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Abstract \
Background: Hepatitis B Virus (HBV) infection is a global public health problem. After infection, patients experience a natural |
course from chronic hepatitis to cirrhosis and even Hepatitis B associated Hepatocellular Carcinoma (HBV-HCC). With the multi-
omics research, many differentially expressed genes from chronic hepatitis to HCC stages have been discovered. All these provide
important clues for new biomarkers and therapeutic targets. The purpose of this study is to explore the differential gene expression of
HBV and HBV-related liver cancer, and analyze their enrichments and significance of related pathways.

Methods: In this study, we downloaded four microarray datasets GSE121248, GSE67764, GSE55092, GSE55092 and
GSE83148 from the Gene Expression Omnibus (GEO) database. Using these four datasets, patients with chronic hepatitis B (CHB)
differentially expressed genes (CHB DEGs) and patients with HBV-related HCC differentially expressed genes (HBV-HCC DEGs)
were identified. Then Protein—protein Interaction (PPI) network analysis, Gene Ontology (GO) functional analysis and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis were performed to excavate the functional interaction of these two groups of
DEGs and the common DEGs. Finally, the Kaplan website was used to analyze the role of these genes in HCC prognostic.

Results: A total of 241 CHB DEGs, 276 HBV-HCC DEGs, and 4 common DEGs (cytochrome P450 family 26 subfamily A member 1
(CYP26A1), family with sequence similarity 110 member C(FAM110C), SET and MYND domain containing 3(SMYD3) and zymogen
granule protein 16(ZG16)) were identified. CYP26A1, FAM110C, SMYD3 and ZG16 exist in 4 models and interact with 33 genes in
the PPI network of CHB and HBV-HCC DEGs,. GO function analysis showed that: CYP26A1, FAM110C, SMYDS3, ZG16, and the 33
genes in their models mainly affect the regulation of synaptic vesicle transport, tangential migration from the subventricular zone to the
olfactory bulb, cellular response to manganese ion, protein localization to mitochondrion, cellular response to dopamine, negative
regulation of neuron death in the biological process of CHB. In the biological process of HBV-HCC, they mainly affect tryptophan
catabolic process, ethanol oxidation, drug metabolic process, tryptophan catabolic process to kynurenine, xenobiotic metabolic
process, retinoic acid metabolic process, steroid metabolic process, retinoid metabolic process, steroid catabolic process, retinal
metabolic process, and rogen metabolic process. The analysis of the 4 common DEGs related to the prognosis of liver cancer
showed that: CYP26A1, FAM110C, SMYDS3 and ZG16 are closely related to the development of liver cancer and patient survival.
Besides, further investigation of the research status of the four genes showed that CYP26A1 and SMYDS could also affect HBV
replication and the prognosis of liver cancer.

Conclusion: CYP26A1, FAM110C, SMYD3 and ZG16 are unique genes to differentiate HBV infection and HBV-related HCC, and
expected to be novel targets for HBV-related HCC occurrence and prognostic judgement.

Abbreviations: CHB DEGs = chronic hepatitis B differentially expressed genes, CYP26A1 = cytochrome P450 family 26
subfamily A member 1, DAVID = Database for Annotation Visualization and Integrated Discovery, FAM110C = family with sequence

similarity 110 member C, FC = foldchange, GEO = Gene Expression Omnibus, GO = Gene Ontology, HBV = hepatitis B , HBV-HCC
= hepatitis B associated hepatocellular carcinoma, HBV-HCC = hepatitis B associated hepatocellular carcinoma, HBV-HCC DEGs =
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hepatitis B associated hepatocellular carcinoma differentially expressed genes, HCC = hepatocellular carcinoma, KEGG = Kyo\td\
Encyclopedia of Genes and Genomes, PPl = protein—protein interaction network, SMYD3 = SET and MYND domain containing 3, |
STRING = Search Tool for the Retrieval of Interacting Genes, ZG16 = Zymogen granule protein 16.
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1. Introduction

Hepatitis B virus (HBV) virus is a hepatotropic DNA virus that is
the main cause of high morbidity and mortality of liver-related
diseases worldwide. Currently, >2 billion people have been
exposed to HBV, accounting for 30% of all deaths from cirrhosis
and 40% of all deaths related to hepatocellular carcinoma
globally."?! Hepatocellular carcinoma is the fifth most common
type of malignancy and the most prevalent cancers worldwide.!!
Its most common etiological factor world is HBV infection
worldwide, especially in China.®! Although the current oral
antiviral drugs can suppress the viral load and reduce liver-related
complications, lifetime treatment, high cost, and potential
toxicity are still major issues that need to be faced in the
treatment process. Therefore, it is necessary to develop new
treatment approaches to tackle the shortcoming of HBV
treatment.*! With the application of multi-omics analysis
methods, numerous important molecules have been discovered
and successfully applied clinically for diagnosis and treatment.
Since HBV infection is the major cause of liver cancer worldwide,
it must be considered as an important factor in the study of liver
cancer.

