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Abstract
Micro RNAs (miRNAs) are widely recognized to play an essential role via target genes in the development
of intervertebral disc degeneration( IDD), but the molecular mechanisms remain unclear. To identify the
key microRNAs and potential targets during IDD, the Gene Expression Omnibus datasets (GSE19943,
GSE63492, and GSE116726) were downloaded.An R package was used to identify differentially
expressed miRNAs (DEMs) and four online tools(TargetScan, miRDB,  miRTarBase, and DIANA-TarBase)
were performed to predict their target genes. Functional enrichment analysis revealed that DEMs gene
targets were highly enriched in cell development, cell differentiation, and the p53 and Wnt signaling
pathways. we identified 13 hub genes with node degree≥10 through established a protein-protein
interaction (PPI) network. Among them,MAPK8, BMP4, and GSK3B were top 3 highest degree. After
constructing the miRNA-target gene-functional analysis network, we found that most hub genes could be
regulated by miR-557 and were mainly enriched in cell development, cell differentiation, and Wnt
signaling pathway. Further in vitro experiment by qRT-PCR confirmed that miR-577 was significantly
downregulated than the control,whereas miR-516-3p was significantly upregulated. Together, the key
microRNA and their target genes identified in this study help us understand the underlying pathogenesis
mechanisms in the development of IDD, and provide diagnostic biomarkers and new therapeutic
strategies for the treatment of IDD.

Introduction
Low back pain (LBP) is one of the most common orthopedic diseases; it severely affects human health
and expensive medical costs impose a tremendous economic burden on society. The causes of lower
back pain are complex, with intervertebral disc degeneration (IDD) is considered as primary pathological
changes of LBP[1]. Although various factors are involved in the development of IDD, including aging,
excessive weight bearing, trauma, smoking, diabetes and genetic factors [2], the underlying molecular
mechanisms has never been satisfactorily explained. Currently, Magnetic resonance imaging (MRI) is the
most effective imaging examination of IDD.

However, MRI images only detect IDD in the intermediate or late states instead of the early degenerative
period. Therefore, there is a pressing need to understand the precise molecular mechanisms of the IDD
process, and thus develop a novel therapeutic target or diagnostic biomarker.

MicroRNAs (miRNA) are a class of short, conserved, noncoding RNAs, which regulate gene expression at
the post-transcriptional level by blocking mRNA translation or degrading mRNA via binding to the 3’-
untranslated regions (3’-UTRs) of target mRNAs. They are fundamental gene regulators that control
proliferation, differentiation, and apoptosis during development [3-5]. It has been reported that miRNAs
affect the development and progression of IDD by regulating target genes[6, 7] . Furthermore, Several
studies suggested that miR-155, miR-141 and miR-221 might be prospective targets for the diagnosis and
treatment of IDD[8-10]. However, to date, the function and mechanism of miRNAs in IDD development
remains to be elucidated.



Page 3/18

In recently years, Microarray and high-throughput sequencing technologies have been widely applied to
identify functional miRNA, reliable target gene and have provided new insights into diagnosis and
personalized treatment of many diseases[11].At present study, three miRNA expression profiles
(GSE19943, GSE63492 and GSE116726), were downloaded from the GEO database
(https://www.ncbi.nlm.nih.gov/geo/), to obtain miRNAs which are differentially expressed in IDD and
normal discs (differentially expressed miRNAs, DEMs). Potential target genes of these DEMs were then
predicted using online tools (TargetScan, miRDB, miRTarBase, and DIANA-TarBase). Subsequently, Gene
Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis and
protein-protein interaction (PPI) network analysis were employed to help us understand the molecular
mechanisms underlying the progression of IDD. Finally, the expression levels of the DEMs in IDD and
normal discs were determined by qRT-PCR. In conclusion, we identified and verified the key miRNAs and
constructed miRNA-target genes regulatory network, which predict molecular mechanisms and provide
new insights into the diagnosis and treatment of IDD.

