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Abstract
BACKGROUND
The potential role of chronic inflammation in the development of cancer has been
widely recognized. However, there has been little research fully and thoroughly
exploring the molecular link between hepatitis B virus (HBV) and hepatocellular
carcinoma (HCC).

AIM
To elucidate the molecular links between HBV and HCC through analyzing the
molecular processes of HBV-HCC using a multidimensional approach.

METHODS
First, maladjusted genes shared between HBV and HCC were identified by
disease-related differentially expressed genes. Second, the protein-protein
interaction network based on dysfunctional genes identified a series of
dysfunctional modules and significant crosstalk between modules based on the
hypergeometric test. In addition, key regulators were detected by pivot analysis.
Finally, targeted drugs that have regulatory effects on diseases were predicted by
modular methods and drug target information.

RESULTS
The study found that 67 genes continued to increase in the HBV-HCC process.
Moreover, 366 overlapping genes in the module network participated in multiple
functional blocks. It could be presumed that these genes and their interactions
play an important role in the relationship between inflammation and cancer.
Correspondingly, significant crosstalk constructed a module level bridge for
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HBV-HCC molecular processes. On the other hand, a series of non-coding RNAs
and transcription factors that have potential pivot regulatory effects on HBV and
HCC were identified. Among them, some of the regulators also had persistent
disorders in the process of HBV-HCC including microRNA-192, microRNA-215,
and microRNA-874, and early growth response 2, FOS, and Kruppel-like factor 4.
Therefore, the study concluded that these pivots are the key bridge molecules
outside the module. Last but not least, a variety of drugs that may have some
potential pharmacological or toxic side effects on HBV-induced HCC were
predicted, but their mechanisms still need to be further explored.

CONCLUSION
The results suggest that the persistent inflammatory environment of HBV can be
utilized as an important risk factor to induce the occurrence of HCC, which is
supported by molecular evidence.

