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Abstract
Hepatocellular carcinoma (HCC) is one of the tumors with a higher mortality rate globally, which significantly threatens people’s
health. Hepatitis C virus (HCV) infection is a major driving factor of HCC. This study aims to determine the keymicroRNA (miRNA), hub
genes, and related pathways, construct potential miRNA–mRNA regulatory networks, and clarify the new molecular mechanism of
HCV-related HCC. In this study, 16 differentially expressed miRNAs (DE miRNAs) were identified. The prediction of potential
transcription factors and target genes not only found that SP1 and ERG1 may potentially regulate most of the screened DE miRNAs,
but it also obtained 2923 and 1782 predicted target genes for the up-regulation and down-regulation of DE miRNAs, respectively.
Subsequently, the introduction of differentially expressed genes dataset GSE62232 for target gene verification yielded 98 and 147
potential up-regulation and down-regulation target genes. The gene ontology (GO) and Kyoto encyclopedia of genes and genomes
pathway enrichment analysis showed that they were mainly enriched in the cell cycle process, that is, subsequently, 20 hub genes
were screened out through the protein–protein interaction network, and related genes were further evaluated using the GEPIA
database. Based on the above analysis, the miRNA-hub gene regulatory network was constructed. In short, this research’s hub
genes and miRNAs closely related to HCV-related HCC were screened and identified through bioinformatics analysis and then built
their connection. These results are expected to find potential therapeutic targets for HCV-related HCC.

Abbreviations: BP = biological process, CC = cell composition, DE miRNAs = differentially expressed miRNAs, DEGs =
differentially expressed genes, GEO = gene expression omnibus, GO = gene ontology, HCC = hepatocellular carcinoma, HCV =
hepatitis C virus, KEGG = Kyoto encyclopedia of genes and genomes, MF = molecular function, miRNA = microRNA/
microribonucleic acid, PPI = protein–protein interaction.
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1. Introduction

Hepatocellular carcinoma (HCC) is the most common form of
primary liver cancer and ranks second in mortality from
cancer.[1] Infection with hepatitis C virus (HCV) is currently
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the dominant risk factor for HCC.[2] Thus, increasing efficacious
hepatitis C treatments may contribute to improving the global
epidemiology status quo of HCC. In recent years, despite much
research work that has been done, there is still largely unknown
on the underlying mechanisms of progression in HCV-related
HCC. Therefore, it is crucial to explore and develop effective
diagnostic and therapeutic methods for HCV-related HCC.
Microribonucleic acid (miRNA) is a small noncoding RNA of

about 21 nucleotides, a key posttranscriptional regulator of gene
expression.[3] Previous studies have found that most protein-
coding genes’ activity may be regulated by miRNA.[4] It has been
reported that somemiRNAs activate mRNA translation[5,6]; it can
be seen that the interaction between miRNA and mRNA is very
close. Interestingly, multiple genes exert important functions in the
HCC process.[7] Many studies have also proved that there is a
complex relationship between miRNA–mRNA with cancer.[8,9]

With the development of microarray and bioinformatics
analysis in genetic screening, mining big data to identify new
biomarkers and therapeutic ideas is the latest strategy.[10] In this
study, the original microarray data set GSE40744 was selected
from the Gene Expression Omnibus (GEO) database.[11] These
data sets were further applied to screen out differentially
expressed genes (DEGs) in HCV-related HCC and normal liver
tissue. Next, we predicted the potential of DE miRNA upstream
transcription factors and target genes, using the GSE62232 data
set from the GEO database to further verify the target genes.[12]

After enrichment analysis, protein–protein interaction (PPI)
network analysis, and expression level evaluation, the potential
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miRNA–mRNA was successfully established in the HCV-related
HCC regulatory network.
2. Materials and methods

2.1. Preprocessing of microarray dataset

The clinical samples of HCV-relatedHCCwere retrieved from the
GEO database, a common tool for storing, screening, and finding
high-throughput microarray gene data sets.[13] One dataset
(GSE40744) depended on the GPL14613 platform and met the
inclusion criteria. Sixteen blood samples were selected from a total
of 76 blood samples of GSE40744, including 7 normal liver
samples and 9 HCV-related HCC samples. All sample data in this
study were obtained from a public database, which allowed
researchers to download datasets for relevant research and
analysis, ethical review, and approval were thus not required.
2.2. Screening and visualization of differentially expressed
microribonucleic acids

