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Gene expression profile identifies potential biomarkers
for human intervertebral disc degeneration
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Abstract. The present study aimed to reveal the potential
genes associated with the pathogenesis of intervertebral
disc degeneration (IDD) by analyzing microarray data using
bioinformatics. Gene expression profiles of two regions of the
intervertebral disc were compared between patients with IDD
and controls. GSE70362 containing two groups of gene expres-
sion profiles, 16 nucleus pulposus (NP) samples from patients
with IDD and 8 from controls, and 16 annulus fibrosus (AF)
samples from patients with IDD and 8 from controls, was
downloaded from the Gene Expression Omnibus database. A
total of 93 and 114 differentially expressed genes (DEGs) were
identified in NP and AF samples, respectively, using a limma
software package for the R programming environment. Gene
Ontology (GO) function enrichment analysis was performed
to identify the associated biological functions of DEGs
in IDD, which indicated that the DEGs may be involved in
various processes, including cell adhesion, biological adhesion
and extracellular matrix organization. Pathway enrichment
analysis using the Kyoto Encyclopedia of Genes and Genomes
(KEGG) demonstrated that the identified DEGs were poten-
tially involved in focal adhesion and the p53 signaling pathway.
Further analysis revealed that there were 35 common DEGs
observed between the two regions (NP and AF), which may
be further regulated by 6 clusters of microRNAs (miRNAs)
retrieved with WebGestalt. The genes in the DEG-miRNA
regulatory network were annotated using GO function and
KEGG pathway enrichment analysis, among which extracel-
lular matrix organization was the most significant disrupted

Correspondence to: Professor Shi-Qing Feng or Professor Yun-Qiang
Xu, Department of Orthopaedics, Tianjin Medical University General
Hospital, 154 Anshan Road, Heping, Tianjin 300052, P.R. China
E-mail: sqfeng@tmu.edu.cn

E-mail: docxu@sina.com

Key words: intervertebral disc degeneration, differentially
expressed genes, enrichment analysis, microRNA regulatory
network

biological process and focal adhesion was the most significant
dysregulated pathway. In addition, the result of protein-protein
interaction network modules demonstrated the involvement
of inflammatory cytokine interferon signaling in IDD. These
findings may not only advance the understanding of the patho-
genesis of IDD, but also identify novel potential biomarkers
for this disease.

Introduction

Intervertebral disc degeneration (IDD) is characterized by
increased extracellular matrix breakdown and abnormal
matrix synthesis leading to reduced hydration, loss of disc
height, and decreased ability to absorb load (1,2). It is consid-
ered to be the primary source of chronic lower back pain and
spine-associated disease, which leads to major economic and
social burdens that affect millions of individuals globally (3).
The major clinical manifestations of IDD are disc herniation,
vertebral instability and spinal stenosis. The ability to treat
IDD effectively is hindered by an incomplete understanding of
the biological processes that control intervertebral disc devel-
opment, function and disease. At present, IDD continues to
be treated with symptomatic interventions, which do not lead
to substantially improved outcomes, as no disease-modifying
drugs are currently available (4). Consequently, the clinical
management of IDD pathologies remains severely limited,
with no options at present for early intervention or predictive
patient screening. Therefore, an improved understanding of
the pathophysiology and molecular mechanisms underlying
IDD is essential for diagnosis and the development of novel
therapeutic approaches.

Although the etiology of IDD is likely to be multifactorial,
genetic factors are considered to be the greatest contribu-
tors (5). Recently, the molecular basis of degenerative disc
disease has received increased attention in research, which
has substantially improved the understanding of the biology
underlying this process. Studies that employed classic
experimental approaches to investigate the molecular changes
associated with the pathophysiology of IDD have established
criteria to define degenerative intervertebral discs (5,6). While
helpful, these criteria involve relatively few factors. In recent
years, there has been an increase in the use of transcrip-
tomic approaches to identify the large spectrum of factors
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that exhibit altered expression during IDD. For instance,
Chen et al (7) identified mitogen-activated protein kinase
kinase 6 and Rho-related BTB domain-containing 2 as two
specific therapeutic molecular targets in the treatment of IDD.
Periostin was proven to be upregulated in the progression of
human IDD (8). Furthermore, high-throughput screening of
human patient samples may identify potential biomarkers of
IDD, leading to more precise diagnostic criteria, classification
of disease progression and prognosis (9).