Itis a very long process from HBV infection to the development
of HBV-HCC, and the mechanism is very complicated and
profound. The research in this field is diverse and extensive,
especially in bioinformatics data. In our research, we focus on the
gene changes between HBV and HBV-HCC, to explore the
similarities and differences between the 2 pathological processes.
Through this study, we hope to find some new genes as targets for
the diagnosis and prognosis of HBV-HCC.

2. Material and methods

2.1. Microarray data

The GSE121248, GSE67764, GSES$5092, GSE47197, and
GSE83148 gene expression datasets (Table 1) were downloaded
from the Gene expression Omnibus (GEO) database (http://
www.ncbi.nlm.nih.gov/geo). The datasets generated during and/
or analyzed during the study are available in the GEO database
(http://www.ncbi.nlm.nih.gov/geo). Based on the annotation
information in the platform, the probes were converted into

The number of specimens in each dataset.

Dataset Normal liver tissues CHB tissues HBV-HCC tissues
GSE121248 0 37 70
GSE55092 0 11 1
GSEG7764 3 3 3
GSE47197 0 62 62
GSE83148 6 116 0

CHB =chronic hepatitis B; HBV-HCC = hepatitis B-associated hepatocellular carcinoma.

the corresponding gene symbol. The platform of the GSE121248
and GSE55092 are the GPL570 [HG-U133_Plus_2] Affymetrix
Human Genome U133 Plus 2.0 Array. The GSE121248 contains
70 chronic hepatitis B induced HCC tissues and 37 CHB tissues.
The GSE55092 contains 11 HBV-associated HCC tissues and
paired 11 CHB tissues. The platform of the GSE67764 dataset is
the GPL17077 Agilent-039494 SurePrint G3 Human GE v2
8x60K Microarray, and this dataset contains 3 normal liver
tissues, 3 chronic hepatitis B induced HCC tissues, and 3 CHB
tissues. The GSE47197, platform is GPL16699 Agilent-039494
SurePrint G3 Human GE v2 8x60K Microarray, containing 62
chronic hepatitis B induced HCC tissues and paired 62 CHB
tissues. The platform of the GSE83148 dataset is the Affymetrix
Human Genome U133 Plus 2.0 Array, containing 116 HBV
infected samples and 6 normal control samples (Table 1).

2.2. Identification of DEGs

GEO2R (http://www.ncbi.nlm.nih.gov/geo/geo2r) was used to
screen DEGs in these 4 datasets. The P values were adjusted to
correct false-positive results using the Benjamini and Hochberg
False Discovery Rate method. Genes with more than one probe
set or probe sets without relevant gene symbols were removed or
averaged, respectively. Genes with a adj.P-value <.01 and |logFC
(foldchange)|>1 were considered DEGs.

2.3. GO and KEGG pathway enrichment analyses of DEGs

The Database for Annotation, Visualization and Integrated
Discovery (DAVID; http://david.ncifcrf.gov)!®! that provides a
comprehensive set of functional annotation information of genes
and proteins, was used to analyze the DEGs enrichment and
functional annotation. GO annotation was performed to analyze
the biological process of DEGs.!®! Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis to understand high-level
functions and biological systems from large-scale molecular
datasets generated by high-throughput experiments.””) The
P <.05 was considered statistically significant.

2.4. PPI network construction and module analysis

To search the interactions and functions in the DEGs, the Search
Tool for the Retrieval of Interacting Genes (STRING; http://
string-db.org) was used to analyze the functional associations
and construct a PPI network. In this study, an interaction with a
combined score >0.4 was considered statistically significant. The
PPI network was constructed by Cytoscape (version 3.7.1), is a
source bioinformatics software platform for visualizing molecu-
lar interaction networks.!®! The Molecular Complex Detection
(MCODE) pulgin in Cytoscape software (the U.S. National
Institute of General Medical Sciences (NIGMS), America)®! was
applied to select the significant modules of hub genes from the PPI
network (degree cut-off >2, node score cut-off >0.1, max depth
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D 100, and K-core >2). The KEGG pathway and GO analyses for
DEGs in modules were used to investigate their potential
information using DAVID.