Key words: Hepatitis B virus; Hepatocellular carcinoma; Molecular linkage; Transcription
factors; non-coding RNA
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Core tip: The potential role of chronic inflammation in the development of cancer has
been widely recognized. However, the molecular link between hepatitis B virus (HBV)
and hepatocellular carcinoma (HCC) has not been fully and thoroughly explored.
Therefore, this study analyzed the molecular processes of HBV-HCC using a
multidimensional approach to elucidate the molecular links between the two groups. The
results suggest that the persistent inflammatory environment of HBV can be used as an
important risk factor to induce the occurrence of HCC, which is supported by molecular
evidence.
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INTRODUCTION
Epidemiological research has shown that chronic low levels of inflammation can
significantly increase the risk of cancer[1]. A series of genes including inflammatory
molecules and transcription factors (TFs), adhesion molecules, AP-1, chemokines, C-
reactive  protein and enzymes are  involved in  inflammation,  which have crucial
impacts on inflammatory-mediated tumors[2]. In the process of chronic inflammation
caused by virus infection, abnormal long-term expression of related proteins may
induce physiological disorders such as oxidative stress and inflammation in tissues
and organs. Thereby, a potential carcinogenic microenvironment has been formed
within  it,  and  different  functions  are  exerted  in  different  stages  of  cancer
development[3]. On the other hand, the occurrence and development of tumors also
affect  inflammatory  response  processes.  Many  types  of  cancer  can  change  the
secretion levels of chemokines and inflammatory cytokines in the microenvironment,
which is conducive to promoting immune escape in cancer[4,5]. Specifically, chronic
hepatitis B virus (HBV) infection seriously threatens human health, which is one of
the most common infectious diseases in the world, and has become a public health
problem worldwide[6]. Long-term infection of HBV has the possibility of inducing
liver failure, cirrhosis, and liver cancer[7]. The key mechanism is that viral DNA is
integrated into the genome of host cells to alter the genetic mechanism and gene
expression of host cells[8]. Studies have shown that the large surface of HBV surface
antigen can induce DNA damage and polo-like kinase 1-mediated cell cycle G2/M
cell division failure, which leads to unstable reproductive cycle of chromatin to drive
the development of hepatocellular carcinoma (HCC)[9]. In addition, protein 4 (VSIG4)
with immunoglobulin domain contains VSIG4 has poor prognosis in patients with
HBV-positive HCC, but has no predictive significance in patients with HBV-negative
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HCC[10]. This indicates that HBV infection not only affects the occurrence of HCC, but
also affects its development, and has a negative effect on the prognosis of patients.
Therefore, a systematic and in-depth understanding of the potential molecular links
between HBV and HCC is essential for the exploration of the mechanism of HBV-
induced HCC process and the development of targeted therapies. On the other hand,
HCC is one of the most common cancers and has a higher mortality. Although the
treatment of HCC has improved in the past few decades, the survival rate of patients
is still very low[11]. Accumulating evidence has indicated that liver cancer is a complex
disease with multiple factors and steps. In terms of risk factors, chronic persistent
infection of hepatitis C virus or HBV, chronic untreated hepatitis inflammation with
different etiologies, oxidative stress, and fatty liver disease may lead to the occurrence
of HCC[12]. From the molecular mechanism, the increased expression of A-Raf and
fatty acid 2-hydrolase (FA2H) in HCC cells leads to lipid metabolism disorder and
promotes  the  development  of  cancer [13].  However,  in  drug  sensitivity  tests,
overexpression of FA2H also increases the drug sensitivity of human colorectal and
cervical cancer cells, while silencing FA2H makes the cells resistant to the drug[14].
Furthermore, studies have suggested that arginase 1 (ARG1) can participate in the
proliferation of HBV-specific CD8 (+) T cells and regulate the occurrence of HBV[15]. At
the same time, ARG1 may also promote the epithelial to mesenchymal transition
process by upregulating Vimentin, N-cadherin, and beta-catenin, thus mediating the
development and invasion of HCC[16].  Therefore, it is speculated that it is the key
molecule in the HBV-HCC process, which needs further exploration. On the other
hand,  NOP7  interacts  with  beta-catenin  to  activate  the  inflammatory  signaling
pathway of beta-catenin/TCF, and its upregulation promotes the proliferation and
migration of HCC cancer cells[17]. To some extent, these results indicate that HBV may
mediate the occurrence and development of HCC, and guide a comprehensive and in-
depth discussion on the bridge mechanism between them.

The study explored the co-imbalance bridging molecules between HBV and HCC
and their potential drugs based on the dysfunction module. The results not only help
to clarify the potential molecular links between HBV and HCC, but also provide
biologists with abundant candidate resources for further research.

MATERIALS AND METHODS

Data resource
The  National  Center  for  Biotechnology  Information  Gene  contains  numerous
published results on HBV. To systematically analyze the molecular links between
HBV and HCC, 128 expression profiles  of  HBV-related RNA (GSE83148)  and 16
microRNAs (miRNAs) (GSE33857) were collected from the Gene Expression Omnibus
(http://www.ncbi.nlm.nih.gov/geo/). All of these were assessed using Affymetrix
Human  Genome  U133  Plus  2.0  Array,  including  normal  and  disease  samples.
Subsequently, 424 RNA-seq data (original count) and 850 miRNA expression profile
data of HCC-related genes were collected from The Cancer Genome Atlas (TCGA)
database.

Identification of differentially expressed genes
In this study, differences in the expression of RNA and miRNAs in both disease and
normal samples were calculated using the R-language limma package. For chip data,
we  first  used  the  background  correct  function  for  background  correction  and
standardization. Then the control probes and low-expression probes were filtered out
to obtain high-quality standardized data based on the quantile normalization method
of normalizing Between Array function. For RNA-seq gene expression data, the voom
function was utilized to standardize reads counts. Finally, these standardized chips
and RNA-seq data were analyzed by using lmFit and eBayes functions with default
parameters, and the differentially expressed genes (DEGs) of HBV and HCC were
screened by R language limma package, with a screening threshold P value < 0.01.
The  DEGs  of  hepatitis  B  and  HCC were  screened  for  logFC >  1  and  logFC <  1,
respectively.

