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Abstract

Existing reports have demonstrated that miR-199a-3p plays a role as a tumor suppressor in a variety of human cancers. This study
aims to further validate the expression of miR-199a-3p in HCC and to explore its underlying mechanisms by using multiple data
sets. Chip data or sequencing data and quantitative reverse transcription polymerase chain reaction (QRT-PCR) were integrated
to assess the expression of miR-199a-3p in HCC. The potential targets and transcription factor regulatory network of miR-199a-
3p in HCC were determined and possible biological mechanism of miR-199a-3p was analyzed with bioinformatics methods. In the
results, miR-199a-3p expression was significantly lower in HCC tissues compared to normal tissues according to chip data or
sequencing data and qRT-PCR. Moreover, 455 targets of miR-199a-3p were confirmed, and these genes were involved in the
PI3K-Akt signaling pathway, pathways in cancer, and focal adhesions. LAMA4 was considered a key target of miR-199a-3p. In
CMTCN, Il co-regulatory pairs, 3 TF-FFLs, and 2 composite-FFLs were constructed. In conclusion, miR-199a-3p was down
regulated in HCC and LAMA4 may be a potential target of miR-199a-3p in HCC.
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Figure 1. The flow chart represents the main design of this study. The study is divided into 3 parts, including the evaluation of miR-199a-3p
expression in HCC by integrating multiple data sets, the identification of the potential targets of miR-199a-3p in HCC, and the construction of

the transcription factor and miR-199a-3p regulatory network.

transcribed by DNA® (31557962) MicroRNAs can combine to
target a gene’s 3’UTR region and function to control the
expression of the target gene in post-transcription. According
to the degree of sequence complementarity, miRNAs could
cause the reduction of the target gene or inhibit the translation
of mRNA, thus interfering protein synthesis.”® Published stud-
ies have shown that miRNA is an important regulator of func-
tional gene expression and reveal a crucial function in the
occurrence and evolution of diseases.”'® Existing reports have
documented that miRNAs may participate in the occurrence
and evolution of multiple cancers and may offer a new strategy
for cancer screening, diagnosis, prognosis, and treatment.'""'?
In HCC, numerous miRNAs have been reported to be aber-
rantly expressed and the dysregulation of these miRNAs has
been reported to exist potential clinical values.'*!

One miRNA, miR-199a-3p, has been reported to function in
several tumors, such as esophageal cancer,'® prostate cancers, '’
and papillary thyroid cancer.'® The dysregulation of miR-199a-
3p in HCC in particular has aroused our concern. It has been
reported that miR-199a-3p can function as a new marker for the
diagnosis and treatment of HCC patients.'”*® Moreover,
miR-199a-3p inhibits HCC growth through modulating MTOR

and PAK4 pathway.?! In addition, miR-199a-3p was found to
inhibit the tumorigenesis, growth, migration, invasion, and
angiogenesis of HCC by targeting multiple targets, such as
PUMA or ZHX1,>> VEGFA, VEGFRI1, VEGFR2, HGF,
MMP2,%® YAPI, Jaggedl, Notch signaling,* and CD151.%
Although previous studies have tried to verify the expression
of miR-199a-3p in HCC, small sample data may reduce the
reliability of the results.

In the current study, chip data or sequencing data and quan-
titative reverse transcription polymerase chain reaction (qQRT-
PCR) were integrated to assess the expression of miR-199a-3p
in HCC. We also screened the potential targets and transcrip-
tion factor regulatory network of miR-199a-3p in HCC and
analyzed the possible biological mechanism of miR-199a-3p
with bioinformatics methods (Figure 1).

Materials and Methods

HCC Tissue Sample Collection

In this study, 26 pairs of HCC tissue samples and adjacent
tissue samples were collected from 26 patients diagnosed and
undergoing surgery in our unit from March 2010 to December
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Figure 2. The evaluation of miR-199a-3p expression in HCC based on HCC chip data and sequencing data and qRT-PCR. A: GSE39678, B:
GSE57555, C: GSE69580, D: GSE54751, E: GSE41874, F: GSE40744, G: GSE21362, H: GSE22058, I: GSE10694, J: GSE6857, K:
GSE21279, L: GSE31383, M: GSE74618, N: TCGA, O: qRT-PCR.
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Table 1. The Evaluation of miR-199a-3p Expression in HCC Based on HCC Chip Data and Sequencing Data and qRT-PCR.

