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miR-490-3p could play vital roles in multiple cancers. However, the role of miR-490-3p in hepatocellular carci-
noma (HCC) remains uncertain. In this study, we sought to explore the underlying role of miR-490-3p in HCC.
In this study, we explored the clinical role of miR-490-3p in HCC via quantitative reverse transcription—poly-
merase chain reaction (RT-qPCR) and The Cancer Genome Atlas (TCGA) database. Then, a meta-analysis was
performed to evaluate the expression trend and diagnostic value of miR-490-3p in HCC. Furthermore, 12 miRNA
prediction algorithms were applied to predict the potential target genes of miR-490-3p. The differentially ex-
pressed genes in HCC in the Gene Expression Profiling Interactive Analysis (GEPIA) database were also select-
ed. Additionally, bioinformatics analyses were utilized to investigate the possible functions and pathways of
the target genes.

miR-490-3p was clearly down-regulated in HCC based on RT-gPCR (P=0.002). Consistent with the results of
RT-gPCR, miR-490 was more highly expressed in normal liver tissue than in HCC (P<0.001). Additionally, the
meta-analysis confirmed the results from RT-gPCR and TCGA. Furthermore, based on the prediction algorithms
and GEPIA, a total of 113 genes were selected. According to the bioinformatics analyses, we found that the
most remarkably enriched functional terms included protein transport, poly(A) RNA binding, and intracellular
organelle part. Additionally, the miR-490-3p target genes were significantly related to the pathways in cancer.
We found that miR-490-3p is down-regulated in HCC and is related to genes that have potential tumoral func-
tions. However, the exact mechanism should be confirmed by functional experiments.
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Background

Hepatocellular carcinoma (HCC) is a primary liver neoplasm.
Although some risk factors (e.g., hepatitis B virus infection and
overconsumption of alcohol) for HCC have been recognized,
the exact molecular mechanism of HCC development remain
unclear [1,2]. Elucidation of the molecular pathways relat-
ed to HCC will help to develop new therapeutic targets [3,4].

miRNAs are a class of short, endogenous, evolutionarily con-
served, and single-stranded non-coding RNA molecules that
can regulate gene expression through the inhibition of trans-
lation and the degradation of mRNA (5-8). MiRNAs have been
reported to play vital roles in various significant biological pro-
cesses, including proliferation, the cell cycle, migration, and
differentiation [9-11]. Additionally, miRNAs can act as tumor
suppressors or oncogenes [12-14]. Emerging evidence dem-
onstrates that many tumor-specific miRNAs are widely down-
regulated or up-regulated in HCC and are closely related to the
tumorigenesis and development of HCC [15-17].

miR-490-3p has been demonstrated to be associated with
the metastasis, proliferation, and apoptosis of different can-
cers [18,19]. For example, miR-490-3p can inhibit the metasta-
sis of colorectal cancer via targeting TGFBR1 [18]. In osteosar-
coma, miR-490-3p can affect cell proliferation and apoptosis by
targeting HMGA2 [19]. To date, the expression and role of miR-
490-3p has rarely been investigated in HCC. Wojcicka et al. [20]
reported a down-regulated expression of miR-490-3p, where-
as an up-regulated expression of miR-490-3p in HCC tissues
was found by Zhang et al. [21]. These published studies show
that the miR-490-3p expression level is controversial in HCC.

In the present study, we sought to assess the miR-490-3p ex-
pression in HCC and normal liver tissue. Furthermore, we com-
bined quantitative reverse transcription-polymerase chain re-
actions (RT-gPCR), The Cancer Genome Atlas (TCGA), and a
meta-analysis to evaluate the clinical role and the underly-
ing molecular mechanism of miR-490-3p in HCC. Additionally,
bioinformatics analyses were applied to explore the possible
functions, pathways, and networks of the potential genes [22].

