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ABSTRACT: Abnormal miRNA expression has been evidenced to be directly linked to HCC initiation and progression. This study was designed
to detect possible prognostic, diagnostic, and/or therapeutic miRNAs for HCC using computational analysis of miRNAs expression. Methods:
miRNA expression datasets meta-analysis was performed using the YM500v2 server to compare miRNA expression in normal and cancerous
liver tissues. The most significant differentially regulated miRNAs in our study undergone target gene analysis using the mirWalk tool to obtain
their validated and predicted targets. The combinatorial target prediction tool; miRror Suite was used to obtain the commonly regulated target
genes. Functional enrichment analysis was performed on the resulting targets using the DAVID tool. A network was constructed based on
interactions among microRNAs, their targets, and transcription factors. Hub nodes and gatekeepers were identified using network topological
analysis. Further, we performed patient data survival analysis based on low and high expression of identified hubs and gatekeeper nodes,
patients were stratified into low and high survival probability groups. Results: Using the meta-analysis option in the YM500v2 server, 34 miRNAs
were found to be significantly differentially regulated (P-value <.05); 5 miRNAs were down-regulated while 29 were up-regulated. The validated
and predicted target genes for each miRNA, as well as the combinatorially predicted targets, were obtained. DAVID enrichment analysis resulted
in several important cellular functions that are directly related to the main cancer hallmarks. Among these functions are focal adhesion, cell
cycle, PIBK-Akt signaling, insulin signaling, Ras and MAPK signaling pathways. Several hub genes and gatekeepers were found that could
serve as potential drug targets for hepatocellular carcinoma. POU2F1 and PPARA showed a significant difference between low and high survival
probabilities (P-value < .05) in HCC patients. Our study sheds light on important biomarker miRNAs for hepatocellular carcinoma along with their
target genes and their regulated functions.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common
causes of cancer death worldwide. The incidence and mortality
rates of HCC are increasing exponentially all over the world.!
Generally, HCC occurs in the setting of underlying liver diseases
such as hepatitis B and C as well as genetic and environmental
tactors.>* Hallmarks of cancer are represented by several main
processes, including sustained proliferative signaling, bypassing
growth suppressors, enabling replicative immortality, cell death
resistance, angiogenesis, abnormal metabolic pathways, invasion/
metastasis activation, and immune system evasion.>

Only about 20% to 30% of HCC patients undergo proper
curative therapy. The lack of early reliable diagnostic markers
and treatment strategies contributes to the high mortality rate
of HCC highlighting the importance of reliable and accurate
diagnostic markers.” Prompt diagnosis of HCC helps raise

* These authors contributed equally to this work.

survival rates and avoid increased chemotherapy resistance
and tumor recurrence.® Therefore, there is an urgent need to
identify precise and effective biomarkers for prognosis and
early diagnosis of HCC in addition to novel therapeutic
tools.”?

MicroRNAs (miRNAs) represent one of the most impor-
tant and well-known classes of small non-coding RNA mole-
cules. MicroRNAs are approximately 22 nucleotide long RNA
molecules that act as guide molecules at the posttranscriptional
level.1 They are master regulators for protein-encoding genes
that function by binding to their specific mRNA targets pro-
moting either their degradation or translational inhibition.!0
miRNAs play major roles in a wide range of essential biological
processes including cell proliferation,! cell differentiation,!?
apoptosis,? inflammation'# and metabolic control.'”> Moreover,
miRNAs have an effective role in tumorigenesis, acting as
either tumor suppressors or oncomirs.'%!7 It has been widely
revealed that HCC initiation and progression are highly
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Figure 1. The workflow of miRNA expression data analysis to unravel mechanisms underlying HCC progression. The blue rectangles represent methods
that process input data (above) using computational tools (eg, YM500v2, DAVID) to produce the output (below).

associated with dysregulated miRNA expression.” Therefore,
studying differentially expressed miRNAs in HCC is a deter-
minant step for exploring their role as biomarkers for early
diagnosis or possible therapeutic tools for this debilitating
disease.

Hence, miRNAs are among the most widely studied diag-
nostic and prognostic biomarkers of HCC. Researchers world-
wide are trying to improve their understanding of miRNAs
functionality in HCC.18 One of the best ways that lead to a
deep understanding of different miRNA roles is by performing
a meta-analysis that facilitates summarizing and reviewing
previous studies. Meta-analysis is a widely used technique that
gives a comprehensive interpretation of a large amount of
information and datasets which rise every day.?”

The present study aimed to discover significant biomarker
miRNAs for HCC by performing computational analysis for a
group of HCC miRNAs expression datasets of 147 tumor
samples relative to 50 normal control samples, exploring their
target genes, enriched pathways, and biological functions. As a
result, we identified 34 significantly dysregulated miRNAs; 5
of which were down-regulated and 29 were up-regulated. The
down-regulated miRNAs were miR-139-3p, miR-39-5p,
miR-1258, miR-424-5p and miR-490-3p while the 5 most
significantly up-regulated miRNA were miR-767-5p, miR-
105-5p, miR-1269a and -b, miR-4652-5p, miR-183-5p, miR-
182-5p, miR-96-5p and miR-10b-3p. Functional analysis for
these miRNA targets presented several pathways and cellular
processes that are directly related to main cancer/HCC hall-
marks. Thus, dysregulation of these miRNAs may be impli-
cated in liver cancer and may serve in miRINA-based diagnosis,
prognosis, and therapy for such carcinoma.

Materials and Methods

Sequence reads collection

Liver sample data were obtained from The Cancer Genome
Atlas (TCGA Research Network): https://www.cancer.gov/
tcga. Samples were classified into 2 groups: (i) primary solid

HCC tumors including 147 tumor samples, and (ii) normal
tissues including 50 noncancerous samples. All accession
numbers for tumor and normal samples were listed in Table
S1. An overview of the present study workflow is shown in
Figure 1.

Sequence reads processing and differential
expression analysis

The YM500v2% algorithm was used to perform a meta-analy-
sis for the 2 groups of samples (HCC and normal) using its
user-friendly interface. YM500v2 algorithm is designed to
connect to the TCGA data portal and retrieve sequences of
interest to perform analysis. The YM500v2 tool also ensures
the quality of the datasets. YM500v2 uses DESeq, R/
Bioconductor package to analyze high-throughput sequencing
data to get a differential expression. DESeq performs normali-
zation and estimates the effective library size to obtain more
accurate results.?! All datasets were pre-processed to exclude
the poor-quality reads. miRNA expression datasets meta-anal-
ysis was performed using the YM500v2 server to compare
miRNA expression in normal and cancerous liver tissues. This
data analysis was done on 147 tumor samples relative to 50
normal control samples obtained from TCGA and differen-
tially expressed miRNAs with adjusted P-value=< 0.05 were
retrieved.

