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Identification and characterization of noncoding RNAs-associated

competing endogenous RNA networks in major depressive disorder
Zou ZL et al. Bioinformatic data mining for MDD

Zhi-Li Zou, Yu Ye, Bo Zhou, Yuan Zhang

Abstract

30

BACKGROUND

Major depressive disorder (MDD) is a common and serious mental illness.
Many novel genes in MDD have been characterized by high-throughput
methods such as microarrays or sequencing. Recently, noncoding RNAs
(ncRN As) were suggested to be involved in the complicated environmental-
genetic regulatory network of MDD occurrence; however, the interplay
among RNA species, including protein-coding RNAs and ncRNAs, in MDD

remains unclear.

AIM

To investigate the RNA expression_datasets downloaded from a public
database and construct a network sed on differentially expressed long
noncoding RNA (IncRNAs), microRNAs (miRNAs), and mRNAs between

MDD and controls.

METHODS

ne expression data were searched in NCBI Gene Expression Omnibus
using the search term “major depressive disorder.” Six array datasets from
humans were related to the search term: GSE19738, GSE32280, GSE38206,
GSE52790, GSE76826, and GSES81152. These datasets were processed for initial
assessment _and subjected to quality control and differential expression

51
analysis. Differentially expressed IncRNAs, miRNAs, and mRNAs were
7

determined, Gene Ontology and Kyoto Encyclopedia of Genes and Genomes
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enrichment analyses were performed, and protein-protein interaction
network was generated. The results were analyzed for their association with

MDD.

RESULTS

After analysis, 3 miRNAs, 12 IncRNAs, and 33 mRNAs were identified in the
competing endogenous RNA network. Two of these miRNAs were earlier
shown to be involved in psychiatric disorders, and differentially expressed
mRNAs were found to be highly enriched in pathways related to
neurogenesis and neuroplasticity as per ene Ontology and Kyoto
Encyclopedia of Genes and Genomes enrichment analyses. The expression of
hub gene fatty acid 2-hydroxylase was enriched, and the encoded protein was

found to be involved in myelin formation, indicating that neurological

development and signal transduction are involved in MDD pathogenesis.

CONCLUSION
The present study presents candidate ncRNAs involved in the neurogenesis

and neuroplasticity pathways related to MDD.

Key Words: Major depressive disorder; Noncoding RNA; Competing

endogenous RNA; Bioinformatics; Data mining
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Core Tip:_Competing endogenous RNAs (ceRNAs) are novel regulatory
molecules involved in a wide range of biological processes and diseases. This
study explored the potential ceRNA networks (ceRNETSs) involved in the

pathogenesis of major depressive disorder (MDD) using bioinformatics data
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mining. A ceRNET comprising 3 miRNAs, 12 LncRNAs, and 33 mRNAs was
constructed based on two public datasets obtained from the Gene Expression
Omnibus database. Elucidating the correlation of the ceRNET with MDD
opens new avenues to discover specific diagnostic biomarkers for MDD and

expands our knowledge about this disease.

INTRODUCTION

Major depressive disorder (MDD), characterized by persistent and intense
feelings of sadness for extended periods, isone of the most common causes of
morbidity and mortality worldwidel'l, yearly affecting approximately 5% of
adults worldwidel2l. The exact cause of MDD remains unknown; however, the
occurrence of MDD is widely believed to involve crosstalk between genetic,
environmental, social, and developmental vulnerabilities and resilience
factorsl??l. Numerous risk factors for MDD have been identified from three
major perspectives: medical, social, and substancel*5l. vailable treatment
options primarily include pharmacotherapy, psychotherapy, and lifestyle
changes. However, revention and treatment of this disease remain difficult
because of varying presentations, unpredictable course and prognosis, and
variable responses to treatmentl®l. erefore, further studies are needed to
determine the biological mechanisms underlying MDD to develop better
patient therapies.

The increasing popularity f high-throughput microarray technologies has
facilitated the identification of genome variations in MDD, improving the
nderstanding of its pathogenesis and development, and revealing promising
biomarkers. Gao et all’] identified 241 differentially expressed genes (DEGs) in
the hippocampus (hip), 218 DEGs in the prefrontal cortex (pfc), and 327 DEGs
in the striatum (str) from patients with MDD. These DEGs were enriched in
glycan biosynthesis, RIG-I-like receptor signaling, and pyrimidine
metabolism pathways, which significantly contribute to MDD pathogenesis.

Additionally, the DEGs AR, PTK2, IRAK1, IL12A, GALNT12, GALNT2,
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CD19, and PTDSS2 were identified as novel therapeutic targets!”l. Moreover,
Segman et alll found 73 DEGs between patients with postpartum major
depression and controls using peripheral blood cells; the immune response,
transcriptional effects on cell proliferation, and DNA replication and repair
were significantly enriched in these patients. Although novel genes have been
discovered and well-studied, genetic predisposition to MDD only partly
explains the occurrence of this illness. With the development of epigenetic
theory and technology, non-coding RNAs (ncRNAs) have been identified to
help explain the interaction between genetics and the environment. Li et all10]
found an inverse 1ati0nship between serum brain-derived neurotrophic
factor (BDNF) levels and miR-132/miR-182 levels in depression, supporting
the notion that miR-182 is a putative reﬁlatory microRNA (miRNA) of
BDNF. Zhou et all found that miRNAs act as key reguleﬁrs of synaptic
plasticity in MDD pathogenesis. Liu et all2l detected four long non-coding
ribonucleic acids (IncRNAs) related to the expression of mRNAs associated
with MDD. Although ncRNAs ve been proposed to play important roles in
, the regulatory network among RNA species remains unclear.

