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Abstract

Hepatocellular carcinoma (HCC) is a highly lethal malignancy, and the mechanisms underlying its initiation, development,
and progression remain poorly understood. To explore differentially expressed genes (DEGs) involved in HCC progression,
we utilized the gene expression dataset GSE33006 from the GEO database on NCBI. This dataset includes expression
profiles of 3 HCC tumor samples and 3 normal liver samples. To accomplish that, the following bioinformatics tools have
been incorporated, and the downloaded data was analyzed with set-parameters Gene Ontology (GO) analysis, Protein-
protein Interaction (PPI) network analysis, Target-factor (TF) gene Interactions, and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) for pathway analysis; besides, STRING database was also used for enrichment and validation of genes.
As a result, a total of 896 genes were seen as Up-regulated genes, and 368 genes were down-regulated. From the analysis
among the Up-regulated genes, Angiopoietin 4 (ANGPT-4) was identified as one of the feasible candidate genes. The
expression of ANGPT-4 shows results similar to past conducted research proving similarities between both data. This study
provides insight into the prognosis of HCC and the possible gene ANGPT-4 along with the HIF-1a signaling pathway that is
responsible for the progression of Hepatocellular carcinoma.
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have the potential to invade surrounding tissues and spread

1. Introduction to other parts of the body through the bloodstream or
lymphatic system, a process known as metastasis.

Cancer is best characterized as an abnormal and (Mesleh., 2017). Hepatocellular carcinoma (HCC), the
uncontrolled growth of living cells that can originate in most common type of primary liver cancer, is a malignant
any organ or tissue of the body. These malignant cells tumor that develops in the liver. (McGlynn et al., 2021).
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The deaths related to Liver cancer account for about
830,000 worldwide and it is the third leading cause of
death related to cancer, the first being lung and next colon
and rectum cancers (Rumgay et al., 2022). The majority of
liver cancer is due to the cause of Hepatocellular
carcinoma, and minorly due to Cholangiocarcinoma
(CAA) or also to the mixture of both CAA and HCC (Affo
et al., 2017). Carcinogenic cell development involves,
changes to gene expression, and usage of various
regulatory pathways, therefore, the distinct etiology of
HCC progression is vague (Yang WX et al., 2019). The
diagnosis of HCC is strongly influenced by the stage of
disease progression. At an early stage, curative therapeutic
strategies such as surgical resection or liver transplantation
are viable options, with reported S5-year survival rates
approaching 70%. In contrast, patients diagnosed at an
advanced stage are typically managed with palliative or
systemic therapies, which offer limited benefits, with
median survival generally less than 12 months (Singal et
al., 2014); moreover, the majority of patients with early-
stage HCC miss the appropriate treatment period as there
are no early clinical symptoms shown by HCC (Zhang C et
al., 2017). Normally, all HCCs emanate from chronic
diseases such as NAFLD (non-alcoholic fatty liver
disease) or hereditary hemochromatosis (HH), Chronic
Hepatitis Virus (B & C), increase in corpulence, alcoholic
liver disease (Justin Hartke, Matthew Johnson and Marwan
Ghabril., 2017). Hepatocellular Carcinoma often originates
from genetic mutations that modify the metabolic
pathways consequently inducing the proliferation of cells
(Chen X et al., 2020). Hepatitis C is a fatal virus as it is
symptomless in the majority of patients and is prone to
causing HCC and leading to death (Ringelhan et al., 2017).
People infected with Hepatitis C have an increased risk of
developing liver cirrhosis which is then followed up by
fibrosis and thereby developing into HCC meantime
(Sebastiani et al., 2014). Angiogenesis can be identified as
a process where new leaky vessels develop from pre-
existing blood vessels to transport oxygen and nutrients
that are crucial and essential for HCC development.
Angiogenesis is mainly initiated by various Vascular
Endothelial Growth Factors (VEGFs) from cancerous cells
(Dai et al., 2019; Jasani et al., 2024). The VEGF growth
factor family consists of VEGF-A, VEGF-B, VEGF-C,
VEGF-D, and VEGF-E; a majority of cancerous cells
secretes VEGF-A and by interaction with tyrosine kinase
receptors (RTK) namely VEGFR1 and VEGFR2 promotes
angiogenesis, tumor cells over-expresses VEFG thereby
promoting angiogenesis (Rafii et al., 2002). Increased
VEGF levels in HCC have appeared to be in
correspondence with the progression of angiogenesis by
cancerous/tumor cells (Morse MA et al., 2018). In recent
years, the usage of the bioinformatics-based approach has
had a principal role in identifying and studying the
expression levels of tumor genes and probing for further
tumor key genes (Cao et al., 2023). Microarray technology
is a well-advanced technique that has been widely used in
the identification of abnormal genes and variations, and
using this we have been able to identify the Differentially
Expressed Genes (DEGs) and complex multiple pathways
that were involved in the proliferation and progression of
HCC. In this current study, we establish that HCC-
associated DEGs when compared between cancerous and
normal samples using the following techniques such as

enrichment analysis, PPl and TF network analysis, and
KEGG analysis to establish the pathway and genes
associated with Hepatocellular carcinoma. As a result, a
total of 896 genes were seen as Up-regulated genes, and
368 genes were down-regulated from this pool of genes;
and Angiopoietin 4 was found as a significant candidate.

