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Abstract. Intervertebral disc (IVD) degeneration is a
pathological process, which may lead to lower back pain.
The present study aimed to investigate the pathogenesis of
IVD degeneration. GSE42611 was downloaded from Gene
Expression Omnibus, including 4 nucleus pulposus samples
isolated from degenerated IVDs and 4 nucleus pulposus
samples separated from normal IVDs. The differentially
expressed genes (DEGs) between the degenerated and
normal samples were screened using the limma package in R.
Functional and pathway enrichment analyses were conducted
separately for the upregulated and downregulated genes,
using Database for Annotation, Visualization and Integrated
Discovery software. In addition, protein-protein interaction
(PPI) networks were constructed using the Search Tool for
the Retrieval of Interacting Genes database and Cytoscape
software. Finally, module analyses were conducted for the
PPI networks using the MCODE plug-in in Cytoscape. A
total of 558 DEGs were identified in the degenerated nucleus
pulposus cells: 253 upregulated and 305 downregulated.
Pathway enrichment analysis revealed that downregulated
thrombospondin 1 (THBS1) was enriched in extracellular
matrix-receptor interaction. Interleukin (IL)-6 in the PPI
network for the upregulated genes and vascular endothe-
lial growth factor A (VEGFA) in the PPI network for the
downregulated genes had higher degrees. Additionally, four
modules (xM1, uM2, M3 and pM4) were identified from the
PPI network for the upregulated genes. Four modules (dM1,
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dM2, dM3 and dM4) were identified from the PPI network for
the downregulated genes. In the dM2 module, collagen genes
and integrin subunit a4 (ITGA4) may interact with each other.
Additionally, functional enrichment indicated that collagen
genes were enriched in extracellular matrix organization. In
conclusion, IL-6, VEGFA, THBS1, ITGA4 and collagen genes
may contribute to the progression of IVD degeneration. These
results suggested that the manipulation of these genes and their
products may have potential as a novel therapeutic strategy for
the treatment of patients with IVD.

Introduction

Intervertebral disc (IVD) degeneration, also termed degen-
erative disc disorder or degenerative disc disease, is a
pathological process that may induce acute or chronic lower
back pain (1,2). Lower back pain is one of the primary health
problems in developed countries (3). The risk factors for disc
degeneration include genetic inheritance and environmental
risk factors, including smoking cigarettes and repetitive
and high mechanical loading (4). IVD degeneration is a
rapidly progressing disease without an effective therapeutic
method (5). Therefore, it is necessary to explore the mecha-
nisms of IVD degeneration in order to be able to develop a
novel treatment scheme.

IVD degeneration and the underlying molecular mecha-
nisms have been previously investigated. The aggrecanases
ADAM metallopeptidase with thrombospondin type 1 motif
(ADAMTS)-1, -4, -5, -9 and -15 may promote extracellular
matrix (ECM) alterations during IVD degeneration, and may
be used for preventing IVD degeneration and its morbidity (6).
In disc cells, reduced expression of SRY-type high mobility
group box 9 (SOX9) may be associated with disc degeneration
and disc ageing via inhibition of type II collagen expres-
sion (7). The growth differentiation factor-5 (GDF-5) cDNA
and the recombinant GDF-5 protein may promote the expres-
sion of ECM protein-coding genes in mouse IVD cells (8).
Previous studies have detected overexpressed tumor necrosis
factor o (TNF-a) and interleukin (/L)-1 in aged and degen-
erative IVDs obtained from human and animal models (9,10).
IL-1 has been identified to be involved in IVD degeneration
via directly inhibiting matrix synthesis and promoting matrix
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degradation (11,12). Cytokines of /L-1 and TNF-a may be asso-
ciated with the pathogenesis of IVD degeneration; however,
IL-1 may have a greater contribution to IVD degeneration and
may be a more suitable therapeutic target for the disease (13).

In 2013, Markova et al (14) established a rat disc organ
culture model that mimicked IVD degeneration via culturing
rat IVDs in the presence of IL-1p3, TNF-a and serum-limiting
conditions. They obtained 1036 differentially expressed genes
(DEGs) between experimental and control groups following
gene expression analysis for microarray data. The present
study used the data from Markova et al (14) and the DEGs
between degenerated and normal nucleus pulposus cells were
identified, and their possible functions were predicted using
enrichment analysis. Additionally, protein-protein interaction
(PPI) networks were visualized and module analysis was
conducted to screen for key genes in degenerated nucleus
pulposus cells.