The competing endogenous RNA (ceRNA) network proposed by Salmena
38

et al31 has been verified in an increasing number of studies. This complicated
post-transcriptional egulatory network plays a critical role in the progression
and pathogenesis of various illnesses, including cancer. However, to date, no
ceRNA network has been proposed for MDD. Here, we investigated RNA
pression datasets downloaded from the Gene Expression Omnibus (GEO)
database and constructed a network based on ifferential% expressed
IncRNAs, miRNAs, and mRNAs between MDD and controls. This network
was used to mine for functional ncRNAs that may contribute to the epigenetic
mechanism underlying MDD pathogenesis and may be useful as potential
therapeutic targets and biomarkers for MDD.

MATERIALS AND METHODS
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Data resources and preprocessing

Gene expression data were searched in NCBI GEO using the search term
“major depressive disorder”. Six array datasets from humans were related to
the search term: GSE19738 (expression profiling by array, n = 42; MDD, 21;
control, 21), GSE32280 (expression profiling by array, n = 24; MDD, §;
subsyndromal symptomatic depression, SSD, 8; control, 8), GSE38206
(expression profiling by array, n = 18; MDD, 9; control, 9), GSE52790
(expression profiling by array and ncRNA profiling by array, n = 22; MDD,
10; control, 12), GSE76826 (expression profiling by array, n = 22; MDD, 10;
control, 12), and GSE81152 (ncRNA profiling by array, n = 50; MDD, 31;
control, 19). These datasets were processed for initial assessment; if they met
the requirements, they were subjected to quality control and differential

expression analysis.

Identification of differentially expressed IncRNAs, miRNAs, and mRNAs

The differentially expressed mRNAs, IncRNAs, or miRNAs were determined
based on e threshold criteria of |log2(fold-change| = 1 and an adjusted P
value < 0.05 using the R limma package (version 3.40.6). The differentially
expressed IncRNAs (DE_IncRNAs) obtained from GSE76826 were entered
into the miRcode database (http://www.mircode.org/) that provides n
integrated, searchable map of putative target sites of miRNAs, to predict the
interactions of E_]_ncRNAs and DE_miRNAs. Only DE_IncRNAs for which
miRNAs were successfully predicted were selected for ceRNA network
construction. The miRNAs obtained were overlapped with differentially
expressed miRNAs obtained from GSE81152, and the overlapping miRNAs
were identified as a ferentially expressed miRNA (DE_miRNA). The name
of the DE_miRNA was entered into the iRDB (http:/ /mirdb.org/) and
TargetScan (http://www.targetscan.org/vert_72/) databases, both of which
are online databases used to predict miRNA targets. The mRNAs obtained

above were overlapped with differentially expressed RNAs identified from
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GSE76826. The DE_IncRNAs, DE_miRN.As, and DE_mRNAs obtained in the
45
manner described above were used for ceRNA network construction.

DE_I[1n1cRNA/DE_miRNA/DE_mRNA network construction
1
Cytoscape 3.4.0 was used to visualize the

DE_IncRNA/DE_miRNA/DE_mRN A network construction.

Gene Ontology function nd Kyoto Encyclopedia of Genes and Genome
pathway enrichinent analysis

To help identify the potential biological functions of these genes in the MDD
ceRNA network, Gene Ontology (GO) functional and Kyoto Encyclopedia of
Genes and Genome (KEGG) pathway enrichment analyses were performed
using the clusterProfiler package in R. terms have three categories;
biological ﬁ)rocess, cellular compartment, and molecular function. P £ 0.05
indicated a significant difference in GO terms and KEGG pathways.
Construction of the protein interaction network

1
The protein interaction (PPI) network was constructed to evaluate_the

interactions among genes. The DE_mRNAs were selected to construct PI
network based on Search Tool for the Retrieval of Interacting Genes/Proteins
(STRING) wver.11.0 (https://string-db.org/). the PPI network, a node
represents a gene; the undirected link between two nodes is an edge,
representing the interaction between two genes, and the degree of a node

corresponds to the number of interactions of a gene with other genes in the

network.

