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Abstract
Background: In western countries and China, back and neck pain has become a common problem that
bothers daily life and severely influences the quality of our daily life. Among all factors that lead to
chronic neck and back pain, IDD is the one that couldn’t be easily neglected.

Methods: This study aims to figure out the critical genes and pathways involved in the development of
IDD and provide a new aspect of following investigations on the etiology of IDD. We firstly systemically
searched the GEO database and identified the differentially expressed genes (DEGs) from the expression
profile dataset we selected. We secondly constructed the protein-protein interaction (PPI) network for
DEGs, identified the top ten hub genes from the whole PPI network and found two statically and
medically significant modules from the network, we then performed the GO and KEGG analysis on the
DEGs, top ten hub genes, the PPI network and the two statically and medically modules. In the end, we
provided the primers of the mRNAs of all DEGs, which will be useful for the validation experiment of this
study.

Results: FN1, MMP2, POSTN, COL3A1, TIMP3, FBN1, GJA1, TGFBI, EFEMP1 and ID1 were top ten hub
genes identified from this study, and they may play a vital role in the development of IDD. Angiogenesis
and integrin binging are crucial biological process and molecular function defined in this study, which are
worthy of being intensely investigated.

Conclusion: More studies on the top ten hub genes, the role of angiogenesis and integrin binding in IDD
are urgently needed, which will benefit the prevention, screening, diagnosis and prognosis of IDD.

Background
IDD is a major cause of the neck or back pain in many countries, including the United States and China,
which will bring mental and physical suffering to the patient himself and a heavy financial burden to the
patient’s family and the whole society (1). And but most of the studies in this field is about the
management and diagnosis IDD. Risbud et al. reported in 2014 that intervertebral disc degeneration is
related to cytokines such as TNF, IL-1α, IL-1β, etc. (2), But the underlying molecular mechanism, especially
genetic mechanism is seldom covered.

In this study, we aimed to reveal the genetic factors and pathways that closely related to the etiology of
IDD by the integrated bioinformatics analysis and provide a new idea for following investigations on the
etiology of IDD.

We firstly systemically searched the GEO database (3-5) and identified profile dataset GSE34095 for
expression data extraction and analysis. We assigned all the samples into two groups, one is the normal
group, which contains the tissue obtained from healthy people; the other one is the IDD group, which
includes the tissue obtained from patients diagnosed as IDD. After getting the expression level of all
genes, we set the threshold value to screen the DEGs for the following. In this study, 61 DEGs were
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identified, of which 43 DEGs were upregulated, 18 DEGs were downregulated. We then constructed the
PPI network (6,7) of all DEGs (Figure1). We then used the Cytoscape (version 3.7.2) (8,9) to modify the
network and found two medically and statically significant modules by the applet of the Cytoscape
(version 3.7.2) called MCODE (version 1.6). In the end, we applied the cytohubba (version 0.0.1) (10), an
applet of the Cytoscape, to detect the top ten hub genes of the whole PPI network. They are FN1, MMP2,
POSTN, COL3A1, TIMP3, FBN1, GJA1, TGFBI, EFEMP1 and ID1.

Thirdly we conducted the GO (11) and KEGG (12) pathway enrichment analysis on the DAVID (13), which
enables us to investigate the relationship between the genes and biological process, cell component,
molecular function and pathways of our bodies. The results are as follows: for all DEGs identified, they
are mainly enriched in angiogenesis in the term of biological process, extracellular region in the term of
cell component, integrin binding in the term of molecular function and PI3K-Akt signaling pathway in the
term of pathway. For genes involved in module 1, they are primarily enriched in angiogenesis in the term
of biological process, extracellular matrix in the term of cell component, integrin binding in the term of
molecular function and proteoglycans in cancer in the term of pathway. For the genes involved in module
2, they are primarily enriched in ribosomal protein import into nucleus in the term of biological process,
nuclear membrane in the term of cell component, poly(A) RNA binding in the term of molecular function
and nothing could be detected for the module 2 in the term of pathway. For all top ten hub genes, they are
mainly enriched in extracellular matrix organization in the term of biological process, extracellular matrix
in the term of cell component, integrin binding in the term of molecular function and proteoglycans in
cancer in the term of pathway.

