and 0.5 
indicates no discrimination.

Results
Identification of HBV-HCC related genes

By searching PUBMED, we screened the publications on genetic 
association studies related to HBV-HCC. In this process, a gene is 
collected whenever it is reported to be significantly associated with 
HBV-HCC, regardless of whether the gene is directly or indirectly 
associated with the disease. A detailed list of all genes reported to be 
associated with HBV-HCC. A total of 1896 HBV-HCC related genes 

were identified, and these HBV-HCC related genes showed large 
changes in function, indicating that HBV-HCC tumorigenesis and 
progression is an extremely complex process.

Biological function enrichment and biochemical pathway 
of HBV-HCC related genes

We performed functional analysis and identified 1896 HBV-HCC 
related genes that were significantly enriched in 4251 GO terms. Figure 
1A show the top 12 GO items with the lowest P-value. The Biological 
Process (BP) related to the pathogenesis of HBV-HCC is about the 
regulation of cytokines and their mediated signaling pathways, and 
their response to virus invasion. As a non-cellular virus, HBV is 
widely believed to cause chronic liver injury by attacking the immune 
system. Therefore, the use of cytokines in the treatment of HBV-
HCC has an extremely broad application prospect [17]. Cytoplasmic 
membranes, RNA polymerase II transcription factors and ubiquitin 
proteases have been found to be involved in HBV-HCC inhibition 
[18,19]. In addition, we identified 176 pathways enriched in HBV-

Figure 1: GO and KEGG enrichment analysis of reported HBV-HCC related genes.
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Figure 2: HBV-HCC related gene protein interaction network.

Figure 3: Protein interaction networks were analyzed by GO and KEGG enrichment of HBV-HCC related genes.
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HCC related genes. As shown in Figure 1B, the first 15 items with 
the lowest P-values in KEGG are consistent with previous studies, 
indicating that TNF signaling pathway and lipid and atherosclerosis 
pathway are related to HCC signaling pathway [20-23]. There are also 
several pathways involved in the physiological processes of cells, such 
as apoptosis, necrosis, adhesion junctions and the cell cycle, which 
are commonly thought to be associated with tumor cell proliferation 
[24,25]. Finally, we found that HBV-HCC related genes were enriched 
in additional viral infections, including Human cytomegalovirus 
infection, Kaposi sarcoma-associated herpesvirus infection, and 
Human immunodeficiency virus infection. Thus, it is conjectured 
that the relevant genes for hepatocellular carcinoma caused by HBV 
infection are also involved in the pathogenic molecular mechanisms 
of different diseases, thus further bioinformatics analysis is highly 
necessary.

Acquisition and validation of PPHG
We have 390,000 protein-protein interaction pairs from the 

HIPPIE database (last updated April 29, 2022). Meanwhile, human 
protein interaction pairs with scores greater than 900 were selected 
from the STRING database. The union of protein pairs in the two 
databases was used to screen out the PPI of HBV-HCC-related genes, 
and finally a relatively comprehensive human protein interaction 
network (HHPPI,) was obtained, consisting of 5043 proteins and 
75,170 interaction pairs. The HHPPI network was imported into the 
Cytoscape software. The mining module is implemented using the 
CytoCluster plugin. Set the parameters of the module to the minimum 
gene number threshold of 25, and keep all other parameters as default 
values. Finally, we selected 13 modules, and we can see in (Figure 2) 
the PPI consists of 13 modules (red five-pointed stars), each of which 
contains at least 25 genes. We conducted GO and KEGG functional 
analysis of the proteins of the 13 modules (Figure 3A and B), and 
found that the biological functions of each module were correlated 
with each other. Functional analysis identified functional modules 
associated with tumorigenesis, such as metabolism of biomolecules, 
ribosomal subunit binding, high affinity L-histidine transmembrane 
transporter activity, and negative regulation of mRNA processing. 
The PI3K-Akt signaling pathway, cytosolic DNA sensing pathway, 
T-cell receptor signaling pathway and HIF-1 signaling pathway are 
the main enrichment pathways. In each module, we selected genes 
with the highest "center", which were seen as potential genes for 
HBV-HCC-related PPI networks. After deleting the duplicated genes, 
we obtain 33 PPHGS. We conducted Wilcoxon test on the RNAseq 
data of PPHG in the TCGA and GSE113996 datasets and found that 
there were 24 genes with significantly different expressions in normal 
tissues and cancer tissues, including ADK, BAG3, C2, CDC25B, 
CLEC12A, CSNK2B, CYP2C19, FLNC, etc. GCG, HNRNPC, ILF3, 
JMJD6, KAT5, MAPK6, MTR, NXF1, POLR2L, PRKAB2, RAB18, 
RPGRIP1L, SLC25A3, SRPK2, UBE3A and YWHAH.