RESULTS

Quality control and differential expression analysis

The workflow of the analysis is shown in Figure 1. Because the GSE19738
dataset lacks documents to annotate gene symbols and the GSE32280 dataset

uses peripheral blood mononuclear cells rather than whole blood, both these
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datasets were excluded from analysis at the first stage. Next, sample-level
quality control was performed using principal component analysis to ensure
that the cases and controls were well-separated and to identify sample
outliers. After removing the outliers, there were 10 controls and 8§ MDD cases
in GSE52790, 12 controls and 9 MDD cases in GSE76826, and 10 controls and
23 MDD cases in GSE81152. The four remainir& datasets, GSE32280,
GSE52790, GSE76826, and GSE81152, were utilized to identify differentially
expressed mRNAs, IncRNAs, and miRNAs using the limma R package with
the threshold set to an adjusted P value < 0.05 and |log2-fold-change| = 1. A
hierarchical cluster heatmap howi_ng the expression patterns of the DEGs
between MDD and controls is shown in Figure 2. As no DEGs were found in
GSE32280, this dataset was excluded from subsequent analysis. A total of 125,
373, and 54 DEGs were identified in the GSE52790, GSE76826, and GSE81152
datasets, respectively. There were 112 upregulated and 13 downregulated
genes among the 125 DEGs in GSE52790, 109 upregulated genes (including 89
mRNAs and 10 IncRNAs) and 264 downregulated genes (including 198
mRNAs and 66 LncRNAs) in the 373 DEGs of GSE76826, and 51 upregulated
and 3 downregulated genes in the 54 DEGs of GSE81152.

onstmction of a ceRNA network for MDD

To better understand the effect of IncRNAs on mRNAs mediated by
combinations with miRNAs in MDD, we constructed a ceRNA network based
on the GSE76826 and GSE81152 data. Eighty-six differentially expressed
IncRNAs from GSE76826 were retrieved and entered into the miRcode
database to predict the potential interacting miRNAs. Eighty-four miRNAs
(645 LncRNA-miRNA pairs) were identified in the miRcode database. Next,
we overlapped these 84 miRNAs to the differentially expressed miRNAs
identified in GSES81152, generating 3 shared miRNAs (the corresponding
IncRNAs were reduced to 12) (Table 1). Thereafter, we entered these 3

miRNAs into the miRDB and TargetScan databases to identify their potential
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target mRNAs and combined the results from these two databases to achieve
high true-positive coverage. A total of 1,868 mRNAs was generated from the
two databases; when the 287 differentially expressed mRNAs identified from
GSE76826 were overlapped, 33 shared mRNAs were identified (Table 2).
Finally, we assembled all identified ceRNA pairs to generate an mRNA-

50
miRNA-IncRNA network in MDD (Figure 3).

Gene set enrichinent analysis

Enrichment analysis indicated that the 33 differentially expressed mRNAs
were significantly associated with the terms for 887 biological process, 105
molecular function, and 55 cell component terms. For the KEGG pathways,
the only significant pathway was mammalian target of rapamycin
(mTOR) signaling pathway. Table 3 and Figure 4 list the top 10 most
significant biological processes, molecular functions, and cellular components

from the GO terms.

PPI network construction

A total of 33 DEG mRNAs were entered into the STRING database to build a
I network. Gene nodes with the highest W values in the network were
ACVRIC, ELOVL4, fatty acid 2-hydroxylase (FA2H), INHBB, NIPAL4, and UGT8

(Figure 5).

DISCUSSION

Considerable progress has been made in understanding the pathophysiology
of MDD; however, no single model or mechanism can fully explain all aspects
of the diseaseltl. MDD is believed to involve the following: Reduced levels of
monoamines, changes in the hypothalamic-pituitary-adrenal axis,
inflammation, limited neurogenesis, changes in brain structure and function,
heredity factors, environmental milieu, and epigeneticsl®l. Epigenetics, a field

focusing on gene-environment interactions, has gained attention over the past
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decades. The recent application of microarray-based genome-wide expression
analysis has enabled the identification of MDD-associated genes, including
novel ncRNAs. Although numerous dies have demonstrated that ncRNAs
play important roles in MDD pathogenesis, the mechanisms of how these
genes regulate MDD have not been well-characterized!'*'>l. Thus, we
performed ceRNA network analysis by data mining to determine the
potential regulatory mechanisms of MDD.

Multiple GO terms were identified in enrichment analysis, reflecting
complexity of the disorder. We observed that protein-coding genes in the
network were highly correlated with cellular growth and developmental
differentiation, including the activin receptor signaling pathway, peripheral
nervous system development, G protein-coupled receptor internalization,
receptor-ligand activity, hormone activity, growth factor activity, and cellular
growth. The term “signaling by activins” in our results is consistent with
previous studies showing that activin can modulate depression and anxiety-
related behaviorl162ll. Activins are members of the transforming growth
factor-B superfamily that are expressed in various tissues, including neuronal
cells, and are involved in oliferation, differentiation, metabolism,
homeostasis, apoptosis, immune response, and tissue repair. Postnatal
neurogenesis, which leads to he production of new neurons in the adult
brain, can influence the replacement of damaged neurons, stress responses,
memory formation, and depression, among others[22l. Previous studies have
reported t the activin activity in the adult forebrain influences locomotor
activity, anxiety-related behavior, and hippocampal neurogenesis, which is
also associated with age-related cognitive declinel®l. Additionally, consistent
with our results, utilizing a genome-wide association study, Smeeth et all23]
suggested a complex relationship among reproductive hormones,
hippocampal neurogenesis, and depression. Based on transcriptome array

results analysis of Chinese patients with MDD, Liu ef all'?l reported the

enrichment of differentially expressed coding genes in the signal transduction
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pathway and basic metabolic process associated with neurodevelopmental
diseasell213], Our KEGG results also owed that the mTOR signaling

athway is a part of the regulatory network of MDD. This agrees with
previous studies which showed that the mTOR signaling pathway, which
senses and integrates diverse extracellular stimuli to promote cellular growth
or limit catabolic processes, contributes to normal neuronal growth and is
associated with neurogenesisi?!l. Notably, the mTOR signaling pathway has
become an important target for treating depression using drugs such as
ketaminel25.261,