For the sake of precision and credibility of our functional enrichment analysis and the DEGs we identified,
we ought to perform an independent validation experiment. But due to the outbreak of the COVID-19 virus,
we are unable to get enough biopsy samples for validation. So, we provided the primers of the mRNAs of
all DEGs in this study, which could be useful for furthering validation if someone interested in this. All the
primers are shown in Table S2.

Methods
Microarray platform

The dataset GSE34095 is based on the GPL96 ([HG-U133A] Affymetrix Human Genome U133A Array)

Expression analysis of DEGs

We used the GEO2R function on the website of the GEO database to sort the data into two groups, one is
the normal group, which contains the tissue obtained from healthy people; the other one is the IDD group,
which includes the tissue obtained from patients diagnosed as IDD. And analyzed dataset with all the
relevant sets default and exported to Excel. For all four profile datasets, a gene with |log2‑fold
change|>0.5 and P-value<0.05 were considered as a DEG.
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GO and KEGG pathway enrichment analysis.

The Database for Annotation Visualization and Integrated Discovery (DAVID) is a website that provides a
wide range of functional annotation tools to investigate the effect of genes in the term of biological
process, molecular function, cell components, etc. Identified DEGs were investigated further using DAVID
(version 6.8), GO, and KEGG pathway enrichment analyses. While analyzing all genes in the whole
network, genes involved in the two modules identified from the PPI network, P<0.05 and gene counts of
>10 indicates a statistically significant difference in the functional enrichment analysis; For the top 10
hub genes, P<0.05 and gene counts of >5 indicates a statistically significant difference in the functional
enrichment analysis.

Integration of the PPI network.

The protein-protein interaction network (PPI) of all proteins expressed by the DEGs was mapped by the
STRING (https://string-db.org/; version 11.0) to evaluate the interactions between the DEGs. The
Cytoscape applet Molecular Complex Detection (MCODE; version 1.6) was used to detect the medically
and statistically significant regions within the whole PPI network, which is called modules. Interactions
with low confidence (a combined score >0.150) were defined as statistically significant. Cytoscape
software (version 3.7.2) was used to visualize and adjust PPI networks. And based on the degree levels in
the Cytoscape plugin cytoHubba (version 0.1), the top 10 ranked genes were defined as hub genes.

Design of primers

We designed primers for the mRNAs of all DEGs. (Table S1) We firstly searched the gene on the
nucleotide tool of the NCBI website (14-17). And used the “pick primer” function with the minimum PCR
product size is 50, maximum PCR product size is 200, minimum primer melting temperature is 58.0,
maximum primer melting temperature is 62.0, maximum primer melting temperature difference is 2.0 and
all other settings defaulted. The primer with minimum length, minimum melting temperature difference
between forward and reverse primer, minimum GC ratio difference between forward and reverse primer,
the GC ratio closest to 45% and minimum self-complementarity will be selected.

Results
The identification of DEGs

In this study, 61 DEGs were identified, of which 43 were upregulated, and 18 were downregulated. (Table
S2) Volcano plots (41,42) for the profile dataset GSE34095 was constructed. (Figure 1)The red lines
represent the threshold values of the identification of DEGs. And an expression heatmap is drawn for all
DEGs. (Figure 2)

Functional Enrichment analysis
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To identify the pathways which had the most biologically and statistically significant involvement with
the genes identified, we used the DAVID for GO and KEGG pathway analysis. For all DEGs identified, they
are mainly enriched in angiogenesis in the term of biological process, extracellular region in the term of
cell component, integrin binding in the term of molecular function and PI3K-Akt signaling pathway in the
term of pathway, and PI3K-Akt signaling pathway is the only pathway shown in the result. (Figure 3, a-c)
For genes involved in module 1, they are primarily enriched in angiogenesis in the term of biological
process, extracellular matrix in the term of cell component, integrin binding in the term of molecular
function and proteoglycans in cancer in the term of pathway. (Figure 4, a-d) For the genes involved in
module 2, they are primarily enriched in ribosomal protein import into nucleus in the term of biological
process, nuclear membrane in the term of cell component, poly(A) RNA binding in the term of molecular
function and nothing could be detected for the module 2 in the term of pathway. (Figure 5, a-c) For all top
ten hub genes, they are mainly enriched in extracellular matrix organization in the term of biological
process, extracellular matrix in the term of cell component, integrin binding in the term of molecular
function and proteoglycans in cancer in the term of pathway. (Figure 6, a-d)