2.5. Key genes selection, cluster analysis, and survival
analysis

The plug-in Biological Networks Gene Oncology tool (version
3.0.3)% in Cytoscape software was used to illustrate the
biological process analysis of key genes and the significant model.
In addition, the Kaplan website (https://kmplot.com/analysis)
was used to analyze the genes for survival.

3. Results

3.1. Screening of differential genes

The progression of HBV infection to chronic hepatitis, cirrhosis,
and finally to liver cancer is a long-term chronic process. It is the
result of multiple mechanisms involving several molecules. Most
of the existing studies have analyzed the expression of differential
genes in HCC and HBV infected liver tissues to find the
mechanism of HBV infection and carcinogenesis.

Elucidating the molecules that change in the early stage of HBV
infection through big data analysis, and these changes continue to
the HCC stage; then, these molecules may be expected to become
early markers for the onset of HCC during the HBV infection
stage. These results might provide early clues for possible poor
prognosis.

www.md-journal.com

Therefore, we designed 2 sets of transcriptome analysis. The
first group analyzed the differences between healthy people and
CHB patients (CHB DEGs), and the second group analyzed the
differences between CHB patients and HBV-HCC (HBV-HCC
DEGs). Fortunately, we obtained the “continuous change” genes
that are the “4 common DEGs” by comparing the difference
genes between these 2 groups.

In the study, we downloaded GSE83148 and GSE67764 from
the GEO database, and used GEO2R to read, preprocess, and
screen DEGs. We use fold change to screen DEGs, and the
screening criteria are P <.03, |log2FC|>1. Consequently, a total
of 241 DEGs that were significantly changed in the occurrence of
CHB were screened (Fig. 1A), named CHB DEGs. We down-
loaded the HBV-HCC datasets from the GEO database,
including  GSE121248, GSE67764, GSES55092, and
GSE67764, and used these 4 datasets a total of 276 DEGs that
were significantly changed after the occurrence of HBV-HCC
were screened (Fig. 1B), named HBV-HCC DEGs.

This study used STRING to analyze CHB DEGs and HBV-
HCC DEGs, and obtained PPI interaction diagrams. In addition,
4 genes were found to exist in both CHB DEGs and HBV-HCC
DEGs, named 4 common DEGs (Fig. 1C).

3.2. The position of the 4 common DEGs in the PPI
network

In the above result, we found 4 common DEGs: CYP26A1,
7G16,SMYD3, and FAM110C. The 4 common DEGs changed
at the beginning of HBV infection, and lasted during the stage of

A CHB DEGs

HBV-HCC DEGs

+ CHB DEGs

T
c common DEGs

Figure 1. A: Venn diagram of differential genes in the two datasets of CHB; B: Venn diagram of differential genes in the 4 datasets of HBV-HCC; C: PPI network
diagram of CHB DEGs and HBV-HCC DEGs and the discovery of 4 common genes. The blue band represents the HBV-HCC DEGs, the pink represents the CHB
DEGs, and the green represents the 4 common DEGs. CHB DEGs =chronic hepatitis B differentially expressed genes, HBV-HCC =hepatitis B associated

hepatocellular carcinoma, PPI=protein—protein interaction network.
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HBV-HCC. These genes might indicate the occurrence of HBV-
HCC from the beginning of HBV infection. Next, we highlighted
the position of CYP26A1, ZG16, SMYD3, FAM110C and their
closely related gene models (Fig. 2). In this network diagram, we
found that CYP26A1, ZG16, SMYD3, and FAM110C were
associated with a total of 33 genes, thereby affecting other
differential genes in CHB DEGs and HBV-HCC DEGs (Fig. 2). In
a word, the 4 common DEGs may play an important role in
developing HBV to HCC.

3.3. GO and KEGG analysis

Next, to further investigate the functions and mechanisms
between the CHB DEGs, HBV-HCC DEGs, CYP26A1, ZG16,
SMYD3, FAM110C, and the 33 genes in their models, GO and
KEGG enrichment analyses were performed in DAVID.