Target prediction

miRNAs target prediction was performed using miRWalk and
miRror Suite in silico target prediction tools. mirWalk is a
powerful comprehensive tool that provides a collection of both
predicted and experimentally validated miRNA targets. Target
prediction by miRWalk allows for identifying the common tar-
gets between different prediction algorithms. These algorithms
use different criteria in predicting miRNA-target interaction
such as seed base, thermodynamics, target accessibility, and
folding energy.?>? In this study, we selected the intersection
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between 5 algorithms within the miRWalk tool to perform our
target prediction analysis including: mirWalk2.0, miRanda,
PicTar2, RNA22v2, and Targetscan 6.2.

MiRror Suite database was used to obtain the combinatorial
miRNA target genes based on the concept of combinatorial
regulation by an ensemble of miRNAs. MeRtegrate protocol is
the backbone of the MiRror Suite platform.?* MiRror Suite
provided a statistically ranked target list in a suitable format
that was directly forwarded to the enrichment analysis tools.

Functional enrichment analysis

Enrichment analysis was performed using DAVID (The
Database for Annotation, Visualization, and Integrated
Discovery) functional enrichment tool.2>26 Our individually
obtained gene sets (predicted and validated) by mirWalk as
well as the combinatorially obtained ones by miRor were
entered into the DAVID tool. Afterward, we obtained the
enriched biological functions and KEGG pathways and
screened for significantly enriched cancer/HCC-related terms.

Identification of TF- miRINAs regulatory
interaction

To obtain the TF- miRNA regulatory relationship for each of
our studied up-regulated and down-regulated miRNAs, we
used the TransmiR v2.0 database,?” through which we could
detect the TFs that interact with our miRNAs.

Network construction and topological analysis

A network was constructed based on interactions among
microRNAs, their targets, and transcription factors. We ana-
lyzed the network for topological properties using a Cytoscape
plugin NetworkAnalyzer.?® Topological properties provide
useful information about network structure in general, and
more specific node-associated properties (including node
degree (ND) and betweenness centrality (BC)). ND is the
number of edges (or links) connected to a node. ND allowed
us to identify “hubs” in the network. Hubs are nodes with
many more links than others.?? BC of a node is the number of
shortest paths from all nodes to all others that pass through
that node. BC identifies gatekeeper nodes, which play a cru-
cial role in the communication between different parts of a
network.3031

Molecular signatures and their validation through
patient data

We performed patient data survival analysis of the highest ND
(ie, hub) and BC (gatekeeper) nodes (from Tables 3 and 4)
using the UCSC Xena browser (http://xena.ucsc.edu).®?
Samples were grouped based on the high and low expression of
selected molecules to their median expression values. We used

the default settings of the UCSC Xena browser to perform
Kaplan-Meier survival analysis to find out which of the genes
with the highest ND and BC nodes affects patient’s survival.
The patients were stratified into low and high survival proba-
bility groups to determine if there is a statistically significant
survival difference.

Results

Differential expression analysis

In the present study, the YM500v2 server?” was used to get the
significantly dysregulated miRNAs in normal and liver cancer
tissues. Thirty-four significant deferentially regulated miRNAs
in liver cancer compared to normal liver tissues were detected.
The statistical results for the most significant miRNAs are
shown in Table 1.

Target prediction analysis

Using the mirWalk tool we obtained the validated as well as
predicted targets for each miRNA in our set with their
P-values< .05 that resulted from the intersection of mir-
Walk2.0, miRanda, PicTar2, RNA22v2, and Targetscan 6.2.
We then integrated all the targets together for undergoing the
enrichment analysis. In addition, miRror Suite was used to
perform a combinatorial target prediction analysis. We obtained
a combination of common targets for our 34 input miRNAs

(Table S2).

Enrichment analysis

Enrichment analysis for the predicted and validated targets
obtained by mirWalk tool was done using the DAVID server.
The results provided several significant cancer/HCC-related
pathways and biological processes with Bonferroni corrected
P-value<.05. Among the highly significant pathways are
“pathways in cancer,” “PI3K-Akt signaling pathway,” “meta-
bolic pathways,” “focal adhesion,” “MAPK signaling pathway,”
“oxytocin signaling pathway” and “proteoglycans in cancer”
with Bonferroni corrected p-value: 4.23E-09, 2.66E-07,
3.20E-07, 2.46E-05, 3.06E-05, 4.93E-05, and 5.15E-05
respectively (Figure 2A). Also, a number of highly significant
biological processes were obtained such as transcription-related
processes, signal transduction-related processes, response to
drug, cell proliferation, and others with their Bonferroni cor-
rected P-value < .05 (Table S3).

Predicted targets obtained from the miRror combinatorial
prediction tool, were forwarded to the DAVID tool for perform-
ing the enrichment analysis. Our results revealed that combina-
torial target genes of our miRNA set significantly regulate
multiple cancer-related pathways with a P-value<.05 such as
“melanoma,” “prostate cancer,” “PI3K-Akt signaling pathway,”
“choline metabolism in cancer”, “glioma,” and others (Figure
2B). Moreover, our results revealed several cancer-related
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Table 1. Significantly dysregulated miRNAs. The table shows 34 significantly dysregulated (up-regulated and down-regulated) miRNAs obtained
from the YM500v2 server with adjusted P-value (P-adj<.05).