2. Materials and Methods

2.1. Microarray Data Acquisition

Gene Expression Omnibus (GEO)
(https://www.ncbi.nlm.nih.gov/geo/) (Edgar et al., 2002)
database has a collective dataset of Microarray and Next-
generation sequences. The hepatocellular carcinoma-
associated microarray dataset with accession number
GSE33006 (Huang et al., 2012) was downloaded from
NCBI. The GSE33006 dataset altogether consists of 6
datasets, which include 3 normal liver datasets and 3 HCC-
affected datasets that were obtained for our study. The
dataset GSE33006 was established from GPL570
(Affymetrix Human Genome U133 Plus 2.0 Array) (Chen
et al., 2020). We have utilized GSE33006 dataset to
analyze the genes.

2.2. Data Set normalization and analysis

The downloaded data were processed and analyzed
with the help of the GSE33006 series matrix file, and the
downloaded genes were checked for their gene symbol; a
total of 45119 genes were obtained after pre-processing the
datasets. To screen the DEGs, logFC (Fold change) >2 and
logFC <2 were set as the benchmark criteria to discover
desirable genes. After the filtration, a total of 2529 genes
were obtained for logFC >2 and were termed Up-regulated
genes, and for logFC <, 2 1087 genes were obtained and
termed Down-regulated genes.

2.3. Differentially Expressed Gene’s Enrichment
Analysis

To identify potential DEGs, Network Analyst was
utilized for this process and the gene’s significance was
analyzed using the Kyoto Encyclopaedia of Genes and
Genomes (KEGG), Reactome, Gene Ontology (GO)
analysis that includes a biological process (BP), Molecular
function (MF) and Cellular component (CC). To be
statistically significant for enrichment, the threshold for
the genes was adjusted to P-Value(using false discovery
rate FDR) < 0.5 and log2 FC was adjusted to <1.0.

2.4. Protein-protein Interaction (PPI) network analysis

PPI Network analysis is an important and key step that
helps in the identification of the key genes that were
involved in the development of hepatocellular carcinoma.
Network analyst integrated STRING interactome
(Szklarczyk D et al., 2014) with a cut-off score of 900 was
used for the construction and identification of the PPI
network of DEGs. We used the Functional Explorer tool in
the Network analyst to discover possible modules with
DEGs.

2.5. Target-factor (TF) gene Interactions

Gene regulatory networks influenced TF-gene
interaction was implemented to recognize DEGs in
Network analyst, TF gene database combined with
JASPAR (Khan A et al., 2018) was used to discover the
Differently expressed genes.
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3. Results

3.1. Identification of Differentially expressed genes
(DEGsS)

We processed our data GSE33006 from NCBI using
Network analyst to obtain the required set of DEGs and by
applying the cut-off criteria as P-value <0.5 and log2 FC
<1.0, a total of 4167 Differentially Expressed Genes were
identified, and out of this a total of 896 genes were
identified as Up-regulated genes based on parameter
logFC >2 and 368 genes were identified as Down-
regulated genes on the parameter of logFC <2 from our
bioinformatics analysis.

3.2. Analysis of DEGs

In the due process, we also obtained the significant
genes from the Network analyst and we correlated the
obtained significant genes with Up-regulated and Down-
regulated DEGs that were identified based on the above-
mentioned parameters. After the correlation, normal genes
were eliminated leaving only the Up-regulated and Down-
regulated genes along with their Gene Ontology (GO)
terms. The Gene Ontology (GO) annotations encompass a
variety of pathways, including key signaling pathways
such as MAPK, FOXO, and HIF-la. Additionally, GO
terms cover several cancer types, including colorectal and
lung cancers, as well as diseases like Fanconi anemia and
chronic myeloid leukemia.

3.3. Gene Ontology Analysis & Enrichment

Gene Ontology analysis was done on the current
dataset genes that include Up-regulated and Down-
regulated genes, and gene ontology was performed to
realize the features and biological implications of the
targeted pathways. The gene ontology was categorized into
three categories, which include Biological process (BP),
Molecular function (MF), and Cellular component (CC).
According to Network analysis, Viral reproductive process
was significantly enriched in the Biological process,
Enzyme binding was highly enriched in the Molecular
function, and Cytosol was also highly enriched in the
Cellular component. More comprehensive Gene Ontology
enrichment analyses are shown in Figures 1 and 2. Further
evaluation of HCC prognosis could be enhanced by
examining the roles of other notable enriched terms and
pathways involving differentially expressed genes

GO Enrichment Anlysis
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Figure 1. GO Enrichment analysis of top pathways related to our
Differently expressed genes with logFC >2. It includes both
Upregulated and Down-regulated genes.

ses

Figure 2. The Volcano plot. The log value fold change of
significant genes of logFC >2 and logFC <2 were used as a
parameter, here red colour denotes Up-regulated genes and blue
colour denotes Down-regulated genes and the colourless genes are
non-significant genes.