Generating inflammatory and cancer-related functional modules
The database STRING (a search tool for retrieving interacting genes/proteins) is
specially  designed  for  protein-protein  interaction  (PPI).  It  provides  the  most
comprehensive view of the current most complete PPI, so it can be used as a metadata
base for extensive PPI analysis. All human protein interaction data in this study were
derived from STRING data, involving 405916 interaction pairs of 10514 proteins. Then
the inflammation and cancer DEGs were mapped onto the PPI network,  and the
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maximum connected component was obtained. Based on the maximum connected
component  generated above,  we used the  perfect  MCODE method with  default
parameters to identify the functional modules related to inflammation and cancer.
Cytoscape 3.6.1 network visualization software and ClusterONE algorithm were used
to select modules with node degree > 50, and 16 modules were obtained

Crosstalk analysis to build a module level bridge
The roles of HBV- and HCC-related genes in the pathogenesis of HBV and HCC are
intricate,  and  there  are  innumerable  links  between  them.  Correspondingly,  the
functions of the modules are also rich and colorful,  and the interactions between
modules are intricate as well. In order to clarify the interactions between modules and
build a bridge between HBV and HCC at the module level,  we used human PPI
information as a background set to conduct comprehensive crosstalk analysis of all
modules to further understand the interaction mechanism of co-expression modules
between HBV and HCC diseases. First, based on the hypothesis that the crosstalk
between  functional  modules  is  significant  when  the  number  of  interactions  is
significantly greater than the random distribution, we constructed 1000 random PPI
networks with a network size and degree of each node unchanged. Subsequently, for
each pair of modules between HBV and HCC, we compared the actual number of
interactions with the random distribution extracted from 1000 random PPI networks.
According  to  the  computational  rules,  the  number  of  interaction  pairs  between
modules  is  larger  than  the  interaction  pairs  under  random  background.  These
interactions are called crosstalk. The method of calculating significant crosstalk was as
follows: First, under the background of random network, the number of interaction
pairs between modules in N random networks was larger than that in real networks,
and the number of interaction pairs between modules was counted as n. Then the
formula for calculating p value was P = n/N (in this study, N = 1000). When P ≤ 0.05,
it can be considered that these crosstalk modules are more significant than random
ones.  Finally,  Cytoscape  was  utilized  to  elucidate  the  significant  crosstalk  to
intuitively  observe  the  complex  regulatory  relationship  between  co-expression
modules.

Functional and pathway enrichment analysis
Functions  and  signaling  pathways  are  often  important  mediators  of  genes  and
diseases, and the study of them is often an effective means to explore the molecular
pathways and potential mechanisms of diseases. Therefore, enrichment analysis of
Gene Ontology (GO) function (P value cutoff = 0.01, q value cutoff = 0.01) and KEGG
pathway (P value cutoff = 0.01, q value cutoff = 0.01) was carried out for all modules
related to HBV and HCC using R language Cluster profiler package, respectively.
Subsequently, we extracted the functions and pathways involved in both HBV and
HCC, and considered them to be the molecular bridges between the two diseases at
the levels of function and pathway.

Pivot analysis predicts module transcriptional regulators and potential drugs
Pivot node is a node that not only interacts with two modules but also has at least two
pairs of interactions with each module. The hypergeometric test significance analysis
of the interaction between the node and each module is P ≤ 0.05. Python program was
written to find the pivot node of the interaction module for further analysis. Gene
transcription and post-transcriptional regulation are often driven by non-coding RNA
(ncRNA) and TFs. Hence, we scientifically predicted and detected their role in HBV-
and HCC-related  dysfunction  modules.  Pivot  is  defined as  a  regulator  that  has
significant  regulatory  effects  on  modules  in  the  pathogenesis  of  HBV and HCC
including ncRNA, TFs, and potential drugs. More than two control links between
each regulator and each module were required,  and the significance of  enriched
targets in each module based on the hypergeometric test calculation was P < 0.01. In
addition,  we  examined  the  overlap  of  DEGs  between  HBV  and  HCC  in  these
significant pivot regulators.