Material and Methods

Quantitative real-time PCR

A total of 82 samples (41 HCC and 41 normal liver) were collect-
ed from the Department of Pathology, First Affiliated Hospital of
Guangxi Medical University (Nanning, Guangxi, China). All ex-
perimental procedures were approved by the Ethics Committee
of the First Affiliated Hospital of Guangxi Medical University,
and both the clinicians and patients signed the consent forms
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for the use of tissues in the study. Additionally, all the exper-
imental methods were performed according to the manu-
facturer’s instructions. In this study, TRIzol reagent (Takara,
Nanning, China) was used to extract the total RNA, and then
the extracted RNA was reverse-transcribed to cDNA using the
Takara PrimeScript RT Reagent Kit (Takara, Nanning, China).
Then, RT-gPCR was performed with the LightCycler 480 Real-
time PCR System (Roche, Shanghai, China). The specific primers
were as follows: miR-490-3p: CAACCUGGAGGACUCCAUGCUG;
miR-191: CAACGGAAUCCCAAAAGCAGCU; miR-103: AGCAGCA
UUGUACAGGGCUAUGA. The data were normalized to miR-
191 and miR-103 expression levels and calculated using the
2784 method [23,24].

MiR-490-3p and HCC: A meta-analysis

The HCC-related miR-490-3p RNA-seq and microarray datasets
were downloaded from TCGA (http://cancergenome.nih.gov/)
and the Gene Expression Omnibus (GEO: http://www.ncbi.nlm.
nih.gov/geo/). In addition, publications related to the expres-
sion of miR-490-3p in HCC were also chosen from PubMed,
EMBASE, Web of Science, Google Scholar, Ovid, Science Direct,
Wiley Online Library, LILACS, Cochrane Central Register of
Controlled Trials, Wan Fang, Chong Qing VIP, Chinese CNKI,
and the China Biology Medicine disc. The retrieval date was
up to November 25, 2017 with the following keywords: (miR
OR miRNA OR microRNA OR “miR” OR “miRNA” OR “microR-
NA”) AND (malignan* OR cancer OR tumor OR tumour OR neo-
plas* OR carcinoma) AND (hepatocellular OR liver OR hepatic
OR HCC). The literature retrieval was cross-checked by 2 in-
dependent investigators (Meng-lan Huang and Yu Zhang). The
numbers of false-positives (fp), false-negatives (fn), true-posi-
tives (tp), and true-negatives (tn) were extracted.

Validation the miR-490-3p expression in HCC

TCGA is a collection of data, including miRNA-seq, RNA-seq,
exome-seq, SNP array, and DNA methylation [25,26]. In this
study, the HCC RNA-seq (level 3, normalized read counts) of
tumors and normal tissues was downloaded from TCGA [27].
The expression data of miR-490-3p were exhibited as reads
per million (RPM), and the expression level of miR-490-3p was
normalized by the Deseq package of R language. We used the
t test (SPSS Inc., Chicago, IL, USA) for the statistical analysis of
the differential expression of miR-490-3p between HCC and
normal liver tissues. Additionally, the relationship between
miR-490-3p and the clinicopathological parameters in HCC
was surveyed according to the original data in the TCGA da-
tabase. Then, a receiver operating characteristic (ROC) curve
was generated to analyze the clinical diagnostic value of miR-
490-3p in HCC. Furthermore, Kaplan-Meier method was used
to assess the relationship between miR-490-3p expression
and overall survival.
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Figure 1. Clinical significance of miR-490-3p in HCC. (A) Differential expression of miR-490-3p between HCC and non-cancerous liver
tissue, based on RT-qPCR; (B) ROC curve of miR-490-3p in HCC, based on RT-qPCR; (C) Differential expression of miR-490
between HCC and non-cancerous liver tissue, based on TCGA; (D) ROC curve of miR-490 in HCC, based on TCGA. (E) Kaplan-

Meier curves of miR-490 expression in HCC.