3.4. KEGG Pathway Analysis

We used the Kyoto Encyclopedia of Genes and
Genomes (KEGG) to analyze the presence of possible
DEGs in a pathway, and the enrichment analysis revealed
possible pathways related to our desired genes. The
analysis revealed 5 possible pathways that show the
presence of our shortlisted DEGs; they are the MAPK
signaling pathway, Ras signaling pathway, Rap1 signaling
pathway, HIF-1 signaling pathway, and PI3-Akt signaling
pathway. Various DEGs that include both Up-regulated
and Down-regulated genes were found in these pathways
for their involvement in the possible regulation of causing
Hepatocellular carcinoma. To find the competent pathway,
we utilized PANTHER (http://www.pantherdb.org/) a
classification system based on the DEGs and pathways as
shown in Figures 3 and 4, PANTHER was used to verify
the potential competent pathway from our desirable list,
and the HIF-1 signaling pathway was found as a feasible
candidate.
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Figure 3. KEGG pathway of the HIF-1 signaling pathway. Note:
Only the differently expressed genes are shown here.
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Figure 4. TF-gene interaction analysis of HIF-1 signaling
pathway genes, the TF module was constructed using
NetworkAnalyst and it consists of differently expressed genes of
the HIF-1 signaling pathway.
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3.5. PPI Network analysis and Identification of hub gene

To further evaluate the interaction among the identified
DEGs and their pathways, a PPI network was analyzed to
study the DEGs. The Protein-Protein Interaction (PPI)
network for these DEGs consisting of 5548 nodes, 16221
edges, and 1627 seeds was constructed and analyzed by
Network analyst based on the STRING database. Among
all the Differentially expressed genes based on our
research interest and compatibility of the genes concerning
the prognosis of hepatocellular carcinoma, a few genes
were shortlisted including LDHA, CAMK2B, PGKI,
ANGPT4, IL6R, EPO, ENO2, ANGPT2, TEK, INS shown
in Figure 5 and 6. Significant genes were shortlisted for
further studies and also for their involvement in various
pathways.
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Figure 5. Protein-Protein Interaction analysis of Differently
expressed genes at their transcriptional level and red colour
denoted down-regulated genes and green colour denoted Up-
regulated genes.
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Figure 6. Heatmap of the genes that are differently expressed in
the HIF-1 signaling pathway, is shown along with their expression
levels in its dataset samples.

3.6. ANGPT4 -A candidate gene

We further studied the expression levels, prognosis,
networking pathways, and expression levels of these
mentioned genes in shortlisted pathways; we have used
GENECARDS (https://www.genecards.org/) a database
that provides all the necessary information regarding
annotated, human genes and genomic biological data
(Rappaport N et al., 2017) to probe the genes to find the
suitable gene that directly or indirectly promotes
Hepatocellular Carcinoma. We also used the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database to
study the relevance of the gene and to study on HIF-1
signaling pathway and all the genes that were involved in
this pathway. Based on our findings and evaluating it with
necessary aspects, we found that the gene ANGPT-4 is a
promising candidate here. We have also detected that the
expression level of ANGPT-4 from our dataset samples is
Up-regulated in Hepatocellular carcinoma according to our
findings. To further understand the gene regulation of
ANGPT-4, and its receptors, we used the STRING
database (https://string-db.org/) to further evaluate the role
of ANGPT-4 in its possible progression of Hepatocellular
carcinoma. STRING analysis confirmed the expression of
the candidate gene in the HIF-1 signaling pathway and
also its interaction with Tie receptors, ANGPT-1, ANGPT-
2, TEK et., To further validate the expression level of this
gene, we used the Human Protein Atlas
(https://www.proteinatlas.org/) to  authenticate  the
expression levels in HCC (Liver cancer) and also with all
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other cancer types. Therefore, with our findings, we can
observe the expression of ANGPT-4 in HCC shown in
Figure 7.