First, the GO analysis results showed that the CHB DEGs were
significantly enriched in cell-cell signaling, signal transduction,
ion transmembrane transport, regulation of synaptic vesicle
transport, tangential migration from the subventricular zone to
the olfactory bulb in the biological processes category. In the cell
component analysis, we found that CHB DEGs were predomi-
nantly involved in the plasma membrane, extracellular space,
proteinaceous extracellular matrix, microvillus. Moreover, in the
molecular function analysis, these genes were mainly associated
with chemokine activity, GABA-A receptor activity, nucleoside
diphosphate kinase activity, and transporter activity. Further-
more, the KEGG pathway enrichment analysis indicated that the
CHB DEGs were protein digestion and absorption (hsa04974),
neuroactive ligand-receptor interaction (hsa04080), cytokine—
cytokine receptor interaction (hsa04060), and retinol metabolism
(hsa00830) (Fig. 3A).

Then, the GO analysis results showed that the HBV-HCC
DEGs were significantly enriched for oxidation-reduction,
complement activation, activation of plasma proteins involved
in acute inflammatory response, tryptophan catabolic process,
ethanol oxidation in the biological processes category. The cell
component analysis revealed that HBV-HCC DEGs were
predominantly involved in extracellular space, extracellular
region, extracellular region part, and microsome. In the
molecular function analysis, these genes were mainly associated
with electron carrier activity, oxygen binding, heme binding, and
tetrapyrrole binding. Moreover, the KEGG pathway enrichment
analysis indicated that the HBV-HCC DEGs were retinol
metabolism (hsa00830), complement and coagulation cascades
(hsa04610), drug metabolism (hsa00982), tryptophan metabo-
lism (hsa00380), and metabolism of xenobiotics by cytochrome
P450 (hsa00980) (Fig. 3B).

Finally, to analyze the processes involved in CYP26A1, ZG16,
SMYD3,FAM110C, and the 33 genes in their models for CHB and
HBV-HCC, we also performed GO and KEGG analysis.
Comparing it with the above CHB DEGs’ GO and KEGG results,
the results showed that CYP26A1, ZGl6, SMYD3, and
FAM110C mainly acted on the regulation of synaptic vesicle
transport in CHB, tangential migration from the subventricular
zone to the olfactory bulb, cellular response to manganese ion,
protein localization to mitochondrion, cellular response to
dopamine, and negative regulation of neuron death in the
biological processes category for CHB DEGs. Moreover, it also
acted on retinol metabolism in the KEGG for CHB DEGs (Fig. 3C).

Compared with the above HBV-HCC DEGs’ GO and KEGG
results, the results showed that CYP26A1, ZG16, SMYD3, and
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FAM110C mainly acted on tryptophan catabolic process,
ethanol oxidation, drug metabolic process, tryptophan catabolic
process to kynurenine, xenobiotic metabolic process, retinoic
acid metabolic process, steroid metabolic process, retinoid
metabolic process, steroid catabolic process, retinal metabolic
process, androgen metabolic process in the biological processes
category for HBV-HCC DEGs. Furthermore, it also acted on
retinol metabolism, tryptophan metabolism, metabolism of
xenobiotics by cytochrome P450, tyrosine metabolism, glycoly-
sis/Gluconeogenesis and linoleic acid metabolism in the KEGG
for HBV-HCC DEGs (Fig. 3C).

Based on the above analysis of biological information, we then
tried to compare the biological processes and KEGG pathways
enriched by CYP26A1, ZG16, SMYD3, and FAM110C in CHB
and HBV-HCC. We found that in both CHB and HBV-HCC
patients, CYP26A1, ZG16, SMYD3, and FAM110C affect the
same KEGG pathway, namely the retinol metabolism pathway
(Fig. 4C). The change in the retinol metabolism pathway is the
possible reason why CYP26A1, ZG16, SMYD3, and FAM110C
change in the early stage of HBV infection, and these changes
continue to the HCC stage. Therefore, in addition to the
verification of the 4 genes, retinol metabolism in the liver may
also be worthy for future exploration of HBV development into
HCC.

3.4. Survival analysis of CYP26A1, FAM110C, SMYD3,
ZG16

Through analyzing the prognosis of these 4 genes in HCC,
we found that CYP26A1, FAM110C, SMYD3, and ZG16 are
all related to the development of liver cancer and patient
survival (Fig. 4A-D). The above research results show that these
4 genes are significantly related to the prognosis of liver cancer
patients.

4. Discussion

HCC is a serious global health burden. More than half of HCCs
in the world are attributed to chronic hepatitis B."'!! The
relationship between HBV and HCC formation is complicat-
ed."?l HBV causes HCC including HBV DNA integration into
the host genome,!"*!*! transactivation of oncogenes by HBV
coding proteins, HBV induced chronic inflammation and
hepatocyte regeneration.!'>'¢!