UP-REGULATED MIRNAS

NAME BASE MEAN FOLD CHANGE LOG2 FOLD CHANGE

hsa-miR-767-5p 105.062723 1123.67 10.134 1.31E-13 5.58E-17
hsa-miR-105-5p 166.064275 831.8921 9.700253 6.11E-13 5.21E-16
hsa-miR-1269b 1301.61843 90.41214 6.498445 2.12E-09 2.71E-12
hsa-miR-1269a 1308.53376 74.97926 6.22842 7.24E-09 1.33E-11
hsa-miR-4652-5p 13.0462575 2066.304 11.01284 1.74E-08 4.45E-11
hsa-miR-183-5p 19295.7492 21.29163 4.412214 5.79E-06 2.71E-08
hsa-miR-182-5p 48485.3878 16.97928 4.085703 4.51E-05 2.50E-07
hsa-miR-96-5p 53.1301433 14.49713 3.857695 7.47E-05 4.45E-07
hsa-miR-10b-3p 17.0327005 14.05129 3.812631 .000357 2.43E-06
hsa-miR-217 9040.29128 17.21162 4105311 .000387 2.80E-06
hsa-miR-216b-5p 165.638979 12.53078 3.647405 .000491 3.97E-06
hsa-miR-196a-5p 116.41277 9.922422 3.310692 .000729 6.21E-06
hsa-miR-196b-5p 120.884123 9.4377 3.238435 .000883 8.27E-06
hsa-miR-224-5p 722.119392 11.38113 3.508572 .000883 7.91E-06
hsa-miR-216a-5p 161.949729 11.70211 3.548697 .002063 2.02E-05
hsa-miR-216a-3p 34.0476322 12.90499 3.689857 .007478 8.91E-05
hsa-miR-3200-3p 11.1057846 6.965256 2.800176 .009588 .000122
hsa-miR-4746-5p 14.2727665 6.696788 2.743469 .009849 .000138
hsa-miR-9-5p 5313.97527 21.09815 4.399045 .015097 .000225
hsa-miR-1266-5p 57.0118623 5.891841 2.558718 .019937 .000397
hsa-miR-135b-5p 11.6286864 6.955982 2.798254 .019937 .000397
hsa-miR-520a-5p 28.751382 156.751 7.29233 .019937 .000404
hsa-miR-135a-5p 25.7815683 9.325534 3.221186 .026088 .000578
hsa-miR-3591-5p 12.6186053 5.983157 2.580907 .030396 .000725
(hsa-122b-5p)

hsa-miR-7706 11.0934176 5.596878 2.484622 .031999 .000801
hsa-miR-519¢-3p 9.71081358 752.5635 9.55567 .03575 .000928
hsa-miR-523-3p 6.82385948 217.6555 7.765903 .03649 .000968
hsa-miR-452-5p 919.818004 5.29219 2.403865 .037497 .001038

DOWN-REGULATED MIRNAS

BASE MEAN CHANGE LOG2 FOLD CHANGE
hsa-miR-490-3p 6.94930107 0.103251 -3.27577 6.25E-07 6.25E-07
hsa-miR-1258 14.4349826 0.122999 -3.02328 2.78E-06 2.78E-06
hsa-miR-139-3p 213.367679 0.277714 -1.84833 .03649 .03649
hsa-miR-424-5p 986.960043 0.262762 -1.92817 .03649 .03649

hsa-miR-139-5p 721.525241 0.316647 -1.65905 .038918 .038918
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Figure 2. Bar charts illustrating the highly enriched pathways for the 34 dysregulated miRNA target genes: (A) illustration of the significantly enriched
KEGG pathways of the validated and predicted target genes obtained by the mirWalk tool (Bonferroni corrected P-value <.05) and (B) illustration of the
significantly enriched KEGG pathways of the combinatorially predicted target genes obtained by the mirRor tool (P-value <.05).
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biological processes with a P-value <.05 the most significant of
which are: “regulation of phosphatidylinositol 3-kinase signal-
ing,” “axon guidance,” “ERBB2 signaling” and “positive regula-
tion of cysteine-type endopeptidase activity involved in apoptotic
process” (Table S4).

The enriched functions found to be common between col-
lectively detected miRNA targets using the miRwalk tool and
combinatorially detected ones using the miRror Suite tool are
“PI3K-Akt signaling pathway,” “focal adhesion,” “insulin sign-
aling pathway,” “Ras signaling pathway,” “Rap1 signaling path-
way,” “cell cycle,” and “MAPK signaling pathway.” This
indicates that dysregulated of the 34 miRNAs identified in our

study induces the mentioned cancer/HCC-related processes.

Network construction and topological analysis

To elucidate the structure and functional roles of interacting
components in a given cellular function (or malfunction), it is
essential to initially organize data and knowledge about them
in a network (ie, vertices connected to edges). We constructed
a network from miRNA-gene and transcription factor-miR-
NAs interactions using the Cytoscape (Figure 3). The network
contained 8992 nodes and22091 interactions (File S1 is a
Cytoscape.cys file of the network). Networks are the formal-
ized representation of a large number of experimental studies
in a diagrammatic format, which are computer-readable and
can be analyzed using computational tools. We analyzed the
network for topological properties using Cytoscape plugin
Network Analyzer (Table 2). The networks containing few
hubs are considered robust against single random perturbations
(in Figure 3, nodes represented by large circles can be hubs that
may act as potential drug targets). More specifically, Table 3
listed the top 10 highest degree nodes (TNRC6B, ZNF704,
PPP1R12B, PRLR, QKI, RAB3B, LPP, PPARA, MECP2,
PSD3, ADCY1). Table 4 shows the top 10 nodes with the
highest BC which identifies gatekeeper nodes (ZNF704,
PRLR, PPP1R12B, RAB3B, POU2F1, TNRC6B, PPARA,
ST8SIA3, MECP2, and MTMR3).

Molecular signatures and their validation through
patient data

The resulting top genes with the highest node degree (hubs) and
those with the highest betweenness centrality (gatekeepers) shown
inTables 3 and 4, undergone survival analysis. Among these genes,
POU2F1 and PPARA showed significant difference between low
and high survival time in HCC patients (with P-value <.05).
Patients with high expression of POU2F1 or low expression of
PPARA exhibited low survival probability and vice versa (Figure
4).In our network PPARA is regulated by the following miRNAs:
hsa-miR-424-5p, hsa-miR-1258, hsa-miR-9-5p, hsa-miR-96-5p,
hsa-miR-135a-5p, hsa-miR-182-5p, hsa-miR-183-5p, hsa-miR-
216b-5p, hsa-miR-519¢-3p, hsa-miR-520a-3p, hsa-miR-
520a-5p, hsa-miR-767-5p, hsa-miR-1266-5p, hsa-miR-1269a,

and hsa-miR-1269b. While POU2F1 is regulated by hsa-miR-
139-5p, hsa-miR-424-5p, hsa-miR-9-5p, hsa-miR-105-5p, hsa-
miR-182-5p, hsa-miR-216a-5p, hsa-miR-224-5p,
hsa-miR-452-5p, hsa-miR-519¢-3p, hsa-miR-520a-3p, hsa-
miR-1266-5p, hsa-miR-1269a, hsa-miR-1269b, and hsa-miR-
4652-5p. These results suggest that POU2F1 and PPARA can be
used as therapeutic targets for HCC.

Discussion

This computational analysis was performed to compare
miRNA expression in 147 liver cancer samples and 50 normal
control samples. We reported 34 significantly (P-value <.05)
dysregulated miRNAs for liver cancer; 5 were down-regulated
and 29 were up-regulated. We then performed miRNA target
prediction analysis followed by functional enrichment analysis
of detected targets to find what pathway and biological process
these miRNAs may affect. We found that most of the pathways
were frequently associated with cell signaling and cancer
pathogenesis. Our study provides in silico evidence on the
implication of this dysregulated miRNA set in HCC onset and
pathogenesis. These miRNAs may serve as diagnostic and
therapeutic tools for such tumor.

