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Abstract

Background Hepatitis B virus associated hepatocellular carcinoma (HBV-HCC) have
been a serious global health problem. This study aimed to uncover the key genes

in HBV-HCC, and clarity their function, interaction, diagnostic and prognostic value,
impacts on immune infltration and potential drugs targeting these genes.

Methods Four gene expression datasets totally containing 117 paired tumor tissues
and adjacent control tissues were selected from the GEO database and used to screen
the differentially expressed genes (DEGs). Function analysis were performed by using
GO and KEGG enrichment. STRING and cytoscape were used to analyze protein-
protein interaction (PPI) and screen hub gene. Survival analysis and receiver operator

characteristic (ROC) curve were used to explore the prognostic and diagnostic value
of key genes. Immune infiltration analysis were performed by CIBERSORT algorithm.

Drug-Gene Interaction Database (DGldb) was used to screen the potential drug that
affect hub genes.

Results Overall, 234 shared DEGs were screened from four GSE datasets, which were
mainly enrichment in cell growth regulation, epoxygenase P450 pathway, cellular
response to multiple ion, xenobiotic metabolic process and complement activation.
Six hub genes (HMMR, NDC80, CDK1, EZH2, ESRT, FOXM1) were screen by PPl analysis.
ESR1 was down-regulated and associated with favorable prognosis in HBV-HCC, while
HMMR, NDC80, CDK1 and EZH2 were up-regulated and correlation with shorter overall
survival. Furthermore, ROC analysis and nomogram demonstrated the high diagnostic
performance of NDC80, CDK1 and EZH2. Immune infiltration analysis showed that
there were significant difference of several immune cell types between tumor and
control tissues, including T cells, monocyte/macrophage and dendritic cells. There
were significant correlation between hub genes with immune infiltration. Finally,
DGldb analysis showed there were several approved or new drugs that interaction with
HMMR, CDK1, ESR1 and EZH2.

Conclusion Six hug-genes are closely related to the HBV-HCC development, which
involved in multiple biological progress and immune infiltration. Among them, NDC80,
CDK1, EZH2 could severed as markers with good diagnostic and prognostic value.
Notably, several approved drugs interaction with hub genes might be potential drug
used for HBV-HCC therapy.
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1 Introduction

Hepatocellular carcinoma (HCC) is the sixth most commonly diagnosed cancer and
third leading cause of cancer-related deaths globally [1]. Hepatitis virus infection, exces-
sive drinking and Aflatoxicosis are the important risk factors in HCC pathogenesis.
Chronic infection with hepatitis B virus (HBV) is considered a major risk factor for the
HCC occurrence and progression, accounting for more than half of global HCC cases
[2]. About 240 million people worldwide were estimated to be chronically infected with
HBYV, presenting a serious global health problem [3]. The influnces of HBV infection
on host cells were complex, including enhanced genomic instability, chromosomal and
epigenetic reshaping, abnormal expression of key genes involved in HCC development,
change of immune microenviroment and etc [4, 5]. Therefore, there is an urgent need to
screen the important molecules in HBV-HCC, which might be key pathogenic factors,
prognostic markers or novel therapeutic targets.

In this study, we aimed to identify HBV-HCC related genes with significant expres-
sion change compared with paired pericarcinomatous tissue. Based on Comprehensive
analysis of RNA sequencing data from HBV-HCC patients was performed, including dif-
ferentially expressed genes (DEGs) screening, function enrichment, molecule network
construction, hub gene screening, prognostic analysis, diagnostic performance analysis,
immune infltration analysis and etc. As a results, we screened six hub genes assciated
with HBV-HCC. These hub genes might be play inmportant roles in HBV-HCC develop-
ment, and used for prognosis evaluation. Notably, there have been FDA approved drugs
which targets to several hub genes decoved in this study, which offer possible features
for HBV-HCC treament.