The intervertebral disc is composed of specialized connec-
tive tissue structures that link adjacent vertebral bodies along
the spine and confer flexibility and mechanical stability to
the body trunk during axial compression. There are three
morphologically distinct regions in the intervertebral disc; the
nucleus pulposus (NP), annulus fibrosis (AF) and cartilaginous
endplates (10). Previous microarray analysis of mRNA isolated
from AF cells identified differential expression of insulin-like
growth factor binding protein 3 and interferon-induced protein
with tetratricopeptide repeats 3 in the AF of IDD samples when
compared with the control samples (11). However, the results
obtained were limited as the study did not contain samples
from NP, which is an important region of the human interver-
tebral disc. Therefore, the reanalysis of the gene expression
profile by applying bioinformatics methods remains necessary
to identify differentially expressed genes (DEGs) in IDD and
further elucidate the potential pathogenesis mechanisms of the
disease.

The present study aimed to identify the DEGs and further
analyze their functions and pathways associated with the
progression of IDD by utilizing a bioinformatics method to
analyze microarray expression profiles from the NP and AF,
and to obtain additional insights regarding the mechanisms of
IDD.

Materials and methods

Microarray data. The gene expression dataset GSE70362 was
downloaded from the Gene Expression Omnibus database
(http://www.ncbi.nlm.nih.gov/geo) (11). It contained two
groups of gene expression profiles, including 16 NP samples
from patients with IDD and 8 from controls, and 16 AF
samples from patients with IDD and 8 from controls. The plat-
form was GPL17810 [HG-U133_Plus_2] Affymetrix Human
Genome U133A Plus 2.0 array (Affymetrix; Thermo Fisher
Scientific, Inc., Waltham, MA, USA). Probe annotation files
were also acquired.

Preprocessing and differential analysis. Raw data were
converted into a recognizable format with the package affy of
R (http://bioconductor.org/packages/release/bioc/html/affy.
html, version 1.54.0), and missing values were then inferred
by a method based on k-nearest neighbors (k-NN). The
k-NN-based method selects genes with expression profiles
similar to the gene of interest to infer missing values (12).
Following background correction and data normalization
with the median method (13), differential analysis between
degeneration samples and controls was performed using
the limma package (version 3.32.5) (14). The design matrix
indicates which RNA samples have been applied to each
array, and the contrast matrix specifies the comparisons one
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would like to make between the RNA samples. For statis-
tical analysis and the assessment of differential expression,
limma employs an empirical Bayes method to moderate
the standard errors of the estimated log-fold changes. The
basic statistic used for significance analysis is the moder-
ated t-statistic, which is computed for each probe and for
each contrast. Moderated t-statistics lead to P-values in the
same way as ordinary t-statistics, except that the degrees of
freedom are increased, reflecting the greater reliability asso-
ciated with the smoothed standard errors. Limma includes
the functions top Table and decide Tests, which summarize
the results of the linear model, perform hypothesis tests and
adjust the P-values for multiple testing. The results obtained
include (log) fold changes, standard errors, t-statistics and
P-values (15). Log I(fold change)l >1 and P<0.05 were set as
the cut-offs to screen out DEGs.

Gene Ontology (GO) functional enrichment analysis of
DEGs. In order to identify disturbed biological functions in
IDD and to understand the importance of genes, GO classifica-
tion was performed, which included the following categories:
BP_Fat (biological process); CC_Fat (cellular component);
and MF_Fat (molecular function). GO functional enrichment
analysis was performed for DEGs using the Database for
Annotation, Visualization and Integrated Discovery (DAVID;
https://david.nciferf.gov/) with a threshold of P<0.05 (16).
DAVID provides a comprehensive set of functional annotation
tools for the investigation of the biological context of large lists
of genes.

Pathway enrichment analysis of DEGs. The Kyoto
Encyclopedia of Genes and Genomes (KEGG:; http://www.
genome.jp/kegg) database is a collection of online databases
consisting of genomes, enzymatic pathways and biological
chemicals (17). The present study performed KEGG pathway
enrichment analysis to determine the function of DEGs using
KOBAS 2.0 with a threshold of P<0.05. KOBAS 2.0 is a web
server that provides a comprehensive functional annotation
tool for associating biological pathways with genes based
on mapping to genes with established annotations, and also
performs statistical testing to identify statistically significantly
enriched pathways and diseases (18).

