International Journal of General Medicine

Dove

ORIGINAL RESEARCH

Risk Score Based on Two microRNAs as
a Prognostic Marker of Hepatocellular Carcinoma
and the Corresponding Competitive Endogenous

RNA Network

Xiao-Chun Huang'?
Fei-Xiong Pang®'?
Sheng-Song Ou'*?
Xiao-Jiao Wei'"?
Yu-Ju Xu'?
Yan-Hua Lai'"?

'Department of Transplantation, People’s
Hospital of Guangxi Zhuang Autonomous
Region, Nanning, Guangxi, 530021,
People’s Republic of China; 2Guangxi
Academy Of Medical Sciences, Nanning,
Guangxi, 530021, People's Republic of
China

Correspondence: Yan-Hua Lai
Department of transplantation, People’s
Hospital of Guangxi Zhuang Autonomous
Region, No. 6 Taoyuan Road, Nanning,
Guangxi Zhuang Autonomous Region,
530021, People’s Republic of China

Tel +86 13978798471

Email 1379771812@qq.com

Purpose: Liver transplantation (LT) currently yields the best outcomes for hepatocellular
carcinoma (HCC). However, tumor recurrence still occurs in some patients. Identifying
markers that predict HCC recurrence after LT is an unmet medical need.

Methods: In this study, differential expression analysis was used to identify differen-
tially expressed microRNAs (DEmiRs) between HCC and liver tissues in the The
Cancer Genome Atlas database and in data from patients with recurrent or non-
recurrent HCC in the GSE64989 dataset. The expression profiles of the overlap
DEmiRs were used to construct an miRNA-based risk score to predict prognosis
using Cox regression analysis. The target genes of the miRNAs of interest were
predicted, and they were analyzed for functional enrichment. Furthermore, we used
the miRNAs of interest to construct a competitive endogenous RNA (ceRNA) network
of long non-coding RNAs (IncRNAs), miRs and mRNAs.

Results: Four up-regulated and three down-regulated miRNAs in HCC and recurrent HCC
after LT were considered as candidate miRs. MiR-3200-3p and miR-3690 were selected to
construct the miR-based risk score, which was found to be associated with poor overall
survival and progression-free survival. Furthermore, it proved to be an independent prog-
nostic factor after adjusting for other clinicopathological factors. The corresponding ceRNA
networks of these two miRs that we constructed may help to understand their regulatory
mechanisms in HCC.

Conclusion: We propose a risk score based on miR-3200-3p and miR-3690 that may be
useful as a prognostic marker to predict HCC recurrence after LT. We generated a ceRNA
network involving these miRNAs, which may help reveal their regulatory roles in HCC.
Keywords: hepatocellular carcinoma, liver transplantation, microRNA, recurrence, ceRNA

network

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common malignant tumor in
the world, causing approximately 700,000 deaths worldwide each year.'* The
main pathogenic factors of HCC are obesity, type 2 diabetes mellitus (T2DM),
non-alcoholic fatty liver, alcoholism, aflatoxin Bl and other genetic
diseases.”* Although progress has been made in the treatment of liver cirrho-

sis, the incidence of liver cancer continues to rise.” Liver transplantation (LT)
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can be an effective treatment for liver cirrhosis and
cancer, and it is widely used to treat patients with
early HCC.® Although historically LT may not have
been ideal for HCC, the treatment has advanced
substantially.” Studies show that the 5-year survival
rate of patients who meet the Milan criteria and
undergo LT can exceed 70%, with fewer than 15%
suffering recurrence.® HCC recurrence after LT typi-
cally leads to rapidly progressing disease, resulting in
death. Thus, identifying markers that can predict HCC
recurrence after LT is an unmet medical need.

It may be fruitful to search for such markers among
microRNAs (miRs), which are short, non-coding RNAs
consisting of 18-25 nucleotides that can bind to target
mRNAs and suppress their translation or promote their
degradation.” Expression of miRs regulates a number
of cellular processes that affect the hepatic interna-
tional roughness index (IRI), including promotion of
inflammation, cellular regeneration, and autophagy.'’
By interacting with multiple target genes, miRs can
influence many important biological processes, such
as cell growth, tissue differentiation, cell proliferation,
embryonic development and apoptosis.'® The dysregu-
lation of miRs may be a common feature of HCC,'
and miRs are considered prognostic biomarks in
HCC,'? as well as various other cancers.'>'* As poten-
tial biomarkers in various diseases, miRNAs have
received special attention. Numerous studies have
shown that miRs are extremely stable and easy to
detect in various types of biological samples. Whether
miR expression patterns are associated with HCC
recurrence after LT is unclear.

In our present study, we aimed to define a risk score
based on miR expression for assessing the likelihood of
HCC recurrence after liver transplantation (RALT).
Furthermore, we planned to explore the potential biologi-
cal mechanisms of relevant miRs by constructing
a potential competitive endogenous RNA (ceRNA) net-
work in HCC recurrence.