HCC group Normal group
Data sets Year Number Mean SD Number Mean SD T P-value
GSE39678 2012 16 10.9494 1.38375 8 12.2753 0.57091 3.311 0.003
GSES57555 2015 5 0.108 0.24777 16 0.3326 0.36055 1.29 0.213
GSE69580 2015 5 3.0052 1.77066 5 6.0702 0.44323 3.755 0.016
GSES54751 2014 10 0.0646 0.06766 10 0.2047 0.15345 2.641 0.021
GSE41874 2013 6 0.4867 0.25275 4 1.9163 0.61419 5.2 0.001
GSE40744 2013 26 10.2954 2.19382 19 10.5958 0.34837 0.686 0.498
GSE21362 2011 73 8.7558 2.06615 73 10.8862 0.62893 8.428 P <0.001
GSE22058 2010 96 0.8999 0.50202 96 1.6875 0.18284 14.444 P <0.001
GSE10694 2008 78 13.0086 1.17368 88 13.8224 0.62837 5.469 P < 0.001
GSE6857 2008 241 8.9864 1.5437 241 9.7475 0.79746 6.801 P <0.001
GSE21279 2010 4 10.3619 0.18905 9 14.7251 0.32472 24.697 P < 0.001
GSE31383 2012 9 2.5256 6.89372 10 60.6199 35.00255 5.139 P <0.001
GSE74618 2016 223 6.5807 2.6072 10 8.894 0.21716 12.33 P <0.001
TCGA 2018 372 8.9839 1.82456 48 11.3066 0.51513 19.304 P <0.001
PCR in house — 26 0.0002 0.00026 26 0.0008 0.00122 —2.342 0.027
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Figure 3. The evaluation of miR-199a-3p expression in HCC with meta-analysis based on HCC chip data and sequencing data and qRT-PCR. A:
the forest plot based on HCC chip data and sequencing data; B: the funnel plot based on HCC chip data and sequencing data; C: the forest plot
after adding qRT-PCR data; D: the forest plot after adding qRT-PCR data.
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Figure 4. The receiver operating curve (ROC) based on HCC chip data and sequencing data and qRT-PCR data. A: GSE39678, B: GSES7555,
C: GSE69580, D: GSE54751, E: GSE41874, F: GSE40744, G: GSE21362, H: GSE22058, I: GSE10694, J: GSE6857, K: GSE21279, L:
GSE31383, M: GSE74618, N: TCGA, O: qRT-PCR.
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Table 2. The Potential of miR-199a-3p in Differentiating HCC Tis-
sues From Normal Tissues.

Data sets Sensitivity ~ Specificity TP FP FN TN
GSE39678 0.8125 0.875 13 1 3 7
GSE57555 0.6 1 3 0 2 16
GSE69580 1 1 5 0 0 5
GSE54751 0.6 0.9 6 1 4 9
GSE41874 1 1 6 0 0 4
GSE40744 0.5 1 13 0 13 19
GSE21362 0.6712 0.9726 49 2 24 71
GSE22058 0.8125 0.9792 78 2 18 94
GSE10694 0.4744 0.9091 37 8 41 80
GSE6857 0.6102 0.7593 147 58 94 183
GSE21279 1 1 4 0 0 9
GSE31383 1 1 9 0 0 10
GSE74618 0.7623 1 170 0 53 10
TCGA 0.8958 0.8253 333 9 39 39
PCR in house 0.7692 0.8846 20 3 6 23

TP: true positive; FP: false positive; FN: false negative; TN: true negative.

2011. Some of the clinical or pathological information of these
patients was also collected, including age, gender, clinical
stage, tumor size, and vascular invasion.

RT-gPCR

Total RNA was detected in FFPE sections using the miRNeasy
FFPE Kit, and the concentration of RNA was identified with
NanoDrop 2000. The real-time quantitative PCR was conducted
by utilizing the Applied Biosystems 7900HT Fast Real-Time
PCR System, and the miRNA expression was detected based
on the operation guide of the merchant. The formula 2-ACt was
exploited to calculate the expression data of miR-199a-3p.

Data Collection

The data sets of miR-199a-3p expression in HCC tissues and
healthy tissues were screened in the Sequence Read Archive
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Figure 5. The sROC based on HCC chip data and sequencing data and qRT-PCR. A: the sSROC based on HCC chip data and sequencing data; B:
the corresponding sensitivity and specificity; C: the sROC after adding qRT-PCR data; D: the corresponding sensitivity and specificity after

adding qRT-PCR data.
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(SRA), the Gene Expression Omnibus (GEO), the ArrayEx-
press Archive of Functional Genomics Data, The Cancer Gen-
ome Atlas (TCGA) database, and Oncomine with the following
search strategy: (miR OR miRNA OR microRNA) AND (can-
cer OR tumor OR carcinoma) AND (hepatocellular OR liver
OR hepatic OR HCC). The screening strategy was as follows:
First, each data set should contain human HCC tissue samples
and normal tissue samples. Second, liver cirrhotic tissue sam-
ples were not included in our non-tumor group. Third, the
miRNA expression data could be obtained from all included
data sets. The miR-199a-3p expression data for each data set
were collected and divided into HCC groups and normal
groups. The HCC sequencing data of the TCGA database were
downloaded from UCSC Xena (https://xena.ucsc.edu/), which
included the sequencing data for 371 HCC and 48 normal
tissues. The data were processed as microarray data. The
HCC-related clinical parameters, including gender, grade, age,
TNM stage, and survival data, were also extracted from the
TCGA database.