Unlike our previous miRNA meta-analysis study, in which
the studied miRNAs were collected from published miRNA
profiling studies as well as the PhenomiR database in HCC
versus non-HCC tissues,’® miRNAs in the present study were
obtained by YMS500v2 server from TCGA data comparing
miRNA expression data of HCC samples versus normal con-
trol samples.

Agreeing with some previous meta-analyses and miRNA
profiling studies that screened miRNA expression in HCC our
study defined a group of dysregulated miRNAs as possible
characteristic biomarkers for HCC.16:26.33-45 A number of com-
mon miRNAs between the current study and previous compre-
hensive ones are shown in Table 5.

The HCC down-regulated miRNAs identified in this
study were miR-139-3p, miR-139-5p miR-1258, miR-
424-5p, and miR-490-3p. miR-139 (miR-139-5p) was
detected to be down-regulated in our analysis and multiple
previous miRNA screening studies in HCC (Table 5). It was
believed that for a certain microRNA hairpin structure (pre-
microRNA) only one mature microRNA is produced (guide
strand), while the other strand (passenger strand) is degraded.
But now it has been revealed that sometimes the passenger
strand does not degrade and both miR-5p/-3p strands may
act as functional miRs and are implicated in the pathology of
several types of cancer.*® This is the case for miR-139-3p and
miR-139-5p. In liver cancer, both were found to significantly
suppress cell growth, migration, and invasion as well as being
found to prevent metastasis of HCC cells. It was reported
that miR-139-5p significantly reduced cell migration and
invasion in part by downregulating the cell motility protein
Rho-kinase 2 (ROCK2) in human HCC samples.*” miR-

139-3p was also found to reduce tumor growth and
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Figure 3. A Network constructed based on miRNA-Gene and transcription factor-miRNA interactions using Cytoscape. The size of the nodes represents
the value of the node degree. The node color ranges from green (low betweenness centrality) to red (high betweenness centrality).

metastasis by targeting Annexin A2 Receptor (ANXA2R).
miR-139-5p was found to inhibit epithelial-mesenchymal
transition (EMT) in HCC by targeting ZEB1 and ZEB2;
transcription factors that contribute to EMT.%® It also pre-
vents HCC cell growth by down-regulating karyopherin
alpha-2 ( KPNA2). Moreover, miR-139-5p overexpression

together with KPNA2 suppression decrease the level of the
pro-oncogenes POU class 5 homeobox 1 (POU5F1) and
-myc.* Also, both miR-139-3p and -5p have been shown to
significantly inhibit cell migration and invasion in other types
of cancer such as bladder cancer through targeting matrix
metalloprotease 11 gene (MMP11)0 and cervical cancer.’°2
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Table 2. Topological parameter values of the network.

Number of nodes 8922
Number of edges 22091
Clustering coefficient 0.0
Network diameter 8
Network radius 4
Characteristic path length 3.638
Avg. number of neighbors 4.909

Table 3. The top 10 highest degree node (ND) genes and miRNAs.

GENES NODE MIRNAS NODE
DEGREE DEGREE
TNRC6B 21 hsa-miR-424-5p 1305
ZNF704 20 hsa-miR-1266-5p 1252
PPP1R12B 20 hsa-miR-520a-3p 1248
PRLR 18 hsa-miR-520a-5p 1023
QKI 18 hsa-miR-216a-3p 998
RAB3B 17 hsa-miR-182-5p 935
LPP 17 hsa-miR-9-5p 863
PPARA 16 hsa-miR-519¢c-3p 851
MECP2 16 hsa-miR-4652-5p 842
PSD3 16 hsa-miR-105-5p 806

These nodes can be hub nodes.

Our result reported miR-1258 to be down-regulated in
HCC. This downregulation was found to contribute to car-
cinogenesis and liver cancer progression through activation of
its downstream target; CKS1B. Blocking the miR-1258-
CKS1B axis was proposed as a possible therapeutic approach.>®
Our computational study also revealed the downregulation of
miR-424-5p which was found to inhibit metastasis through
attenuating cell resistance to anoikis,* a #ype of programed cell
death that takes place in anchorage-dependent cells when they lose
contact with their extracellular matrix or neighboring cells.>> miR-
424-5p was also found to prevent the EMT process and malig-
nancy in HCC cells. miR-424-5p performs its anti-tumor
actions via targeting the potent B-catenin inhibitor; ICAT and
maintaining the E-cadherin/B-catenin complex.>

Our analysis revealed that miR-490-3p is among the
down-regulated miRNAs in the investigated test samples. It
was demonstrated that miR-490-3p acts as a potential tumor
inhibitor that suppress cell proliferation and enhance G1 cell
cycle arrest and apoptosis in some cancers such as osteosar-
coma,’’ ovarian cancer,’® colorectal cancer’® and breast

cancer.®? Agreeing with our results, previous studies reported
a down-regulation for miR-490-3p in HCC,162 and that it
suppresses HCC cell proliferation and migration by target-
ing the aurora kinase A gene (AURKA).% However, Zhang
et al (2013) reported that miR-490-3p acts as an oncomir
that is implicated in cell growth and epithelial to mesenchy-
mal transition processes in HCC.** Hence, further deep
studies concerning the role of mir-490-3p in cancer are
strongly recommended.

On the other hand, the significant 29 up-regulated miR-
NAs revealed by our meta-analysis study involved a number of
up-regulated miRNAs commonly identified with other meta-
analyses and miRNA screening studies in HCC. They included
miR-224, miR-216, miR-183/miR-182/miR-10b, miR-9,
miR-96, miR-217/miR-1269b/miR-135a (arranged from the
most common to the least common ones).

miR-224 is one of the most frequently reported HCC up-
regulated miRNAs (oncomir). It enhances cell proliferation by
targeting apoptosis inhibitor-5 (API-5)% and by activating
AKT signaling pathway.®® It also contributes to invasion and
anti-apoptosis.®® miR-224 was observed to be specifically up-
regulated in the liver tissues of HCV-associated HCC, relative
to healthy ones.®” Lately, miR224 was considered an early diag-
nostic marker in plasma of patients with HCC preceded by
chronic HCV infection.®8