Figure 7. Sub-network analysis of genes and receptors connected
with our candidate gene, the genes were analyzed and identified
using String tools

4. Discussion

Bioinformatics is an essential tool that plays a critical
role as an analyst in Oncogene study including diagnosis,
and treatment as it assists in interpretation of the process of
carcinogenesis by incorporating data at the genome level
with various bioinformatics methods. Identification of
prominent genes for HCC diagnosis and treatment is
required, but studies related to gene expression levels are
inadequate, therefore delaying the treatment process. In
this study, Bioinformatics-based microarray analyses were
analyzed to screen the desired key genes and their related
pathway that directly or indirectly proliferate
Hepatocellular Carcinoma. After analysis, 2,529 genes
were up-regulated and 1,087 genes were Down-regulated;
the Differently Expressed Genes of HCC datasets were
screened based on fixed parameters, and this resulted in
896 up-regulated DEGs and 368 down-regulated DEGs
were shortlisted along with the respective pathways from
NCBI. The Bioinformatics analysis that was utilized to
find out the DEGs are Gene Ontology enrichment analysis,
KEGG pathway analysis, PPI network analysis, and TF
network analysis to find out HCC-related genes and
pathways. From Gene ontology enrichment, the desired
results with the expected gene and pathway were proven
and in KEGG the desirable pathway, the HIF-1 signaling
pathway, was analyzed in correspondence with PPI and TF
networks interactions, and the following genes were
retrieved for further analysis of the following genes,
SERPINE1, CAMK2B, HMOX1, ANGPT4, IFNG, IGF1,
ENO3, NOS3, IL6, TLR4, ANGPT2, TEK, INS and it is
observed from our data that all above-mentioned genes
were down-regulated. Downregulation of ENO3 was also
observed in HCC by Liu ZK (Liu ZK et al., 2019).
SERPINE] is known to cause carcinogenesis in our liver,
and elevated levels of SERPINE1 are reported to be
aggressive in tumors, thereby contributing towards
angiogenesis stimulation, tumor proliferation, etc. Rosa et
al., confirmed the significant increase in SERPINEI
expression promoting cancer progression in HCC, and
through KEGG analysis we confirmed the presence of
SERPINE] in HIF-1 signaling pathway (Divella R et al.,

2012; Divella R et al., 2001; Itoh T et al., 2000). The
expression change of CAMK2B is yet to be found in HCC
progression, but Kim JH et al. reported the Down-
regulation of CAMK2B, and together with ARFGEF1,
they work as biomarkers for the identification of breast
cancer (Kim JH et al., 2011), and our data shows the
down-regulation of CAMK2B and its presence in the HIF-
1 signaling pathway. The downregulation of IGF1 was not
only found in our data, but a study performed by Gao X et
al. shows the down-regulation of the IGF1 gene and its
significant role in HCC initiation and progression that
proves our results (Gao X et al., 2018). The genes were co-
related and analyzed with relatable pathways from KEGG
and ANGPT4, ANGPT2, TEK, and INS were found to be
present in the above-mentioned pathways. The analysis
from ULCAN DATABASE, STRING DATABASE,
HUMAN PROTEIN ATLAS, and GENECARDS
DATABASE shows ANGPT4 is predicated to possibly
induce HCC. Hepatocellular carcinoma is known to utilize
a large number of blood vessels (hypervascularization)
using the property of angiogenesis to indulge in an
invasion, relapse, and metastasis of the disease (Poon RT
et al., 2003); the angiogenic property is controlled based
on the balance between anti-angiogenic inhibitors and pro-
angiogenic activators and VEGF, FGF2, FGF4, HGF, IL8,
Ephrin, CXCL12, ANGPT1, and ANGPT4; it is worth
noting that the ligands for TIE family, TIE1 and TIE2 with
receptor tyrosine kinases (TEK) are ANGPT1, ANGPT2,
and ANGPT4, and they execute the role of HCC
progression with interaction with the Tie receptors who are
bound by tyrosine kinase receptors (Katoh Y et al., 2006).
The angiopoietin/Tie2 system regulates the angiogenesis
property, thereby contributing to the progression of HCC;
however, the role of the angiopoietin/Tie2 system is
ambiguous but recently it was reported that this system
plays a crucial role in the initiation and progression of non-
small cell lung carcinoma but their precise role in HCC
needs further investigation (Zhang ZL et al., 2006).
ANGPT4 was identified as a member of the angiopoietin
family recently and is orthologous to ANGPT3 identified
in mice (Valenzuela DM et al., 1999) but has a dissimilar
protein structure, the study of ANGPT4 was derived from
blood endothelial stem cells and vascularization properties
thereby providing evidence that ANGPT4 expressed via
autocrine signaling similar to ANGPT2 and stimulates
responses to stimulus such as hypoxia (Lee HJ et al.,
2004). ANGPT-4 firmly activates the TIE2 system and
downstream signaling (Lund EL et al., 2004) and similar
to ANGPT1, ANGPT4 is shown to promote and progress
migration, survival, and vessel formation in vitro, and it is
also reported that ANGPT-4 has initiated and promoted the
growth of corneal angiogenesis in mice (Olsen MW.,
2006). There is also strong evidence of ANGPT4's impact
on breast cancer development and progression and
evidence of suggestions for the potential for therapeutic
targets (Yang H et al., 2021). ANGPT4 plays a key role in
the growth and progression of human glioblastoma as it is
up-regulated in it (Brunckhorst MK et al., 2006). The role
of the Angpt-tie-2 system and ANGPT4 for initiation,
cancer growth, and progression of ovarian cancer is
significant from the findings where ANGPT4 is portrayed
as a protumor (Brunckhorst MK et al., 2014). ANGPT4
was recorded to have swiftly activated the AKT and ERK-
1,2 signaling pathways (Kesler CT et al., 2015). It is