RESULTS

Identification of liver functional inflammation and cancer-related modules
Biologists have conducted many experiments and studies on the relationship between
HBV and HCC, and determined that HBV infection is a key factor that induces HCC.
However,  the  complex  interaction  mechanism  between  them  remains  unclear.
Therefore, molecular links and functional effects of HBV and HCC were explored
during the course of disease. We integrated related genes of the samples and screened
the  DEGs  of  HBV  and  HCC.  Through  significant  screening  of  DEG,  394  HBV
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significant DEGs and 4185 HCC significant DEGs were obtained. After screening of
HBV- and HCC-related DEGs, 135 common genes were obtained (Figure 1).

In order to determine the functional clusters of hepatitis B and HCC DEGs, we
searched 4444 differential gene interactions based on the PPI network. In our results,
16 dysfunction modules were obtained including 1585 nodes and 145616 edges. As
shown in the table, inflammation and cancer DEGs were closely clustered together in
the modules. We also observed that butyrylcholinesterase had the largest connectivity
(16) in the modular network among the common genes of  HBV and HCC, while
lipoprotein metabolism and fatty acid-binding protein 5 were linked to 15 other genes
respectively, which means that the 3 genes played a central role in their modules. At
the same time, their modules were significantly involved in hepatitis B and HCC,
which could be a bridge molecule between HBV and HCC. Therefore, we inferred that
HBV and HCC may promote their own proliferation through some common function
module-related  genes,  and are  closely  related  to  the  microenvironment  of  liver
diseases.

Key bridge molecules between HBV and HCC
The expression level of the same gene in two related diseases is different, which may
represent the progressive bridge between diseases. Therefore, to identify key bridge
molecules between HBV and HCC, we screened 135 common DEGs of diseases to
identify key molecules that could characterize the process of HBV to HCC. Sixty-
seven persistent dysregulated genes were obtained. Interestingly, these genes were
upregulated, and most of the genes in HCC were significantly higher than those in
HBV. Thus, these significantly elevated genes could characterize the progression of
disease from HBV to HCC and are key genes for bridging the two diseases. On the
other hand, overlapping screening of pathogenic module genes clustered by DEGs
clarified  that  the  same  genes  existed  among  multiple  modules.  A  total  of  366
overlapping  genes  were  screened,  which  indicated  that  these  genes  could  be
associated  with  the  disease  process  of  HBV-related  HCC  at  the  same  time.
Subsequently, the connectivity of module genes was calculated and analyzed. The
results suggested that the highest connectivity of PIK3CD was 670, and there were 15
genes larger than 600. The higher the connectivity, the more significant the role of the
gene in the whole regulatory network, and the more important influence it has in the
process of two diseases.

Significant crosstalk and shared signal pathway between common modules of HBV
and HCC
A total of 54% of all HCC cases are associated with HBV, making it the most common
cause of cancer worldwide[18]. In addition to directly overlapping nodes as the most
direct bridge between HBV and HCC, we also analyzed other possible links between
inflammation  and  cancer.  In  other  words,  PPI  was  used  to  find  the  crosstalk
interaction among modules, and 40 significant crosstalk connections were obtained by
screening the significant crosstalk. Because Module 7 had the highest connectivity
among them, focusing on the genes of Module 7 allowed us to further understand the
bridge  mechanism.  Inflammatory  mediators  play  an  important  role  in  the
microenvironment  of  tumors,  which  can  affect  all  stages  of  tumorigenesis  and
development,  especially  the  initial  stage  of  formation.  Based  on  GO  functional
analysis,  we  found  that  DEGs  of  the  central  dysfunction  module  tended  to
significantly enrich multiple disease functions (Figure 2). These pathways included
positive regulation of  lipid kinase activity,  protein kinase B signal  transduction,
phosphorylation of phosphatidylinositol, acute inflammatory response, and myocyte
proliferation. The modules not only shared some DEGs, but also participated in the
same or similar functions and paths through crosstalk interaction. In conclusion,
exploration of bridge mechanism at the module level suggested that the connections
of  HBV and HCC could communicate and transit  through module bridging to a
certain extent, demonstrating the process of disease under the global effect. Therefore,
exploring the potential processes of crosstalk and molecular linkage through crosstalk
may further our understanding of the detailed pathogenesis of HBV-related HCC.