The use of ncRNAs as biomarkers of psychological disorders is gaining
momentum. In the ceRNA network developed in this study, there were 12
IncRNAs, 3 miRNAs, and 33 mRNAs specific to MDD. Consistent with our
results, hsa-mir-137, as a brain-enriched miRNA, was earlier confirmed as a
gene related to MDD, bipolar disorder, schizophrenia, and Parkinson’s
disease susceptibilityl2730, whose underlying mechanisms regulate synaptic
plasticity. Moreover, Zhao et all®l detected significantly lower hsa-miR-137
Levels in the brain and peripheral blood in post-stroke depression rats, and
Kim ef alP2 found that it can be used as a diagnostic marker for
methamphetamine withdrawal syndrome. Similarly, hsa-miR-125b-5p in the
peripheral blood is highly expressed in Alzheimer's disease compared with
that in controls.

In addition to genetic components, different epigenetic mechanisms y an
important role in the occurrence and development of MDD. A previous study
revealed that the n-protein-cod'mg RNA repressor of NFAT, man
accelerated region 1, transcribed antisense of rheelin, and B-secretase-1 are
associated with cognitive function, poteptially contributing to MDD, and the
IncRNA BDNF-AS was reportedly lated to synaptic plasticity and
potentially associated with MDDI333l. In a recent study, Abedpoor and
colleagues reported that the IncRNA network could play an indispensable

role in regulating depression-like behaviors in micel3l. Furthermore, two
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studies reported lower RMRP expression in a mouse model of depression and
MDD relative to normal subject samples[!4l. In another study, Issler et all3]
observed that LINCO00473 was downregulated in the prefrontal cortex of
depressed females. Collectively, these results suggest that IncRNAs are
potential diagnostic and prognostic biomarkers. Our results revealed 12
different IncRNAs involved in the MDD ceRNA network, suggesting the
existence of a regulatory network in MDD.

In the present study, FA2H was highlighted in the PPI network. FA2H
encoded by FA2H is highly expressed in the human brain and is involved in
the formation of 2-hydroxy galactosylceramides and 2-hydroxy sulfatides in
myelinl34%. The FA2H gene appears to be related to lipid metabolism and is
one of the 10 candidate genes identified in an inherited neurologic disorder
own as neurodegeneration with brain iron accumulation and is also
involved in hereditary spastic paraplegia SPG35 and leukodystrophy[4.42].
Mutations in FA2H have been identified in autism spectrum disorders/#3l. The
function of FA2H does not appear to be limited to the brain since elevated
FA2H expression has also been found in hepatocellular carcinoma and lung
adenocarcinoma involving UGT8[445]. However, there have been no reports
of FA2H in MDD and thus, this is the first study to suggest that FA2H is
related to MDD. Considering its role in myelin formation, this gene may
contribute to MDD pathogenesis viz impacting neurological development and
modulating signal transduction.

Elongation of very long-chain fatty acids-4 &ELOVLZL) was another protein
of interest identified in the PPI. This protein is essential for the synthesis of
very long-chain polyunsaturated (VLC-PUFA) and saturated fatty acids
%LC-SFA) of chain lengths greater than 26 carbonsi¢l. The VLC-PUFAs play
an important role in maintaining neural tissue homeostasis. Studies have
suggested that dysregulated ELOVL4 expression may be involved in the lipid
alterations observed in neuroblastoma, and mutations in the ELOVL4 gene

could cause several distinct neurodegenerative diseases, including stargardt-
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like macular dystrophy, spinocerebellar ataxia 34, and a neuro-ichthyotic
syndrome with severe seizures and spasticityl¥748l. However, like FA2H, none
of the studies so far have linked ELOVL4 and MDD, and therefore, future
validation benchmark experiments are needed.

There were some limitations to our study. he potentially important genes
associated with MDD lack gene expression and functional validation, and
hence, further z'n vivo and in vitro studies are required. Furthermore, the two
datasets were not from the same platform, which may have resulted in a few

1

deviations. However, the present study provides novel insight into MDD

pathogenesis.

CONCLUSION

To date, MDD diagnosis mainly depends on the patient’s subjective
expression, which may be misinterpreted by clinicians. Therefore,
identification of a reliable biomarker that can be used to diagnose MDD and
guide its treatment is imperative. In conclusion, the present study revealed
that a-miR-4465, hsa-miR-137, and hsa-miR-125b-5p may be useful genetic
biomarkers for MDD as they are potentially involved in the neurogenesis and
neuroplasticity pathways in MDD. These results require further validation in
future studies.