2 Methods

2.1 Data sources and differential expression gene screening

Gene expression datasets of HBV related HCC were searched in the Gene Expression
Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/) database. The datasets which
contained more than 10 HBV positive paired specimen (i.e. tumor tissues and adjacent
normal tissue) were included in this study. The information of GSE47197, GSE55092,
GSE84402 and GSE121248 datasets were listed in Table 1. Then the The expression dif-
ference of genes between tumor tissues and adjacent control tissue were analyzed by
using R software. Differentially expressed genes (DEGs) were screened with |Log2FC|>1
and P<0.05. P<0.05 represents significant statistical significance. |Log2FC|>1 repre-
sents the difference of expression levels reached more than twice.

2.2 Function analysis for DEGs

GO and KEGG pathway analysis of the DEGs were performing by using DAVID bioin-
formatics Resources (https://david.ncifcrf.gov/tools.jsp) [6]. R Bubble diagrams are used
for visualization the enriched GO term and KEGG pathway.
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Table 1 GSE datasets information

Dataset Platform Tumor tissue Adjacent normal tissue
GSE47197 GPL16699 N=57 N=57
GSE55092 GPL570 N=10 N=10
GSE84402 GPL570 N=13 N=13
GSE121248 GPL570 N=37 N=37

2.3 Protein-protein interaction (PPI) network analysis

The DEGs were used to construct PPI networks. The interactions among proteins
encode by the DEGs were predict base on The Search Tool for the Retrieval of Interact-
ing Genes/Proteins (STRING) database, and the confidence score threshold is set to 0.4,
which is the medium confidence of interaction score. The Cytoscape software were used
to reconstruct, analyze and visualize the PPI network and screen hub genes, based on
the distinct algorithm, including Betweenness, Closeness and Degree.

2.4 Prognostic value of hub genes

Kaplan-Meier (KM) Plotter was used to perform survival analysis [7]. To divide the HCC
patients into two groups with high-expression and low-expression, the “auto select best
cutoft” model was used to choose the best performing threshold. Survival curves of each
hub genes were plotted, and The hazard ratio (HR) and log-rank P-value were used to
evaluate the prognostic value of genes.

2.5 Diagnostic value of hub genes

The diagnostic performance of hub genes were investigated by receiver operator charac-
teristic curve (ROC) analysis. Multiple index diagnosis model was constructed by using
logistic regression analysis. Nomogram was generated by using R “rms” package, assign-
ing scores to genes based on their expression levels.

2.6 Drug - gene interaction

The Drug—Gene Interaction Database (DGIdb; https://dgidb.org/) is for precision medic
ine and drug discovery. DGIdb 5.0 was used to examine the potential therapeutic targets
of the selected hub genes.

2.7 Gene-gene, TFs-gene and microRNA-gene interaction

GeneMANIA database (https://genemania.org/) was used to analyze the gene-gene
interaction network of hub genes [8]. The transcription factors (TFs)-gene regulatory
network is constructed using the Networkanalyst platform based on JASPAR database.
The microRNA-gene interaction is anlysis by Networkanalyst based on miRTarBase
database.

2.8 Immune cell infiltration analysis

Immune cell infiltration analysis was performed by using CIBERSORT algorithm. The
original expression matrix from four GEO datasets (GSE47197, GSE55092, GSE84402
and GSE121248) were combined. To compare differences in immune cell infiltration
between HBV-HCC and control tissues, we generated box plots by using “ggplot2” R
package to visualize these differences. Additionally, the correlation between hub genes
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and immune cell subsets in HBV-HCC were calculated using the R “corr.plot” package,
and the results were visualized by bubble diagram.

2.9 Statistical analysis

In this present study, R version 4.4.3 was employed to perform statistical analyses. The
comparison of continuous variables between the two groups was performed using the
Student’s t-test. The pearson correlation analysis was used to analyzed the correlation
between continuous variables. P<0.05 was considered statistically significant.