Materials And Methods
Collection of microarray datasets

We identified datasets that compared the miRNA expression in IDD and normal discs from the GEO
database. Then, three miRNA microarray datasets (GSE19943,GSE63492 and GSE116726) were
obtained. The GSE19943 dataset based on the GPL9946 platform (Exiqon human miRCURY LNA™
microRNA Array V11.0) included 3 IDD tissue and 3 normal discs tissue samples [12]. The GSE63492
dataset based on the GPL19449 platform (ExiqonmiRCURY LNA microRNA Array, 7th generation REV -
hsa, mmu, &rno) contained 5 IDD tissue and 5 normal discs tissue samples [13, 14]. The GSE116726
dataset based on the GPL20712 platform (Agilent-070156 Human miRNA [miRNA version]) consisted of
3 IDD tissue and 3 normal discs tissue samples [15].

Identification of differentially expressed miRNAs (DEMs)

All raw microarray data were normalized and log2-transformed. Normalized data is shown in Fig.1.
Then,we identified the differentially expressed miRNAs(DEMs) between degenerative and normal discs
using the edgeR package in R software[16] . We used P value <0.05 and |log2 FC|≥0.5 as cutoff criteria
for screening DEMs. Venn diagrams were drawn by Venny 2.1
(http://bioinfogp.cnb.csic.es/tools/venny/).

Prediction of target genes

The online miRNA target prediction tools TargetScan (http://www.targetscan.org), miRDB
(http://www.mirdb.org/), miRTarBase (http://mirtarbase.mbc.nctu.edu.tw), and DIANA-TarBase
(http://diana.imis.athena-innovation.gr) were used to predict the target genes of the DEMs from
GSE19943, GSE63492, and GSE116726. We only considered miRNA target genes that were predicted by
at least two of the four tools.
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Functional and pathway enrichment analysis

Gene Ontology (GO) analysis[17] and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis[18]of the predicted target genes were performed by an online tool, The database for annotation,
visualization and integrated discovery (DAVID, http://david.ncifcrf.gov/)[19]. GO analysis describes our
knowledge of the biological domain with respect to three aspects: biological processes (BP), cellular
components (CC), and molecular functions (MF); KEGG is an integrated database resource for biological
interpretation of genome sequences and other high-throughput data. P value < 0.05 was set as the cut-off
criterion.

PPI network and miRNA – target genes functional analysis network construction

The Search Tool for the Retrieval of Interacting Genes (STRING; http://string-db.org/) [20]database is a
pre-computed global resource, which was designed to predict functional associations between proteins.
These target genes were mapped to STRING to evaluate the PPI information and then visualized with the
Cytoscape software (http://www.cytoscape.org/). A combined score > 0.4 was considered statistically
significant. To screen the hub genes, node degree ≥ 10 was set as the cut-off criterion. Moreover,
functional and pathway enrichment analysis for target genes was performed using DAVID to create
miRNA–target genes functionalanalysis network. The interaction network was visualized using
Cytoscape software.

Clinical Specimens

The human lumber NP specimens(3 normal discs and 3 degenerative discs) were obtained from patients
with lumbar disc herniation undergoing spinal surgery at our hospital. The severe degree of enrolled
patients with IDD was assessed according to the Pfirrmann classification (normal: grade 1–2,
degeneration: grade 3–5)[21].This study was approved by the Ethics Committees of the Yangpu Hospital
Affiliated to Tongji University and all patients written informed consent before operation.

RNA isolation and quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from NP samples following a previous study by Lee[22] and reverse transcribed
into cDNA. The purity and concentration of RNAs was detected using A NanoDrop ND-1000
spectrophotometer(Thermo scientific, USA). After that, reverse transcription reaction was performed using
miRcute miRNA RT Kit (TianGen, China). All qPCR reactions were performed in triplicate on a 7500 Real-
Time PCR System(Thermo Scientific, USA).U6 was used as the internal control. Relative expression
levelswere analyzed with the standard curves method. The specific primers used were as follows:miR-
557,5'-GTTTGCACGGGTGGGCCTTGTCT-3'

(forward),5'-CTGTCAACGATACGCTACGTAACGGCATGACA-3'(reverse);miR-516a-3p,5'-
GGGCTGCTTCCTTTCAGAGGGT-3'(forward),5'-CTGTCAACGATACGCTACGTAACGGCATGACA-
3'(reverse);U6,5'-GTGCTCGCTTCGGCAGCACATATACTAAA-3'(forward),5'-
CTGTCAACGATACGCTACGTAACGGCATGACA-3'(reverse).
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Statistical analysis

All data are presented as the means ± SEM of three independent experiments. Statistical analysis were
carried out using GraphPad prism 6.0 (GraphPad Software Inc.LaJolla,CA,USA).Differential expression
levels of DEMs were compared by using Student's t test. A two-tailed value of P < 0.05 was considered as
statistically significant.