ARTICLE HIGHLIGHTS

Research background

Major depressive disorder (MDD) is a common and serious mental illness.
Many novel genes in MDD have been characterized by high-throughput
methods such as microarrays or sequencing. Recently, noncoding RNAs
(ncRN As) were suggested to be involved in the complicated environmental-

genetic regulatory network of MDD occurrence.

Research motivation
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The interplay among RNA species, including protein-coding RNAs and

ncRNAs, in MDD remains unclear.

Research objectives

To investigate the RNA expression datasets and construct a network based on
7

differentially expressed IncRNAs, miRNAs, and mRNAs between MDD and

controls through data mining method.

Research methods

Gene pression data were searched and downloaded from NCBI Gene
Expression Omnibus database. Six array datasets from humans were related
to the search term: GSE19738, GSE32280, GSE38206, GSE52790, GSE76826, and
GSES81152. These datasets were processed for initial assessment and subjected
to quality _control and differential expression analysis. Differentially
expressed cRNAs, miRNAs, and mRNAs were determined, Gene Ontology
and Kyoto Encyclopedia of Genes and Genomes enrichment analyses were

performed, and protein-protein interaction network was generated. The

results were analyzed for their association with MDD.

Research results

After analysis, 3 miRNAs, 12 IncRNAs, and 33 mRNAs were identified in the
ceRNA network. Two of these miRNAs were earlier shown to be involved in
psychiatric disorders, and differentially expressed mRNAs were found to be
highly enriched in pathways related to neurogenesis and neuroplasticity as
per Gene Ontology and Kyoto Encyclopedia of Genes and Genomes
enrichment analyses. The expression of hub gene fatty acid 2-hydroxylase was
enriched, and the encoded protein was found to be involved in myelin

formation, indicating that neurological development and signal transduction

are involved in MDD pathogenesis.
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Research conclusions
The present study presents candidate ncRNAs involved in the neurogenesis

and neuroplasticity pathways related to MDD.

Research perspectives 0

1
Bioinformatic data mining method can be an cost-effective way to explore
potential biomarkers for complicated diseases. However, benchmark

experiment is needed in the future to validate the results.

&me 1 Flowchart of the study. A: Step 1, dataset screening; B: Step 2,
competing endogenous RNA network construction. DEGs: Differentially
Expressed Genes; RNA: Messenger RNA; miRNA: MicroRNA; IncRNA:
Long non-coding RNA; ceRNA: Competing endogenous RNAs; Rcode:
http:/ /www.mircode.org/; miRDB: _ http://mirdb.org/; TargetScan:
http:/ /www.targetscan.org/vert_72/; DE_mRNA: Differentially expressed
mRNA; DE_IncRNA: Differentially expressed IncRNA; DE_miRNA:
Differentially expressed miRNA.

Figure 2 Difference and cluster analyses. A: Volcanic maps of differentially
expressed genes in GSE52790; B: Cluster analysis heatmap of the expression
patterns of the ferentially expressed genes in GSE52790; C: Volcanic maps
of differentially expressed genes in GSE76826; D: Cluster analysis heatmap of
the expression patterns of the ferentially expressed genes in GSE76826; E:
Volcanic maps of differentially expressed genes in GSE81152; F: Cluster
analysis heatmap of e expression patterns of the differentially expressed
genes in GSE81152. d indicates upregulated genes; green indicates

downregulated genes.
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Figure 3 Major depressive disordm'.—associated enriched competing
17

endogenous RNA network. Red and green indicate upregulated

downregulated genes, respectively. The circles represent differentially

expressed RNA (DE_RNA), triangles represent DE long noncoding RNA
(DE_IncRNA), and rounded squares represent DE_microRNA.

Figure 4 Gene Ontology functional enrichment analysis.

Figure 5 Protein interaction network construction.
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Table 1 The twenty %fferentially expressed long noncoding RNAs and
differentially expressed_microRNA pairs identified in this study

IncRNA

mi

STAG3L4 hsa-miR-4465
MTERFD2 hsa-miR-4465
TCL6 hsa-miR-4465
MDS2 hsa-miR-4465
LINC00202 hsa-miR-4465
LINC00402 -miR-4465
TCL6 hsa-miR-137
ANKRD36BP2 hsa-miR-137
LINC00202 hsa-miR-137
LINC00402 hsa-miR-137
MIR600HG -miR-137
MTERFD2 hsa-miR-125b-5p
HCG4 hsa-miR-125b-5p
TCL6 hsa-miR-125b-5p
UBE2Q2P2 hsa-miR-125b-5p
TREML2P1 hsa-miR-125b-5p
KIAA0125 hsa-miR-125b-5p
ANKRD36BP2 hsa-miR-125b-5p
LINC00202 hsa-miR-125b-5p
MIR600HG hsa-miR-125b-5p

IncRNA: Long noncoding RNA; miRNA: microRNA.

