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Background: At present, the progression mechanism of knee osteoarthritis (KOA) has not been fully
elucidated, and there is a clinical need for late KOA-specific diagnostic markers to provide reference for
preventive treatment. This study aimed to analyze the sequencing results of early- and late-stage KOA
synovial tissue based on the key genes of late-stage KOA in combination with a machine learning algorithm.
Methods: The whole transcriptome sequencing results of synovial tissue from KOA patients (GSE176223
and GSE32317) were downloaded from the gene expression omnibus (GEO) database. Thirty-nine early
KOA synovial tissue samples and 31 late KOA synovial tissue samples were included in this study. The
diagnostic criteria and baseline data balance of early and late KOA were referred to the data source literature,
and the two groups of data had good baseline data balance. R software (V3.5.1) and R packages were used for
screening and enrichment analysis of differentially expressed genes (DEGs). The key genes were screened
by weighted correlation network analysis (WGCNA) and least absolute shrinkage and selection operator
(LASSO) regression analysis. A receiver operating characteristic curve (ROC) curve was used to evaluate the
diagnostic efficacy of key genes for advanced KOA.

Results: A total of 211 DEGs related to knee arthritis were screened out. Compared with synovial tissue of
early knee arthritis, 111 genes were upregulated and 100 genes were downregulated in the synovial tissue of
late knee arthritis. Sixty-six key genes were screened out through WGCNA and 34 key genes were screened
out in the LASSO analysis. The genes obtained by the two algorithms combined with three overlapping
genes, namely interleukin- 6 (IL-6), C-X-C chemokine ligand 12 (CXCL12), and macrophage migration
inhibitor factor (MIF). The areas under the ROC curves of CXCLI2, IL-6, and MIF were 0.96, 0.944, and
0.961, respectively (P<0.001).

Conclusions: [L-6, CXCL12, and MIF are the key pathogenic genes of KOA, which have good diagnostic
efficacy for advanced KOA.
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Introduction

Knee osteoarthritis (KOA) is a degenerative disease (1).
Middle-aged and elderly individuals are prone to KOA,
which is characterized by progressive degeneration of
articular cartilage and may be accompanied by subchondral
bone sclerosis and hyperostosis (2-4). Age, sex, obesity,
heredity, trauma, and joint deformity are pathogenic
factors of KOA (5,6). These factors also interact with
each other to jointly increase the risk of disease. For
most patients, the knee joint function gradually decreases
with KOA progression and they eventually undergo joint
replacement (7). Long-term pain, high treatment costs, and
knee joint dysfunction seriously affect the quality of life of
patients (8).

A variety of inflammatory factors and inflammatory
response-related pathways participate in the pathogenesis
of KOA. Inflammatory reactions may degrade the cartilage
extracellular matrix and reduce the number of chondrocytes.
However, the progression mechanism of KOA has not yet
been fully clarified. Previous studies have not identified
the key pathogenic genes of KOA and the inflammatory
response trigger point. The main purpose of early KOA
treatment is to relieve pain and delay disease progression.
Patients with advanced KOA require surgery. However,
clinical staging of knee osteoarthritis is mainly based on
clinical symptoms and imaging diagnosis, lacking biological
markers. There are few related studies in the past. A study (9)
screened the differentially expressed genes of early KOA
and late KOA, but did not identify the key genes.

With the development of molecular biology technology,
whole transcriptome sequencing technology has been applied
to explore the pathogenesis of KOA. Susceptibility genes
play a decisive role in the occurrence and progression of
KOA. The screening of differential genes may provide a
reference and basis for early diagnosis and treatment. The
present study aims to analyze the sequencing results of early-
and late-stage KOA synovial tissue and screen the key genes
of late-stage KOA in combination with a machine learning
algorithm. We present the following article in accordance
with the STARD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-3863/rc).

Methods
Data download

The sequencing results of the whole transcriptome of
synovial tissue from KOA patients (GSE176223 and
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GSE32317) were downloaded from the gene expression
omnibus (GEO) database. According to the Kellgren-
Lawrence classification, grades 1 to 2 are early, and grades
3 to 4 are late. A total of 39 early KOA synovial tissue
samples and 31 late KOA synovial tissue samples were
included. The two data sets were combined into a data
matrix. Furthermore, logarithmic transformation and
batch correction were applied to eliminate the influence of
the experimental background on the data. The diagnostic
criteria and baseline data balance of early and late KOA
were referred to the data source literature (9,10), and the
two groups of data had good baseline data balance. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Differential analysis

R software (V3.5.1) and R package (MathSoft, USA) were
used to screen differentially expressed genes (DEGs) in
early and late KOA synovial tissue samples. The screening
criteria were set as: fold change (FC) > two times and

P<0.05.