TF and ncRNA driving liver inflammation and cancer progression
Although the regulation of HBV-related HCC by single or several TFs and ncRNA has
been  extensively  studied,  little  attention  has  been  paid  to  their  comprehensive
regulation  of  dysfunctional  modules.  Therefore,  in  order  to  explore  these
transcriptional regulators, we applied the predictive analysis of regulators to the
dysfunction  module  based  on  the  relationship  between  transcription  and  post-
transcriptional  regulation.  We obtained 496  ncRNAs and 158  TFs  involving 739
ncRNA-Module interaction pairs and 213 TF-Module interaction pairs.  Statistical
analysis of the predicted results showed that there were five regulatory modules,
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Figure 1

Figure 1  Common differentially expressed genes between HBV and HCC. Veen map shows the same and
different genes between HBV-differentially expressed genes and HCC-differentially expressed genes. A total of 135
identical genes were obtained. HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.

which  were  targeted  by  long-chain  ncRNA  MALAT1,  and  three  modules  were
targeted by mi410-3p. Other ncRNAs also regulated multiple dysfunction modules to
varying degrees, and had potential regulatory effects on HBV and HCC. According to
statistics, TF PPARA could regulate five modules, and NFKB1 and RELA also had
significant  regulatory  effect  on  the  four  modules.  These  TFs  may  mediate  the
occurrence and development of  HBV-related HCC and play a crucial  role  in the
process of disease.

Three  of  the  same miRNAs in  HBV and HCC were  identical  to  the  predicted
ncRNA including miR-192, miR-215, and miR-874. At the same time, it was predicted
that three genes in the TFs of the regulatory module were identical to those of the
persistent disorder including EGR2, FOS, and KLF4 involved in modules 1 and 9.
According to the analysis of GO function, these two modules mainly play a role in
regulating the JAK-STAT and MAPK signaling pathways. Therefore, we presume that
these  six  TFs  and  ncRNAs  are  key  regulatory  factors  and  key  components  of
connecting HBV and HCC bridges. Generally speaking, it  is convenient for us to
understand the potential mechanism of disease by exploring the regulatory role of
pivot regulators in dysfunction modules. The pivot regulators can also be used as
candidates for further experimental studies by other biologists.

Prediction  of  potential  drugs  and  targets  for  effective  inhibition  of  HBV-HCC
process based on bridge mechanism
Potential drug prediction was made based on the bridge mechanism and drug target
information between HBV and HCC explored previously. The results reported that
1,633  drug-module  drug  target  pairs  of  953  drugs  may  represent  the  potential
therapeutic  mechanism  of  the  disease.  In  the  statistical  results,  Sarilumab  had
significant pharmacological effects on six modules, while Capsaicin, Imipramine, and
Mirtazapine had potential therapeutic or side effects on five modules. Other drugs
also had different degree of  targeting dysfunction modules,  which had a certain
regulatory  effect  on  HBV and HCC.  After  screening  the  same DEGs  of  the  two
diseases, 21 drug target genes were found, and each gene corresponded to multiple
drugs (Figure 3). In conclusion, these targeted drug predictions of bridge molecules
and functional dysfunction modules provide references and inspirations for biologists
in the treatment of diseases and the analysis of pharmacodynamics, and it can be used
as candidate drugs as well. Potential target drug prediction based on dysfunction
module has become an important research method for personalized treatment and
drug use.