434 © 2025 Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 3

reported that hypoxia-induced factors elevate the ANGPT4
level, thereby inducing angiogenesis in tumor areas (Lee
HIJ et al., 2004). ANGPT-4 is upregulated by HIF-1 and its
pathway, therefore  enhancing vessel formation
(Andrikopoulou E et al., 2011). An important transcription
factor that induces expression levels in ANGPT4 is the
HIF-1o which provides an inter-cellular stabilization for
growing tumors and it was proved that Hepatitis B virus
X-protein on exposure to HIF-la showed increased
transcriptional levels and elevated protein levels thereby
inducing angiogenesis (Morse MA et al., 2019). Jiang HY
et al. reported higher expression levels of HMOX1 and
SERPINE1 in hypoxia condition INHIF-1 signaling
pathway that enhances the prognosis of HCC (Jiang HY et
al., 2020), and the expression levels of HMOXI1 was also
reported by Wang Y et al. for its involvement in HCC
progression (Wang Y et al., 2020). Freise C et al. reported
on the activation of IGF1 that induces VEGF and HIF-1a
to critically impart angiogenesis towards HCC growth
(Freise C et al., 2011). The HIF-1 functions as a mediator
for hypoxic regulation of ANGPT-2 and ANGPT-4 and
plays a critical role in the formation of new vessels; under
the influence of HIF-1, ANGPT-4 was shown to have
improved vessel formation and controlled the permeability
of endothelial layers (Yamakawa M et al.,, 2003). By
substituting for ANGPT-1 as a TIE-2 receptor ANGPT-4
assist in angiogenesis in response to hypoxia and it was
also confirmed that ANGPT-4 was up-regulated in
normoxic conditions due to HIF-1 regulation and the
molecular mechanism that is utilized by HIF-1 to
upregulate  ANFPT-4 levels is yet to be determined
(Yamakawa M et al., 2004). By integrating our findings
with clinical data from previous research studies and
utilizing the KEGG pathway database, we identified
similarities between our data and prior observations. This
analysis revealed ANGPT-4 within the HIF-1a signaling
pathway. Furthermore, our analysis of HCC tissues
demonstrated upregulation of ANGPT-4 within the HIF-1
signaling pathway. Based on these findings, we
hypothesize that ANGPT-4 may play a crucial role in HCC
progression through the HIF-1a signaling pathway.

5. Conclusion

The acquired results from this study present ANGPT-4
as a key associated gene for the progression of
Hepatocellular carcinoma, and using bioinformatics tools
and various other databases we can detect ANGPT4. The
expression levels related to ANGPT1 and ANGPT2 have
been studied well for their involvement in HCC initiation,
but in contrast the expression levels of ANGPT4 are yet to
be explored in-depth for their involvement in cancer
progression, including their underlying mechanism in
various cancer types and HCC.

Acknowledgments
The authors are thankful to Shoolini University for

providing the appropriate facilities and data to complete
this work.

Compliance with ethical standards

5.1. Conflict of Interests
The authors declare no conflict of interests.
5.2. Research involving animal/human participants

This article does not contain any studies with animal
and human participants.

5.3. Informed Consent/Data Availability Statement

The data supporting the findings for this study are
available with the corresponding author upon request.

References

Affo S, Yu LX, Schwabe RF. The Role of Cancer-Associated
Fibroblasts and Fibrosis in Liver Cancer. Annu Rev Pathol. 2017
Jan 24;12:153-186.Epub 2016 Dec 5. 10.1146/annurev-pathol-
052016-100322

AL-Jasani BM, Sahib HB, Al-Saad HN. The Anti-angiogenic
Potential of Thiosemicarbazide Derivative of Captopril (8) in
Breast Cancer Cell Lines. Jordan J. Biol. Sci.. 2024 Sep 1;17(3).