The potential functions and pathways associated with
miR-490-3p

To further investigate the target genes of miR-490-3p, 12 on-
line target prediction algorithms were applied to predict the
underlying target genes of miR-490-3p. The 12 corresponding
algorithms were miRMap (http://mirmap.ezlab.org/), RNA22
(https://cm jefferson.edu/), Pictar2 (https://www.mdc-berlin.de/),
miRWalk (http://zmf.umm.uni-heidelberg.de/apps/zmf/mir-
walk2/), DIANA microT v4 (http://diana.imis.athena-innovation.
gr/), RNAhybrid (https://bibiserv.cebitec.uni-bielefeld.de/), mir-
Bridge (http://mirsystem.cgm.ntu.edu.tw/), PITA (https://genie.
weizmann.ac.il/), miRNAMap (http://mirnamap.mbc.nctu.edu.
tw/), miRDB (http://www.mirdb.org/), miRanda (http://www.
microrna.org), and Targetscan (http://www.targetscan.org/). In
addition, a Venn diagram (http://bioinformatics.psb.ugent.be/
webtools/Venn/) was utilized to identify the candidate genes.
Genes predicted by more than 5 target prediction algorithms
were chosen for further analysis.

The differentially expressed genes of HCC in the Gene
Expression Profiling Interactive Analysis (GEPIA) database
were selected. Venn diagrams were created to identify the
overlapping target genes from the prediction algorithms and
the GEPIA database.

In addition, bioinformatics analyses (Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG) and net-
work analysis) were utilized to investigate the possible func-
tions, pathways, and networks of the potential genes as de-
scribed [28,29]. In this process, the Database for Annotation,
Visualization, and Integrated Discovery (DAVID: available on-
line: http://david.abcc.ncifcrf.gov/) was applied, and a function-
al network was established via Cytoscape (version 3.0, http://
cytoscape.org) [30].

Statistical analysis
All the expression data in TCGA were log2-transformed. The

differences in miR-490-3p expression between HCC and non-
cancerous liver were estimated by use of the t test, which was
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Table 1. Differential expression of miR-490-3p associated with other clinicopathological parameters in HCC tissue based on RT-qPCR.

miR-490-3p expression(2-2¢9)
Clinicopathological features

TISSUE oo 0.004
Normal liver 27 14
Male 14 16

(G e Nl € I R SNiaadasey 0.335
Female 7 4
<50 8 10

A e e (e ) I NS s 0.443
>50 13 10
<5 6 7

UM o diamete () I St 0.658
>5 15 13
Yes 5 7

VERAERINIUEW oo oo O A 0.431
No 16 13
Yes 8 12

Metastasis 0.161
No 13 8
I+11 13 8

TR e e 0.161
HI+IV 8 12

Table 2. Differential expression of miR-490 associated with other clinicopathological parameters in HCC tissue based on the TCGA

database.
Clinicopathological features miR-490 expression (mean SD) P-value
Tissue
HCC 131 2.39+1.57
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— <0.001
Normal liver 50 4.91+1.02
Gender
Male 93 2.34+1.48
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.559
Female 38 2.52+1.78
Age (years)
<60 73 2.39+1.60
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.983
>60 58 2.40+1.54
Grade
1+11 84 2.57+1.62
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.083
H+IV 46 2.07+1.45
Stage
I+11 90 2.38+1.54
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.795
+IV 29 2.29+1.66
Vascular invasion
Yes 32 2.48+1.74
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.853
No 80 2.42+1.48
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Figure 2. The expression condition of miR-490-3p in HCC compared to normal liver. (A) Forest plot of datasets evaluating miR-490-3p
expression between HCC and normal control groups (fixed-effects model); (B) Forest plot of datasets evaluating miR-490-3p
expression between HCC and normal control groups (random-effects model); (C) Sensitivity analysis aimed to exclude the
main studies at the time; (D) Funnel plot of datasets showed no publication bias in our investigation.

also utilized to assess the relationships between miR-490-3p
expression and clinicopathological parameters. A Kruskal-
Wallis H test or Mann-Whitney U test was performed for non-
normally distributed variables. A P-value <0.05 (two-sided)
was recognized to be statistically significant using SPSS 22.0.