Differentially Expressed Analysis

HCC mRNA-related chip data or sequencing data were
searched in the GEO database using the keywords (cancer
OR tumor OR carcinoma) AND (hepatocellular OR liver
OR hepatic OR HCC). The included data set must meet the
following conditions: First, the mRNA expression profiles in
HCC tissues or normal tissues could be achieved. Second,
more than 3 tumors and controls were included in the study.
The microarray data of included data sets were produced by
multiple platforms and normalized by using the RMA algo-
rithm provided by the Linear Models for Microarray Data
(Limma) package (http://bioconductor.org/packages/limma/
). The sva package of R software was exploited to remove the
batch effect. Finally, the Limma package of R was used to
perform the differentially expressed analysis, and the differ-
entially expressed gene of each platform was calculated.
P-value < 0.05 and |fold change(FC)|>1 were regarded as
significant.

Potential Target Genes of miR-199a-3p

GSE110216 was a microarray that included miR-199a-3p over-
expressed and untreated HCC cell lines. GEO2 R was used to
carry out a differentially expressed analysis between miR-
199a-3p overexpressed and untreated HCC cell lines, and
logFC <—1 was regarded as significant. MiRWalk2.0
was used to predict the targets of miR-199a-3p. MiRWalk
2.0 is a collection of predictive tools that includes 12 online
predicted tools. Genes predicted by more than 3 tools were
accepted. The overlapped genes of upregulated differentially
expressed genes (DEGs) of HCC, downregulated genes from
differentially expressed analysis of overexpressed and
untreated HCC cell lines, and predicted targets of miR-199a-
3p were considered as possible targets of miR-199a-3p in HCC.

GO and KEGG Analysis

Gene ontology and KEGG analysis were carried out in the
Database for Annotation, Visualization and Integrated Dis-
covery (DAVID) (https://david.ncifcrf.gov/) to decipher the
functions of target genes. The STRING database (https://
string-db.org/) was used to perform protein-protein interac-
tion (PPI) analysis. Based on the results of enrichment anal-
ysis and PPI analysis, the hub target genes of miR-199a-3p
were confirmed.

Validating the Expression Level and Clinical Role of Hub
Genes

The mRNA expression of hub genes were assessed via a meta
analysis by integrating the GEO microarray data or TCGA
RNA-seq data, while the protein expression of hub genes was
assessed based on the immunochemistry data of The Human
Protein Atlas (https://www.proteinatlas.org/). In addition, a
summary receiver operating characteristic (SROC) curve was
produced to provide a further assessment of the potential of hub
genes to differentiate HCC tissues from normal tissues. The
prognosis-related GEO data and TCGA RNA-seq data were
collected, and a prognosis meta-analysis was performed for the
hub genes.

Construction of Transcription Factor Network

CMTCN (http://www.cbportal.org/CMTCN/) is an online tool
for exploring cancer-specific miRNAs and transcription factor
regulatory networks. Four types of miRNAs and transcription
factor regulatory models were provided in CMTCN, included
co-regulatory pairs, TF-FFLs, miRNA-FFLs, and composite-
FFLs. We constricted miR-199a-3p-related transcription factor
regulatory networks in this web.

Statistical Analysis

The software packages Stata 12 and SPSS 19 were used for
our statistical analysis. First, RT-PCR, chip data, or sequen-
cing data was calculated with an independent sample t-test or
a paired sample t-test in SPSS 19 to assess the expression of
miR-199a-3p in HCC and normal tissue samples. The rela-
tionship of miR-199a-3p expression and clinicopathological
parameters were assessed by t-test or variance analysis. Sec-
ond, Stata 12 was used to integrate the results of the t-tests
based on RT-PCR, chip data, or sequencing data through a
meta-analysis. The fixed effects model was used for the ini-
tially and the random effects model was used when 12 >50%,
which identified the existence of heterogeneity. Third, ROC
curves based on included data were drawn to assess the
reliability of miR-199a-3p in distinguishing HCC and normal
tissue samples. An sROC was also performed via a meta-
analysis.


https://xena.ucsc.edu/
http://bioconductor.org/packages/limma/
https://david.ncifcrf.gov/&rpar;
https://string-db.org/&rpar;
https://string-db.org/&rpar;
https://www.proteinatlas.org/&rpar;.
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Table 3. The Relationship Between miR-199a-3p Expression and
Clinicopathological Features Based on TCGA Data.