DISCUSSION
HCC is the most difficult end-stage liver disease to cure. A total of 60%-80% of HCC
patients worldwide are potential liver diseases caused by HCV or HBV[19]. Although
scientists have done extensive research on the close relationship between hepatitis
and  HCC,  there  has  been  a  lack  of  exploration  of  molecular  bridges  based  on
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Figure 2

Figure 2  Module path enrichment. The larger the node, the more genes involved in the pathway. The connections between nodes reflect the correlation between
signaling pathways.

functional modules of HBV and HCC. Therefore, resources from several databases
were integrated including gene transcription and miRNA level changes in normal and
disease patients, PPI network, transcriptional and post-transcriptional regulation, and
other related data to study the potential molecular bridge of HBV-mediated HCC. The
combination of PPI and crosstalk analysis showed that the functional module-based
method can provide abundant resources for potential candidate genes, interactions,
ncRNA, and TFs of molecular bridges between the two diseases.

In our analysis, there were 135 identical genes in the DEGs of HBV and HCC and
67 genes were assumed to be persistent dysfunctional genes among them with the
increased expression of TOP5, GRHL2, VIPR1, CHST4, SLC25A47, and FXYD1 from
hepatitis  to  HCC.  We  postulate  that  these  genes  play  an  important  role  in  the
occurrence and development of HCC induced by HBV, which has been confirmed in
some previous studies.  GRHL2 levels  in alcoholic  liver patients and model mice
increased significantly among them, which seems to increase the level of hepatic
inflammation by targeting the inhibition of the transcription of microRNA122, while
HIF1 alpha can promote the metastasis of cancer cells and angiogenesis[20,21]. Inhibitory
effect  on  miRNA  122  can  also  affect  the  differentiation  potential  of  hepatic
stem/progenitor cells and aggravate the occurrence of liver diseases[22]. GRHL2 can
also promote cell  proliferation in a variety of  HCC cell  lines and is  significantly
associated  with  early  recurrence  of  HCC[23].  In  addition,  the  binding  of  VIP  to
receptors can participate in neutrophil recruitment, adhesion molecule expression,
and fibrinogen synthesis in different target organs to regulate inflammation[24]. VIPR1
is expressed in the majority of most common human tumors including breast cancer,
prostate cancer, pancreatic cancer, lung cancer, colon cancer, gastric cancer, liver and
bladder  cancers,  lymphoma,  and  meningioma[25].  In  addition,  Jinawath  et  al[26]

identified  a  significant  increase  in  CHST4  expression  in  intrahepatic  cho-
langiocarcinoma disease  samples  by  gene  expression  profile.  As  an  organ  with
metabolic function, the liver plays a major role in metabolism-related proteins in
tissues and cells, and the imbalance of metabolism-related proteins may cause liver
dysfunction, even the occurrence of diseases. SLC transporters, as the "metabolic
gates" of cells, mediate the transport of many essential nutrients and metabolites.
Human genome studies have identified SLC transporters as susceptible or pathogenic
genes in various diseases such as cancer, cardiovascular disease, metabolic disorders,
autoimmune diseases, and neurological dysfunction[27]. Finally, FXYD proteins can act
as  Na,  K-ATPase functional  regulators  by reducing the affinity  of  the system to
potassium and sodium. The expression level of FXYD proteins in normal liver tissues
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Figure 3

Figure 3  Potential drugs with significant effects on common gene. Yellow nodes represent common genes, and green nodes represent potential drugs.

is  low,  but  it  has  a  significant  increase  in  the  detection  data  in  this  study,  de-
monstrating that FXYD is also a key gene causing liver diseases[28].