Materials and methods

Microarray data. Microarray data obtained from
GSE42611 (http://www.ncbi.nlm.nih.gov/geo/query/acc
.cgi?acc=GSE42611), which was downloaded from the data-
base of Gene Expression Omnibus (GEO), were sequenced on
the platform of GPL6247 Affymetrix Rat Gene 1.0 ST Array
[transcript (gene) version]. GSE42611 included 4 nucleus
pulposus samples isolated from degenerated IVDs and 4
nucleus pulposus samples separated from normal IVDs. The
procedure that had been used to obtain the rat lumbar disc
specimens (n=4 specimens/group) was as follows, according to
the method of Ponnappan et al (8): Whole lumbar IVDs with
endplates had been dissected and preserved in organ culture.
Lumbar discs in the experimental group had been cultivated
in Dulbecco's modified Eagle's medium (DMEM) containing
100 ng/ml TNF-a, 10 ng/ml IL-1p, 50 ug/ml L-ascorbate,
40 mM NaCl, 1% fetal bovine serum (FBS), antibiotics and
antimycotics. Lumbar discs in the control group had been
cultured in DMEM containing 50 pg/ml L-ascorbate, 40 mM
NaCl, 10% FBS and antibiotics without cytokines. The discs
had been cultured for a total of 10 days (14). GSE42611 used
in this study was downloaded from a public database; there-
fore, patient consent or ethics committee approval were not
required.

Data preprocessing and DEGs screening. GSE42611 was
downloaded and the microarray data was preprocessed using
the Affy package (15) in R. The process of data preprocessing
included background correction, quantile normalization,
summarization and probe ID to gene symbol transformation.
Linear models for microarray data in the limma package (16)
in R were used to analyze the DEGs between degenerated and
normal nucleus pulposus cells. P-values of the DEGs were
calculated separately and adjusted using the t-test method
and the Benjamini & Hochberg method (17). P<0.05 and
llog, fold-change (FC)I>1 were used as the thresholds.

Functional and pathway enrichment analysis. The Database
for Annotation, Visualization and Integrated Discovery
(DAVID; david.abcc.ncifcrf.gov) software was used to inter-
pret functions of extensive genes obtained from previous
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genome studies (18). The Gene Ontology database (GO;
www.geneontology.org) contained structured ontologies or
vocabularies that depict basic characteristics of genes and gene
products (19). The Kyoto Encyclopedia of Genes and Genomes
database (KEGG; www.genome.jp/kegg/) synthesizes infor-
mation of biological systems from genomic, chemical and
systemic functional aspects (20). Using the DAVID software,
functional and pathway enrichment analyses were conducted
separately, for upregulated and downregulated genes. P<0.05
and >2 enriched genes were set as the thresholds.

PPI network construction and module analysis. The Search
Tool for the Retrieval of Interacting Genes (STRING;
string-db.org) database provide comprehensive and easily
accessible interaction information derived from experiments
and predictions (21). Cytoscape software (Www.cytoscape
.org) was used to integrate high-throughput expression data
and biomolecular interaction networks into a unified frame-
work (22). The PPIs obtained for the DEGs were searched
using the STRING database (21), with the required confidence
(combined score) >0.4 as the threshold. Using Cytoscape
software version 2.8 (22), the PPIs were used to established a
PPI network. In the network, the proteins were termed nodes
and the number of edges involved were their degrees. Finally,
the MCODE plug-in (23) in Cytoscape was used to perform
module analysis of the PPI networks. The parameters were set
at the default thresholds.

Results

DEG analysis. P<0.05 and llog,FCI>1 were set as thresholds
and the DEGs between degenerated and normal nucleus
pulposus cells were analyzed. There were 558 DEGs identi-
fied in the degenerated nucleus pulposus cells compared with
normal nucleus pulposus cells, including 253 upregulated and
305 downregulated genes. There were more downregulated
genes compared with upregulated genes.

Functional and pathway enrichment analysis. The upregu-
lated genes in the degenerated nucleus pulposus cells were
significantly enriched in 255 GO terms and 9 KEGG pathways.
The top 10 functions are presented in Table IA, including
response to wounding (P=2.35x10%), inflammatory response
(P=5.99x10%) and response to organic substance (P=1.56x107).