3 Results
3.1 DEGs screening and function analysis
The workflow of this study was shown in supplementary Fig. 1. Firstly, gene expression
profile of HBV-HCC and paired adjacent control tissue were obtained from GEO data-
sets. The results showed that 683 (144 up; 539 down), 1663 (950 up; 713 down), 976
(505 up; 471 down) and 994 (354 up; 640 down) DEGs were obtained from GSE47197,
GSE55092, GSE84402 and GSE121248 respectively (Fig. 1A—D). Subsequently, 234 com-
mon DEGs (53 up; 181 down) were screened (Fig. 1E). Notably, the correlation of expres-
sion change of the 234 common DEGs among four datasets were high (»>0.9) (Fig. 1F).
Then, function analysis of the 234 DEGs were performed by using GO and KEGG
enrichment. For biological process (GO_BP), these DEGs were mainly enrichment in
growth regulation, epoxygenase P450 pathway, cellular response to ion (including Ca,
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zinc and copper), xenobiotic metabolic process, opsonization regulation and comple-
ment activation (Fig. 1G). GO_CC (cellular component) analysis showed that these
DEGs were wildly expressed in the extracellular, spindle, blood microparticle, collagen-
containing extracellular matrix and external side of plasma membrane (Fig. 1H). GO_
MF (molecular function) analysis showed that these DEGs related to monooxygenase
activity, heme binding, oxidoreductase activity, aromatase activity, iron ion binding and
arachidonate epoxygenase activity (Fig. 1I). KEGG pathway analysis showed that these
DEGs were involved in complement and coagulation cascades, metabolic pathways

(including metabolism of Retinol, Tryptophan, Caffeine, Drug, Cysteine and methionine,
etc.), and mineral absorption (Fig. 1J).

3.2 PPl conduction and hub gene selection

To explore the hub genes in HBV-HCC, the 234 DEGs were used to construct PPI net-
work. By using k-means clustering, the comprehensive PPI network comprising 192
DEGs, the others were excluded due to a lack of interaction. Then, Cytoscape was used
to visualize the PPI network. Firstly, three distinct algorithms were used to screen top
30 interactive DEGs respectively (Fig. 2A—C). Then, 6 shared DEGs among these algo-
rithms were screened (Fig. 2D). Among 6 hub DEGs, five genes were up-regulated (i.e.
HMMR, NDC80, FOXM1, CDK1 and EZH2) and ESR1 was down-regulated (Fig. 2E).
These expression change of the 6 hub DEGs were validated base on TCGA data, which is
in line with the results from GSE datasets (Fig. 2F).

3.3 Prognostic analysis of hub DEGs

KM plotter was used to explore the correlation between HBV-HCC patients’ overall sur-
vival (OS) and expression of hub DEGs. Survival curve showed the correlation between
poor prognosis and higher expression of HMMR, NDC80, CDK1 and EZH2 (HR>2,
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P<0.05; Fig. 3A-D). However, high ESR1 expression were associated with the longer
OS (HR=0.4, P<0.05; Fig. 3E). In addition, there was no significant prognostic value of
FOXM1 in HBV-HCC (HR =1.87, P=0.062; Fig. 3F). For progression free survival (PES),
As shown in Fig. 3G-L, high HMMR and EZH?2 expression was correlated to poor PFS.
However, these were no significant correlation between PFS and expression of NDC80,
CDK1, ESR1 and FOXM1.

3.4 The diagnostic value of hub genes for HBV-HCC

We further investigated the diagnostic values of 6 hub DEGs in HBV-HCC. Based on
ROC analysis (Fig. 4A—F), the results indicated good diagnostic performance of CDK1
(AUC 0.929, 95% CIL: 0.894-0.964), EZH2 (AUC: 0.900, 95% CI: 0.857-0.943) and
NDC80 (AUC: 0.898, 95% CI: 0.857—-0.939). ROC analysis showed the ordinary diag-
nostic performance of HMMR (AUC: 0.859, 95% CI: 0.812-0.907) and FOXM1 (AUC:
0.832, 95% CI: 0.778 to 0.887), and the poor diagnostic value of ESR1 (AUC: 0.631, 95%
CI: 0.560 to 0.703). Furthermore, we established a combine diagnostic models based on
logistic regression analysis. Subsequently, the nomogram was generated (Fig. 4G). ROC
analysis showed that the diagnostic performance of combine model higher than the sin-
gle gene (AUC: 0.934, 95% CI: 0.900-0.968; Fig. 4H).