Table 2 The forty-three differentially expressed_ mRNAs and differentially

expressed microRNA pairs identified in this study

mi mRNA
hsa-miR-4465 FAM98B
hsa-miR-4465 ADM
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hsa-miR-4465
hsa-miR-4465
hsa-miR-4465
hsa-miR-4465
hsa-miR-4465
hsa-miR-4465
hsa-miR-4465
hsa-iR-4465
hsa-miR-4465
hsa-miR-4465
hsa-iR-4465
hsa-miR-4465
hsa-miR-4465
hsa-iR-4465
hsa-miR-4465
-miR-4465
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137
hsa-miR-137

INHBB

H
HOXAS9
GRB10
UGTS8
ACVRI1C
COL19A1
TTC28
HAS3
SLC22A23
ADAM23
NACC2
SH3PXD2A
CELSR1
PLEKHGI
ZSWIMb5
AKAT2
HLF
FGF9
GLIS2
SIPA1L2
WNT7A
NRG1
ADAM23
LRRC4
SLC22A23
COL19A1
TTC28
APLN
NACC2
BACH2
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hsa-miR-137

hsa-miR-125b-5p
hsa-miR-125b-5p
hsa-miR-125b-5p
hsa-miR-125b-5p
hsa-miR-125b-5p
hsa-miR-125b-5p
hsa-miR-125b-5p
hsa-miR-125b-5p
hsa-miR-125b-5p

ACVRI1C
NIPAL4
NR6A1
ZSWIMb
GALNTI14
GRB10
ELOVL4
ACVRI1C
RALGPS2
GLIS2

ble 3 The significant Gene Ontology terms identified in this study

Category Term description Count P value
of
genes
Biology process Activin receptor signaling 3 5.54E-05
pathway
Biology process Peripheral nervous 3 0.000292
system development
Biology process G protein-coupled 2 0.0003
receptor internalization
Biology process Desensitization of G 2 0.000487
protein-coupled receptor
signaling pathway
Biology process Negative adaptation of 2 0.000487
signaling pathway
Biology process Eositive regulation of 2 0.000487
vascular endothelial
growth factor receptor
signaling pathway
Biology process Adaptation of signaling 2 0.000597
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Biology process
Biology process

Biology process

Cellular component

Cellular component
Cellular component
Cellular component
Cellular component
Cellular component
Cellular component

Cellular component

Cellular component

Cellular component

Molecular function
Molecular function
Molecular function

Molecular function

Molecular function

pathway

Uterus development
Sphingolipid biosynthetic
process

Reproductive  structure
development
Glutamatergic synapse
Schaffer  collateral-CA1
synapse

Cul2-RING ubiquitin
ligase co X

Integral component of
synaptic membrane
Intrinsic component of

synaptic membrane

Extracellular matrix
Podosome

%citatory synapse
Integral component of
postsynaptic density
membrane

Intrinsic component of
postsynaptic density
membrane

Receptor ligand activity
Hormone activity
UDP-glycosyltransferase
activity
Guanyl-nucleotide
exchange factor activity

Growth factor activity

e = T = T ** ]

=)}

0.000656
0.000679

0.00078

0.002395
0.00786

0.024149

0.025933

0.029786

0.044750

0.047732

0.075303
0.079823

0.084321

0.000191
0.001352
0.002314

0.002772

0.003326
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Molecular function

Molecular function

Molecular function

Molecular function

Molecular function

Transferase activity,
transferring hexosyl
oups

Phosphatidylinositol-4,5-
bisphosphate 3-kinase
activity

Cytokine activity

Phosphatidylinositol
bisphosphate kinase
activity

nscription factor

activity, RNA polymerase
II  proximal promoter
sequence-specific =~ DNA
binding

0.006074

0.006746

0.007189
0.007334

0.008356

20/20




80691 _Auto Edited-check.docx

ORIGINALITY REPORT

37«

SIMILARITY INDEX

PRIMARY SOURCES

B B BB e

B B B

www.spandidos-publications.com

Internet

assets.resea rchsqua re.com

Internet

link.springer.com

Internet

www.scilit.net

Internet

www.ncbi.nlm.nih.gov

Internet

bmcgenomics.biomedcentral.com

Internet

WWw.resea rchsqua re.com

Internet

141 words — 3%
90 words — 2%
76 words — 2%
71 words — 2%
62 words — 1 %
61 words — | %

53 words — 1 %

. . .. o er o 0
Sagnlk.Sen, Ashmlta. Dey, Ujjwal Maulik. Identlfylng 51 words — 'I /0
Potential Hubs for Kidney Renal Clear Cell Carcinoma
from TF-miRNA-Gene Regulatory Networks", 2018 IEEE Applied

Signal Processing Conference (ASPCON), 2018

Crossref



— —
N -

— —
(@) U

Min Liu, Jing Li, Zhengkai H Yuejun Li. " i 0
In |u,J|ng I, ' engkal Huang, Yuejun Li -Gastrlc 50 words — 1 /0
cancer risk-scoring system based on analysis of a

competing endogenous RNA network", Translational Cancer

Research, 2020

Crossref

www.frontiersin.org 41 words — ] 06

Internet

0
www.dovepress.com 37 words — 190

Internet

Ml Li, Wel.—tlng.Che'ng, Hao Li, Zhi Zhang, XIan|I Lu, S|—36 words — 1 %
si Deng, Jian Li, Cai-hong Yang. "Comprehensive