Materials and Methods

Data Processing

HCC mature miRs in the
(TCGA)'® were downloaded from the Xena server at
the University of California at Santa Cruz (https://

Cancer Genome Atlas

xenabrowser.net/datapages/, version 09—08-2017). The

corresponding clinical information was also down-
loaded. The present study focused on HCC, so samples
of mixed-type liver cancer were removed. In addition,
the miRNA expression profile of GSE64989,'7 based
on the GPL16384 platform, was downloaded from the
Gene Expression Omnibus (GEO, https://www.ncbi.

nlm.nih.gov/geo/) database, including HCC samples
from 8 patients who experienced recurrence after LT
and 10 patients who did not experience recurrence after
LT. Sequences and symbol of mature miRs were
obtained from miRbase version 22 (http://www.mir
base.org/). The miR symbols in GSE64989 were con-
verted to be consistent with mature miR symbols in the
mature miR data in the TCGA. The workflow of the
present study is shown in Figure 1.

Screening of Differentially Expressed
miRNAs

The limma package'® was used to screen for differentially
expressed miRs (DEmiRs) in two comparison-pairs: HCC
vs normal liver in the TCGA dataset, or HCC with recur-
rence after LT vs HCC without recurrence after LT in the
GSE64989 dataset. The up- or down-regulated miRs over-
lapping between the two comparison-pairs were consid-
ered as RALT-related miRs, and the miRs with P < 0.05
were considered to be significant.

Univariate and Multivariate Cox

Regression Analyses
Univariate and multivariate Cox regression analyses were
performed based on the expression of the RALT-related
miRs and overall survival (OS). The RALT-related miRs
with P < 0.05 were considered significant in univariate
Cox analysis and subjected to multivariate Cox analysis.
The RALT-related miR-based risk score was created as:
Risk score = Exprpiri Pmiri + EXPrmirz Bmirz +

EXprmirs Bmirs --- - )
where B is the regression coefficient and Expr is the

expression value of the miR. HCC patients were divided
into low- or high-risk groups defined by the median risk
score. The survival package'® was used to perform survi-
val analysis of patients with high or low risk.
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Abbreviations: TCGA, The Cancer Genome Atlas; HCC, hepatocellular carcinoma; LncRNA, long non-coding RNA; miRNA, MicroRNA.

Target Prediction and Correlation
Analysis

The targets of candidate miRs, including mRNAs and
IncRNAs, were predicted using the miRNet web tool
(https://www.mirnet.ca/).”® A ceRNA network of IncRNA-
miRNA-mRNA was generated to satisfy the following two
conditions:' the IncRNA and mRNA were targeted by the
same miR;” the expression of IncRNA and mRNA posi-
tively correlated with each other. The IncRNA and mRNA
targeted by the same miR were used to perform Pearson

correlation analysis. P < 0.05 was considered significant.
Cytoscape software?! was used to visualize the network.

Functional Enrichment Analysis

In order to further explore the biological processes and
pathways involving candidate miRs, we used Metascape®>
web tools to analyze gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment.
P < 0.05 was considered statistically significant. Given that
a miR may modulate the levels of hundreds of targets and
affect various cellular processes, we explored the ultimate
effects of the interactions of these cellular processes affected
by a single miRNA using gene set enrichment analysis
(GSEA).”* GSEA was performed using the JAVA program

(http://www.broadinstitute.org/gsea) and the MSigDB c2.cp.
kegg.v7.2.symbols.gmt gene set.

Statistical Analysis
All analyses were performed using R version 4.0.2 (https://
www.r-project.org/). The unpaired #-test provided in the

limma package was used to screen for DEmiRs. Kaplan-
Meier survival analysis and the Log rank test were used to
compare survival between low- and high-risk patients. All
tests were two-tailed, and differences associated with P <
0.05 were considered to be statistically significant, unless
otherwise stated.

Results
DEmiRs in HCC

A total of 65 DEmiRs were identified in the comparison
between HCC with recurrence and HCC without recurrence
in the GSE64989 dataset, of which 31 were up-regulated and
34 were down-regulated (Figure 2A). A total of 735 DEmiRs
were identified in the comparison between HCC and normal
liver tissue in the TCGA dataset, of which 411 were down-
regulated and 324 were up-regulated (Figure 2B). Seven
miRs were identified as RALT-related: miR-3200-3p, miR-
140-3p, miR-466, miR-3690, miR-335-5p, miR-382-5p, and
miR-133b (Figure 2C).
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Figure 2 Differential expression analysis. (A) Volcano plot of differentially expressed microRNAs in the GSE64989 dataset. (B) Volcano plot of differentially expressed
microRNAs in the TCGA hepatocellular carcinoma dataset. Red indicates up-regulated, blue indicates down-regulated, and gray indicates not significantly different. (C)
Overlap of up-regulated miRNAs and down-regulated miRNAs in the two comparison-pairs (see Methods) were visualized on the Venn diagram. miRNA, microRNA.