The underlying mechanisms of HCC initiation and progression
are complicated, numerous studies have been conducted to
investigate HCC; however, the timely treatment and early
diagnosis of HCC still remain challenging.!'”! With the multi-
omics techniques application, many key molecules related to the
occurrence and development of liver cancer have been selected
and become targets for early screening and treatment of liver
cancer.

In this study, we screened 241 CHB DEGs in GSE83148,
GSE67764, and 276 HBV-HCC DEGs in GSE121248,
GSE67764, GSE55092, and GSE55092. CHB DEGs represent
the changes in various genes in the patient after HBV infection,
and HBV-HCC DEGs represent the changes in various genes in
the patient’s body after the HBV patient develops further cancer.

By taking the intersection of these two DEGs groups, we found
4 common DEGs: CYP26A1, ZG16, SMYD3, and FAM110C,
which changed continuously after HBV infection to HBV-HCC.
This result suggested that these 4 genes changed in the early stage



Wang et al. Medicine (2021) 100:33 www.md-journal.com

HBV-HCC DEGs

CHB DEGs

Figure 2. The position of CYP26A1, ZG16, SMYD3, FAM110C, and their related gene model in the PPI network diagram of CHB DEGs and HBV-HCC DEGs. The
blue band represents the HBV-HCC DEGs, the pink represents the CHB DEGs, and the green represents the 4 common DEGs. CHB DEGs = chronic hepatitis B
differentially expressed genes, HBV-HCC =hepatitis B associated hepatocellular carcinoma, PPI=protein—protein interaction network.
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Figure 4. Analysis of the 4 proteins and the survival analysis of liver cancer patients.

of HBV infection and heralded the malignant outcome of the
disease.

By GO and KEGG analysis, CHB DEGs were found to play
important roles in cell-cell signaling, signal transduction, retinol
metabolism, protein digestion, and absorption. HBV-HCC DEGs
mainly played important roles in oxidation-reduction, comple-
ment activation, retinol metabolism, tryptophan metabolism,
and other processes. CYP26A1, ZG16, SMYD3, and FAM110C
mainly acted on the regulation of synaptic vesicle transport,
negative regulation of neuron death, retinol metabolism in CHB,
while CYP26A1, ZG16, SMYD3, and FAM110C mainly acted
on tryptophan catabolic process, retinoid metabolic process, and
retinol metabolism in HBV-HCC.

According to our further analysis, we found that these 4 genes
were closely related to the HCC prognosis.

Regarding these 4 genes, we found that they are more or less
related to virus infection, cell proliferation, and tumorigenesis.
CYP26A1 is the main scavenger of atRA (all-trans retinoic acid)
in the adult liver."® It is involved in developing various cancers,
including breast cancer, cervical cancer, and malignant oral
diseases."* ! It can also participate in EBV virus replication./**!
FAM110C participates in cell proliferation and migration,
regulates cell proliferation, and regulates reproduction.?>=2’!
SMYD3 has been studied extensively, involving the occurrence

and development of various cancers, including ovarian cancer,
breast cancer, rectal cancer, pancreatic cancer, hepatocellular
carcinoma, etc.** 3% It is a very valuable anti-cancer target.[31733!
In addition, SMYD?3 is also involved in the disease process of
chronic lymphocytic leukemia and also supports the transcription
process of Ebola virus mRNA.P4 ZG16 is also involved in the
occurrence of various cancers, including colorectal cancer and liver
cancer.>>=! Further experiments should be carried out to study
the mechanisms of these genes for HBV infection and HCC
formation.

Indeed, our research has some potential bias and imprecision.
First of all, this kind of reasoning method has never been used
before. Statistical methods require deeper thinking and in-depth
analysis. The analysis results in this article need to be verified by a
large number of basic experiments such as Western Blot and
Polymerase Chain Reaction. However, this article aims to
provide a new way of thinking to analyze continuous disease
specimens. Although this way of thinking is still immature in
analysis methods, it does provide new research directions and
new hypotheses for basic scientific research and bioinformatics
analysis.

In our study, CYP26A1, ZG16, SMYD3, and FAM110C were
found to change after HBV infection and played an important
role in the occurrence, development, and prognosis of HBV-
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HCC. More importantly, these gene changes occur in the early
stage of HBV infection, making these genes expected to be an
early warning indicator of HBV infection and its poor prognosis.
These results also provide a new research direction for the
mechanism of HBV-HCC.
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