Through in-depth analysis of HBV-related HCC dysfunction module, it was found
that  overlapping genes  existed among multiple  modules,  including a  variety  of
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chemokines that  have the ability  to  chemoattract  white  blood cells  to  the site  of
infection, thereby regulating the inflammatory response. CCL21 also participated in
five modules. CCL21 chemokines bind to CR7 receptors and T cells of mature DCs
regulated DC migration to the white pulp of the spleen, where physical contacts with
lymphocytes  triggers  immune  cell  responses  and  regulates  tumor-mediated
immunosuppression[29,30]. Another chemokine CCL20 participated in four modules
simultaneously,  and  its  expression  level  in  HBV-infected  cells  was  markedly
increased. CCL20/CCR6 chemokine/receptor axis is able to recruit CCR6-positive
white blood cells into the tumor microenvironment and promote the initiation and
progression of HCC[31,32].  While some chemokine receptors also existed in several
modules.  The  knockdown  of  CCR1  results  in  the  reduction  of  HCC  metastasis
promoter osteopontin in vitro and in vivo induced liver cancer migration, invasion,
and lung metastasis[33]. In addition, PIK3CD had the highest 670 connectivity among
all modules, which is a key regulatory gene with one-stop and whole-body effects.
The high expression of PIK3CD can promote the proliferation and migration of HCC
cells,  and  also  participates  in  acute  liver  injury  model  in  mice.  Long-term
inflammation of liver injury is an important factor leading to liver fibrosis and even
cirrhosis and HCC[34,35]. Later, interesting module pairs were observed and module 4
and module 6 showed significant crosstalk, including the most common DEGs of
which most were related to chemokines and receptors. Functional analysis showed
that  they  may  regulate  pivot  regulators  by  regulating  inflammation,  cell  cycle
regulation, and cell adhesion, thus completing the potential relationship between
HBV and HCC.

Transcriptional and post-transcriptional regulation are regarded as key factors in
the occurrence and development of diseases. Evaluating the transcriptional regulation
of  dysfunction  module  has  become  an  important  means  to  explore  the  bridge
molecules  of  HBV-mediated HCC pathogenesis  in  a  comprehensive  manner.  To
elucidate the transcriptional regulatory factors associated with the molecular links
between the two diseases, pivot regulators were analyzed based on transcriptional
and post-transcriptional regulatory relationships. The results showed that MALAT1,
ANCR,  and BANCR were the main long-chain ncRNAs,  miRNAs dominated by
miRNA-410-3p,  TFs  dominated  by  PPARA,  NFKB1,  and  RELA  had  significant
regulatory effects on dysfunction modules. For common DEGs of HBV and HCC
persistent disorder genes and miRNAs, the same genes were found with these pivot
regulators including EGR2, FOS, and KLF4, as well as miR-192, miR-215, and miR-
874. These genes exist in two disease-related modules and play a regulatory role in
these modules, so they can be presumed to be key bridge molecules between diseases.
These genes regulated activation of T cell, production of cytokine, change of cell cycle,
activation  of  inflammatory  and  cancer-related  signaling  pathways  by  targeting
multiple genes in the module. EGR plays a crucial role in the expression of FasL
mediated by HBx, thus affecting the occurrence of HBV-related HCC[36]. Inhibition of
EGR2 in HCC cell lines reduces the expression of SOCS-1 and the phosphorylation of
JAK2 and STAT3,  thus  affecting  cell  proliferation[37].  FOS signal  transduction  is
associated with TLR9-mediated IFN production in plasma-like dendritic cells, and the
gene expression level of it  is also significantly changed in HCC[38,39].  KLF4 affects
inflammation by regulating M1/M2 macrophage polarization, and can also be used as
a candidate marker for HCC development[40,41]. The regulation of small RNA is the
focus of biological mechanism research. Among them, miRNA-192 not only affects the
replication of HBV, but also affects the proliferation of HCC cell lines through the
regulation  of  apoptotic  proteins  and  ER  stress[42].  MiRNA-215  is  significantly
correlated with hepatitis grade, fibrosis stage, and tumor tissue differentiation[43].
MiRNA-874 can inhibit the angiogenesis of endothelial cells derived from tumors.
Overexpression of  miRNA-874-3p in HCC cell  lines can significantly inhibit  cell
growth and colony formation, and promote cell apoptosis[44,45]. Based on the functions
of these transcriptional and post-transcriptional regulators, it is believed that they
may represent  key  linkages  in  the  development  of  HBV to  HCC.  TFs  mediated
modules  1  and  9,  which  is  an  important  mechanism  of  dysfunction.  All  pivot
regulators  mediated dysfunction modules and played an overall  regulatory role
including the recombinant  genes,  indicating the potential  pathogenesis  of  HBV-
related HCC.