Results
Identification of DEMs and their target genes in IDD

After standardization of the three microarray datasets, a total of 72, 133, and 1170 DEMs were identified
in the GSE19943,GSE63492,and GSE116726 datasets(supplementary file 1,2 and 3). Further analysis
identified miRNAs differentially regulated in IDD and normal discs as shown in the volcano plot (Fig.2A,
2B, 2C).Of these, 2 miRNAs, miR-516a-3p and miR-557, were found in all three datasets (Fig. 2D). 399 and
287 potential target genes were predicted for miR-516a-3p and miR-557, respectively, by using
TargetScan, miRDB, miRTarBase, and DIANA-TarBase.

GO and KEGG pathway enrichment analysis

We used GO analysis to investigate the underlying biological function of these target genes predicted by
DEMs. The top 30 of the GO enrichment analysis of target genes were shown in Fig. 3A. In the BP
category, these target genes were mainly enriched in cell development, cell differentiation, positive
regulation of the transforming growth factor beta (TGF-beta) receptor signaling pathway, and Notch
receptor processing. In the MF category, these target genes were mainly enriched in H4 histone
acetyltransferase activity, transmembrane receptor protein tyrosine phosphatase activity, R-SMAD
binding, and histone acetyltransferase binding. Finally, of the top 30 GO terms only Cul4−RING ubiquitin
ligase complex related to a cellular component. The KEGG pathway analysis revealed that these target
genes were enriched in the p53 signaling pathway, the Wnt signaling pathway and so on (Fig.3B).

PPI network construction

To further explore the molecular mechanisms of IDD, we mapped the target genes of the two DEMs onto
the PPI network using the STRING database. Based on the information from this database, 267 PPI pairs
were obtained as shown in Fig. 4. Then target genes from the PPI network with a node degree ≥ 10 were
selected as hub genes (Table 1). Of these genes, MAPK8 (degree, 23), BMP4 (degree, 20) and
GSK3B(degree, 19) were the nodes with the highest degrees. This suggests that MAPK8, BMP4 and
GSK3B may be key targets correlated with IDD.

miRNA - target genes functional analysis network construction and analysis

The miRNA – target genes functional analysis network was constructed with the cytoscape software
(Fig. 5A). We then investigated the potential interaction between miRNA and hub genes (Fig. 5B). The
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network showed that 9 hub genes (MAPK8, BMP4, GSK3B, CUL1, STAT5B, UBE3A, LEF1, PAX6, and
RPS6KB1) predicted to be regulated bymiR-577,While 4 hub genes (PTPN11, CBL, SMURF1, and SIAH1)
predicted to be regulated by miR-516a-3p. Notably, the 3 highest degree hub genes (MAPK8, BMP4, and
GSK3B) were modulated by miR-577. This network also showed that these hub genes were highly
correlated with cell development, cell differentiation, and were mainly involved in the Wnt signaling
pathway. Taken together, our results indicated that miR-577 and miR-516a-3p may be participate inthe
Wnt signaling pathway to regulate intervertebral disc cells development, and differentiation through
targeting these hub genes.

Verification of DEMs

The miR-577 andmiR-516a-3p expression lever were determined by qRT-PCR assay(Fig.6).

Compared with the normal disc tissue samples, miR-577 was decreased significantly in IDD tissue
samples, and miR-516a-3p expression was increased significantly.

Discussion
IDD is a major cause of low back pain and various degenerative spinal disorders. IDD has been a global
health issue, which places a heavy burden on the healthcare system and results in severe economic
consequences [23]. To date, little is known about the molecular mechanisms and early diagnosis method
of IDD. Thus, it is necessary to obtain a more comprehensive understanding of IDD progression.

miRNAs, a group of small non-coding RNAs, are regulators of target genes by altering mRNA translation
or stability [3-5]. Emerging evidence indicates that miRNAs play a key role in the development and
progression of IDD [6, 7], and may be effective therapeutic targets [9] and biomarkers[8]. Recent advances
in microarray techniques enable us to determine the functional miRNAs and target genes in the
progression of diseases, which can be used to identify key miRNAs for diagnosis and therapy of IDD.