Screening DE miRNAs in HCV-related HCC and normal liver
samples were carried out by GEO2R (http://www.ncbi.nlm.nih.
gov/geo/geo2r).[13] The t test method was used to calculate the P-
value of genes and corrected the false-positive results of the P
value of genes using Benjamini and Hochberg methods. The
following selection criteria screened out the DE miRNAs:
adjusted P value< .05, j log2 FC j ≥2 were defined as the
screening thresholds.
2.3. Predicting potential transcription factors and target
genes of differentially expressed microribonucleic acids

We employed FunRich software to predicted the upstream
transcription factors of screened up-regulated and down-
regulated DE miRNAs, respectively (P< .05).[14] We present
the results of the top 10 upstream transcription factors, according
to the P value. Then, the miRNet database (http://www.mirnet.
ca), a tool for functional analysis and visual exploration of
miRNA,[15] was used to predict its downstream target genes by
inputting the screened DE miRNAs related data.

2.4. Identification of differentially expressed genes

To further construct the regulatory network with our target genes
of screened DE miRNAs, we employed the GEO database to
download the HCV-related HCC mRNA expression datasets
GSE62232. The R software “LIMMA” package was utilized to
identify DEGs between HCV-related HCC and normal liver
samples, and an adjusted P value< .05, j log2 FC j ≥1 were set as
the thresholds. Due to the negative feedback relationship between
miRNA and mRNA, we employed Venny 2.1.0 (https://
bioinfogp.cnb.csic.es/tools/venny/) to intersect between down-
regulated (up-regulated) DEGs with target genes of screened up-
regulated (down-regulated) DEmiRNAs to obtain the final target
genes.[16]

2.5. Functional enrichment analysis of differentially
expressed genes

GO enrichment analysis, including molecular function (MF),
biological process (BP), and cell composition (CC), can conduct
functional mining and exploration of gene data to promote a
2

deeper understanding of the underlying disease mechanisms of
DEGs.[17] Kyoto encyclopedia of genes and genomes (KEGG) is a
database resource utilized to understand DEGs’ functions at the
molecular level.[18] GO and KEGG enrichment pathways of the
DEGs in HCV-related HCC were analyzed by the DAVID
database.[19] And then, we employed the ggplot2 package in the
R software to visualize these results above. P< .05 were
considered statistically significant.
2.6. Protein–protein interaction network construction and
hub gene analyses

The STRING database (http://www.string-db.org/) can perform
interaction analysis to acquire the PPI network for the DEGs.[20]

Then, visualize the network using Cytoscape software, a
convenient and utility tool for the visualization of various
interacting proteins or genes.[21] The top 10 hub genes in the PPI
network with MCCmethods of cytoHubba plug-in were selected
for further analysis and screened hub genes serve as the miRNA
final candidate target genes.
2.7. Validating the hub gene expression levels

The expression levels of hub genes in HCV-related HCC and
normal liver samples were verified by the GEPIA database, a
newly developed interactive web server based on TCGA and
genotype-tissue expression data.[22] The down-regulated and the
up-regulated hub genes were all imported into GEPIA,
respectively. P< .01 was considered statistically significant.

2.8. Identification of potential microRNA-mRNA regulatory
network

To explore the possible molecular mechanisms of HCV.
Therefore, the miRNA and miRNA-target with negatively
correlated regulatory networks were established and visualized
using Cytoscape software.
3. Results

3.1. Screening of differentially expressed microribonucleic
acids

To investigate various approaches to further understand HCV
development’s possible mechanism to the HCC stage, we selected
GSE40744 to screen DE miRNAs. The GSE40744 dataset
included 7 normal liver tissues and 9 HCV-related HCC tissue
samples, and the sample list of these 16 samples after correction
and standardization were shown in Figure 1A. According to the
set DE miRNAs thresholds, the GEO2R was applied to
investigate the DE miRNAs. Finally, 11 up-regulated and 5
down-regulated DE miRNAs were identified, and their differen-
tial genes were visualized by a volcano map (Fig. 1B). The specific
information of DE miRNAs was listed in Table 1.