Enrichment analysis

The R software and R package were used to perform
enrichment analysis in the Kyoto Encyclopedia of Genes
and Genomes (KEGG) and Gene Ontology (GO) for the
DEGs. This study selected the GO project and the KEGG
pathway with P<0.05. Gene set enrichment analysis (GESA)
was performed on DEGs, and the screening standard was
set as P<0.05.

Construction of a protein interaction network

A differential gene interaction network was constructed
using the String database. A hub gene interaction network
was constructed using Cytoscape software and cytoHubba

plug-in (https://cytoscape.org/).

Key gene screening

A penalty model was built through least absolute shrinkage
and selection operator (LASSO) regression analysis to
screen the early and late KOA key genes. When the
binomial deviance was smallest, the minimum variable
number gene was selected to characterize the overall sample
characteristics. Weighted correlation network analysis
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Figure 1 Volcano map of the differentially expressed genes.
Red indicates upregulation and green indicates downregulation.
CXCL12, chemokine (C-X-C motif) ligand 12; IL-6, interleukin 6;
MIF, macrophage migration inhibitory factor.

Figure 2 Hub differentially expressed gene interaction network.

(WGCNA) was applied to screen the early and late KOA
co-expression genes. The gene module with Icorl >0.5 and
P<0.01 was kept.
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Diagnostic efficacy evaluation

The diagnostic efficacy of key genes for advanced KOA was
evaluated using a receiver operating characteristic curve
(ROC) curve. For areas under curve (AUC) >0.6, P<0.8 was
considered to indicate that it has a good diagnostic model.
Moreover, AUC values closer to 1 were considered to
represent better gene diagnostic efficiency.

Statistical analysis

In this study, R software (v3.5.1) and related R packages
were used for statistical analysis. A two-way P<0.05 was
considered statistically significant.

Results
DEGs screening

This study screened 211 DEGs related to knee arthritis
based on Ilog,FCI| >2 and P<0.05. As shown in Figure I,
compared with the synovial tissue of early knee arthritis,
111 genes were upregulated and 100 genes were
downregulated in the synovial tissue of late knee arthritis.
Based on the knee arthritis DEGs, we constructed a hub
gene interaction network, which is displayed in Figure 2.

DEG enrichment analysis

GO enrichment analysis demonstrated that DEGs were
significantly enriched in early and late knee arthritis in
the following biological process (BP): positive regulation
of the response to external stimulus, cell chemotaxis,
leukocyte-mediated immunity, cellular response
to lipopolysaccharide, and regulation of leukocyte
chemotaxis. These items were related to the inflammatory
response, as shown in Figure 3.

KEGG enrichment analysis indicated that DEGs were
significantly enriched in pathways related to inflammatory
response, including the interleukin 17 (IL-17) signaling
pathway, antigen processing and presentation, the Toll-like
receptor signaling pathway, the tumor necrosis factor (TNF)
signaling pathway, viral protein interaction with cytokine
and cytokine receptors, the PI3K-AKT signaling pathway,
cytokine-cytokine receptor interaction, etc. (Figure 4).

GSEA enrichment analysis showed that the DEGs
were enriched in the chemicals of intelligence factors and
immune response activation, as shown in Figure 5.
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Figure 3 GO enrichment analysis of differentially expressed genes.
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and green represents MF. BP, biological process; CC, cellular
component; ME, molecular function; GO, Gene Ontology.
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Figure 4 KEGG enrichment analysis of differentially expressed
genes. Different colors represent different P values. The circle size
indicates the number of genes. IL-17, interleukin 17; TNE, tumor
necrosis factor; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Key gene screening

Through WGCNA, we screened three co-expressive
gene modules related to early and late knee arthritis with
[Corl >0.5 and P<0.01 as the screening criteria. As shown
in Figures 6,7, these three modules contained 66 genes.
LASSO analysis showed that when the binomial deviance
was smallest, 34 key genes were screened (Figure §). The
genes obtained by the two algorithms were combined
with three overlapping genes, including interleukin 6
(IL-6), chemokine (C-X-C motif) ligand 12 (CXCL12),
and macrophage migration inventory factor (MIF), as

© Annals of Translational Medicine. All rights reserved.

Yang et al. Key pathogenic gene screening of KOA

shown in Figure 9.

Evaluation of diagnostic efficiency

The areas under the ROC curves of CXCL12, IL-6, and
MIF were 0.96, 0.944, and 0.961, respectively (P<0.001).
CXCL12, IL-6, and MIF exhibited good diagnostic efficacy
for advanced KOA, as shown in Figures 10-12.