Andrikopoulou E, Zhang X, Sebastian R, Marti G, Liu L, Milner
SM, Harmon JW. Current Insights into the role of HIF-1 in
cutaneous wound healing. Curr Mol Med. 2011 Apr;11(3):218-35
10.2174/156652411795243414

Barrett T, Wilhite SE, Ledoux P, Evangelista C, Kim IF,
Tomashevsky M, Marshall KA, Phillippy KH, Sherman PM,
Holko M, Yefanov A, Lee H, Zhang N, Robertson CL, Serova N,
Davis S, Soboleva A. NCBI GEO: archive for functional
genomics data sets--update. Nucleic Acids Res. 2013
Jan;41(Database issue):D991-5.Epub 2012 Nov 27.
https://doi.org/10.1093/nar/gks1193

Brunckhorst MK, Wang H, Lu R, Yu Q. Angiopoietin-4 promotes
glioblastoma progression by enhancing tumor cell viability and
angiogenesis. Cancer Res. 2010 Sep 15;70(18):7283-93
https://doi.org/10.1158/0008-5472.CAN-09-4125

Brunckhorst MK, Xu Y, Lu R, Yu Q. Angiopoietins promote
ovarian cancer progression by establishing a procancer
microenvironment. Am J Pathol. 2014 Aug;184(8):2285-96.
https://doi.org/10.1016/j.ajpath.2014.05.006

Cao T, Wu H, Ji T. Bioinformatics-based construction of
prognosis-related methylation prediction model for pancreatic
cancer patients and its application value. Front. Pharmacol. 2023
Mar 9;14:1086309.

Chen X, Liao L, Li Y, Huang H, Huang Q, Deng S. Screening and
Functional Prediction of Key Candidate Genes in Hepatitis B
Virus-Associated Hepatocellular Carcinoma. Biomed Res Int.
2020 Oct 9;2020:7653506. https://doi.org/10.1155/2020/7653506

Dai W, Wang Y, Yang T, Wang J, Wu W, Gu J. Downregulation
of exosomal CLEC3B in hepatocellular carcinoma promotes
metastasis and angiogenesis via AMPK and VEGF signals. Cell
Commun Signal. 2019 Sep 2;17(1):113.
https://doi.org/10.1186/s12964-019-0423-6

Divella R, Mazzocca A, Gadaleta C, Simone G, Paradiso A,
Quaranta M, Daniele A. Influence of plasminogen activator
inhibitor-1 (SERPINE1) 4G/5G polymorphism on circulating
SERPINE-1 antigen expression in HCC associated with viral
infection. Cancer Genom. Proteom. 2012 Jul-Aug;9(4):193-8.
https://cgp.iiarjournals.org/content/9/4/193

Divella R, Taylor M, Grendahl-Hansen J, Kakolyris S, Gatter KC,
Harris AL. Plasminogen activator inhibitor-1 as a measure of
vascular remodelling in breast cancer. J Pathol. 2001
Sep;195(2):236-43. https://doi.org/10.1002/path.931



© 2025 Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 3 435

Edgar R, Domrachev M, Lash AE. Gene Expression Omnibus:
NCBI gene expression and hybridization array data repository.
Nucleic Acids Res. 2002 Jan 1;30(1):207-10.
https://doi.org/10.1093/nar/30.1.207

Freise C, Ruehl M, Erben U, Neumann U, Seehofer D, Kim KY,
Trowitzsch-Kienast W, Stroh T, Zeitz M, Somasundaram R. A
hepatoprotective Lindera obtusiloba extract suppresses growth
and attenuates insulin like growth factor-1 receptor signaling and
NF-kappaB activity in human liver cancer cell lines. BMC
Complement Altern Med. 2011 May 12;11:39.
https://doi.org/10.1186/1472-6882-11-39

Gao X, Wang X, Zhang S. Bioinformatics identification of crucial
genes and pathways associated with hepatocellular carcinoma.
Biosci Rep. 2018 Nov 9;38(6).
https://doi.org/10.1042/BSR20181441

Huang Y, Chen HC, Chiang CW, Yeh CT et al. Identification of a
two-layer regulatory network of proliferation-related microRNAs
in hepatoma cells. Nucleic Acids Res 2012 Nov 1;40(20):10478-
93. https://doi.org/10.1093/nar/gks789

Itoh T, Hayashi Y, Kanamaru T, Morita Y, Suzuki S, Wang W,
Zhou L, Rui JA, Yamamoto M, Kuroda Y, Itoh H. Clinical
significance of urokinase-type plasminogen activator activity in
hepatocellular carcinoma. J Gastroenterol Hepatol. 2000
Apr;1(4):422-30.
https://doi.org/10.1046/j.1440-1746.2000.02150.x

Jiang HY, Ning G, Wang YS, Lv WB. Ahypoxia-related signature
enhances the prediction of the prognosis in hepatocellular
carcinoma patients and correlates with sorafenib treatment
response. Am J Transl Res. 2020 Dec 15;12(12):7762-7781.
PMC7791514

Justin Hartke, Matthew Johnson, Marwan Ghabril, The diagnosis

and treatment of hepatocellular carcinoma, Seminars in
Diagnostic Pathology, Volume 34, Issue 2, 2017, Pages 153-159,

ISSN 0740-2570mbhttps://doi.org/10.1053/j.semdp.2016.12.011

Katoh Y, Katoh M. Comparative integromics on Angiopoietin
family members. Int J Mol Med. 2006 Jun;17(6):1145-
9.https://doi.org/10.3892/ijmm.17.6.1145