The downregulated genes in the degenerated nucleus pulp-
osus cells were significantly enriched in 263 GO terms and
10 KEGG pathways. The top 10 functions included M phase
(P=9.18x10"?), cell cycle phase (P=2.81x10"'%) and response to
steroid hormone stimulus (P=2.95x10~; Table IB).

Additionally, the upregulated genes were signifi-
cantly enriched in cytokine-cytokine receptor interaction
(P=2.86x10"%), apoptosis (P=3.95x10"%) and chemokine
(P=1.60x107; Table ITA) signaling pathways.

The pathways enriched for the downregulated genes
included ECM-receptor interaction [P=1.17x10", involving
thrombospondin 1 (THBSI)], focal adhesion (P=1.90x10"%) and
hematopoietic cell lineage (P=3.12x10; Table IIB).

PPI network construction and module analysis. PPI networks
were constructed by Cytoscape software following a PPI
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Figure 1. Protein-protein interaction network constructed for the upregulated genes.

Figure 2. Protein-protein interaction network constructed for the downregulated genes.
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Figure 3. Four modules (xM1, puM2, uM3 and yM4) identified from the protein-protein interaction network constructed for the upregulated genes.

uM3

dmz2

dm3 dm4

Figure 4. Four modules (dM1, dM2, dM3 and dM4) identified from the protein-protein interaction network constructed for the downregulated genes.
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Table III. Continued.

Gene

Number of genes

Description P-value

ID

Module

IL6, OSMR, IL6ST, MET
IL6, NFKBI, PIK3R3

2.12x10°
6.74x10°

Cytokine-cytokine receptor interaction
Toll-like receptor signaling pathway

Pathways in cancer

rno04060
mo04620
mo05200

uM2

IL6, MET, NFKBI1, PIK3R3

8.17x10?
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search of the DEGs. The PPI networks for the upregulated
(Fig. 1) and the downregulated (Fig. 2) genes separately had
360 and 1,112 interactions. Notably, IL-6 (degree=39) in the
PPI network for the upregulated genes and vascular endothe-
lial growth factor A (VEGFA; degree=37) in the PPI network
for the downregulated genes had higher degrees. Using the
MCODE plug-in in Cytoscape, four modules (xM1, uM2,
uM3 and yM4) were identified from the PPI network for the
upregulated genes (Fig. 3). Meanwhile, four modules (dM1,
dM2, dM3 and dM4) were identified from the PPI network for
the downregulated genes (Fig. 4). It is of note that collagen,
type I, al (COL1A1), COL1A2,COL3A1, COL5A2, COL6A1,
COL6A2, COL6A3, COL11A1, COL12A1 and integrin a4
(ITGA4) may interact with each other in the dM2 module.

The top 5 functions enriched for the upregulated genes
in modules included taxis (xM1; P=1.03x10"*), response to
organic substance (xM2; P=1.21x10*), response to cytokine
stimulus (#M3; P=5.04x10"%) and chemical homeostasis (M4,
P=1.22x107; Table IITA). The pathways enriched for the upreg-
ulated genes in modules included the chemokine signaling
pathway (gM1; P=1.10x10"*) and the Jak-STAT signaling
pathway (#M2; P=7.69 x10*; Table ITIB). Additionally, the top
5 functions enriched for the downregulated genes in modules,
included M phase (dM1; P=2.70x107), extracellular matrix
organization (dM2; P=1.79x107, including COL3A1, COLIA2,
COLIAI, COLIIAI and COL5A2), G-protein coupled
receptor protein signaling pathway (dM3; P=7.27x10**) and
wound healing (dM4; P=1.56 x10* Table IVA). The pathways
enriched for the downregulated genes in modules included
cell cycle (dM1; P=4.40x107), ECM-receptor interaction
(dM2; P=1.37x10"", including COL3A1, COL6A3, COLIA2,
COL6A2,COL6AI,ITGA4,COLIAI,COL11AI and COL5A2)
and neuroactive ligand-receptor interaction (dM3; P=9.49x10%;
Table IVB).