Table 4. The Relationship Between miR-199a-3p Expression and
Clinicopathological Features Based on qRT-PCR Data.

miR-199a-3p miR-199a-3p
Clinicopathological expression (2-ACq) P- Clinicopathological expression (2-ACq) P-
Feature Number Mean + SD T value  Feature Number Mean + SD T value
Tissue HCC 371 8.9839 + 1.82456 Tissue HCC 26 0.0002 + 0.00026
Non-tumor 43 11.3066 + 0.51513 19.304 0 Non-tumor 26 0.0008 + 0.00122 —2.342 0.027
Gender Male 252 8.9605 + 1.82871 Gender Male 20 0.0002 + 0.00029
Female 119 9.0171 £+ 1.82205 0.278 0.781 Female 6 0.0002 + 0.00007 0.769 0.449
Age <60 171 9.1781 + 1.85097 Age <50 11 0.0003 + 0.00035
>60 200 8.8082 + 1.78822 1.954 0.051 >50 15 0.0002 + 0.00017 —0.59 0.561
Stage I-II 258 8.9 + 1.86501 Stage I-1I 6 0.0002 + 0.0001
1I-IVB 90 9.0457 + 1.75452 —0.648 0.517 1I-1v 20 0.0002 + 0.00029 —0.14 0.989
Histologic grade Gl 55 9.0371 £+ 1.69797 Metastasis Yes 20 0.0002 £+ 0.0001
G2 174 9.0356 + 1.91936 No 6 0.0002 + 0.00029 —0.14 0.989
G3 125 8.9805 + 1.7301 Node Sigle 11 0.0002 + 0.00011
G4 13 8.076 + 1.94426 F =1.134 0.335 Multiple 15 0.0003 + 0.00033 —0.872 0.392
M stage MO 268 8.9119 + 1.84721 Size <5cm 7 0.0002 + 0.00015
MI 4 9.2694 + 1.74054 >5cm 19 0.0002 + 0.00029 —0.258 0.799
MX 99 9.1478 + 1.7696 F = 0.654 0.52 Vascular invasion No 15 0.0002 4+ 0.00016
N stage NO 254 8.9094 + 1.86353 Yes 11 0.0002 + 0.00036 0.066 0.948
N1 4 9.0417 + 2.212
NX 112 9.1094 + 1.71809 F =047 0.625
T stage T1-T2b 275 8.9328 + 1.86228 e .
¢ T3.T4 o4 5.096 & 170862 F—056 0455 specificity of 0.72 (0.62, 0.80) and 0.97 (0.90, 0.99), respec-
tively (Figure SA-B). The corresponding sROC based on the
HCC chip data, sequencing data, and qRT-PCR was 0.91 (0.88,
Results 0.93) with a corresponding sensitivity and specificity of 0.72

MiR-199a-3p Expression in HCC Tissues

MiR-199a-3p expression was initially evaluated in HCC tissues
and healthy tissues based on the GEO data sets. A total of 13
GEO data sets, which included both HCC tissues and healthy
tissues, were collected in our study. Downregulated miR-199a-
3p was observed in 11 data sets, whereas no significant differ-
ences were found in the other 2 GEO data sets (GSE57555 and
GSE40744). Under-expressed miR-199a-3p was also found in
372 HCC tissues (8.9839 + 1.82456) compared with 48 adja-
cent non-cancerous HCC tissues (11.3066 + 0.51513, P <
0.001) based on the TCGA sequencing data (Figure 2, Table 1).
Significant downregulated miR-199a-3p was found in HCC
tissues by integrating all the included GEO data sets and The
Cancer Genome Atlas (TCGA) sequencing data (SMD =
—1.22;95% CI, —1.59 to —0.85; P < 0.001) with heterogeneity
using the random effects model (P < 0.001, 12 = 85.5%)
(Figure 3A-B). Moreover, downregulated miR-199a-3p was
also found in our qRT-PCR based on the 26 pairs of clinical
HCC tissues and normal tissues, and the corresponding SMD of
the random effects model was —1.17 (—1.52, —0.83) with [2 =
84.5% (Figure 3C-D). MiR-199a-3p could be a valuable mar-
ker to distinguish HCC tissues from normal tissues with an area
under the curve (AUC) of 1.00 based on HCC chip data
(GSE69580, GSE41874, GSE31383). Additionally, the ROC
based on the TCGA sequencing data and the qRT-PCR also
indicated that miR-199a-3p has the potential to be a marker for
distinguishing HCC from normal tissue samples, with the AUC
being 0.8856 and 0.8395, respectively (Figure 4, Table 2).
The sROC calculated based on HCC chip data and sequencing
data was 0.91 (0.88, 0.93) with a pooled sensitivity and

(0.63, 0.80) and 0.96 (0.90, 0.98), respectively (Figure 5C-D).
In addition, no significant differences were found in the other
clinical features (Tables 3 and 4).