In the meta-analysis, all statistical analyses were performed in
STATA 14.0 (STATA Corp., College Station, Texas). The heteroge-
neity of the included studies was measured by Cochrane’s Q
test and the |2 statistic, and 1> >50% represented obvious het-
erogeneity. Publication bias was assessed via Deek’s funnel
plot asymmetry test; a P-value<0.05 indicated significant pub-
lication bias. To determine the diagnostic value of miR-490-3p
in HCC, we applied summary receiver operating characteristic
(SROCQ) curves to calculate the area under the curve (AUC) with
95% Cls, and the corresponding sensitivity and specificity were
also identified using Meta-DiSc software [31]. We also used
STATA 14.0 to conduct a continuous variable meta-analysis.

Results

The clinical value of miR-490-3p expression in HCC

We found that miR-490-3p was clearly down-regulated in
HCC, based on RT-qPCR (P=0.002, Figure 1A). Additionally, the
area under the curve (AUC) of miR-490-3p was 0.695 (95% Cl:
0.581-0.808, P=0.002, Figure 1B), indicating a moderate diag-
nostic value of the miR-490-3p level in HCC. Consistent with
the results of RT-qPCR, miR-490 was more highly expressed
in normal liver tissue than in HCC tissue (P<0.001, Figure 1C),
and the AUC of miR-490-3p was 0.891 (95% Cl: 0.844—0.938,
P<0.001, Figure 1D) based on TCGA. Additionally, we observed
that high miR-490 expression was correlated with better sur-
vival compared to the survival of the low miR-490 expression
group (P=0.006, Figure 1E) for patients with HCC. We also ex-
plored the relationship between different levels of miR-490-3p
expression and clinicopathological parameters, but no statis-
tical significance was found, partly because of the small sam-
ple size (Tables 1, 2).
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MiR-490-3p and HCC: A meta-analysis

The meta-analysis included 749 cases from 3 sources: 8 da-
tasets in GEO (GSE98269, GSE74618, GSE57555, GSE41874,
GSE40744, GSE31383, GSE21362 and GSE12717); the original
data in TCGA; and the expression data from the RT-qPCR. For
the miR-490-3p expression in HCC compared to the normal
group, a fixed-effects model was used to calculate the stan-
dard mean deviation (SMD) and 95% Cl. The combined SMD
reached -0.52 (-0.71, -0.34), indicating that miR-490-3p ex-
pression was down-regulated in HCC (P<0.001, Figure 2A).
Considering the high heterogeneity (12=86.7%, P<0.05) of SMD,
a random-effects model was then applied, and the combined
SMD reached -0.20 (-0.78, 0.37) with heterogeneity over 50%
(Figure 2B). Then, we performed sensitivity analysis to clarify

META-ANALYSIS

whether the high heterogeneity was from one particular study,
and the results showed the pooled SMD was stable (Figure 2C).
Furthermore, no significant publication bias could be found
(P>0.05, Figure 2D).

In diagnostic meta-analysis, The DLR-negative was 0.38
(0.09-1.59), and the DLR-positive was 1.98 (1.11-3.56,
Figure 3A). A PLR value of 1.98 suggested that patients with
HCC had an approximately 1.98-fold higher chance of being
miR-490-3p assay-positive. The diagnostic score was 1.65 (0.07—-
3.23) and the odds ratio was 5.21 (1.07-25.39, Figure 3B).
Moreover, we also investigated the diagnostic value of miR-
490-3p in HCC via the diagnostic meta-analysis. The sensi-
tivity and specificity were 0.77 (95% Cl: 0.24-0.97) and 0.61
(95% Cl: 0.28-0.87), respectively (Figure 3C). The AUC of SROC
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Figure 3. The diagnostic meta-analysis of miR-490-3p in HCC. (A) The pooled negative DLR and positive DLR of the included studies;
(B) The pooled diagnostic score and diagnostic odds ratio of the included studies; (C) The pooled sensitivity and specificity
of the included studies; (D) The SROC curve for the assessment of the diagnostic accuracy of miR-490-3p for HCC;

(E) Publication bias. 1/root(ESS) means the inverse root of the effective sample sizes.

was 0.73 (0.69-0.77, Figure 3D), which shows the accuracy of
miR-490-3p for the detection of HCC. Additionally, our results
confirmed the moderate diagnostic accuracy of miR-490-3p,
as already shown by TCGA and RT-gPCR. No obvious publica-
tion bias was found (P>0.05, Figure 3E).