3.2. Predict the potential transcription factors of
differentially expressed microribonucleic acids

To find more HCV-related HCC molecules that have mutual
regulatory effects, we predicted the upstream transcription
factors that regulate DE miRNAs by FunRich software. The
top 10 transcription factors involved in up-regulating and down-
regulating these DE miRNAs are shown in Figure 2A and B.
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Figure 1. Identification of DEmiRNAs: (A) sample list Boxplot about HCV related HCCDEmiRNAs of the GSE40744 database. (B) Volcanomap about HCV related
HCC DE miRNAs of the GSE40744 database. Adjusted P value< .05, j log2 FC j ≥1, were set as the thresholds for identifying DE miRNAs. DE miRNAs =
differentially expressed miRNAs, HCC = hepatocellular carcinoma, HCV = hepatitis C virus.
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3.3. Predict the target genes of differentially expressed
microribonucleic acids and differentially expressed genes
identification

Generally, miRNAs perform posttranscriptional functions by
base-pairing to the mRNA 3’untranslated regions.[23] There-
fore, the miRNet database was applied to predict the
downstream target genes of up-regulated and down-regulated
DE miRNAs, respectively. Finally, as shown in Figure 3A
and B, 2923 and 1782 target genes of DE miRNAs were
acquired.

3.4. Identification of differentially expressed genes and
validation of the target genes

Subsequently, we intended to identify DEGs between HCV-
related HCC and normal liver samples using GSE62232
downloaded from the GEO database. The visualization of data
normalization and DEGs’ information was depicted in
Figure 4A and B. Previous studies have shown a negative
feedback relationship between miRNA and mRNA. Thus,
Venny 2.1.0 was utilized to take the intersection between
down-regulated (up-regulated) DEGs with target genes of
up-regulated (down-regulated) DE miRNAs; 98 and 147
candidate target genes were eventually acquired, respectively
(Fig. 4C, D).
Table 1

List of consistent DE miRNAs.

DE miRNAs miRNA name

Up-regulated (n=11) hsa-mir-10b, hsa-mir-1269
hsa-mir-3195, hsa-mir-

Down-regulated (n=5) hsa-mir-122, hsa-mir-139,

DE-miRNAs=differentially expressed miRNAs, miRNA = microRNA/microribonucleic acid.

3

3.5. The function and pathway enrichment analysis of
differentially expressed genes

The GO enrichment results show that the first 5 functional
enrichment results were selected. The BP of up-regulated DEGs
were mainly enriched in cell division, mitotic nuclear division, and
the CC was enriched in the nucleoplasm and membrane; MF was
mainly involved in protein binding (Fig. 5A). The BP of down-
regulated DEGs were mainly enriched in positive regulation of cell
migration; regarding the CC, it wasmainly enriched in the integral
component of the plasmamembrane and cell surface; theMFwere
mainly involved in transmembrane receptor protein tyrosine
kinase activity and transcriptional activator activity (Fig. 5B).
The KEGG pathway enrichment analysis results showed that

the difference was statistically significant when P< .05. It was
found that the up-regulated DEGs were mainly enriched in the
cell cycle, p53 signaling pathway, viral carcinogenesis, pathways
in cancer, and small cell lung cancer (Fig. 5C); the down-
regulated DEGs were mainly enriched in thyroid hormone
signaling pathway and PI3K-Akt signaling pathway (Fig. 5D).
3.6. Protein–protein interaction network construction and
hub gene analyses

To further investigate the interaction among the 245 DEGs (147
up-regulated DEGs and 98 down-regulated DEGs), and to
, hsa-mir-146b, hsa-mir-182, hsa-mir-21, hsa-mir-221, hsa-mir-224, hsa-mir-3175,
34a, hsa-mir-452.
hsa-mir-378, hsa-mir-422a, hsa-mir-424