miR-216a, also called miR-216 or miR-216a-5p according to
mirbase-(http://www.mirbase.org/cgi-bin/mirna_entry.
plPacc=MI0000292) is another commonly detected HCC associ-
ated miRNA detected in various studies (Table 5). It was previ-
ously revealed that miR-216a-5p is up-regulated in multiple
types of cancers, such as colorectal, prostate cancer, and others.5%70
It was demonstrated that miR-216a-5p contributes to cancer cell
proliferation, viability, motility, and apoptosis in renal cell carci-
noma.”® In liver cancer, it was revealed that miRNA-216a is up-
regulated by the androgen pathway suppressing the expression of
TSLC1 in early liver carcinogenesis.”! In addition, miR-216a/
miR-217 cluster [both are located within the second intron of a
non-coding RNA (RP23-298H6.1-001)], was previously identi-
fied in HCC. miR-2162/miR-217 cluster targets PTEN (phos-
phatase and tensin homolog) and SMADY leading to activation
of the PI3K/Akt and TGF-3 pathways which mediate EMT, cell
migration, and stem-like properties of HCC cells, contributing to
hepatocarcinogenesis and tumor progression.’? In addition, miR-
216a-5p was found to be involved in proliferation, viability, and
cell motility in renal cancer.”? On contrary, miR-216a-5p was
shown to inhibit tumorigenesis in pancreatic cancer by targeting
TPT1/mTORCI1 and is mediated by LINC01133. Therefore,
miR-216a-5p may have opposing actions in cancer according to
the type of tumor’3 a matter that needs further studies in different
types of cancer. The passenger strand of miR-216, miR-216a-3p
was also found among the significantly up-regulated HCC miR-
NAs in our study which is a new finding that needs to undergo
further investigation.
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Table 4. The top 10 nodes (genes/TFs and miRNAs) with the highest betweenness centrality (BC).

GENES/TF BETWEENNESS CENTRALITY
ZNF704 0.0050547
PRLR 4.64E-03
PPP1R12B 0.0035372
RAB3B 0.00320646
POU2F1 0.00311756
TNRC6B 0.00260564
PPARA 0.00248434
ST8SIA3 2.36E-03
MECP2 0.00232619
MTMR3 0.00231064

P-value = 0.0012
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Survival probability

0.254
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MIRNAS BETWEENNESS CENTRALITY
hsa-miR-216a-3p 0.1349
hsa-miR-424-5p 0.1291
hsa-miR-1266-5p 0.1285
hsa-miR-520a-3p 0.1141
hsa-miR-4652-5p 0.1105
hsa-miR-520a-5p 0.0917
hsa-miR-3591-5p 0.0900
hsa-miR-1269b 0.0884
hsa-miR-182-5p 0.0774
hsa-miR-9-5p 0.0748
1
P-value = 0.05

Survival probability
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™—

500 1000 1500 2000 2500 3000 3500

Time (months)

Figure 4. Survival probability analysis of the highest ND and BC nodes. N is the number of samples in a group. _L represents low expression and _H

represents high expression.

miR-217 is also detected to be up-regulated by our analysis,
miR-217 was previously reported to promote cancer stem cell
properties by targeting DKK1, activating the Wnt signaling
pathway in HCC.”* However, others suggested that miR-217
may function as a tumor suppressor in HCC by inhibiting the
invasion of HCC cells via targeting E2F37 or targeting KLE.76
Hence, deeper studies are required to explore the exact role of
miR-217 in HCC.

Among the up-regulated HCC miRNAs identified by our
study and found to be common with other previous studies are
the miR-183 family members (miR-183, miR-96, and miR-
182), however, mir-183 and miR182 are more frequently
detected. This family represents a highly conserved miRNA
cluster with sequence homology, whose members are located
within a 5-kb region on human chromosome 7q32.2.7%78 They
are produced from a single primary transcript in the same
direction from the telomere to the centromere. They possess
similar biological functions that contribute to closely related

signaling pathways.”” miR-183-96-182 cluster was reported to
have oncogenic effects in HCC and act as a prognostic tool.
They promote migration and invasion by targeting FOXO1,79:80
while they promote cell proliferation via targeting miR-183 to
PDCD4 and SOCS-6, targeting miR-96 to FOXO1 and
FOXO3, and targeting miR-182 to CEBPA and TP53INP1.7
However, this cluster was found to act as a tumor suppressor in
other cancer types such as colon and lung cancers.®!

miR-10b is another commonly identified HCC up-regu-
lated miRNA (Table 5). It enhances cell viability and invasion
by targeting the tumor suppressor gene, CSMD1.82 Moreover,
miR-10b promotes cell proliferation, migration, and invasion
by targeting HOXD10 and triggering the RhoC/ uPAR/
MMPs pathway.®?

miR-9 was also identified as HCC up-regulated miRNAs
by several screening studies (Table 5). miR-9 is mainly a neu-
rogenesis regulator, but its dysregulation was observed in can-
cer.8* It was found to exert its oncogenic activities by regulating
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Table 5. Hepatocellular Carcinoma (HCC) dysregulated miRNAs identified by the current study compared to previous meta-analysis and molecular

studies.

REFERENCE

Present study

Varnholts3

Wang et al34

Bala et al35

Huang da et al?¢

Wang et al3®

Borel et al®¥”

ElHefnawi et al'®

Karakatsanis et al38

Chai and Ma3®

Gori et al4®

UP REGULATED MIRNAS

miR-9-5p, miR-10b-3p, miR-96-5p, miR-105-5p,
miR-135a-5p, miR-135b-5p, miR-182-5p,
miR-183-5p, miR-196a-5p, miR-196b-5p,
miR-216a-3p, miR-216b-5p, miR-216a-5p,
miR-217, miR-224-5p, miR-452-5p, miR-519c-
3p, miR-520a-3p, miR-520a-5p, miR-523-3p,
miR-767-5p, miR-1266-5p, miR-1269a, miR-
1269b, miR-3200-3p, miR-3591-5p, miR-4652-5p,
miR-4746-5p, and miR-7706

let-7a, miR-21, miR-221, miR-224, miR-222, and
miR-301

miR-9, miR-9*, miR-21, miR-25, miR-96, miR-137,
miR-151, miR-155, miR-182, miR-182*, miR-183,
miR-186, miR-216, miR-221, miR-222, miR-224,
miR-301, miR-324-5p, and miR-374

miR-18, miR-21, miR-221,miR-222, miR-224,
miR-373 and miR-301

miR-16, miR-17-5p, miR-24, miR-25, miR-107,
miR-128b, miR-130a, miR-205, miR-207, miR-221,
miR-222, miR-224,

miR-18b, miR-99b, miR-185, miR-186, miR-19,
miR-217,

miR-329, miR-362, miR-373-3p, miR-43,
miR-452-3p,

miR-491, miR-493, miR-515, miR-519d, miR-
526a,

miR-526b

miR-9-3p, miR-9, miR-10a, miR-10b, miR-15a,
miR-16, miR-17, miR-18a, miR-18b, miR-19b,
miR-20a, miR-21, miR-24, miR-25, miR-27a,
miR-33, miR-34a, miR-93, miR-96, miR-106b,
miR-107, miR-127-3p, miR-130b, miR-135a,
miR-137, miR-148a, miR-151, miR-182-3p,
miR-182, miR-183, miR-186, miR-205, miR-207,
miR-210, miR-216, miR-216a, miR-221, miR-222,
miR-224, miR-294, miR-301, miR-324, miR-362,
miR-373, miR-374, miR-376a, miR-382, miR-491,
miR-500, miR-519, miR-527