Discussion

The present study identified a total of 558 DEGs in degener-
ated nucleus pulposus cells compared with normal nucleus
pulposus cells, including 253 upregulated and 305 down-
regulated genes. Using the MCODE plug-in in Cytoscape, four
modules (uM1, xOM2, uM3 and yM4) were identified from
the PPI network for the upregulated genes. Additionally, four
modules (dM1, dM2, dM3 and dM4) were identified from the
PPI network for the downregulated genes.

A previous study demonstrated that genetic variations of
IL-6 may be associated with IVD degeneration, accompanied
by sciatica (24). VEGFA was overexpressed in the nucleus
pulposus and affects the survival of nucleus pulposus cells
in an autocrine/paracrine manner (25). Injuries of IVDs may
lead to increased VEGEF levels, indicating that VEGF may be
associated with discogenic back pain (26). Under co-culture
conditions, VEGF induction may contribute to neo-vascular-
ization of IVD tissue and may function in the resorption of
herniated discs (27). The findings of the present study indicated
that IL-6 (degree=39) in the PPI network for the upregulated
genes and VEGFA (degree=37) in the PPI network for the
downregulated genes had higher degrees. Therefore, /L6 and
VEGFA may be key genes involved in IVD degeneration. A
previous study observed the immunolocalization of THBS in
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Table I'V. Continued.

B, Pathways enriched for the downregulated genes

Gene

Number of genes

Description P-value

ID

Module

COL3AI, COL6A3, COLIA2, COL6A2, COL6AI, ITGA4,

COLIAI, COLIIAI, COL5A2

1.37x10"°

ECM-receptor interaction

mo04512

dMm2

COL3AIl, COL6A3, COLIA2, COL6A2, COL6AI, ITGA4,

COLIAI, COLIIAI, COL5A2

1.91x10"

Focal adhesion

mo04510

MOLECULAR MEDICINE REPORTS 16: 553-564, 2017 563

SIPR3, C3ARI, C5ARI, LPARI

9.49x10*

Neuroactive ligand-receptor

rno04080

dM3

interaction
Pathways in cancer

Focal adhesion

TGFB3, IGF 1, FIGF, CSFIR

IGF1, ACTNI, FIGF

5.33x107

rno05200
mo04510

dM4

2.26x10?

human IVD (28). THBSI and THBS2 are promising suscep-
tibility genes in lumbar-disc herniation (LDH) that mediate
the expression levels of matrix metalloproteinases (MMPs) 2
and 9, which are critical effectors of ECM remodeling (29).
Mice with THBSI or THBS2 deficiency exhibit abnormal spine
curvature (30). Pathway enrichment performed in the present
study revealed that downregulated THBSI was enriched in
ECM-receptor interactions, suggesting that THBSI may have
an important role in IVD degeneration.

The sequence variation of the regulatory region of COLIA1
is closely associated with lumbar disc disease (LDD) in young
military recruits who are newly diagnosed (31). Ribosomal
protein L8, ribosomal protein S16 and ribosomal protein S23
have been identified to contribute to protein synthesis, and
COL3A1 was involved in skeletal system processes in disc
degeneration (DD), indicating that they may be used for diag-
nosis and therapy of DD (32). Polymorphisms of the COL9
and COLI1 genes contribute to the progression of degenerative
lumbar spinal stenosis (33). COLIIAI expression level was
reduced in the IVD of patients with LDH and it had a negative
association with the severity of disc degeneration in patients
with LDH (34). In the dM2 module identified by the present
study, COL1A1, COL1A2, COL3A1, COL5A2, COL6AL,
COL6A2, COL6A3, COL11A1, COL12A1 and ITGA4 may
interact with each other. Functional enrichment indicated that
collagen genes were enriched in ECM organization. Therefore,
collagen genes may contribute to the progression of IVD
degeneration. Additionally, /ITGA4 may also be implicated in
IVD degeneration via interaction with collagen genes.

In conclusion, the present study investigated the under-
lying mechanisms of IVD degeneration via bioinformatics
analysis. A total 558 DEGs were screened in the degenerated
nucleus pulposus cells. IL6, VEGFA, THBSI, ITGA4 and
collagen genes may be involved in the progression of IVD
degeneration. These results suggested that the manipulation
of these genes and their products may have potential as a
novel therapeutic strategy for the treatment of patients with
IVD. However, these findings were obtained by bioinfor-
matics prediction and require further confirmation via further
experimental studies.
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