Analysis of Key mRNAs and IncRNAs in Osteosarcoma

Response to Preoperative Chemotherapy with Prognostic

Values", Current Medical Science, 2021

Crossref

(;whua Zou, Jie Wang, quohga?' Huang, Chongdong 35 words — 1 /0
Jian, Donghua Zou, Xuebin Li. "Analysis of

transcription factor- and ncRNA-mediated potential pathogenic

gene modules in Alzheimer€s disease", Aging, 2019

Crossref

_ 0
I\:}\Q/r\:]\(/%\t/.suence.gov 31 words — 1 /0
_ 0
Lrt]e?ngtadoc.com 29 words — 1 /O
1" O
T. S. Chen. "Mesenchymal stem cell secretes 27 words — 1 /0

microparticles enriched in pre-microRNAs", Nucleic
Acids Research, 10/22/2009

Crossref



—_ —_
O (0¢}

Yan Wang, Tao ng, Yan qu,Jun Chen, Benqlang Xin, 27 words — 1 %
Maoyuan Wu, Weigang Cui. "Coronary artery disease

associated specific modules and feature genes revealed by

integrative methods of WGCNA, MetaDE and machine

learning"”, Gene, 2019

Crossref

. 0
www.cardiovascularsys.com 25 words — '] A)

Internet

. i _ . . i . 0
'I'—Iuang, Xiao, Yan-li Luo, Yue Shl. Mao, and Jian-lin Ji. 24 words — 'I /0
The link between long noncoding RNAs and
depression", Progress in Neuro-Psychopharmacology and
Biological Psychiatry, 2016.

Crossref

Damlg Cilluffo, Viviana Ba"rra, Sergl'o Spatafora, 22 words — < 1 /0
Claudia Coronnello et al. "Aneuploid IMR90 cells

induced by depletion of pRB, DNMT1 and MAD2 show a

common gene expression signature", Genomics, 2020

Crossref

0
www.researchgate.net 22 words — < 1 %

Internet

Ngthan L. Alderson,. E?arb.ara M. Rembiesa_, 21 words — < 1 %
Michael D. Walla, Alicja Bielawska, Jacek Bielawski,

Hiroko Hama. " The Human Gene Encodes a Fatty Acid 2-

Hydroxylase ", Journal of Biological Chemistry, 2004

Crossref

Renu Chandrfa Segaran, Li Yurl Chan, Hong Wang, 20 words — < 'I %
Gautam Sethi, Feng Ru Tang. "Neuronal

Development-Related miRNAs as Biomarkers for Alzheimer's

Disease, Depression, Schizophrenia and lonizing Radiation

Exposure", Current Medicinal Chemistry, 2020

Crossref



0
atm.amegroups.com 18 words — < 1 %

Internet

: , 0
ply Www.hindawi.com 16 words — < '] /O

Internet

26 Jmlong Qu, Chunying Yuan,'Qljla, Mengwei Sun, 14 words — < 1 /0
Min Jiang, Fuguang Zuo. "CircularRNA_0119872

regulates the microRNA-582-3p/E2F transcription factor 3
pathway to promote the progression of malignant melanoma”,
Clinics, 2021

Crossref

N
~

- 0
bsdwebstorage.blob.core.windows.net 14 words — < '] /0

Internet

N
(0¢}

. . 0
dfzljdn9uc3pi.cloudfront.net 14 words — < '] /0

Internet

N
O

. : 0
pubmed.ncbi.nlm.nih.gov 13words — < 1 o

Internet

W
(@)

: : 0
bmcpsychiatry.biomedcentral.com 12 words — < '] /0

Internet

B
—_—

. 0
medsci.org 12 words — < 1 %0

Internet

w
N

Feng Chen, Guodong Li, Chun Wu, Ling Wang, .. < 1 )0
Chung-Nga Ko, Dik-Lung Ma, Chung-Hang Leung.

"Interference Reduction Biosensing Strategy for Highly Sensitive
microRNA Detection", Analytical Chemistry, 2022

Crossref

ee] escholarship.org 11 words — < 1 %

Internet



I[;)tz:rtrftnts.glgoo.top 10words — < 1 0%
ifgnre?ge.googleapis.com 10words — < 1 0%
i mepteom 10 words — < 170
Biao Xie, Wei Zhang, Qi Zhang, Qiuju Zhang, 9 words — < 1 %

Yupeng Wang, Lin Sun, Meina Liu, Ping Zhou. "An

Integrated Transcriptomic and Proteomic Analysis Identifies
Significant Novel Pathways for Henoch-Schonlein Purpura
Nephritis Progression”, BioMed Research International, 2020

Crossref

Guang Yang, er.lg Wu, yi Ru Zheljg, shun Zai Jin, Bln9 words — < 1 %
Yan. "Construction of INCRNA-miRNA-mRNA

regulatory network and correlation between prognostic

biomarker PDGFRB and immune infiltrates in stomach
adenocarcinoma", Research Square Platform LLC, 2022