Discussion

In recent years, some studies have screened the key miRNAs
and IncRNAs in the pathogenesis of KOA (11,12). In KOA
chondrocytes, IncRNA interacts with miRNA to participate
in the regulation of chondrocyte synthesis and catabolism.
At the same time, IncRNAs and miRNAs also play an
important role in the development of bone and cartilage.
However, the number of identified functional IncRNAs and
miRNAs is small, and the functional research on IncRNA
and miRNA remains limited. The present study focused on
screening the key pathogenic mRNAs and explored gene
function through enrichment analysis.

We screened 211 DEGs by comparing the whole
transcriptome sequencing results of early and late KOA
synovial tissues. These genes were significantly enriched in
the KEGG pathway of inflammatory response and the GO
project. GSEA showed that the DEGs were associated with
inflammatory chemokines and immune system activation.
These results demonstrated that the screened differential
genes were representative. Furthermore, we also screened
three key genes (IL-6, CXCL12, and MIF) using two machine
learning algorithms. IL-6 and CXCL12 were highly expressed
in the late KOA synovium, while MIF was downregulated
in the late KOA synovium. CXCLI12, IL-6, and MIF showed
good diagnostic efficacy for advanced KOA.

Some studies have explored the key pathogenic genes
of KOA using bioinformatics analysis. Song er a/. (11)
suggested that susceptibility genes play a crucial regulatory
role in the occurrence and development of osteoarthritis,
which might impact the following cell functions and structural
pathological changes: including chondrocyte function, cartilage
matrix metabolism, synovial hyperplasia, neovascularization,
etc. Compared with normal chondrocytes, the GASS gene
was highly expressed in KOA chondrocytes. The GASS gene
might participate in and regulate matrix metalloproteinases
and affect soft cell secretion, apoptosis, and autophagy. Le
et al. (12) found that MEG3 and VEGF were upregulated in
KOA articular cartilage compared to normal cartilage. They
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Figure 5 GSEA of differentially expressed genes. The different colors indicate different paths or items. GSEA, gene set enrichment analysis.

suggested that downregulation of MEG3 expression could
delay disease progression and relieve pain in patients.

Other studies have described the role of IL-6 in KOA.
For instance, Ge et al. (13) found that kallikrein-related
peptidase 6 (KLK6) was mutated in the blood samples
of KOA patients through full exon sequencing. KLK6
is associated with the inflammatory response in various
malignant diseases and may mediate extracellular matrix
degradation. They also pointed out that KLK6 was closely

© Annals of Translational Medicine. All rights reserved.

related to IL-6, both of which are key pathogenic factors of
KOA. Also, Wang ez al. (14) showed that reducing the level
of IL-6 in serum could inhibit inflammatory and oxidative
stress responses in a constructed rat KOA model. Moreover,
Yan ez al. (15) showed that high fibular osteotomy could
reduce the serum IL-6 level in a KOA rabbit model.
Researchers also found that lowering serum levels of
inflammatory factors such as IL-6 could protect medial
ventricular KOA. Singh ez 4/. (16) showed that IL-6 was an

Ann Transl Med 2022;10(18):978 | https://dx.doi.org/10.21037/atm-22-3863
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Figure 6 WGCNA was used to construct co-expressive gene modules of early and late knee osteoarthritis. Each branch represents a gene.

WGCNA, weighted gene co-expression network analysis.
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Figure 7 Correlation between the gene module and knee
osteoarthritis. The number above represents the correlation
coefficient in the square, and the number in brackets represents
the P value.

independent risk factor for KOA. The AUC of IL-6 was 0.8,
indicating that it could be used for disease prediction. In
addition, researchers further constructed a KOA prediction
model by combining IL-6, IL-1B, and clinically susceptible
factors, including body mass index (BMI), triglyceride

level, and poor sleep. These results are consistent with our

© Annals of Translational Medicine. All rights reserved.
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Figure 8 LASSO regression analysis was used to screen the key
genes. LASSO, least absolute shrinkage and selection operator.

findings. CXCL12 is a classical pro-inflammatory cytokine
that can induce cells of the immune system to enter the
inflammatory response site during an immune response
(17-19). Our analysis demonstrated that CXCL12 mediated
inflammatory homing in KOA. However, there is currently
no literature confirming this. MIF can inhibit macrophage
migration (20-23) and might be a protective factor of KOA,
although this requires further verification.

In conclusion, IL-6, CXCL12, and MIF are key
pathogenic genes of KOA and have good diagnostic efficacy
for advanced KOA.
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Figure 9 Two algorithms were used to obtain the intersection of
key genes. LASSO, least absolute shrinkage and selection operator;
WGCNA, weighted gene co-expression network analysis.
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ROC, receiver operating characteristic.
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