In this study,3 miRNA microarray datasets were downloaded from GEO to obtain DEMs between normal
and degenerative disc samples. Two DEMs, miR-557 and miR-516a-3p, were present in all the datasets. In
the three microarray datasets, miR-557 was down-regulated. miR-516a-3p was down-regulated in
datasets. However, it was up-regulated in GSE116726 dataset. Our qRT-PCR data showed that miR-577
was significantly downregulated,and miR-516a-3p was significantly upregulated,which consistent with
the GSE116726 dataset.MiR-557 is a recently identified miRNA. Previous studies have been reported that
it is related to the progression of various human cancers, such as lung cancer, gastric cancer,
hepatocellular carcinoma and breast cancer [24-27]. Qiu et al. found that miR-557 can suppress the
proliferation and invasion of lung cancer cells by negatively regulating the expression of LEF1 [24], which
corresponded to our analysis.Yu et al. studies have shown that miR-577 could be a marker for the
diagnosis andprognosis of gastric cancer[25]. Regarding miR-516a-3p, there are only two publications in
PubMed. The studies indicated that miR-516a-3p can regulate the metastasis and progression of
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tumor,and influence chemosensitivity[28, 29].These findings might suppose that miR-577 andmiR-516a-
3p may be potential key regulators in the development of IDD.

Our GO analysis showed that the target genes were mainly associated with cell development and cell
differentiation functions. The current lack of early-stage diagnosis and treatment for IDD is associated
with a poor understanding of the biological mechanisms that regulate intervertebral disc (IVD)
development and degeneration [30]. Intervertebral discs consist of a nucleus pulposus (NP), an annulus
fibrosus (AF) and cartilage endplates (CEP). NP cells play critical roles in maintaining the integrity of
intervertebral discs by secreting a complex extracellular matrix (ECM)[31]. Understanding the mechanism
of NP development will provide the foundation for future repair, regeneration, and tissue engineering
strategies for IVD disease [32]. Moreover, KEGG pathway analysis showed that most significant pathways
were classical signaling pathways, such as the p53 signaling pathway and the Wnt signaling pathway.
p53 is a famous tumor suppressor and plays key roles in metabolism. Xiong et al. found that increasing
p53 levels could improve the negative effects of NP cell viability and integrity under low glucose
conditions[33]. The Wnt signaling pathway is a major signaling pathway that participates in IDD
progression. Activating Wnt/β-catenin signaling could regulates aggrecan expression,and induces
expression of matrix metalloproteinases and TGF-β in NP cells, thereby promoting cellular senescence
and IVD degeneration[34]. Previous studies have reported that miRNA can modulate intervertebral disc NP
cells apoptosis, senescence, proliferation, and ECM synthesis via Wnt signaling [35-37]. All of these
research findings are consistent with our results.