Comparison of DEGs between NP and AF. Common
DEGs from two regions of intervertebral disc (NP and AF)
were obtained using the package Venn of R verson:1.2
(https://cran.r-project.org/web/packages/venn/index.html). A
Venn diagram demonstrated the numbers of genes significant
in each comparison and extracted the same genes from them.

Protein-protein interaction network modules construction.
Although a number of enrichment analysis tools support
protein-protein interaction network-based enrichment analysis,
the majority typically rely on gene sets derived from network
decomposition at a single level, without considering the hier-
archical structure of the network. However, it is established
that hierarchical organization is a critical intrinsic property of
complex systems such as biological networks (19). The present
study employed WebGestalt (http://www.webgestalt.org) (20)
to construct hierarchical protein interaction network modules
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Table I. The 35 common differentially expressed genes present in the nucleus pulposus and annulus fibrosis of patients with

intervertebral disc degeneration.

Gene symbol Entrez_gene_ID

Gene name

Lymphatic vessel endothelial hyaluronan receptor 1
Sex determining region Y-box 4

Integrin-binding sialoprotein
Vesicle-associated membrane protein 8 (endobrevin)

Interferon-induced protein with tetratricopeptide repeats 1
Interferon-induced protein with tetratricopeptide repeats 2
Secretoglobin, family 2A, member 2

Insulin-like growth factor binding protein 3
Interferon-induced protein with tetratricopeptide repeats 3
Nanos homolog 1 (Drosophila)

Zinc finger protein 36, C3H type-like 1

Tissue factor pathway inhibitor (lipoprotein-associated coagulation inhibitor)
RAPI1A, member of RAS oncogene family

Integrin, B-like 1 (with EGF-like repeat domains)

S100 calcium binding protein A2

Guanylate binding protein 1, interferon-inducible, 67 kDa

Parathyroid hormone-like hormone

Gremlin 1, cysteine knot superfamily, homolog (Xenopus laevis)
Microsomal glutathione S-transferase 1

Hyaluronoglucosaminidase 1

SLIT and NTRK-like family, member 4
Growth differentiation factor 15
Secretoglobin, family 1D, member 2
Carbohydrate sulfotransferase 10
CD302 molecule; lymphocyte antigen 75
Zinc finger protein 185 (LIM domain)
Metallothionein 1G (MT1G)

COL6A2 1292 Collagen, type VI, a2
LYVE1 10894

IRXS 10265 Iroquois homeobox 5
SOX4 6659

GATA6 2627 GATA binding protein 6
IBSP 3381

VAMPS 8673

FOXF2 2295 Forkhead box F2
IFIT1 3434

IFIT2 3433

SCGB2A2 4250

IGFBP3 3486

IFIT3 3437

NANOSI1 340719

CCND1 595 Cyclin D1

ZFP36L1 677

TFPI 7035

RAPI1A 5906

ITGBL1 9358

S100A2 6273

GBPI 2633

PTHLH 5744

GREMI1 26585

MGSTI1 4257

Hyall 3373

IRX3 79191 Iroquois homeobox 3
C50RF62 85027 Mstp150

SLITRK4 139065

GDF15 9518

SCGB1D2 10647

CHST10 9486

LY75 4065

ZNF185 7739

MTIG 4495

CLEC3A 10143

C-type lectin domain family 3 member A (CLEC3A)

EGF, epidermal growth factor; Mstp150, small integral membrane protein 3.

with common DEGs and modules with adjusted P<0.05 were
selected.

Establishing interaction network between common DEGs and
microRNAs (microRNAs/miRs). The miRNAs that targeted the
common DEGs were retrieved with WebGestalt. WebGestalt
is based on an Oracle relational database, GeneKeyDB
(http://www.webgestalt.org/option.php). It supports 7 gene
identifiers from a number of public databases for human and
mouse, including Entrez Gene ID, Gene Symbol, RefSeq
for DNA, RefSeq for Protein, Unigene, Ensemble ID and
Uniprot ID, and it has added regulatory modules defined as sets

of genes sharing common transcription factors or microRNA
binding sites, which have been inferred from comparative
genomic analysis and made available through MSigDB (19).
miRNAs with adjusted P<0.05 were selected. The regulatory
network between DEGs and miRNAs, and interactions between
DEGs were then visualized with Cytoscape version 3.4.0
(http://www.cytoscape.org).