The miR-Based Risk Score as a Prognostic
Tool in HCC

Univariate and multivariate Cox regression analyses identi-
fied miR-3200-3p and miR-3690 as associated with poor
OS (Table 1). Thus, an miR-based risk score was created as

Risk score = ExXprmir-3200-3p* 0.172 + EXprmir-3690*
0.362.

This risk score was associated with poor OS (HR =
2.718, P < 0.001) and poor progression-free survival
(PFS) (HR = 1.720, P = 0.023). When patients with
HCC were divided into high- or low-risk groups
according to the median risk score (Figure 3A and
B), the patients in the high-risk group had worse OS
(Figure 3C) and PFS (Figure 3D). Furthermore, the
miRNA-based risk score proved to be an independent
prognostic factor, after adjusting for other clinicopatho-
logical characteristics (Table 2).

Involvement of the Two RALT-Related
miRs in Multiple Cancer-Related

Biological Processes and Pathways

A total of 97 mRNAs and 51 IncRNAs were predicted to be
targeted by the two miRs. Functional enrichment analysis of
the mRNAs indicated that the two miRs may be involved in
the response to ketone, peptidyl-serine modification, regula-
tion of protein complex assembly, the MAPK signaling
pathway, and the synaptic vesicle cycle (Figure 4A). The
interactions of these GO terms are shown in Figure 4B.

GSEA and ceRNA Network of

IncRNA-miR-mRNA

GSEA indicated that miR-3200-3p may be involved
mainly in the cell cycle, oocyte meiosis and progesterone-
mediated oocyte maturation (Figure 5A); while miR-3690
may be involved in NOD-like receptor signaling, MAPK

Table | Univariate and Multivariate Analyses of microRNAs Related to Hepatocellular Carcinoma Recurrence After Liver

Transplantation

microRNA Univariate Cox Analysis Multivariate Cox Analysis
Beta Hazard Ratio P value Beta Hazard Ratio P value

hsa-miR-3200-3p 0.198 1.218 0.002 0.172 1.187 0.011
hsa-miR-140-3p —0.029 0.971 0.862

hsa-miR-466 —0.049 0.953 0.604

hsa-miR-3690 0.425 1.530 0.005 0.362 1.437 0.019
hsa-miR-335-5p 0.013 1.013 0.888

hsa-miR-382-5p 0.006 1.006 0916

hsa-miR-133b 0.222 1.249 0.156
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Figure 3 The miRNA-based risk score as a prognostic biomarker in hepatocellular carcinoma (HCC). (A) Patients with HCC were divided into high- or low-risk groups.
Their risk scores, survival, and expression of the two miRNAs are shown. (B) Patients with HCC were divided into high- or low-risk groups. Their risk scores, progression,
and expression of the two miRNAs are shown. (C) Patients with HCC in the high-risk group showed worse overall survival. (D) Patients with HCC in the high-risk group

showed worse progression-free survival.

signaling, Toll-like receptor signaling, primary immunode-
ficiency and pathways in cancer (Figure 5B). A ceRNA
network of IncRNA-miR-mRNA was constructed accord-
ing to established standards, and it comprised two miRs,
52 IncRNAs and 97 mRNAs (Figure 5C). This network
may help us understand the pathways that regulate HCC.

Discussion

Several previous studies reported miR-based signatures
that may predict recurrence-free survival of HCC
patients after LT. One such signature contained miR-
19a, miR-223, miR-24, miR-886-5p, miR-247, and
miR-126;%° another contained 67 miRs;?® and a third
contained miR-214 and miR-3187, in addition to the
Milan criteria.'” The heterogeneity of these signatures

may reflect the clinical heterogeneity of HCC, as well
as the small size of those studies. In the present work,
we identified seven mature miRs that were up- or
down-regulated not only in HCC in general, but also
in HCC that recurred after LT. These seven miRs were
defined as RALT-related miRs, and two of them (miR-
3200-3p and miR-3690) emerged from Cox regression
as suitable for defining a risk score. This score was
associated with poor OS and PFS, suggesting that it
may be a useful prognostic tool for risk stratification of
HCC patients, and it may even predict tumor recur-
rence after LT.