http://www.md-journal.com


Figure 2. Predicted transcription factors of DE miRNAs: (A) top 10 upstream transcription factors of up-regulated DE miRNAs. (B) Top 10 upstream transcription
factors of down-regulated DE miRNAs. DE miRNAs = differentially expressed miRNAs.
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construct and visualize their PPI network, we will take these 245
DEGs and input them into a STRINGdatabase, and uploaded the
obtained protein interaction data file to the Cytoscape database
to complete. The PPI network composed of up-regulated DEGs
contains 9 points and 2 edges. Next, we knew that the PPI
network of up-regulated DEGs containing 106 nodes and 279
edges (Fig. 6A); and the PPI network composed of down-
regulated DEGs contains 58 points and 112 edges (Fig. 6B), and
then we employed the cytoHubba plug-in to identify the hub
genes from it. For the target genes of up-regulated DE miRNAs,
the results are as follows: CDK1, CENPF, CEP55, MELK,
BIRC5, RACGAP1, KPNA2, FEN1, CKS1B, and OIP5 (Fig. 6C).
For the target genes of down-regulated DE miRNAs, the results
Figure 3. Potential target genes of DE miRNAs predicted by miRNet database: (
miRNA-target gene network constructed. DE miRNAs = differentially expressed

4

are as follows: EGFR, FOS, ESR1, IGF1R, CXCL12, NTF3,
MAP2K1, SOCS3, THBS1, and FOXO1 (Fig. 6D).

3.7. Comparison of hub gene expression level

To further examine the role of DE miRNAs and these target
DEGs in HCV-related HCC, we performed expression levels
detection of the 20 hub genes through the GEPIA database. As
shown in Figure 7, compared with normal tissues, the expression
levels of 5 of 10 hub genes of down-regulated DE miRNA were
obviously up-regulated in HCV-related HCC tissues. Nine of 10
hub genes of up-regulated DE miRNAs were evidently lower in
HCV-related HCC tissues than in normal liver tissues. However,
A) up-regulated miRNA-target gene network constructed. (B) Down-regulated
miRNAs, miRNA = microRNA/microribonucleic acid.



Figure 4. DEGs identification and the target genes validation: (A) sample list of GSE62232. (B) Volcano map to visualize DEGs in HCV-related HCC in the
GSE62232 database. (C) The intersection of up-regulated miRNA target genes and down-regulated genes. (D) The intersection of down-regulated miRNA target
genes and up-regulated genes. DEGs = differentially expressed genes, HCC = hepatocellular carcinoma, HCV = hepatitis C virus, miRNA = microRNA/
microribonucleic acid.
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there are 6 hub gene expression levels with no significant
difference, including EGFR, FOXO1, IGF1R, MAP2K1, THBS,
and CEP55.

3.8. Identification of potential microRNA-mRNA regulatory
network

We combined it with the prediction analysis of DE miRNAs
target genes. In the pair degree’s central gene expression analysis
of the pair degree, the candidate miRNA-hub gene regulatory
network was identified. On the basis of these findings, it was
finally successfully constructed a potential miRNA–mRNA
regulatory network associated with the development of HCV-
related HCC, as presented in Figure 8.

4. Discussion

Hepatitis C infection is a thorny public health problem and one of
the leading causes of liver disease and liver cancer.[24] The second
generation of direct-acting antivirals first came out in 2013,[25]

generally became the main clinical therapy with lower side effects
and a high response rate. They fundamentally change the natural
5

course of HCV-related chronic hepatitis/cirrhosis and reduce the
risk of HCC development.[26–28] Previous studies have shown
that procession ofHCV infection toHCC could be promoted by a
direct or an indirect way, such as chronic inflammation, oxidative
stress, and genetic mutations, as well as the interplay of host,
virus, and environmental factors.[29,30] All in all, the occurrence
and development of HCV-related HCC is usually a complex
process involving multiple genes and multiple factors. Thus, the
combined analysis of multiple genes in the era of big data is
crucial. In this study, based on bioinformatics analysis methods, a
total of 16miRNAs inHCV-related HCCwere screened in HCV-
related HCC that differed from normal liver tissue expression.
Predicting these 16 DE miRNAs’ upstream transcription factors
found that EGR1 and SP1 have the most obvious regulation of
up-regulation and down-regulation of DE miRNAs. Studies have
shown that growth factors can induce EGR1 to transduce
proliferation signals. Its role in proliferation and apoptosis has
been proven.[31] The interaction between EGR1 and miRNA-
181a-5p can affect the normal cell cycle of the HCC process.[32]

Besides, SP1 is a zinc finger protein that can activate the
transcription of many genes rich in CG-rich Sp binding sites.[33]