Kesler CT, Pereira ER, Cui CH, Nelson GM, Masuck DJ, Baish
JW, Padera TP. Angiopoietin-4 increases permeability of blood
vessels and promotes lymphatic dilation. FASEB J. 2015
Sep;29(9):3668-77.Epub 2015 May
14.https://doi.org/10.1096/fj.14-268920

Khan A, Fornes O, Stigliani A, Gheorghe M, Castro-Mondragon
JA, van der Lee R, Bessy A, Chéneby J, Kulkarni SR, Tan G,
Baranasic D, Arenillas DJ, Sandelin A, Vandepoele K, Lenhard B,
Ballester B, Wasserman WW, Parcy F, Mathelier A. JASPAR
2018: update of the open-access database of transcription factor
binding profiles and its web framework. Nucleic Acids Res. 2018
Jan 4;46(D1):D260-D266.Erratum in: Nucleic Acids Res. 2018
Jan 4;46(D1):D1284. https://doi.org/10.1186/s12938-017-0359-2

Kim JH, Kim TW, Kim SJ. Downregulation of ARFGEF1 and
CAMK2B by promoter hypermethylation in breast cancer cells.
BMB Rep. 2011 Aug;44(8):523-8.
https://doi.org/10.5483/BMBRep.2011.44.8.523

Lee HJ, Cho CH, Hwang SJ, Choi HH, Kim KT, Ahn SY, Kim
JH, Oh JL, Lee GM, Koh GY. Biological characterization of
angiopoietin-3  and  angiopoietin-4. FASEB J. 2004
Aug;18(11):1200-8. https://doi.org/10.1096/fj.03-1466com

Lee HJ, Cho CH, Hwang SJ, Choi HH, Kim KT, Ahn SY, Kim
JH, Oh JL, Lee GM, Koh GY. Biological characterization of
angiopoietin-3  and  angiopoietin-4. FASEB J. 2004
Aug;18(11):1200-8 https://doi.org/10.1096/1j.03-1466com

Liu ZK, Zhang RY, Yong YL, Zhang ZY, Li C, Chen ZN, Bian
H. Identification of crucial genes based on expression profiles of
hepatocellular carcinomas by bioinformatics analysis. PeerJ. 2019

Aug 8;7:€7436. 10.7717/peerj. 74364 Oct;287(4):F649-57.Epub
2004 Jun 15 https://doi.org/10.1152/ajprenal.00028.2004

Lund EL, Heg A, Olsen MW, Hansen LT, Engelholm SA,
Kristjansen PE. Differential regulation of VEGF, HIF lalpha and
angiopoietin-1, -2 and -4 by hypoxia and ionizing radiation in
human glioblastoma. Int J Cancer. 2004 Mar 1;108(6):833-
8. https://doi.org/10.1002/ijc.11662

McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of
hepatocellular carcinoma. Hepatology. 2021 Jan;73:4-13.

Mesleh AM. Lung Cancer Detection Using Multi-Layer Neural
Networks with Independent Component Analysis: A Comparative
Study of Training Algorithms. Jordan J. Biol. Sci.. 2017 Dec
1;10(4).

Morse MA, Sun W, Kim R, He AR, Abada PB, Mynderse M,
Finn RS. The Role of Angiogenesis in Hepatocellular Carcinoma.
Clin Cancer Res. 2019 Feb 1;25(3):912-920.Epub 2018 Oct 1.
https://doi.org/10.1158/1078-0432.CCR-18-1254

Morse MA, Sun W, Kim R, He AR, Abada PB, Mynderse M,
Finn RS. The Role of Angiogenesis in Hepatocellular Carcinoma.
Clin Cancer Res. 2019 Feb 1;25(3):912-920.
https://doi.org/10.1158/1078-0432.CCR-18-1254

Olsen MW, Ley CD, Junker N, Hansen AJ, Lund EL, Kristjansen
PE. Angiopoietin-4 inhibits angiogenesis and reduces interstitial
fluid pressure. Neoplasia. 2006 May;8(5):364-72. doi:
10.1593/ne0.06127. https://doi.org/10.1593/ne0.06127

Poon RT, Lau CP, Ho JW, Yu WC, Fan ST, Wong J. Tissue factor
expression correlates with tumor angiogenesis and invasiveness in
human hepatocellular carcinoma. Clin Cancer Res. 2003 Nov
1;9(14):5339-
45.https://clincancerres.aacrjournals.org/content/9/14/5339

Rafii S, Lyden D, Benezra R, Hattori K, Heissig B. Vascular and
haematopoietic stem cells: novel targets for anti-angiogenesis
therapy? Nat Rev  Cancer. 2002  Nov;2(11):826-35.
https://doi.org/10.1038/nrc925