Identification of miR-199a-3p Targets

In total, 68 groups of HCC mRNA-related microarrays and RNA-
seq data were screened. These data sets are divided into 8 plat-
forms, and data from the same platform was merged and removed
the batch effects. The differentially expressed analysis was per-
formed based on each of these 8 platforms. A total of 3006 upre-
gulated genes intersected by more than 3 platforms were
accepted. P-value < 0.05 and |fold change (FC)[>2 were regarded
as significant. After differential expression analysis between
miR-199a-3p overexpressed and untreated HCC cell lines based
on GSE110216, a total of 6434 downregulated genes were
obtained. Meanwhile, a total of 9600 targeted genes of
miR-199a-3p were predicted in miRWalk 2.0. Finally, 3006 upre-
gulated DEGs of HCC, 6434 downregulated genes from differ-
entially expressed analysis of overexpressed and untreated HCC
cell lines, and 9600 predicted targets of miR-199a-3p overlapped,
and 455 overlapped genes were considered possible targets of
miR-199a-3p in HCC (Figure 6A, Supplementary Figure 1).

Functional Analysis of the Targets of miR-199a-3p
in HCC

First, the functional roles of 455 potential target genes in GO
enrichment analysis were identified. The analysis indicated that
numerous target genes were related to signal transduction,
plasma membrane, and transmembrane receptor protein tyro-
sine kinase activity (Table 5, Figure 6B-D). The KEGG
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Figure 6. The enrichment analysis based on target genes of miR-199a-3p. A: the potential targets of miR-199a-3p in HCC; B: biological
process; C: cell component; D: molecular function; E: KEGG pathways.

pathways revealed some important pathways, such as the PI3K-
Akt signaling pathway, pathways in cancer, and focal adhesion
(Table 5, Figure 6E).

The PPl Network and Verification of Hub Target Genes

The genes that were enriched in the PI3K-Akt signaling path-
way, pathways in cancer, and focal adhesion were overlapped

(Figure 7A-C). A total of 5 genes (BCL2, COL4A4, IGF1,
LAMAA4, and PDGFRA) were obtained, and these genes were
considered hub targets (Figure 7D). A comprehensive meta-
analysis was achieved by integrating 20 chip data and 1 sequen-
cing data to assess the expression of these hub genes in HCC.
The results indicate that only the LAMA4 gene was obviously
upregulated in 1616 HCC tissues compared with 901 normal
tissues (SMD = 1.18; 95% CI, 0.98 to 1.38; P < 0.0001) with
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Table 5. GO and KGG Pathway Analysis.

heterogeneity using the random effects model (P < 0.001, I? =
70.7%) (Table 6, Figure 8A). The protein expression of

Category Count  P-Value : .
LAMA4 was assessed based on the immunochemistry data
B“él."glcal Process. obtained from The Human Protein Atlas. The results indicate
ignal transduction 68  2.39E-10 . o . .
Peptidyl-tyrosine phosphorylation 19 7.42E-08 that LAMA4 was medium positive in HCC tissues and was
Activation of MAPK activity 15 S71E-07 negative in normal tissues (Figure 8B). In addition, the sSROC
Angiogenesis 20  4.79E-06 o X 8 A
Positive regulation of angiogenesis 14 7.57E-06 curve indicates that LAMA4 has the potential to differentiate
Cell Component HCC tissues from normal tissues, with the AUC being 0.86.
Plasma membrane 169  3.48E-13 K . L
Integral component of plasma membrane 79 8.66E-12 The corresponding sensitivity and specificity were 0.92 (0.86,
Extracellular region 69  6.40E-06 : 3
Extracellular Space 60 9.38E.06 0.95) and 0.71 (Q.64, 0.78), respectlve.ly (Table 7, Figure 8C,
Receptor complex 14 1.47E-05 Supplementary Figure 2). The prognosis value of LAMA4 was
Molecular Function H : : _ : : :
Transmembrane receptor protein tyrosine kinase activity 10 3.31E-07 determined in our prognosis meta analySIS’ with the HR belng
Ras guanyl-nucleotide exchange factor activity 15 1.23E-06 2.64 (2-06, 3.36).
Protein tyrosine kinase activity 15 7.02E-06
Protein homodimerization activity 37 1.08E-04
Phosphatidylinositol-4,5-bisphosphate 3-kinase activity 9 1.60E-04
KEGG pathways . .
Hsa04380: Osteoclast differentiation 15 1.53E-04 Transcription Factors and the miR-199a-3p
Hsa04060: Cytokine-cytokine receptor interaction 21 2.48E-04 C R I N k
Hsa04151: PI3K-Akt signaling pathway 26 3.14E-04 o-Regulatory Networ:
Hsa04610: Complement and coagulation cascades 10 5.48E-04 . . .
Hsa05200- Pathvpvays in cancer ¢ 27 9.54E-04 A total of 15 TF-miR-199a-3p regulatory axes were identified
Hsa05202: Transcriptiolnal misregulation in cancer 15 0.001783834  jn CMTCN, which included 11 co—regulatory pairs, 3 TF-FFLs,
Hsa04510: Focal adhesion 16 0.004845946 d2 . ble 8 h c . £ d
Hsa04015: Rapl signaling pathway 16 000577715  an composite-FFLs (Table 8). The transcription factor an
Hsa04010: MAPK signaling pathway 18 0.006149439  the miR-199a-3p co-regulatory network were constructed with
Hsa04750: Inflammatory mediator regulation of TRP channels 10 0.00641923