Results

Identification of DEGs.Following gene expression datanormal-
ization (Fig. 1A), 93 NP and 114 AF DEGs were identified
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Figure 1. (A) Box plot for normalized gene expression data. The medians (black lines) are almost at the same level, indicating a good performance of
normalization. (B) Venn diagram of differentially expressed genes identified from the NP and AF of degenerative intervertebral discs. NP, nucleus pulposus;

AF, annulus fibrosus.
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Figure 2. Enriched GO terms for differentially expressed genes from the (A) nucleus pulposus and (B) annulus fibrosus. GO, Gene Ontology.

by comparison between the samples from patients with IDD
and controls. As demonstrated in Fig. 1B, 35 common DEGs
present in NP and AF of patients with IDD were extracted
from these identified DEGs (Table I).

GO functional enrichment and pathway enrichment analysis
of DEGs. The present study used function annotation for
the DEGs, and the clustering groups were obtained by GO
function enrichment analysis. A total of 24 and 50 GO terms
were enriched among the DEGs in NP and AF, respectively
(Fig. 2), and DEGs from NP and AF appeared to share similar
biological processes, including cell adhesion, biological adhe-
sion and extracellular matrix organization.

A total of 8 and 12 pathways were disclosed for DEGs by
KEGG pathway enrichment analysis in NP and AF, respec-
tively (Fig. 3), and DEGs from NP and AF contained similar
pathways, including focal adhesion and the p53 signaling
pathway.

Protein-protein interaction network modules. As demon-
strated in Fig. 4A, the enriched directly acyclic graph revealed
enriched network modules in red and their non-enriched
parents in black. Enriched modules were identified at different
hierarchical levels and the Hsapiens_module_922 was the most
enriched hierarchical network module. To reveal associations
among genes within the most enriched network module, the
Cytoscape Web plug in was used to visualize in a network
graph the input genes (in green) and their direct neighbors
(in white). As demonstrated in Fig. 4B, interferon-induced
protein with tetratricopeptide repeats (IFIT) 1, IFIT2 and
IFIT3 were the hub genes of the network, which indicated that
the inflammatory cytokine interferon signaling may serve an
important role in degenerative human intervertebral disc.

miRNAs and gene regulatory network. A total of 6 relevant
clusters of miRNAs were retrieved with WebGestalt for the
common DEGs (Table II). Subsequently, the miRNA-DEG
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Figure 3. KEGG pathway enrichment analysis for differentially expressed genes from the (A) nucleus pulposus and (B) annulus fibrosus. ECM, extracellular

matrix. KEGG, Kyoto Encyclopedia of Genes and Genomes.
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Figure 4. (A) Enriched protein interaction network modules in a directly
acyclic graph. (B) Visualization of input genes and their direct neighbors
in an enriched module using a node-link diagram. adjP, P-value following
adjustment with the Benjamini-Hochberg correction method; IFIT,
interferon-induced protein with tetratricopeptide repeats.

regulatory network and DEG-DEG interaction network were
visualized with Cytoscape (Fig. 5). Functional annotation was
applied on the genes in the network, in which 11 GO terms and
4 pathways were revealed (Tables III and IV), among which
the extracellular matrix organization was the most significant
disrupted cellular component and focal adhesion the most
significant dysregulated pathway.

Discussion

Despite years of investigation, the pathogenesis underlying
IDD remains poorly understood and continues to require
further investigation. The emergence of bioinformatics
methods has accelerated the progress of research on the
mechanisms of human disease. The present study identified
93 and 114 DEGs in the NP and AF respectively, through

the comparative analysis of the transcriptome between
degenerative intervertebral disc samples and controls. The
analysis identified 35 common DEGs in the two regions, and
protein-protein interaction network modules demonstrated
that the inflammatory cytokine interferon signaling may
serve an important role in human IDD. In addition, a total of
6 associated miRNAs (miR-96, miR-182, miR-31, miR-526B,
miR-188 and miR-19) were identified, which targeted these
common DEGs.

Alterations in the production of extracellular matrix and
inflammatory cytokines by intervertebral discs have an impor-
tant role in the pathogenesis of IDD (5). In the present study,
functional enrichment analysis indicated a number of DEGs
involved in biological processes, including cell adhesion,
biological adhesion and extracellular matrix organization, in
the two regions of the intervertebral disc. Pathway enrich-
ment analysis demonstrated that focal adhesion and the p53
signaling pathway were disrupted in NP and AF. In addition,
3 common DEGs in the regulatory network were enriched
in extracellular matrix organization and 4 common DEGs in
the regulatory network were enriched in the focal adhesion
signaling pathway.