Drug prediction results based on multi-regulator-driven dysfunction module and
drug target information showed that Sarilumab had significant regulatory effects on
six dysfunction modules. Sarilumab is a human monoclonal antibody against IL-6
receptor-alpha, which has the ability to reduce neutrophils, showing that the drug has
a  certain  effect  on  inflammation[46].  26  DEGs  results  were  obtained  with  DEGs
targeting HBV and HCC. Among them, butyrylcholinesterase targeted predictive
drug Mefloquine acts on the beta-catenin pathway and plays a role in the treatment of
HCC[47].  Sulpiride induces fatty liver in rats by phosphorylating IRS-1 in Ser 307-
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mediated adipose tissue insulin resistance, so the drug may have potential toxic side
effects on the liver[48]. Many drugs need to be further explored for their treatment or
side effects. However, this study provides a new method for choosing common drugs
for  HBV and  HCC.  This  is  not  just  helpful  for  drug  research  and  development
personnel  to  conduct  drug screening,  but  also provides theoretical  guidance for
clinical medical personnel to conduct personalized treatment. Generally speaking, the
functional module-based approach can not only comprehensively and thoroughly
explore the mechanism of the occurrence and development of disease, but also predict
its potential therapeutic methods and mechanisms.

ARTICLE HIGHLIGHTS
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The potential  role  of  chronic  inflammation in  the  development  of  cancer  has  been widely
recognized. However, there has been little research fully and thoroughly exploring the molecular
link between hepatitis B virus (HBV) and hepatocellular carcinoma (HCC).
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To conduct a comprehensive and in-depth discussion on the bridge mechanism between HBV
and HCC.
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The purpose of this study was to explore the co-imbalance bridging molecules between HBV and
HCC and their potential drugs based on the dysfunction module.

Research methods
First,  maladjusted genes shared between HBV and HCC were identified by disease-related
DEGs. Second, the PPI network based on dysfunctional genes identified a series of dysfunctional
modules  and significant  crosstalk  between modules  based on  the  hypergeometric  test.  In
addition, key regulators were detected by pivot analysis.  Finally,  targeted drugs that have
regulatory effects on diseases were predicted by modular methods and drug target information.

Research results
The study found that 67 genes continued to increase in the HBV-HCC process. Moreover, 366
overlapping genes in the module network participated in multiple functional blocks. It could be
presumed that these genes and their interactions play an important role in the relationship
between inflammation and cancer. Correspondingly, significant crosstalk constructed a module
level bridge for HBV-HCC molecular processes. On the other hand, a series of ncRNAs and TFs
that have potential pivot regulatory effects on HBV and HCC were identified. Among them,
some of the regulators also had persistent disorders in the process of HBV-HCC including
miRNA-192, miRNA-215, and miRNA-874, and EGR2, FOS, and KLF4. Therefore, the study
concluded that these pivots are the key bridge molecules outside the module. Last but not least,
a variety of drugs that may have some potential pharmacological or toxic side effects on HBV-
induced HCC were predicted, but their mechanisms need to be further explored.

Research conclusions
The results suggest that the persistent inflammatory environment of HBV can be utilized as an
important  risk  factor  to  induce  the  occurrence  of  HCC,  which  is  supported  by  molecular
evidence.

Research perspectives
In the future, research may comprehensively and thoroughly explore the mechanism of HCC
occurrence and development and predict the potential therapeutic methods and mechanisms.
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