Identification of PHHG associated with prognosis
Based on the RNA-Seq data of 145 HBV-HCC patients with 

PHHG in the TCGA database, we identified nine prognostic genes 
after univariate Cox regression analysis of 24 candidate genes 
(P<0.05). Subsequent multivariate Cox regression analysis showed 
that only four genes had significant prognostic value for HBV-HCC 
patients, which were cytochrome P450 family 2 subfamily C member 
19 (CYP2C19, HR 1.29016, P=0.01894), filamin C (FLNC, HR 
1.2609, P=0.00839) and heterogeneous nuclear ribonucleoprotein C 
(HNRNPC, HR 3.17362, P=0.03754) and ubiquitin protein ligase E3A 

(UBE3A, HR 0.28233, P=0.01461). Then, the differential expression of 
the above four genes in tumor and normal tissue was further verified 
in the GSE94660 chip, which consisted of 20 HBV-HCC samples and 
20 normal samples. CYP2C19 was significantly down-regulated, but 
FLNC, HNRNPC and UBE3A were all significantly up-regulated 
in HBV-HCC tissues (Figure 4A-D). We analyzed the expression of 
proteins encoded by four genes using clinical specimens of HBV-
HCC derived from human protein profiles [26]. It was found that the 
expression levels of HNRNPC and UBE3A in HBV-HCC tissues were 
higher than those in normal tissues (Figure 4G and H). Furthermore, 
the K-M survival curve was constructed to evaluate the association 
between the expression levels of four prognostic genes and OS, and 
the results showed that the low expression group of HNRNPC (Log-
rank P=0.000214) had a better prognosis (Figure 4K).

Establishment and evaluation of prognostic risk score 
model

The prognostic risk score model was established by using four 
genes related to prognosis: risk score=CYP2C19 expression level 
× 0.2807+FLNC expression level × 0.1372+HNRNPC expression 
level × 1.0476+UBE3A expression level × 0.5522. Subsequently, we 
calculated the prognostic risk score for each patient in the TCGA 
training set. All patients were divided into high-risk (high-risk score) 
or low-risk (low-risk score) groups, with the median risk score as the 
cut-off value (Figure 5A). In addition, K-M survival analysis (Figure 
5B) showed that patients with high-risk scores had significantly worse 
OS than patients with low-risk scores (log-rank P=9.04e-07). This 
model showed decent predictive ability for OS rate at 0.5, 1 and 3 
years, with AUC values of 0.757, 0.765 and 0.789, respectively (Figure 
5C). In addition, we analyzed the correlation between the prognostic 
model's risk score (the higher the score, the greater the risk) and 
various immune cells. As can be seen from Figure 6, Macrophage 
expression is negatively and significantly correlated with P value of 
5.81e-07. Not attractive, but positively correlated with the expression 
of uncharacterized cells, with P value of 1.5e-05.

Establishment of nomogram model of TCGA
To investigate the coefficient prediction efficiency of this feature, 

a nomogram model is constructed in the TCGA dataset. The results 
show that the C-index of 0.783 nomogram provides a quantitative 
method for accurately predicting 1, 3- and 5-year survival rates (Figure 
6A). The overlap between the predicted and actual probabilities of 1, 
3- and 5-year survival rates in the calibration curves indicates good 
agreement (Figure 6B). Meanwhile, Spearman correlation analysis 
was performed between this model score and the immunization score. 
According to the results of timer algorithm (Figure 7), the proportion 
of macrophages in HBV-HCC patients in the low-risk score subgroup 
moderately increased.
Discussion

With the application and development of genomics, 
transcriptomics, metabolomics and proteomics in tissue and body 
fluid samples, a growing number of genes that may be involved in 
HBV-HCC have been identified [26].