The extracellular matrix is a component of all mammalian
tissues, and is a network that consists predominantly of the
fibrous proteins collagen, elastin and fibronectin. In addition
to a structural function, the extracellular matrix exhibits a
number of other roles; as a major component of the cellular
microenvironment, it affects various cell behaviors, which
include proliferation, adhesion and migration, and also regu-
lates cell differentiation and death (21). Extracellular matrix
composition is particularly heterogeneous and dynamic,
and abnormal extracellular matrix dynamics may lead to
dysregulated cell proliferation, cell death failure and loss of
cell differentiation, which subsequently results in congenital
defects and pathological processes such as tissue fibrosis and
cancer (22). It has been reported that during IDD, the ability
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Table II. Relevant miRNAs for the 35 common differentially expressed genes.

Parameters
miRNA DB ID O rawP adjP Target genes
hsa_GTGCCAA, miR-96 821 5 0.0002 0.0052 FOXF2,CHSTI10,ZFP36l1, VAMPS, NANOS1
hsa_ TTGCCAA, miR-182 757 4 00022 0.0286 FOXF2,ZFP36l1,PTHLH, SLITRK4
hsa_ ATCTTGC, miR-31 870 2 00070 0.0385 SLITRK4,ZFP36l1
hsa_ CTCAAGA, miR-526B 779 2 00072 0.0385 SLITRK4,ZFP36l1
hsa_ AAGGGAT, miR-188 871 2 00074 0.0385 SLITRK4, SOX4
hsa_TTTGCAC, miR-19A, miR-19B 696 4 00112 0.0485 FOXF2,SOX4,RAPIA, IGFBP3

miRNA, microRNA; O, number of differentially expressed genes regulated by the miRNA; rawP, initial P-value calculated according to the
hypergeometric distribution; adjP, P-value following adjustment with the Benjamini-Hochberg correction method; miR, microRNA; FOXF2,

forkhead box F2; RAP1A, RAP1A, member of RAS oncogene family.

Table III. GO functional enrichment analysis for the regulatory network.

GO term P-value Gene sets
Extracellular matrix organization 0.012232 IBSP, FOXF2, COL6A2
Ossification 0.014810 IBSP, PTHLH, IGFBP3
Bone development 0.016820 IBSP, PTHLH, IGFBP3
Whnt receptor signaling pathway through -catenin 0.027305 CCND1, SOX4
Extracellular structure organization 0.028464 IBSP, FOXF2, COL6A2
Endoderm development 0.028889 PTHLH, GATA6
Regulation of cellular protein metabolic process 0.040149 ZFP36L1,CCND1, NANOSI1, IGFBP3
Posttranscriptional regulation of gene expression 0.045585 ZFP36L1,NANOSI, SOX4
Negative regulation of cell differentiation 0.047545 PTHLH, IRX3, CCND1
Tube development 0.049135 PTHLH, GATA6, GREM1
Negative regulation of signal transduction 0.049536 CCND1, GREM1, IGFBP3

GO, Gene Ontology; FOXF2, forkhead box F2; COL6A2, collagen type VI a2.

Table IV. KEGG pathway enrichment analysis for the
regulatory network.

KEGG pathway P-value Gene sets

Focal adhesion 0.0003 CCNDI1, COL6A2,
RAPI1A, IBSP

p53 signaling pathway 0.0055 CCND1, IGFBP3

ECM-receptor interaction 0.0084 COL6A2, IBSP

Platelet activation 0.0453 VAMPS, RAP1A

KEGG, Kyoto Encyclopedia of Genes and Genomes; ECM, extra-
cellular matrix; COL6A2, collagen type VI 02; RAP1A, RAPIA,
member of RAS oncogene family.

of intervertebral disc cells to produce extracellular matrix
reduces, however, the production of degradative enzymes does
not change; this phenomenon is hypothesized to accelerate
the degeneration by degrading the extracellular matrix of the

disc, ultimately resulting in the macroscopic changes of the
intervertebral disc (6).