Cytoscape 5.3.0 (Figure 9). In the network, several hub genes

A B
Ay

f{ihﬂf‘i'.‘ﬂlﬂ

N
C _ a D hsa04151  hsa04510

™
S
ﬁ' : PARVG
s
hsa05200

Figure 7. Identification of the hub target genes of miR-199a-3p in HCC. A: the PPI network based on the gene enriched in PI3K-Akt signaling
pathway; B: the PPI network based on the gene enriched in pathways in cancer; C: the PPI network based on the gene enriched in focal adhesion;
D: the hub target genes of miR-199a-3p.
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Table 6. The Evaluation of LAMA4 Expression in HCC Based on HCC Chip Data and Sequencing Data.

ID Number Mean SD Number Mean SD T P-Value
GSE112790 183 6.2766 0.94726 15 4.953 0.50741 —5.34 P < 0.001
GSE121248 70 7.4552 0.78588 37 6.9014 0.48156 —4.508 P <0.001
GSE84005 38 7.7395 0.77182 38 6.5824 0.42431 —8.098 P <0.001
GSES84402 14 5.6971 1.13629 14 5.0262 0.43444 —2.064 0.055
GSE45050 6 8.4942 1.78201 3 6.9468 0.19627 —1.45 0.19
GSE107170 119 7.3565 1.05779 159 6.784 0.6781 —5.164 P < 0.001
GSE102079 152 6.1809 0.98857 105 5.2455 0.60178 —-9.412 P <0.001
GSE12941 10 7.2481 0.64296 10 6.1593 0.28869 —4.885 P <0.001
GSE62232 81 6.221 1.0005 10 4.9682 0.44333 —7.002 P < 0.001
GSE60502 18 8.0719 0.67196 18 7.311 0.45714 —-3.972 P <0.001
GSE64041 60 7.857 0.68353 65 6.867 0.67969 —8.114 P <0.001
GSE45436 93 6.0818 0.86424 41 4.9282 0.57197 -9.116 P <0.001
GSE22405 24 5.169 0.18725 24 5.1841 0.13047 0.325 0.747
GSE41804 20 9.1577 0.89139 20 8.4139 0.57338 —3.139 0.003
GSE29721 10 6.5134 1.02392 10 5.3157 0.71027 —3.039 0.007
GSE14520(GPL571) 22 5.0207 0.74798 21 4.1329 0.22024 —5.331 P <0.001
GSE14520(GPL3921) 225 4.8977 0.8156 220 4.2834 0.47889 -9.715 P <0.001
GSE19665 10 6.57 0.47982 10 6.1798 0.31741 —2.145 0.046
GSE6764 35 5.9652 1.02718 10 4.6917 0.63283 —3.707 0.001
GSE14323 55 5.7118 0.56923 19 4.8648 0.65386 —5.381 P <0.001
TCGA 371 9.1875 0.97075 52 7.6927 0.73992 —10.674 P < 0.001

were found, including GATA2, SP1, SOD1, and PTGS2. Fur-
ther verification was still needed.

Discussion

In this study, downregulated miR-199a-3p was identified in
1190 HCC tissues compared with 663 normal human tissues
based on HCC chip data and sequencing data and qRT-PCR.
MiR-199a-3p may serve as a biomarker for identifying HCC
tissues and normal tissues. Additionally, we discovered a new
potential target for miR-199a-3p that was associated with the
regulation of key biological processes in HCC through enrich-
ment analysis. Furthermore, a transcription factor and a
miRNA regulatory network were constructed to further clarify
the molecular mechanism of miR-199a-3p in HCC.