3.5 Drug-targets analysis

As the significant expression change and prognostic value of the five hub genes, i.e.
HMMR, NDC80, CDK1, EZH2 and ESR1. We further explore the potential clinical
drug interaction with above gene. Base on DGI database, there were 4 approved drugs
interaction with HMMR, 6 approved drugs interaction with CDK1, 2 approved drugs
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Fig. 4 Diagnostic value of hub genes. A-F ROC analysis showed the diagnostic performance of HMMR, NDC80,

CDK1, EZH2, ESR1 and FOXM1. G, H Nomogram showed the diagnostic value of multi-gene combined diagnostic
model

interaction with EZH2 and 105 approved drugs interaction with with ESR1 (Supplemen-
tary Table 1).

3.6 Gene-gene and TF-genes interaction network analysis

By using GeneMANIA tool, the Genes-Genes interaction network of hub genes was
construction. The top 20 related genes that changed most frequently with hub genes was
shown in Fig. 5A. HMMR, NDC80, CDK1, EZH2, ESR1 and FOXM1 interact with the
surrounding shared genes through co-expression, physical interaction, co-localization,
prediction, genetic interaction and pathways. These genes were mainly correlated with
mitotic nuclear division, microtubule cytoskeleton organization, spindle, cell cycle G2/M
phase transition, chromosomal region and cell cycle checkpoint (Fig. 5B). By using Net-
workanalyst, the TFs-genes interaction network was constructed to find potential regu-
latory molecules for hub genes (Fig. 5C—H). These results indicated that FOXC1, NRF1,
YY1 and POU2F2 are the key transcription factors, which are related to the regulation
of at least three of the hub genes. Furthermore, the potential microRNA related to hub
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Fig. 5 The interaction network of hub genes. A Gene-gene network of hub genes was analyzed via GeneMANIA.
B GO enrichment of genes interaction with hub genes. C-H Networkanalyst showed the TFs-gene network of
HMMR, NDC80, CDKT1, EZH2, ESRT and FOXM1

genes was found by Networkanalyst based on miRTarBase database (Supplementary
Table 2). hsa-miR-193b-3p was correlated with NDC80, CDK1, EZH2 and ESR1.

3.7 Correlation between hub genes and immune infiltration

To further explore the differences of various immune cells infiltration in the HBV-HCC
and control groups, the proportions of each sample in 22 kinds of immune cells were
obtained based on the “CIBERSORT” algorithm. The results showed that compared with
control, the proportion of native CD4 T cells, regulatory T cells (Treg), MO macrophage
and activated dendritic cells (DCs) were significant higher in HBV-HCC tissues, and the
proportion of CD8 T cells, y8T cells, monocytes and activated mast cells were signifi-
cantly down-regulated (Fig. 6A). Furthermore, we investigated the associated hub genes
and immune cells in HBV-HCC. The results showed that HMMR, NDC80 and FOXM1
were significantly positively correlated with eosinophils, Treg cells and activated DCs,
while negatively correlated with CD8* T cells, monocytes and M1 macrophage. EZH2
was significantly positively correlated with DCs and Tregs, while negatively correlated
with CD8" T and M1 macrophage. ESR1 was significantly positively correlated with
eosinophils, activated DCs and resting NK cells, while negatively correlated with macro-
phage, plasma cells and neutrophils. CDK1 was positively correlated with activated DCs
and negatively correlated with resting mast cells (Fig. 6B—G). As the immune check-
point play important roles in immune regulation. We further examined the correlation
between hub genes and immune checkpoints. The results showed that there were no sig-
nificant correlation between HMMR, NDC80, CDK1 and most of the immune check-
point. However, ESR1 and FOXM1 was positively correlated with multiple immune
checkpoint (Fig. 6H).