miR-18, miR-224, miR-21, miR-182, miR-183,
miR-222, miR-96, miR-9, miR-216, miR-155,
miR-301, miR-221, miR-324-5p, miR-186,
miR-151, miR-106b and miR-374

miR-21, miR-31, miR-122, miR-221, miR-222

miR-490-3p, miR-216a,miR-224, let-7, miR-130b,
miR-145, miR-150, miR-181, miR-199a-3p, let-7c,
let-7f, miR-1, miR-15b, miR-17-5p, miR-18a,
miR-25, miR-92a, miR-130b, miR-122, miR-146a,
miR-206, miR-215, miR-221, miR-222, miR-223,
miR-375, miR-574-3p, miR-885-5p, miR-17-5p,
miR-18a, miR-23a, miR-30d, miR-31, miR-106b,
miR-122, miR-143, miR-147, miR-151, miR-155,
miR-182, miR-183, miR-191, miR-210, miR-221,
miR-222, miR-301a, miR-650, miR-657, miR-602,
miR-615-5p, miR-372, miR-373, miR-550a and
miR-519d

miR-10b, miR-122 (serum), miR-16, miR-33, miR
21, miR-31, miR-221/222, miR-155, miR 181a/b
and let-7a/b

DOWN REGULATED MIRNAS

miR-139-3p, miR-139-5p, miR-424-5p, miR-490-
3p,and miR-1258

miR-122a, miR-125a, miR-139, miR-150, miR-145,
miR-199a, miR-200b, miR-214, and miR-223

miR-214, miR145, and miR-139

let-7, miR-122, miR-125,miR-130a, miR-150,miR-199,
and miR-200

let-7a, miR-27a, miR-122a, miR-124a, miR-125a,
miR-125b, miR-126, miR-129, miR-143, miR-145,
miR-152, miR-15a, miR-185, miR-194, miR-195,
miR-199a, miR-200a, miR-338

miR-9-3p, miR-105, miR-124a, miR-137, miR-138,
miR-214, miR-367, miR-378, miR-422a, miR-450,
miR-504, and miR-518a

let-7a, let-7b, let-7c, let-7d, let-7e, let-7f, let-7g, miR-18,
miR-22, miR-29¢, miR-92, miR-99a, miR-100,
miR-101, miR-122a, miR-122, miR-124a, miR-124,
miR-125a, miR-124b, miR-126-3p, miR-126, miR-
128b, miR-129, miR-130a, miR-132, miR-136,
miR-139, miR-141, miR-142, miR-143, miR-145,
miR-146, miR-150, miR-152, miR-155, miR-181a,
miR-181c, miR-185, miR-185, miR-194, miR-195,
miR-198, miR-199a-3p, miR-199a, miR-199b,
miR-200a, miR-214, miR-215, miR-223, miR-292-3p,
miR-338, miR-365, miR-378, miR-422a, miR-422b,
miR-424, miR-520c-3p

miR-199a- 3p, miR-125a, miR-195, miR-199a-5p,
miR-200a, miR-122a, miR-139, miR-214 and
miR-34a).

miR-145, miR-146a, miR-200c, and miR-223

miR-16, miR-21, miR-199a-5p, miR-19a, miR-22,
miR-24, miR-26a, miR-29, miR-29¢c, miR-34a,
miR-99a, miR-100, miR-101, miR-124, miR-125a-5p,
miR-125b, miR-126, miR-129-3p, miR-138, miR-139,
miR-140-5p, miR-145, miR-146a, miR-193b, miR-195,
miR-198, miR-199a-3p, miR-199a-5p, miR-200c,
miR-214, miR-219-5p, miR-223, miR-520b, miR-520¢,
miR-375, miR-450a, miR-637, miR-335, miR-338-3p,
and miR-886-5p

miR-122 (tissue), miR-34a, miR-200a/b, miR-99a,
let-7c/g, and miR-199a/b-3p

(Continued)
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Table 5. (Continued)

REFERENCE UP REGULATED MIRNAS

Yang et al*! miR-224, miR-221, miR-222, miR-93 and miR-21.

Ding et al*? miR-215, miR-375, miR-338-5p, miR-378,
miR-378d, miR-450b-5p, miR-760, miR-1269, and
miR-1269b

Li et al*3 miRNA-21, miRNA-221, miRNA-222, miRNA-210,
and miR-224

Xu et al*4 miR-10b, miR-21, miR-25, miR-32, miR-92a,

miR-96-5p, miR-107, miR-135a, miR-155-5p,
miR-181a, miR-182, miR-197, miR-203a-3p.1,
miR-210, miR-214-5p, miR-216a/217, miR-221,
miR-302d, miR-331-3p, miR-346, miR-454,
miR-487a, miR-765, miR-873, miR-892a,
miR-1246, miR-1249, miR-1468, miR-3910, and

miR-4417

Morishita et al*5

miR-10a, miR-10b, miR-17-5p, miR-18a, miR-21,
miR-22, miR-23a, miR-25, miR-26a, miR-30d,
miR-92a, miR-96-5p, miR-100, miR-106b,
miR-107, miR-130b, miR-135a, miR-143, miR-151,
miR-155, miR-181b, miR-182, miR-183, miR-186,
miR-200, miR-203a-3p, miR-210, miR-214-5p,
miR-216a, miR-216a/217, miR-221, miR-221/222,
miR-224, miR-301a, miR-302d, miR-346,
miR-373, miR-423, miR-485-3p, miR-487a,
miR-494, miR-495, miR-517a, miR-519d,
miR-550a, miR-590-5p, miR-615-5p, miR-657,
miR-664, miR-765, miR-873, miR-892a, miR-
1249, miR-1323, miR-1468, miR-3910, miR-4417