Downregulated miR-199a-3p can be observed in multiple
cancers, such as esophageal cancer,'® papillary thyroid carci-
noma,18 melanoma,26 glioma,27 testicular germ cell tumor,28
prostate cancer stem cells,?” renal cell carcinoma,’® and
osteosarcoma.>' >

Many studies have documented the potential for clinical
applications of miR-199a-3p in multiple cancers. The diagnos-
tic value of serum miR-199a-3p has been concerned with lung
cancer>>* and glioma.>® In addition, the prognostic value of
miR-199a-3p has been reported in bladder cancer,*® ovarian
cancer,’” and testicular tumor.>® Moreover, miR-199a-3p may
serve as a therapeutic target in pancreatic cancer,> testicular
tumor,>® and renal cell carcinoma.>® Furthermore, miR-199a-
3p reduced drug resistance or improved chemotherapy
sensitivity in ovarian cancer,‘m’37 breast cancer,‘“’42 osteosar-
coma,® and cholangiocarcinoma.**

In HCC, it has been shown that miR-199a-3p can act on
multiple targets to inhibit the growth, migration, invasion, and
angiogenesis of HCC cells. For example, the latest study
reports that abnormal expression of miR-199a-3p in liver can-
cer can target CDK7 and TACC2 and contribute to the occur-
rence and development of liver cancer.*” Another study
identified the potential feasibility of miR-199a-3p in the diag-
nosis and treatment of liver cancer by detecting the expression
of miRNA in 18 pairs of HCC and matched non-tumor tis-
sues.'” A study based on mouse liver cancer models showed
that miR-199a-3p could inhibit the growth of liver cancer by
regulating MTOR and PAK4 pathways.?! It has also been noted
that miR-199a-3p can target E-cadherin and Notch1,? thus
providing a new strategy for the treatment of liver cancer. In
addition, some studies have shown that PUMA or ZHX1,*?
VEGFA, VEGFR1, VEGFR2, HGF and MMP2,”* YAPI,
Jaggedl and Notch signals,?* and CD151*° may be the target
genes of miR-199a-3p.

In short, the abnormal expression of miR-199a-3p in a
variety of human malignant tumors may be an important
molecular target for the clinical diagnosis and treatment of
tumors, especially in HCC. However, the existing studies
have only used small samples or a single experiment to eval-
uate the expression of miR-199a-3p in hepatocellular carci-
noma, which greatly reduces the reliability of the conclusions.
Moreover, the relevant molecular mechanisms have not yet
been clarified. Our study combined a large number of samples
and qRT-PCR data from multiple databases, and it further
confirmed that miR-199a-3p is underexpressed in HCC.
Additionally, the targets of miR-199a-3p were confirmed by
integrating upregulated differentially expressed genes of HCC
from multiple platforms, downregulated genes from miR-
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Figure 8. Validation of the hub target gene of miR-199a-3p. A: the evaluation of LAMA4 expression in HCC based on HCC chip data and
sequencing data; B: the protein expression level of LAMA4 in HCC based on The Human Protein Atlas; C: SROC to assess the potential of
LAMAA4 in differentiating HCC tissues from normal tissues; D: prognosis-related meta-analysis to assess the prognostic value of LAMA4 based
on multiple data sets.
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199a-3p overexpressed and untreated HCC cell lines, and
predicted targets of miR-199a-3p. This should greatly
improve the accuracy of the target genes. Furthermore, we
found that these target genes were mainly enriched in the
PI3K-Akt signaling pathway, pathways in cancer, and focal
adhesion. These pathways have been documented as being

Table 7. The Potential of LAMA4 in Identifying HCC Tissues From
Normal Tissues.

ID Sensitivity Specificity TP FP FN TN
GSE112790 1 07596 183 4 0 11
GSE121248 0.8378 0.5857 59 15 11 22
GSES84005 0.8158 0.8684 31 ' 5 7 33
GSE84402 0.7857 0.6429 1 s 3 9
GSE45050 1 0.8333 6 1 0 2
GSE107170 0.9434 0.395 112 96 7 63
GSE102079 0.9429 0.5658 143 46 9 59
GSE12941 1 0.8 100 2 0 8
GSE62232 1 0.7284 81 3 0 7
GSE60502 1 0.7222 18 5 0 13
GSE64041 0.8462 0.7667 51 15 9 50
GSE45436 0.878 0.828 82 7 11 34
GSE22405 0.5 0.7917 12 5 12 19
GSE41804 0.8 0.7 16 6 4 14
GSE29721 0.8 0.8 8 2 2 8
GSE14520(GPL571) 1 0.7273 2 6 0 15
GSE14520(GPL3921)  0.8955 0.5511 201 99 24 121
GSE19665 0.7 0.8 7 2 3 8
GSE6764 0.9 0.7714 32 2 3 8
GSE14323 0.8421 0.9091 46 2 9 17
TCGA 0.9038 0.7817 335 11 36 41

TP: true positive; FP: false positive; FN: false negative; TN: true negative.

closely related to the growth, migration, and invasion of mul-
tiple cancers, including HCC.