4 Discussion

HBV infection is one of the main contributor in HCC development. The number of
patients infected with HBV is huge worldwide, which is a significant threat to global
public health. Study of the key genes involved in HBV-HCC development was helpful
for discovering the tumorigenic mechanism and therapeutic targets. In this study, we
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Fig. 6 Immune infiltration analysis of HBV-HCC. A The difference of 22 types of immune cells infiltration between
tumor tissues and adjacent control tissues based on four GSE datasets. B-G The correlation between hub genes
expression (HMMR, NDC80, CDK1, EZH2, ESRT and FOXM1) and immune cell infiltration in tumor tissues. (H) The
correlation between the expression of hub genes and immune checkpoint

screened the key DEGs based on GSE datasets of HBV-HCC, and further explore the
prognostic value, diagnostic performance, molecule network and the immune correla-
tion of these key genes.

Due to the high heterogeneity of tumors, only the paired samples (tumor and peri-
carcinomatous tissue) were selected to screened the DEGs in this study. Based on gene
expression data of 117 paired samples in four GSE datasets, 234 shared DEGs were
screened, which were involved in with cell growth, xenobiotic metabolism, P450 path-
way, complement activation and cell response to ion (cadmium, copper, zinc). By PPI
analysis, 6 hug genes were found, including 5 genes with up-regulated expression in
tumor tissues (HMMR, NDC80, CDK1, EZH2, FOXM1) and one down regulated gene
-ESR1.

Hyaluronic acid is the markers of liver fibrosis and cirrhosis [9]. HMMR, a receptor for
hyaluronic acid, is widely expressed in various cell types and plays important role in cell
migration, growth and differentiation [10]. Study have showed that HMMR expression
was increased and related to poor prognosis in multiple cancer [11, 12]. In this study, we
showed the HMMR expression was significant increased and correlation with poor OS
in HBV-HCC patients. He L et al’s study have demonstrated that HMMR could provide
suitable conditions for tumor formation during HBV-HCC via alleviating endoplasmic
reticulum stress [13]. Wu H and colleagues found that HMMR triggers immune eva-
sion of HCC by inactivation of phagocyte killing, and targeting HMMR could enhance
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anti-PD-1 treatment efficiency by recruiting CD8" T cells [14]. Consistently, immune
infiltration in this study showed HMMR was positively correlation with Tregs and nega-
tively correlation with CD8" T cells. Notably, there have been FDA-approved drug which
have interaction with HMMR.

NDC80, CDK1 and FOXM1 are involved in cell cycle and proliferation. NDC80 orga-
nize and stabilize microtubule-kinetochore interactions and is required for proper chro-
mosome segregation. Ju LL and colleagues have found that NDC80 knockdown reduced
HCC cell proliferation and colony formation [15]. CDK1 and FOXM1 are key regulator
for G2/M phase in cell cycle. Study has reported that FOXM1 could activate HMMR
transcription and induced bladder cancer cells growth and invasion [16]. Uncontrollable
cell proliferation is an important cause and characteristic of tumorigenesis. In this study,
we showed that NDC80 and CDK1 were significant up-regulated in HBV-HCC and cor-
related with poor prognosis. A number of small molecules targeting CDK1 or multiple
CDKs have been developed and evaluated in preclinical studies, such as BEY1107, Flavo-
piridol, Roniciclib and ect [17]. Moreover, PHA-793,887 is a novel CDK inhibitor, which
has not been used in HCC therapy. However, Caputo WL et al’s study also presenting
the potential application in HCC [18]. EZH2 encodes a member of the Polycomb-group
(PcG) family, regulate the methylation of H3 histone 27-Lys (H3K27), leading to tran-
scriptional repression of the affected target gene. EZH2 has been regarded as a promis-
ing therapeutic targets for lymphoma [19, 20]. However, EZH2 target drug has not been
used for solid tumor treatment. Overexpression of EZH2 in solid tumors is associated
with aggressive tumor behavior and poor prognosis, due to epigenetic silencing of tumor
suppressor genes which drives uncontrolled cell growth and metastasis [21-23]. This
study showed the increase expression of EZH2 in HBV-HCC and associated with the
shorter survival, which indicated the potential therapeutical effect of EZH2 blockage.
Recently, Bai J et al’s study have showed the silence of EZH2 by using antisense oligo-
nucleotides could suppresses tumor growth in a xenograft mouse model of HCC [24].
The selective EZH2 inhibitor is currently under investigation in various solid tumors and
cases of advanced cancer with hepatic impairment [25]. Lee J et al’s study showed that
tazemetostat (a EZH2 inhibitor) treatment could reducing levels of ferroptosis markers
FSP1, NFS1, and SLC7A11 in HCC cells, reduced cell viability and increased lipid perox-
idation in dose-dependently, which indicated the potential application of EHZ2 targeted
therapy in HCC [26].