PPI network construction and module analysis

Interactions between the identified DEGs were elucidated by the PPI network. (Figure 7 a) In total, there
were 56 nodes in the network, the average number of neighbors is 10.179, the clustering coefficient is
0.484, and the network heterogenicity is 0.661. The top ten hub genes were FN1, MMP2, POSTN, COL3A1,
TIMP3, FBN1, GJA1, TGFBI, EFEMP1 and ID1. And after analyzing with The Cytoscape plugin Molecular
Complex Detection (MCODE; version 1.6) of Cytoscape (3.7.2), we got two statically and medically
significant modules. (Figure 7 b,c)

Discussion
FN1 gene, which is also called fibronectin 1, is a gene with at least 20 transcriptional variants. It mainly
expressed in the placenta and liver compared to other organs. Many studies have revealed that the
difference in the expression of FN1 will lead to gastric cancer (18), prostate cancer (19) and chemo-
resistant breast cancer (20). Komori T in 2019, reported the FN1 is also involved in the function of
osteoblast (21).

MMP2 is a gene locates on chromosome 16. Some studies have pointed out that this gene can be
modulated by the FasL in the osteoblast (22). And Tang H et al. reported in 2019 that the MMP2 derived
from mature osteoblasts is involved in the angiogenesis of epithelial cells (23), which is corresponding to
the results of GO enrichment analysis.

POSTN encodes a secreted extracellular matrix protein that responsible for tissue development and
regeneration, including wound healing and ventricular remodeling following myocardial infarction. Some
studies have illustrated that this gene is involved in the carcinogenesis of ovarian cancer (24), colorectal
cancer (25) and breast cancer (26), but no available evidence shows the relationship between this gene
and the IDD.
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COL3A1 is a gene that relatively poorly studied compared to other hub genes. Xu W et al. reported in 2018
that COL3A1 may be involved in the development of osteosarcoma (27).

Han XG et al. reported in 2018 that the TIMP3 would improve the sensitivity of osteosarcoma to cisplatin
by reducing the production of IL-6 (28).

FBN1, GJA1, TGFBI, EFEMP1 and ID1 are mostly involved in the carcinogenesis of many types of cancers
or other genetic disorders, but almost no studies covered the effects of these five genes on the bone or
IDD (29-42).

Judging from the results of GO and KEGG pathway enrichment analysis, we can easily find that
angiogenesis and integrin binging are shown in the results of at least two sets of genes in the term of
respectively biological process and molecular function. But no study can be searched in PubMed that
discusses the relationship between angiogenesis or integrin binding and the formation of bone or IDD.
And relevant studies are urgently needed.

However, there are some inevitable limitations in this study. First, the number of available profile datasets
in the database was not sufficient to analyze more DEGs, which may cause the imprecision of the results.
So, more microarray data that compare the gene expression level between the samples extracted from
healthy people and samples obtained from patients diagnosed as IDD is urgently needed. Secondly, The
microarray data available now is mostly about people in Taiwan, which means, on the one hand, the
expression level difference caused by the difference of race is unable to be identified; on the other hand,
the heterogenicity between studies was dramatically huge, which indirectly decreases the credibility of
studies included and results.

Due to the limitation of the condition and the outbreak of the COVID-19 virus, we are unable to collect
enough biopsy samples and conduct qRT-PCR for validation with our data. We have to use the data from
others for validation. We additionally provided the primers of mRNAs of all DEGs, which could be helpful
for the furthering validation experiments.

Conclusion
More studies on the top ten hub genes, the role of angiogenesis and integrin binding in IDD are urgently
needed, which will benefit the prevention, screening, diagnosis and prognosis of IDD.

Abbreviation
PVALUE: -log10(p-value); IDD: intervertebral disc degeneration; DEGs: differentially expressed genes; PPI
network: protein-protein interaction network; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Gene and
Genomes
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