Rappaport N, Fishilevich S, Nudel R, Twik M, Belinky F,
Plaschkes I, Stein TI, Cohen D, Oz-Levi D, Safran M, Lancet D.
Rational confederation of genes and diseases: NGS interpretation
via GeneCards, MalaCards and VarElect. Biomed Eng Online.
2017 Aug 18;16(Suppl 1):72. https://doi.org/10.1186/s12938-
017-0359-2

Ringelhan M, McKeating JA, Protzer U. Viral hepatitis and liver
cancer. Philos Trans R Soc Lond B Biol Sci. 2017 Oct
19;372(1732):20160274. Erratum in: Philos Trans R Soc Lond B
Biol Sci. 2018 Jan 5;373(1737)
https://doi.org/10.1098/rstb.2016.0274

Rumgay H, Arnold M, Ferlay J, Lesi O, Cabasag CJ, Vignat J,
Laversanne M, McGlynn KA, Soerjomataram I. Global burden of
primary liver cancer in 2020 and predictions to 2040. J Hepatol.
2022 Dec 1;77(6):1598-606.

Sebastiani G, Gkouvatsos K, Pantopoulos K. Chronic hepatitis C
and liver fibrosis. World J Gastroenterol. 2014 Aug
28;20(32):11033-53. https://doi.org/10.3748/wjg.v20.i32.11033

Singal AG, Pillai A, Tiro J. Early detection, curative treatment,
and survival rates for hepatocellular carcinoma surveillance in
patients with cirrhosis: a meta-analysis. PLoS Med. 2014 Apr
1;11(4):e1001624.https://doi.org/10.1371/journal.pmed.1001624

Szklarczyk D, Franceschini A, Wyder S, Forslund K, Heller D,
Huerta-Cepas J, Simonovic M, Roth A, Santos A, Tsafou KP,
Kuhn M, Bork P, Jensen LJ, von Mering C. STRING v10:
protein-protein interaction networks, integrated over the tree of
life. Nucleic Acids Res. 2015 Jan;43(Database issue):D447-
52.Epub 2014 Oct 28. https://doi.org/10.1093/nar/gkul 003

Valenzuela DM, Griffiths JA, Rojas J, Aldrich TH, Jones PF,
Zhou H, McClain J, Copeland NG, Gilbert DJ, Jenkins NA,



436 © 2025 Jordan Journal of Biological Sciences. All rights reserved - Volume 18, Number 3

Huang T, Papadopoulos N, Maisonpierre PC, Davis S,
Yancopoulos GD. Angiopoietins 3 and 4: diverging gene
counterparts in mice and humans. Proc Natl Acad Sci U S A. 1999
Mar 2;96(5):1904-9. https://doi.org/10.1073/pnas.96.5.1904

Wang Y, Xie Y, Ma J, Wang Y, Gong R. Development and
validation of a prognostic and immunotherapeutically relevant
model in hepatocellular carcinoma. Ann Transl Med. 2020
Sep;8(18):1177. https://10.21037/atm-20-6112

Yamakawa M, Liu LX, Belanger AJ, Date T, Kuriyama T,
Goldberg MA, Cheng SH, Gregory RJ, Jiang C. Expression of
angiopoietins in renal epithelial and clear cell carcinoma cells:
regulation by hypoxia and participation in angiogenesis. Am J
Physiol Renal Physiol. 200. https://10.1152/ajprenal.00028.2004

Yamakawa M, Liu LX, Date T, Belanger AJ, Vincent KA, Akita
GY, Kuriyama T, Cheng SH, Gregory RJ, Jiang C. Hypoxia-
inducible factor-1 mediates activation of cultured vascular
endothelial cells by inducing multiple angiogenic factors. Circ

Res. 2003 Oct 3;93(7):664-73.Epub 2003 Sep 4.
https://doi.org/10.1161/01.RES.0000093984.48643.D7

Yang H, Zhang M, Mao XY, Chang H, Perez-Losada J, Mao JH.
Distinct Clinical Impact and Biological Function of Angiopoietin
and Angiopoietin-like Proteins in Human Breast Cancer. Cells.
2021 Sep 29;10(10):2590 https://doi.org/10.3390/cells 10102590

Zhang C, Peng L, Zhang Y, Liu Z, Li W, Chen S, Li G. The
identification of key genes and pathways in hepatocellular
carcinoma by bioinformatics analysis of high-throughput data.
Med Oncol. 2017 Jun;34(6):101.Epub 2017 Apr 2I.
https://doi.org/10.1007/s12032-017-0963-9

Zhang ZL, Liu ZS, Sun Q. Expression of angiopoietins, Tie2 and
vascular endothelial growth factor in angiogenesis and
progression of hepatocellular carcinoma. World J Gastroenterol.
2006 Jul 14;12(26):4241-5.
https://doi.org/10.3748/wjg.v12.i26.4241