Notably, NDC80, CDK1 and EZH2 showed the good diagnostic performance for HBV-
HCC. Nomogram analysis showed the better diagnostic value of three-gene combine
model. Notably, besides molecular genetic factors, multiple other factors were correla-
tion with survival of HCC patients. Li YK and colleagues’ study have showed the portal
venous and hepatic arterial coefficients is valuable for independently predicting postop-
erative survival of HCC patients [27]. Li J et al’s study have showed that a higher level of
lymphatic vessel density was significantly associated with poor prognosis of HCC [28].

In this study, ESR1 was down-regulated in HBV-HCC and correlated with favorable
prognosis, which indicated that ESR1 might be a protective factor. Wang DH and col-
leagues found that ESR1 could suppresses HCC by restricting M2 macrophage infil-
tration through the YAP-CCL2 axis [29]. Supportively, This study showed the negative
correlation between ESR1 expression and M2 macrophage infiltration in HBV-HCC.
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There are some limitation of this study. Firstly, the expression levels of hub genes were
not verified in clinical tissues. We will investigate these genes expression on clinical
samples from HBV-HCC in subsequent study. Secondly, there were still unclear about
that whether the expression change of these hub genes are only concomitant markers
of tumor occurrence, or these hub genes contribute to HBV-HCC progression. Previ-
ous evidence have indicated the potential function of EZH2, ESR1 and HMMR on HCC
progress. We will follow up with cellular and animal experiments to clarify the potential
function and mechanism of other hub genes. Thirdly, we observed a significant correla-
tion between hub genes expression and patients’ survival. However, other factors were
not included in survival analysis, such as caner stage, drink condition and etc. Further
study will perform a more detailed stratified analysis for prognostic value of these hub
genes in HBV-HCC patients. Fourthly, ESR1 expression was decreased and severed as
a favourable prognostic marker in HBV-HCC, which indicated the protective effects
ESR1 during HCC progression. However, ESR1 expression showed a negative correla-
tion with cells with immune killing activity (including M1 macrophage and CD8 T cells),
and a positive correlation with immunosuppressive Treg cells. This is not consistent with
the fundamentals of tumor immune microenvironment in general. The answer to this
issue still needs to be based on the accumulation of more study on ESR1. Finally, we
have screened several drugs target hub genes that may contribute to therapeutic sensi-
tization of HBV-HCC patients. However, these drugs have yet to be validated for their
effects and potential toxicity by animal experiments and clinical trail. We will improve
this work subsequently at the cellular and animal experimental levels.

In conclusion, we identified six hub genes that play important roles in HBV-HCC, with
significant expression change. These hug-genes involved in cell growth and immune
infiltration regulation. NDC80, CDK1, and EZH2 might served as the diagnostic and
prognostic marker in HBV-HCC. ESR1 might be a protective molecule in HBV-HCC.
Several new or approved drugs have potentially therapeutic value against HBV-HCC,

such as tazemetostat, clofibrate, flavopiridol and ect.
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