A recent study reported that upregulation of CFHR3 inhib-
ited proliferation and increased apoptosis of HCC cells by sup-
pressing the PI3K/Akt/mTOR signaling pathway.*® The
inhibition of SOCS5 can induce autophagy and reduce migra-
tion in HCC cells via the PI3K/Akt/mTOR pathway.*’ Anemo-
side B4 induces apoptosis of cancer cells by inhibiting the
PI3K/Akt/mTOR pathway in HCC.*® Pathways in cancer is a
cancer-related pathway and has been reported to be a key path-
way in multiple cancers, such as colorectal cancer*® and thyr-
oid cancer.® He et al. reported that overexpression of RBAK in
lung cancer may increase cell migration and invasion via focal
adhesion.”' Lu e al. discovered through integrative analysis
that focal adhesion is a pathway in pancreatic cancer.>* Lou
et al. indicated that focal adhesion is an HCC-related pathway
and is closely involved in the invasion and metastasis of
HCC.?

According to the prediction of the online database, the
3’UTR of LAMA4 can be combined by miR-199a-3p. Addi-
tionally, the miR-199a-3p and LAMA4 expression data from
the same patients of TCGA showed that miR-199a-3p was
significantly lower in HCC, while LAMA4 was significantly
higher in HCC. We identified LAMA4 as a potential target of
miR-199a-3p in HCC in this study. So far, several studies have
reported the important role of LAMA4 in multiple cancers. Li
et al. verified that miR-200b was suppressed tumor metastasis
in renal cell carcinoma by directly reducing LAMA4 expres-
sion.>* A study by Wang et al. indicated that highly expressed
LAMAA4 was an independent, prognosis-related biomarker in
gastric cancer.” Yang et al. suggested that LAMA4 plays a

Table 8. The Regulatory Network Between Transcription Factor and miR-199a-3p in HCC.

Genes miRNAs TFs P_TG P_T™M P_MG R_TG R_T™M R_MG
Co-regulated pairs
SOD1 hsa-mir-199a-1  NFE2L2 0 0 —0.23267 —0.25387
SOD1 hsa-mir-199a-1  JUN 0 0 —0.24935 —0.25387
MAPK1 hsa-mir-199a-1  ASHIL 0.00004 0.00001  —0.20014 —0.21382
SOD1 hsa-mir-199a-1  PPARD 0 0 0.25875 —0.2825
SOD1 hsa-mir-199a-1  POLR2I 0 0 0.27164 —0.25387
SOD1 hsa-mir-199a-1  CEBPD 0 0 0.27164 —0.2825
PTGS2 hsa-mir-199a-1  APC 0 0 —0.48261 -0.27395
PTGS2 hsa-mir-199a-1  CTNNBI 0 0 0.60307 —0.27395
CNOT1 hsa-mir-199a-1 SMARCCI 0 0 —0.24219 —0.28161
PTGS2 hsa-mir-199a-1  NROB2 0 0 0.3944 —0.27395
UBRS5 hsa-mir-199a-1  ARIDIB 0 0.00001 0.29831 —0.21992
TF feed-forward loops
MAPK1 hsa-mir-199a-1  TP53 0 0 0.00001 0.4444 —0.2532 —0.21382
PTGS2 hsa-mir-199a-1  CEBPA 0 0 0 0.54698  —0.42045  —0.27395
ARHGAP35 hsa-mir-199a-1  ESRI1 0 0.00002  0.00001 031633  —0.20653  —0.21445
Composite feed-forward loops
CNOT1 hsa-mir-199a-1  GATA2 0 0 0 0.4792 —0.31303  —0.28161
SOD1 hsa-mir-199a-1  SP1 0 0.00003 0 0.45558  —0.20106  —0.2825

The P_TG, P_TM, and P_MG represent the Spearman’s correlation p-value between TF, TF-miRNA, and miRNA gene expression, respectively. The R_TG,
R_TM, and R_MG represent the Spearman’s correlation coefficient between TF, TF-miRNA, and miRNA gene expression, respectively.
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Figure 9. Construction of the transcription factor and miR-199a-3p regulatory network. A: the model of co-regulatory pairs; B: the model of
TF-FFLs; C: the model of composite-FFLs; D: the regulatory network of transcription and miR-199a-3p.

vital role in tumor evolution and may be a key target in the
treatment of triple-negative breast cancer.’® Regarding HCC,
Huang et al. reported that highly expressed LAMA4 in human
HCC was identified in Chinese patients and has a strong cor-
relation with tumor invasion and metastasis.>’ Further in vivo
and in vitro verification are still needed.

Conclusion

In summary, the target of miR-199a-3p was involved in some
important cancer-related pathways, and the hub target gene,
LAMAA4, has been reported to be closely associated with

invasion and metastasis of HCC. Therefore, we conclude that
down-miR-199a-3p is a crucial tumor suppressor in HCC.
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