The potential pathways associated with miR-490-3p

Based on the target prediction algorithms and the GEPIA database,
113 overlapping genes were selected (Figure 4). Bioinformatics
analyses were performed on these 113 genes. According to GO
and KEGG analyses, we found that the most remarkably enriched
functional terms were protein transport, poly(A) RNA binding, and

intracellular organelle part (Table 3). Additionally, the miR-490-3p
target genes were significantly related to pathways in cancer
(Table 4). Finally, a gene network of the overlapped genes was
constructed (Figure 5), and the relationships between miR-490-3p
and the target genes could be easily observed from the network.

Discussion

Many studies have demonstrated that miRNAs are involved in
various biological processes of HCC, such as cell proliferation,
invasion, migration, and the cell cycle [9,32,33]. Additionally,
miRNAs can act as diagnostic and prognostic biomarkers in
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Target prediction: miRWalk, miRanda, The sifferentially expressed
miRBridge, DIANA microT v4, miRMap, genes of HCC
miRDB, miRNAMap, RNA22, Pictar2,

Predicted by more than
5 algorithms

A total of 113 genes were selected based on
the target prediction aldoritms and GEPIA database

Figure 4. The procedure to achieve 113 genes. a: The target genes of miR-490-3p predicted by 12 online target prediction algorithms;
b: The differentially expressed genes of HCC in the GEPIA database.

Table 3. Top 10 enriched GO terms (BP, CC, and MF) of the target genes of miR-490-3p.

Category Term Ontology  Count P-value Genes
GO: 0016043 Cellular component BP 60 1.20E-05 ENY2, ATP1B1, HM13, PRC1, FAM20B, GJA1,
organization SAE1, CCT3, UXS1, SSR1, etc.
GO: 0071840  Cellular component BP 61 1.22E-05 ENY2, ATP1B1, HM13, PRC1, FAM20B, GJA1,
organization or biogenesi SAE1, CCT3, UXS1, SSR1,,etc.
GO: 0033036 Macromolecule localization BP 35 4.13E-05 ENY2, TNFRSF21, ATP1B1, HM13, FAM20B,
RPL27A, GJA1, APOC2, SAEL, etc.
GO: 0034613 Cellular protein localization BP 24 8.38E-05 KDELR3, ATP1B1, HM13, FAM20B, RPL27A,
SAE1, TSPAN15, CCT3, CD63, SYNGR1,etc.
GO: 0070727 Cellular macromolecule BP 24 9.48E-05 KDELR3, ATP1B1, HM13, FAM20B, RPL27A,
localization SAE1, TSPAN15, CCT3, CD63, SYNGRI1, etc.
GO: 0008104 Protein localization BP 31 0.000107 ENY2, TNFRSF21, ATP1B1, HM13, FAM20B,
RPL27A, GJA1, SAE1, CCT3, SYNGRI, etc.
GO: 0015031 Protein transport BP 26 0.000114 ENY2, TNFRSF21, ATP1B1, HM13, FAM20B,
RPL27A, GJA1, SAE1, SYNGR1, SSR1,etc.
GO: 0045184 Establishment of protein BP 27 0.000165 ENY2, TNFRSF21, ATP1B1, HM13, FAM20B,
localization RPL27A, GJA1, SAE1, SYNGR1, SSR1, etc
GO: 0071702 Organic substance transport BP 32 0.000197 ENY2, TNFRSF21, ATP1B1, HM13, FAM20B,
RPL27A, APOC2, GJA1, SAE1, IGF2BP2, etc.
GO: 0033043 Regulation of organelle BP 19 0.000207 CKAP2, CDC6, MKI67, FAM20B, DCDC2,
organization SAE1, CCT3, TMED9, HNRNPA1, C60RF89,
etc
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Table 3 continued. Top 10 enriched GO terms (BP, CC, and MF) of the target genes of miR-490-3p.