Collagen, which gives tissues the ability to recover
following stretching, is the most abundant fibrous protein
within the extracellular matrix. It has been identified that the
integrin-binding sialoprotein (IBSP) interacts with collagen
and appears to modulate cell-matrix interactions (23).
Cell-matrix adhesions have essential roles in a number
of important biological processes, including cell motility,
proliferation and differentiation, and the regulation of gene
expression and cell survival; at contact points between the cell
and extracellular matrix, specialized structures termed focal
adhesions are formed (24).

The RAPIA gene encodes a member of the Ras family of
small GTPases. Alterations in the conformation and activity of
the protein encoded by RAP1A occur depending on whether
GTP or GDP is bound to the protein, which are involved in
regulating signaling pathways that affect cell proliferation
and adhesion (25,26). Therefore, the dysregulation of collagen
type VI a2 (COL6A?2), IBSP and RAPI1A in human interverte-
bral discs may induce de-adhesion, characterized by disruption
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Figure 5. The integrated DEG-microRNA regulatory and DEG-DEG interaction network. DEGs, differentially expressed genes; miR, microRNA; COL6A2,
collagen type VI a2; RAPIA, RAPIA, member of RAS oncogene family; FOXF2, forkhead box F2.

of extracellular matrix organization and focal adhesions,
which accelerates the degeneration of intervertebral discs.

Since the discovery of interferons, they have been
investigated widely in a large number of studies, and consid-
erable progress has been made in describing the nature of
the cytokines themselves (27). Originally, interferons were
known for their antiviral properties, however, interferons are
currently better known for their distinct cellular functions,
which include inhibition of proliferation and angiogenesis,
induction of differentiation and regulation of the immune
system (28). Previous research has demonstrated that IFIT3
may lead to AF cell growth arrest via its antiproliferative
activity, which negatively regulates the cell cycle and directly
or indirectly induces cell apoptosis (11,29,30). This is similar
to the results of the present study. However, the difference and
innovation of the present study primarily lies in the different
groups included in the differential analysis. The present study
included two sets of differential analysis, between the NP and
control groups and the AF and control groups, respectively,
while in the study by Kazezian et al (11), the differential
analysis was only conducted between the NP and AF groups,
and so the DEGs were not exactly the same. According to
the results of protein-protein interaction network modules
presented in the present study, three interferon-induced genes
(IFIT1, IFIT2 and IFIT3) were enriched in the degenerative
human discs. Therefore, based on the above information, the
upregulated IFITs may negatively regulate the cell cycle, and
thus reduce the disc cell number, subsequently accelerating
degeneration.

miRNAs are considered to serve a crucial role in gene
expression, which affects numerous biological processes,
including cell differentiation, proliferation, metabolism,
apoptosis and tumorigenesis, and have become therapeutic
targets for diseases such as IDD (31-33). To investigate
the potential molecular targets, miRNAs interacting with
the common DEGs were retrieved in the present study
and a regulatory network was also constructed. Aberrant
expression of miR-96 or miR-182 has been reported in

a number of human diseases, including pulmonary arte-
rial hypertension and cancer (34-37). The results of the
present study, and of previous studies, have demonstrated
that forkhead transcription factor F2 (FOXF2) may be
regulated by miR-96 or miR-182 (38,39). FOX is a super
family of transcriptional regulators that exhibit numerous
functions in human diseases (38-40). The FOXF subfamily
consists of two members, FOXF1 and FOXF2. A previous
study indicated that FOXF2 promoted extracellular matrix
production, and in FOXF2 mutant animals, the extracellular
matrix, particularly collagens, was severely reduced, which
causes tissue disintegration (41). In addition, FOXF2 may
act as a mesenchymal factor that controls cell proliferation
and survival (42). Therefore, we hypothesized that FOXF2,
miR-96 and miR-182 are worthy of further investigation to
determine their specific roles in IDD.

In conclusion, the present study provides integrated
network insight into the pathogenesis of IDD and offers
potential therapeutic targets for controlling the disease. The
dysregulation of COL6A2, IBSP, RAPIA and FOXF2 in NP
and AF are associated with IDD progression by disrupting the
extracellular matrix organization and focal adhesions pathway.
In addition, IFIT1, IFIT2 and IFIT3 may negatively regulate
the cell cycle, and thus decrease the number of disc cells,
eventually accelerating degeneration of intervertebral discs.
However, further experiments, clinical and mechanistic, are
required to confirm the results of the present study.
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