DOWN REGULATED MIRNAS
miR-130a, miR-195, miR-199a and miR-375

miR-100, miR-210, miR-29¢, miR-181c, miR-15b,
miR-199a-3p, miR-199b-3p, miR-149 and miR-22

miRNA-99a, miRNA-125b, miRNA-195, and miRNA-
199a

miR-7, miR-7/21/107, miR-26, miR-29a, miR-30a-5p,
miR-30e, miR-31, miR-31-5p, miR-33a, miR-33a-5p,
miR-33b, miR-98, miR-101, miR-105-1, miR-122,
miR-124-3p, miR-126, miR-137, miR-138, miR-142,
miR-142-3p, miR-143, miR-144, miR-146a, miR-152,
miR-186, miR-187-3p, miR-194, miR-195, miR-199,
miR-199a-3p, miR-199a-5p, miR-199b-5p, miR-200a,
miR-203, miR-206, miR-211, miR-212, miR-217,
miR-223, miR-296, miR-320a, miR-337, miR-338-3p,
miR-340, miR-345, miR-361-5p, miR-365,miR-367-
3p, miR-370, miR-375, miR-377, miR-429, miR-451,
miR-491-3p, miR-495, miR-497, miR-503, miR-506,
miR-520f, miR-539, miR-542-3p, miR-613, miR-634,
miR-638, miR-663a, miR-708, miR-874, miR-874-3p,
miR-876-5p, miR-940, miR-1207-5p, miR-1271-5p,
miR-1299, and miR-1301

let-7a, let-7b, let-7c, let-7d, let-7f-1, let-7g, miR-1,
miR-7, miR-10a, miR-10b, miR-15a/16, miR-15b,
miR-21, miR-26a, miR-29a, miR-29b, miR-29c,
miR-31-5p, miR-33b, miR-34a, miR-98, miR-99a,
miR-100, miR-101, miR-122, miR-124, miR-125a,
miR-125b, miR-126, miR-137, miR-139, miR-139-5p,
miR-140-5p, miR-141, miR-142, miR-142-3p, miR-144,
miR-145, miR-148a, miR-152, miR-187-3p, miR-194,
miR-195, miR-198, miR-199a-3p, miR-199a-3p,
miR-199a-5p, miR-199b, miR-200a, miR-200Db,
miR-200c, miR-203, miR-206, miR-212, miR-214,
miR-219-5p, miR-222, miR-223, miR-224, miR-296,
miR-302b, miR-337, miR-338-3p, miR-340, miR-345,
miR-363-3p, miR-370, miR-375, miR-376a, miR-429,
miR-449, miR-450a, miR-451, miR-495, miR-497,
miR-520b/e, miR-539, miR-612, miR-637, miR-638,
miR-663a, miR-874, miR-940, miR-1271, miR-1299,
miR-1301

Common miRNAs between the current study and previous ones are written in bold. The common downregulated miRNA was miR-139. The common upregulated
miRNAs arranged from the most common to the least common were miR-224, miR-216 (miR-216a-5p), miR-183- miR-182-miR-10b, miR-9, miR-96, miR-217- miR-

1269b-miR-135a.

PPARA and CDH1% and to enhance HCC cell proliferation,
migration, and invasion by targeting ESR1.86 However, Han
et al (2018) study suggested that miR-9 acts as a tumor sup-
pressor in HCC.%7

Lastly, the current study shows up-regulated expression
of miR-1269b and miR-135a in HCC agreeing with previ-
ous miRNA screening studies (Table 5). mir-1296b was
indicated to contribute to carcinogenesis in HBV-associated
HCC through promoting CDC40 (cell division cycle 40
homolog) expression, which in turn enhances cell growth,
cell cycle progression, and cell migration in HCC cells. This
takes place through the HBx/NF-kB/miR-1269b/CDC40
pathway, where HBx firstly stimulates NF-xB to enhance

miR1269b expression.®® miR-135a triggers cell migration
and invasion in HCC by targeting FOXO1 (forkhead box

0O1) and enhancing the expression of MMP2 and Snail.®
Recently, miR-135a upregulation was noticed to be associ-
ated with HCC recurrence which renders it a novel biomarker
for patients needing adjuvant therapy after resection.”®
Interestingly, our study revealed highly significant dysregu-
lated miRNAs including miR-767-5p, miR-105-5p, miR-1269a,
and miR-4652-5p, which may need more focused investigations
regarding their roles in HCC. miR-767-5p was found to be
among a group of migration-facilitating miRNAs.”' Moreover,
miR-767 was reported to target the tumor suppressor genes;
TET1 and TET3, hence playing a tumor-promoting role in can-
cer.”? Recently, miR-767-5p was reported as a potent oncomir in
HCC that acts in part by repressing PMP22 signaling.®
miR-105 (also known as miR-105-5p) was considered to have

a cancer-specific effect where it enhances cancer cell survival and
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metastasis. Cancer-secreted miR-105 can breakdown tight junc-
tions of vascular endothelial barriers triggering metastasis.”* An
oncogenic effect for miR-105-5p was detected in many cancer
types such as gastric cancer, lung cancer, and colorectal cancer.”
Conversely, miR-105 has been reported as a tumor suppressor in
HCC.% Therefore, further investigations are required to clarify
the role of miR-105 in HCC.

We also identified miR-1269a and its sister miR-1269b, as
significantly HCC up-regulated miRNAs. miRNA sisters that
differ by only 1 or 2 nucleotides receive different alphabetical
suffixes.”” They were recently identified as emerging oncomirs
that are upregulated in HCC.”® miR-1269a was found to target
CXCL9, SOX6, VASH1, ATRX, RASSF9, SMAD7,
HOXD10, and FOXO1, while miR-1269b targets METTL3,
CDC40, SVEP1, and PTEN.?8 It was determined that miR-
1269 directly acts on FOXO1 promoting proliferation and
tumorigenicity of HCC cells.”” Importantly, both miR-1269a
and miR-1269b represent excellent diagnostic and prognostic
markers for HCC.%8

miR-4652-5p was determined as a novel significantly up-
regulated miRNA in HCC by our analysis. This miRNA was
recently detected among cancer-inducing miRNAs in head
and neck squamous cell carcinoma,'® however, it needs further
experimental validation to investigate its role.

For miRNA target analysis, we used 2 miRNA target analy-
sis tools for the differentially expressed miRNAs as previously
described!®l: miRror, which is a combinatorial miRNA target
prediction tool, and miRWalk, which provides the predicted
and experimentally validated targets for each miRNA. Within
miRWalk, we used the intersection of different prediction
algorithms (mirWalk2.0, miRanda, PicTar2, RNA22v2, and
Targetscan 6.2) to obtain the most probable targets and mini-
mize false positives. Then we integrated the resulting target
genes of miRWalk. The main purpose for using both tools was
to have an integrative view of combinatorial and individual
microRNAs interactions and hence functions and pathways.