By constructing a PPI network, we identified 13 hub genes with degrees ≥ 10, including MAPK8, BMP4,
and GSK3B, which were the 3 nodes with the highest degrees. To analyze the potential role of hub genes,
an miRNA-target gene GO and KEGG analysis network was created and it was found that the hub genes,
MAPK8, BMP4 and GSK3B, were mainly modulated by miR-577. Further analysis indicated that the hub
genes were significantly associated with cell development, cell differentiation, and the Wnt signaling
pathway. A literature search showed that the interaction among IDD and hub genes has rarely been
reported. MAPK8, which is also known as JNK1, is a member of the MAP kinase and JNK family. Its
functions include cell proliferation, cell differentiation, and apoptosis [38, 39].Hua et al.found that MAPK8
might be candidate biomarker for apoptosis in Melanosis coli [40]. Wang et al. verified that
MAPK8 regulates the differentiation of embryonic stem cells by inhibiting/activating JNK signaling [41].
Furthermore, Ren et al.conclude that enhanced expressions of miR-330 inhibits atherosclerotic
plaqueformation while promoting vascular endothelial cell proliferation by targeting MAPK8 via the Wnt
signaling pathway in acute coronary syndrome rats [42]. Thus, MAPK8 might regulate the process of IDD.
BMP4 is a member of the bone morphogenetic protein (BMP) family which belongs to the TGF-beta
superfamily. It has been reported that BMPs play key roles in development of human diseases, and in
maintenance of tissue homeostasis[43]. From the network, we found that BMP4 is only involved in the
regulation of cell development, cell differentiation and the TGF-beta signaling pathway. Data from El-
Safadi et al. suggests the existence of reciprocal relationship between TGF-beta and BMP signaling that
regulates hBMSC lineage commitment and differentiation [44]. In addition, some research has shown that
TGF--beta, Wnt signaling pathway components and BMP4 are essential genes during the notochord to NP
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transition [45, 46]. Therefore, BMP4 maybe closely involved with development of NP cells. GSK3B is an
integral kinase within the β-catenin destruction complex. GSK3B can suppress Wnt signaling by
phosphorylation and proteasomal degradation of β-catenin[47]. Several studies have shown
modifications of GSK3B leading to Wnt/β-catenin signaling activation/suppression,which promotes
cancer progression and chemosensitivity [48, 49]. Importantly, Wang et al. found that circSEMA4Bcanacts
as a miRNA sponge and competes with GSK-3β for binding to miR-431,thereby inhibiting IL-1β-induced
degeneration in NPCsvia regulating Wnt signaling[50]. The results of these previous studies were in
agreement with our study, which showed that GSK3B through modulation of Wnt signaling pathway
activity might affect the development of IDD.

In conclusion, this study identified two novel DEMs (miR-557 and miR-516a-3p) and 13 hub genes via a
comprehensive bioinformatics analysis approach. Validation experiments by qRT-PCR suggested that
miR-557 and miR-516a-3p may have a certain influence on the pathological processes of IDD. Notably,
the roles of miR-557 through its targeting of MAPK8, BMP4 and GSK3B may improve our understanding
and provide new therapeutic targets for IDD. However, there are still some deficiencies in this study. First,
the sample sizes of microarray data are small, so further studies with larger sample sizes are still needed
in order to confirm the results. second, only the top three hub genes and Wnt signaling were selected for
further analysis, which might overlook important functions of other hub genes and pathways.
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Table
Table 1 Hub genes identifed in the PPI network

Gene symbol Degree Gene symbol  Degree Gene symbol Degree

MAPK8 23 UBE3A 13 SMURF1 10

BMP4 20 LEF1 12 SIAH1 10
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11
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Figure 1

Datas after normalization of GSE19943 , GSE63492 and GSE116726.
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Figure 2

A:Volcano plot displaying the DEMs of GSE19943.B:Volcano plot displaying the DEMs of GSE63492.
C:Volcano plot displaying the DEMs of GSE116726.d. DEMs were selected with a |log2FC|≥0.5and P
value <0.05 among the miRNA expression profiling datasets GSE19943 , GSE63492 and GSE116726. The
3 datasets showed an overlap of 2 miRNAs.The grey dots represent miRNAs that are not differentially
expressed between IDD tissue samples and normal disc tissue samples, the blue dots represent the
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downregulated miRNAs, and red dots represent the upregulated miRNAs. DEMs, differentially expressed
miRNAs. FC, fold change.

Figure 3

A: Top 30 terms of GO enrichment.B: Top 30 of KEGG pathway enrichment.The circles represent
biological process; the triangles represent cell component; the squares represent molecular function.
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Figure 4

Protein-protein interaction(PPI) network of target genes. All nodes with a combined interaction score of
>0.4 are displayed. The oval represent the target genes; The color of Node from green to red indicating a
change in the node degree.
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Figure 5

A:The regulatory network between miRNAs , target genes and functional analysis.B: The regulatory
network between miRNAs , hub genes and functional analysis. In the network,green diamond nodes
represent DEMs; red oval nodes represent the target genes; blue rectangle represent the GO and KEGG
pathway enrichment. Edge target arrow shape represent interaction. vertical indicate negative correlation
and arrow represent positive correlation.
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Figure 6

The relative expression level of miR-516a-3p and miR-557 between normal disc tissues (n=3) and IDD
tissue samples(n=3) by qRT-PCR. *P<0.05.
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