Category Term Ontology  Count P-value Genes
GO: 0044446 Intracellular organelle part cc 78 1.14775E-07 ENY2, HM13, PRC1, FAM20B, NR2C2AP,
GJA1, SAE1, CCT3, SYNGR1, UXS1,etc.
GO: 0044422 Organelle part cC 78 3.46345E-07 ENY2, HM13, PRC1, FAM20B, NR2C2AP,
GJA1, SAE1, CCT3, SYNGR1, UXS1,etc.
GO: 0098588 Bounding membrane of cC 29 1.05378E-06 HM13, FAM20B, GJA1, SYNGR1, RRAGD,
organelle DTNBP1, SYNGR2, UXS1, CANT1, AP1S1, etc.
GO: 0005737 Cytoplasm cc 89 2.56469E-06 HM13, PRC1, FAM20B, GJA1, SAE1, CCT3,
PSPH, SYNGR1, UXS1, SYNGR2, etc.
GO: 0044444  Cytoplasmic part ccC 73 6.54455E-06 HM13, PRC1, FAM20B, GJA1, SAE1, CCT3,
PSPH, SYNGR1, UXS1, SYNGR2, etc.
GO: 0005819 Spindle ccC 10 9.21604E-05 CKAP2, RAB11FIP4, CDC6, KIF4A, PRC1,
AGBL5, NPM1, SKA3, SKA2, SKA1
GO: 0012505 Endomembrane system cC 41 0.000196911 ENY2, HM13, FAM20B, TTC9, GJA1, APOC2,
RRAGD, SYNGR1, SYNGR2, DTNBP1, etc.
GO: 0031988 Membrane-bounded vesicle ccC 39 0.000204314 ATP1B1, HM13, NR2C2AP, GJA1, APOC2,
CCT3, SYNGR1, SYNGR2, DTNBP1, UXS1, etc.
GO: 0031982 Vesicle cC 40 0.000212545 ATP1B1, HM13, NR2C2AP, GJA1, APOC2,
CCT3, SYNGR1, SYNGR2, DTNBP1, UXS1,etc.
GO: 0044432 Endoplasmic reticulum part cC 19 0.000230662 KDELR3, COL4A1, HM13, TTC9, GJAL,
TMED9, DTNBP1, CANT1, ERGIC3, SSR1, etc.
GO: 0005515 Protein binding MF 81 0.00117595 ATP1B1, HWM13, PRC1, NR2C2AP, GJA1, SAE1,
CCT3, PSPH, SYNGR1, C10RF35, etc.
GO: 0042803 Protein homodimerization MF 11 0.012784205 RAB11FIP4, IRAK1, HM13, ACTN4, NPM1,
activity APOC2, OLFML2A, PSPH, UXS1, MTHFDIL,
CANTI.
GO: 0005488 Binding MF 95 0.025625954 ENY2, ATP1B1, HM13, PRC1, FAM20B,
NR2C2AP, GJA1, SAE1, CCT3, PSPH, etc.
GO: 0005178 Integrin binding MF 4 0.026398151 FBLN1, ITGA6, ACTN4, GPNMB
GO: 0015631 Tubulin binding MF 6 0.032896505 KIF4A, PRC1, AGBL5, GJA1, SKA2, SKA1
GO: 0042802 Identical protein binding MF 15 0.033685753 RAB11FIP4, IRAK1, FBLN1, HM13, ACTN4,
PRC1, NPM1, APOC2, OLFML2A, CTSC, etc.
GO: 0003735 Structural constituent of MF 5 0.045656975 MRPS16, RPL27A, UBA52, RPS23, RPS24
ribosome
GO: 0046983 Protein dimerization activity MF 13 0.046892004 RAB11FIP4, IRAK1, HM13, ACTN4, NPM1,
APOC2, OLFML2A, SAE1, PSPH, RRAGD, etc.
GO: 0044822 Poly(A) RNA binding MF 13 0.056683692 ACTN4, MKI67, RPL27A, IGF2BP2, CCT3,
C10RF35, HNRNPA1, HNRNPA3, SPATS2,
NPM1, etc.
GO: 0048407 Platelet-derived growth MF 2 0.064511742 COL4A1, PDGFRB

factor binding
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Table 4. KEGG pathway enrichment analysis of the target genes of miR-490-3p.