Crossref Posted Content

ngad'Hamld Ahanger, Ryan N.. Delgado, Eugene 9 words — < 1 /0
Gil, Mitchel A. Cole et al. "Distinct nuclear

compartment-associated genome architecture in the

developing mammalian brain", Nature Neuroscience, 2021

Crossref

Xin Cai, Alan ). Lymbery, Nicola J. Armstrong, o words — < 1 0%
Chengbin Gao, Le Ma, Chao Li. "Systematic

identification and characterization of IncRNAs and IncRNA-
MiRNA-mMRNA networks in the liver of turbot (Scophthalmus

maximus L.) induced with Vibrio anguillarum", Fish & Shellfish
Immunology, 2022

Crossref



42

L 0
cancerci.biomedcentral.com 9 words — < '] /0

Internet

(9-8-03) 8 words — < 1 %

http://136.159.173.207/ESTs/public/search_ests.php

Internet

A.'NI' Nguyen-Lefe!ovre, G Lgprun, V Morln,J 3 words — < 1 %
Vifiuelas, Y Couté, J-) Madjar, O Gandrillon, S

Gonin-Giraud. "V-erbA generates ribosomes devoid of RPL11

and regulates translational activity in avian erythroid

progenitors", Oncogene, 2013

Crossref

Chuan Hg, Xia'oI"ong Wa.ng, Linying N| C'hunyu 3 words — < 1 %
Song, Wei Mai. "Screening and verification of

prognostic INcRNA markers related to immune infiltration in the
metastasis of osteosarcoma", Translational Cancer Research,

2021

Crossref

Jie Liu, Yishu Deng, Zeqin Fan, Shuanglan Xu, Li 3 words — < 1 /()

Wei, Xiaoxian Huang, Xigian Xing, Jiao Yang.

"Construction and analysis of the abnormal IncRNA-mMiRNA-
MRNA network in hypoxic pulmonary hypertension", Bioscience
Reports, 2021

Crossref

N 0
bmcsystbiol.biomedcentral.com 3 words — < 1 /0

Internet

. 0
pureadmin.qub.ac.uk swords — < ] o

Internet

worldwidescience.org g8 words — < 1 06

Internet



www.biorxiv.org g words — < 1 06

Internet

o 0
www.medscimonit.com s words — < 1 %

Internet

Chen Zhahg, .Chen Wang, Zhenyu Jia, Wenwen. 2 words — < 1 0%
Tong, Delin Liu, Chongru He, Xuan Huang, Weidong

Xu. "Differentially expressed mRNAs, INCRNAs, and miRNAs with
associated co-expression and ceRNA networks in ankylosing
spondylitis", Oncotarget, 2017

Crossref

. " . . . 0
Schlpper, H.I\/I..‘ Neurgdegeneratlon with brain 7 words — < 1 /0
iron accumulation - Clinical syndromes and

neuroimaging", BBA - Molecular Basis of Disease, 201203

Crossref

Xluge Gu, Mgng}/lng Li, Yejm, Dongxu L|u,. Fulan 7 words — < 1 %
Wei. "Identification and integrated analysis of

differentially expressed INncRNAs and circRNAs reveal the

potential ceRNA networks during PDLSC osteogenic

differentiation"”, BMC Genetics, 2017

Crossref

. . . I . 0
Yongbo Palj, Senjie Lin, V\(enpng Zhang. Fplggnet|c7 words — < 1 /0
effects of silver nanoparticles and ionic silver in

Tetrahymena thermophila", Science of The Total Environment,

2021

Crossref

ng Xu, Wei-Yu Xu, Yao Xiao, Bao Jin, Shun-Da D 0
G'ag u, Wei-Yu Xu, Yao |ao," ao Ji ,Sg a u’6words—< 1 /0
Yi-lei Mao, Zhong-Tao Zhang. "The emerging roles

of non-coding competing endogenous RNA in hepatocellular
carcinoma", Cancer Cell International, 2020

Crossref



56

Meng An, Xiaowen "Zang,Jlmln Wfang,Jle Ka.ng, 6 words — < 1 /0
Xiaoyu Tan, Bo Fu. "Comprehensive analysis of

differentially expressed long noncoding RNAs, miRNAs and

MRNAs in breast cancer brain metastasis"”, Epigenomics, 2021

Crossref

Yeojin Hong, Thi Hao Vu, Sooyeon Lee, JubiHeo, .\ o < 1 06
Suyeon Kang, Hyun S. Lillehoj, Yeong Ho Hong.

"Comparative analysis of exosomal miRNAs derived from
lipopolysaccharide and polyinosinic-polycytidylic acid-

stimulated chicken macrophage cell line", Poultry Science, 2022

Crossref

Ying Zhang, Woyu Su, I%o Zhang, Yao'Llng, Woc? 6 words — < 1 %
Kyun Kim, Hao Zhang. "Comprehensive analysis of

coding and non-coding RNA transcriptomes related to hypoxic
adaptation in Tibetan chickens", Journal of Animal Science and
Biotechnology, 2021

Crossref

Yucheng Fu,. Qi Liu, Qiyuan Bao, Junxiang Wen, 6 words — < ’I /0
Zhuochao Liu, Yuehao Hu, Guoyu He, Cheng Peng,

Yigi Xu, Weibin Zhang. "Development and analysis of long non-
coding RNA-associated competing endogenous RNA network
for osteosarcoma metastasis", Hereditas, 2021

Crossref

OFF OFF
OFF OFF