Sp1 can bind to the promoter region of DHCR24 and inhibit

http://www.md-journal.com


Figure 5. GO and KEGG enrichment analysis of candidate genes. (A) The top 10 enriched BP, CC, MF of up-regulated candidate genes. (B) The top 10 enriched
BP, CC, MF of down-regulated candidate genes. (C) KEGG results of up-regulated candidate genes. (D) KEGG results of up-regulated candidate genes. P< .05
was considered statistically significant. BP= biological process, CC = cell composition, GO = gene ontology, KEGG= Kyoto encyclopedia of genes and genomes,
MF = molecular function.
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hepatocyte apoptosis by destroying p53, thereby increasing the
association with HCV the incidence of HCC.[34] The above
research reports support our prediction results, which indicate
that EGR1 and SP1may regulate these DEmiRNAs and affect the
occurrence and development of HCV-related HCC.
Next, the differential genes from the GSE62232 data of the

GEO data improve further improve the reliability of predicting
target genes. After cross-validation, 98 down-regulated candidate
target genes and 147 down-regulated candidate target genes were
obtained. The GO and KEGG enrichment analysis showed that
the GO mainly enriched cell division, nucleoplasm, and protein
binding in up-regulated DEGs. This indicates that some of these
DEGs may exist in the nucleus and participate in cell division to
promote liver cells’ proliferation by binding to proteins. For
example, TFAP4 can promote the carcinogenic ability of
HCC.[35] On the contrary, the down-regulated DEGs mainly
focus on the positive regulation of cell migration, the components
of the plasma membrane, and the activity of transmembrane
receptor protein tyrosine kinases. This indicates that some DEGs
may be an organic part of the plasma membrane and have
tyrosine kinase activity to promote cell signal transduction,
phosphorylation that is, thereby promoting HCC occurrence and
development. For example, tyrosine kinases play a vital role in
6

liver cancer occurrence and metastasis.[36] The tyrosine kinase
inhibitor sorafenib is used clinically to treat patients with
advanced HCC.[37] Therefore, many genes in up-regulation and
down-regulation are expected to become therapeutic targets.
KEGG’s results show that the up-regulated DEGs were mainly
enriched in the cell cycle, p53 signal transduction pathway, and
viral carcinogenesis. The down-regulated DEGs were mainly
enriched in thyroid hormone signaling pathway, focal adhesion,
PI3K-Akt signaling pathway. As we all know, the cell cycle plays
an important role in maintaining normal life or tumors, and
maintaining balance is particularly important for normal
physiological activities. p53 is a tumor suppressor gene, and it
needs to be balanced to play an active role. However, when
certain key genes that are overexpressed or down-regulated
appear, they may disrupt the balance and transform into tumors.
For example, the cell cycle process is related to the overexpression
of cyclophilin A in liver cancer cells.[38] The low expression of
RDM1 can promote the occurrence of HCC through p53 and
other pathways.[39] Additionally, some genes are enriched in the
carcinogenic effects of viruses, the PI3K-Akt signaling pathway,
that is, may play a key role in the occurrence of HCC after HCV
infection. Similar to our predicted results, it has been reported
that the PI3K-Akt signaling pathway can be activated by HCV



Figure 6. PPI network construction and hub gene screening. (A) PPI network of up-regulated DEGs. (B) PPI network of down-regulated DEGs, the red nodes
indicated up-regulated genes, and the blue nodes indicated downregulated genes. (C) Top 10 hub genes with a higher degree of connectivity screened from the PPI
network of up-regulated DEGs. (D) Top 10 hub genes with a higher degree of connectivity screened from the PPI network of down-regulated DEGs. DEGs =
differentially expressed genes, PPI = protein–protein interaction.
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and further promote HCV replication.[40] In short, GO, and
KEGG’s results reveal the specific molecular mechanism of HCC
related to HCV to a certain extent.
Subsequently, using string and Cytoscape software, the PPI

interaction network and hub genes of the up-regulated and down-
regulated target genes were obtained. The expression levels of
these central genes were further evaluated. Encouragingly, we
found that most of the central genes have expression differences
between HCV-related HCC patients and normal samples.
Compared with normal tissues, 9 of the 10 central genes up-
regulated by DE miRNA were significantly down-regulated in
HCC tissues. Five of the 10 central genes of the down-regulated
DEmiRNAwere significantly up-regulated in HCV-related HCC
tissues. The finally up-regulated candidate hub genes include
CDK1, CENPF, MELK, BIRC5, RACGAP1, KPNA2, FEN1,
CKS1B, and OIP5. The down-regulated candidate hub genes are
FOS, ESR1, CXCL12, NTF3, and SOCS3. These hub genes
significantly influence the occurrence and development of HCV-
related HCC from different perspectives. For example, CDK1 is
cyclin-dependent kinase 1, and its overexpression can induce cell
cycle progression and promote the proliferation of HCC cells.[41]