The miR-3690 in our risk score may promote cell pro-
liferation and cell cycle progression by altering DKK3
expression in human thyroid cancer,”” while miR-3200-3p
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Table 2 Univariate and Multivariate Analyses of Clinicopathological Features and the microRNA-Based Risk Score

Characteristic Univariate Cox Analysis Multivariate Cox Analysis
Beta HR P value Beta HR P value
Sex Male Ref.
Female 0.179 1.196 0.331
Age < 65 yr Ref.
2 65 yr 0.189 1.209 0.289
T TI-2 Ref.
T3-4 0.922 2.514 <0.001 1.106 3.021 0.038
Tx/Not available 0.432 1.541 0.668 0.258 1.295 0.8I1
N NO Ref.
NI 0.762 2.143 0.289 1.025 2.787 0.186
Nx/Not available 0.434 1.543 0.023 0.360 1.433 0.211
M MO Ref.
MlI 1.436 4.203 0.015 1.125 3.080 0.069
Mx/Not available 0.435 1.545 0.026 0.267 1.306 0.363
AJCC stage -l Ref.
-V 0.897 2451 <0.001 —-0.388 0.678 0.499
Not available 0.925 2.523 0.002 -0.170 0.844 0.691
Grade Gl-2 Ref.
G3-4 0.046 1.047 0.803
Not available 0.462 1.586 0.434
AFP (ng/mL) <20
220 0.551 1.734 0.014 0.278 1.321 0.241
Not available 1.177 3.243 <0.001 0.769 2.157 0.002
Vascular invasion None Ref.
Macro 0.714 2.042 0.060 0.138 1.148 0.734
Micro 0.234 1.264 0311 0.107 1.113 0.663
Not available 0.993 2.699 <0.001 0.525 1.690 0.032
Risk score 1.000 2718 <0.001 1.039 2.827 <0.001

Abbreviations: HR, hazard rate; Ref,, reference; AJCC, American Joint Committee on Cancer; AFP, alpha- fetoprotein.

has been identified as a target of NF-xB in TNFa- stimu-
lated HeLa cells.”® Apart from these reports, we are una-
ware of other studies linking the two miRs in our risk score
with cancer. Our analysis suggests that the targets of the two
miRs may be involved in MAPK signaling and cell cycle
arrest. Specifically, our GSEA indicated that miR-3200-3p
may promote the cell cycle, while miR-3690 may promote
the MAPK signaling pathway. Both the cell cycle and
MAPK signaling play an important role in HCC and likely

contribute to its recurrence. High expression of miR-3690
may also activate various HCC-related pathways, such as
pathways in cancer and signaling pathways involving the
NOD-like receptor” and Toll-like receptor.’® Thus, these
two miRs may be potential therapeutic targets in HCC.
Our ceRNA network suggests that miR-3200-3p and
miR-3690 target six IncRNAs: KCNQI1OT1, NEATI,
SNHG15, MALATI1, PSMA3-AS1, and XI1ST.
KCNQI1OT1 is abnormally expressed in HCC, and it
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Figure 4 Functional enrichment analysis. (A) GO terms and KEGG pathways involving target genes of the miRNA-3200-3p and miRNA-3690. (B) Interactions among the

GO terms and KEGG pathways. GO, Gene Ontology.
Abbreviation: KEGG, Kyoto Encyclopedia of Genes and Genomes.

induces apoptosis. It can also inhibit metastasis and
invasion by drug-resistant liver cancer cells.”’ Up-
regulation of NEAT1 may promote the development
of liver cancer, making it a potential biomarker for
the diagnosis and treatment of liver cancer.*
SNHG15 may be an independent predictor of poor
prognosis in HCC.*> MALATI, expressed in a wide
range of cell types, may be useful on its own, or in
combination with other markers, for predicting cancer
outcome.>* PSMA3-ASI has been linked to multiple
myeloma,®” and it may promote esophageal cancer.®
We are unaware of reports linking PSMA3-ASI1 to
HCC progression. Similarly, we are unaware that
X1ST has ever been linked to disease. In this way,
the ceRNA network that we develop here may help

elucidate how the two miRs in our risk score regulate
HCC onset and progression.

Although the present study provides new insights into the
relationships between miRs and the prognosis of HCC
patients, it has some limitations. It is based on retrospective
data, so the findings should be verified in prospective studies.
The molecular mechanisms suggested in our bioinformatics
analyses need to be tested in biological experiments.

Conclusion

We propose a risk score based on miR-3200-3p and miR-
3690 as a prognostic marker in HCC, which may be useful
for predicting HCC recurrence after LT. We also generated
a ceRNA network that may help explain the regulatory
pathways behind HCC.
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Figure 5 Results of gene set enrichment analysis and a competing endogenous RNA network of mMRNA-miRNA-IncRNA. (A) Pathways affected by miRNA-3200-3p. (B)
Pathways affected by hsa-miRNA-3690-3p. (C) The competing endogenous RNA network. Diamonds represent IncRNAs; V, miRNAs; and ellipses, mRNAs. Red and blue

indicate up- or down-regulated, respectively, in hepatocellular carcinoma.
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