Functional enrichment analysis for the miRNA targets
obtained by both the collective and the combinatorial methods
provided a number of significant HCC-related pathways and
biological processes. The obtained enriched functions involving
“PISK-Akt signaling pathway,” “focal adhesion,” “insulin signal-
ing pathway,” “Ras signaling pathway,”“Rap1 signaling pathway,”
“cell cycle,” and “MAPK signaling pathway” were commonly
detected by the collective and the combinatorial target analysis
methods. PI3K-Akt signaling pathway or phosphatidylinositol
3'—kinase (PI3K)-Akt signaling pathway regulates important cel-
lular processes such as transcription, translation, proliferation,
growth, and survival. The binding of growth factors to their
receptor tyrosine kinase (RTK) or G protein-coupled receptors
(GPCR) stimulates type Ia and Ib PI3K isoforms, respectively.
PI3K catalyzes the production of phosphatidylinositol-3,4,5-
triphosphate (PIP3). PIP3, in turn, serves as a second messenger
that helps to spark oft Akt. Once active, Akt can manipulate key
signals phosphorylating substrates implicated in apoptosis,

protein synthesis, metabolism, and cellular cycle.? Importantly,
the PI3K/Akt pathway, which is a prototypic survival pathway,
greatly contributes to hepatocarcinogenesis.!® It was reported
that the activation of the PI3K/Akt signaling pathway causes
EMT and multi-drug resistance in HCC cells.104105

Focal adhesion or cell-matrix adhesion is a structural link-
ing between the actin cytoskeleton and extracellular matrix
where there are cell-extracellular matrix contact points, (focal
adhesions) that form bundles of actin filaments anchored to
transmembrane receptors of the integrin household.1% It plays
crucial roles in vital cellular processes including cellular adhe-
sion, cell motility, intracellular signaling pathways, prolifera-
tion, differentiation, regulation of gene expression and survival.
Focal adhesion is composed of various protein components
such as receptors, structural proteins, adaptors, GTPase,
kinases, and phosphatases.’%107 In HCC, the focal adhesion
signaling pathway is implicated in tumor cell motility, metas-
tasis, invasion, and survival as well as evasion of the anti-tumor
immune response.'% Another cell adhesion pathway detected
by our enrichment analysis is Rap1 signaling. Ras-associated
protein-1 (Rap1) is a small GTPase that regulates basic cel-
lular functions such as cell-cell adhesions and junctions,
migration, and polarization. Rap1 cycles between binding to
GDP (inactive) and GTP (active) conformation. This process
is controlled by guanine nucleotide exchange factors (GEFs)
and GTPase activating proteins (GAPs).19%110 In cancer cells,
Rap1 signaling is the main effector process in cancer cell inva-
sion, and metastasis.!!!

Insulin is primarily a hormone that is responsible for glu-
cose uptake and controlling its level in blood. The insulin
signaling pathway starts with insulin binding to its receptor
(INSR) on the surface of target cells. The insulin signaling
pathway mediates both the metabolic and mitogenic effects of
insulin.’2 However, it has been observed that abnormal insu-
lin levels and insulin-mediated signaling can lead to cancer
development and progression. Insulin was found to exert
oncogenic effects on the proliferative and anti-apoptotic path-
ways in cancer. In HCC cells, INSR is usually overexpressed
and insulin signaling is known to be enhanced.!12113

Ras pathway represents a vital signaling network that regu-
lates cell proliferation, growth, and survival.192 RAS signaling is
activated by binding of different growth factors to their receptors
leading to the activation of c-raf, MEK, and ERK. In cancer,
abnormal activation of RAS takes place due to several molecular
alterations, such as methylation of tumor suppressors and ampli-
fication of oncogenes. Ras signaling is one of the therapeutic
target pathways in HCC that when blocked, improvement of
patient survival can be achieved.'* MAPK (mitogen-activated
protein kinase) signaling pathway involves different kinase pro-
teins that link extracellular signals to the intracellular machinery.
It mediates multiple cellular processes such as proliferation,
growth, differentiation, apoptosis, and migration.102115116
MAPK cascade is known to play a critical role in the incidence,
development, and progression of cancer. Regarding HCC, it was
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reported that the MAPK cascade activation contributes to drug
resistance exerted by liver cancer cells.!’” Collectively, it has been
shown that dysregulation of the Ras/MAPK signaling pathways,
is strongly implicated in malignant transformation and cancer
pathogenesis in the liver, where they are activated in 50-100% of
HCC cells, and consequently, Ras/MAPK pathway effectors can
act as potential targets for HCC therapy.18

Further, we constructed a network from miRNA-gene and
transcription factor-miRNAs interactions and performed a
topological analysis to identify hub nodes and gatekeeper nodes
using the Cytoscape plugin. To unravel the role of highest node
degree (ND) and betweenness centrality (BC) nodes in HCC,
we performed Kaplan-Meier survival analysis using TCGA
patient data. Among them, POU2F1 and PPARA successfully
stratified patients between low and high survival probability.
Patients with high expression of POU2F1 or low expression of
PPARA have low survival probability and vice versa.

POU2F1 (POU domain, class 2, transcription factor 1), also
known as octamer-binding transcription factor 1 (OCT-1), is
implicated in regulating the physiological and pathological
processes of cancer cell as well as inflammatory processes and
maintenance of tumor stem cells.” PPARA (peroxisome pro-
liferator-activated receptor alpha) is a ligand-activated tran-
scription factor that is highly expressed in liver under normal
condition and is activated by fatty acids or any other lipid spe-
cies.”?0 POU2F1 overexpression was shown to enhance cell
growth and EMT and to correlate to poor prognosis in HCC12!
while low expression of PPARA induces unfavorable outcomes
in such malignancy.'? Our results suggest that miRNAs regu-
lating POU2F1 (including miR-139-5p, miR-424-5p, miR-
9-5p, miR-105-5p, miR-182-5p, miR-216a-5p, miR-224-5p,
miR-452-5p, miR-519¢-3p, miR-520a-3p, miR-1266-5p,
miR-1269a, miR-1269b, and miR-4652-5p) and PPARA
(including miR-424-5p, miR-1258, miR-9-5p, miR-96-5p,
miR-135a-5p, miR-182-5p, miR-183-5p, miR-216b-5p, miR-
519¢-3p, miR-520a-3p, miR-520a-5p, miR-767-5p, miR-
1266-5p, miR-1269a, and miR-1269b) requires further
attention to be used as potential HCC drug targets.

Conclusion

Studying miRNA expression in HCC may help to identify new
biomarkers that may help in prognosis, early diagnosis, and dis-
covering novel therapeutic targets for HCC. Our computational
analysis presents a set of 34 significantly dysregulated miRNAs
in liver cancer. Functional enrichment analysis of their targets
has shown the implication of these 34 miRNAs in a variety of
biological processes and pathways that are directly linked to
cancer hallmarks. This study helps explore diagnostic and prog-
nostic biomarkers for HCC and provides insights into miRNA-
based HCC therapy. The study suggests also that POU2F1 and
PPARA can be used as potential HCC drug targets.
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