The high expression of BIRC5 promotes the occurrence and
development of HCC,[42] while RACGAP1 can affect HCV
replication, and the up-regulation of its expression is significantly
related to human HCC.[43]
7

In recent years, a large amount of evidence has shown the
important role of miRNA-miRNA in HCV-related HCC. For
example, miRNA-152 is produced due to its interaction with
DNMT-1. It has a reverse correlation effect and can be used as a
prognostic biomarker for HCV-related HCC.[44] The expression
level of miR-138 can regulate TERT protein expression, thereby
inhibiting the replication and senescence of HCV-related HCC
cells.[45] Therefore, constructing a potential miRNA–mRNA
regulatory network is essential for the early treatment of HCV-
related HCC. Based on the above analysis, we constructed a
potential miRNA–mRNA network. The network regulation
diagram analysis showed that the up-regulated DE miRNA that
regulates the number of mRNAs was hsa-mir-221-3p, which
constitutes hsa-mir-221-3p/FOS, ESR1, CXCL12, SOCS3. The
most down-regulated DE miRNAs that regulate the number of
mRNAs were hsa-mir-122-5p and hsa-mir-424-5p, which
constitute hsa-mir-122-5p/CENPF, BIRC5, and RACGAP1.
Some related studies have shown that similar to our analysis
results, miR-221 was one of the most significantly up-regulated
miRNAs in HCC, and ESR1, FOS, and CXCL12 were its target
genes.[46] It was found that miR-122 was regulated by DCAF1,
participated in HCV replication, and induced the occurrence of
HCC.[47,48] It was reported that the down-regulated miR-122
and miR-424 could be used as early biomarkers of liver
cancer.[49] Besides, miR-21 is significantly elevated in the serum

http://www.md-journal.com


Figure 7. The expression levels of hub genes from the GEPIA database: the first 10 images are the expression levels of down-regulated hub genes, and the last 10
images are the expression levels of up-regulated hub genes.

∗
P< .05 indicates a significant difference.
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Figure 8. The candidate miRNA-hub gene regulatory network in HCV related HCC. The upward adjustment is represented by red, and the downward adjustment
is represented by blue. HCC = hepatocellular carcinoma, HCV = hepatitis C virus, miRNA = microRNA/microribonucleic acid.
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of patients with HCC and can inhibit the activation of the
NOTCH1 pathway, thereby inhibiting sorafenib’s antitumor
effect.[50] Therefore, the above reports support the regulatory role
of these regulatory axes in HCV-related HCC. Although results
in the study with integrated bioinformatics analysis are of
significance for understanding the interaction of HCV-related
HCC, certain limitations still exist. The results from the sample
enrolled need to be testified to apply to more related clinical
samples. And the miRNA-hub gene interactions need to be
confirmed through in vivo or in vitro experiments to make the
HCV-related HCC-miRNA–mRNA network more comprehen-
sive. Therefore, further studies are highly needed.
In summary, we have verified the respective expression and

potential MFs of miRNA–mRNA pairs by integrating mining
data and using comprehensive biometric analysis methods and
constructed a potential regulatory network to help determine
early biomarkers and therapeutic targets for HCV-related HCC.
The choice also provides a theoretical basis and new strategies for
future research on HCV-related HCC.
5. Conclusion

The identified key DEGs and their path analysis can further
understand the specific molecular mechanism through compre-
hensive bioinformatic analysis. Besides, according to the
regulation of DE miRNA, and we have gradually identified 10
key down-regulated and up-regulated target genes. Based on their
miRNA–mRNA pairs, we successfully constructed a potential
HCV-related HCC regulatory network. It provides a compre-
hensive reference and theoretical basis for finding HCV-related
drug treatment targets and developing HCC.
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