) Term Count P-value
hsa04142 Lysosome 5 0.009614139
© hsa04510  Focaladhesion 6 0013570527
© hsa03010  Ribosome 5 001430639
© hsa0s200  Pathwaysincancer 8 0017815583
© hsa05222  Smallcell ng cancer 4 0020875427
 hsa05146  Amoebiasis 4 0036871107
© hsa05412  Awhythmogenicright 3 0086808656

ventricular cardiomyopathy
(ARVC)

META-ANALYSIS

Genes

AP1S1, LAPTM5, TPP1, CTSC, CD63

SMO, COL4A1, ITGA6, CDKN2B, RHOA, PDGFRB,
LAMC1, TPM3

ITGA6, ACTN4, GJA1

Figure 5. Network analysis comparing miR-490-3p and the target genes.
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HCC [34,35]. In the present study, we explored the underly-
ing role of miR-490-3p in HCC. Few previous studies have fo-
cused on the detailed role of miR-490-3p in HCC. Wojcicka
et al. [20] explored the deregulated miRNAs in liver cirrhosis
and HCC via next-generation sequencing, and confirmed the
down-regulation of miR-490-3p (T/N=0.13) in HCC. However,
Zhang et al. [21] found that miR-490-3p was highly expressed
in HCC cells via RT-gPCR and that miR-490-3p functions as an
oncogenic miRNA in HCC cells, which is inconsistent with our
RT-qPCR and TCGA results. In the present study, miR-490-3p
was clearly down-regulated in HCC, as shown by RT-gPCR and
TCGA. Additionally, the combined SMD of the expression me-
ta-analysis reached —0.52 (-0.70, -0.33), indicating down-reg-
ulated expression of miR-490-3p in HCC. Moreover, the pres-
ent study, which included 749 cases from 3 sources (GEO,
TCGA and RT-gPCR), is the first meta-analysis to survey the
expression and diagnostic value of miR-490-3p in HCC. We
used diagnostic meta-analysis to assess the validity of using
miR-490-3p to detect HCC. The results of SROC showed the
moderate diagnostic value of miR-490-3p for the detection of
HCC. Additionally, the results of our meta-analysis confirmed
the diagnostic accuracy of miR-490-3p, based on TCGA and RT-
gPCR. However, high heterogeneity (high 12 values) was un-
avoidable in this meta-analysis, partly because of the oppo-
site results in the study by Zhang et al. Furthermore, blinding
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in the 3 different sources was not certain, which also contrib-
uted to the high heterogeneity, and no individual publications
could be included in this meta-analysis.

According to GO and KEGG analyses, we found the enriched
functional terms were protein transport, poly(A) RNA binding,
and intracellular organelle part. Additionally, the miR-490-3p
target genes were significantly related to the pathways in can-
cer. As reported, miR-490-3p is involved in the tumorigenesis
and development of various cancers, such as ovarian carci-
noma and breast cancer, via interacting with mRNA [36,37].

Conclusions

We hypothesized that miR-490-3p plays a significant role in HCC
via regulating various pathways, especially pathways in can-
cer. However, the suspected mechanism should be confirmed
by functional experiments, such as proliferation, invasion, me-
tastasis, cell cycle, and apoptosis assays, and in animal mod-
els. The molecular mechanism by which miR-490-3p affects
the biological function of HCC needs to be assessed from the
cell, tissue, and animal levels. Focusing on new insights into
miR-490-3p, our study provides a new perspective on HCC.
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