However, the identification and analysis of the underlying genes 
involved in the biochemical processes associated with HBV-HCC is 
not yet complete. Therefore, a comprehensive analysis and exploration 
of HBV-HCC tumorigenesis genes at the level of systematics is 
increasingly urgent [27]. In this study, first, a fuzzy picture of the 
molecular mechanism of HBV-HCC tumorigenesis is derived by 
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analyzing the reported HBV-HCC related gene sources, performing 
functional enrichment and pathway crosstalk. Second, 24 potential 
genes were screened from the PPI network associated with HBV-
HCC. Then, two Wilcoxon tests were performed on the 24 potential 
genes in the TCGA and GEO databases.

According to the study, a number of PPHG have been identified 
by a small number of people as being involved in the occurrence 
and development of HCC. For example, data from Yan showed that 
inhibition of CDC25B protein expression suppresses tumor cell 
growth and motility in HCC patients [28]. MiR-660-5p interacts with 
YWHAH through the PI3K/Akt signaling pathway to promote the 
progression of hepatocellular carcinoma [29].

Tumor necrosis factor-α-induced protein-1 blocks nuclear factor-
κB activation in hepatocellular carcinoma by selectively targeting 
CSNK2B [30]. BAG3 protein is a helper of heat shock protein 70, 
which regulates the physiological and pathological processes in HCC 
[31]. The expressions of FLNC, KAT5, HNRNPC RAB18 and ILF3 
were significantly increased in HCC tissues [32-37]. RPGRIP1L is a 
candidate tumor suppressor gene for human hepatocellular carcinoma 
[38]. There are also some PPHG involved in the occurrence and 
development of HBV-HCC, and the up-regulation of microRNA499a 
by targeting MAPK6 can induce the carcinogenesis in hepatitis B virus-

Figure 4: Expression and survival analysis for CYP2C19, FLNC, HNRNPC and UBE3A.

associated hepatocellular carcinoma [39]. Tang et al. [40] suggests 
that aberrant CAR methylation is involved in CYP2C19 regulation 
in HBV-associated HCC and may play a role in liver tumorigenesis.

According to studies, laboratory diagnostic indicators such as 
abnormal prothrombin, AFP and AFP alloplastic ratio of HBV-HCC 
patients are helpful to predict their prognosis to a certain extent 
[41,42]. However, due to the huge heterogeneity of HBV-HCC disease, 
it is still necessary to identify new prognostic biomarkers and establish 
more accurate prognostic models. The combination of prognostic 
genetic features and traditional clinical parameters may provide better 
prediction than individual biomarkers. Therefore, in this study, we 
established a novel four-gene signature (including CYP2C19, FLNC, 
HNRNPC, and UBE3A) for prognostic prediction of HBV-HCC on 
the basis of screening 24 potential genes. The prognostic prediction 
performance was good in the TCGA HBV-HCC cohort, and the 
survival rate of patients in the high-risk group was significantly 
lower than that of patients in the low-risk group. The nomogram 
of the four-gene risk profile combined with conventional clinical 
parameters such as gender, age, TNM stage and grade also showed 
good predictability. However, this four-gene risk prediction model 
also has some limitations. Since our study is mainly based on TCGA 
data, it is not universal. Efforts should be made to further improve 
the prediction performance, and further functional experiments are 



© 2022 - Medtext Publications. All Rights Reserved. 011

Cancer Clinics Journal

2022 | Volume 3 | Article 1014

Figure 5: Establishment and evaluation of prognostic risk score model.

needed to elucidate the underlying mechanisms of the four genes.

Conclusion
In this study, we investigated the protein interaction network based 

on HBV-HCC-related genes through a systems biology framework, 
constructed HCC pathological PPI network, mined 24 potential HCC 
genes, and established a novel four-gene signature and nomogram to 
predict overall survival of HBV-HCC. This comprehensive analysis 
of the genes involved in HBV-associated hepatocellular carcinoma 
enhances our understanding of genetic factors and their interaction 
with pathogenesis, and improves the possibility of identifying 
potential targets for the diagnosis and treatment of HCC. At the 
same time, the risk model we constructed in this study can effectively 
classify HBV-HCC patients and contribute to the clinical decision of 
individualized immunotherapy.
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