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Bioinformatics Approach

Background: Metabolic syndrome (MS) has grown in recognition to contribute to the
pathogenesis of osteoarthritis (OA), which is the most prevalent arthritis characterized by
joint dysfunction. However, the specific mechanism between OA and MS remains unclear.
Methods: The gene expression profiles and clinical information data of OA and MS were
retrieved from the Gene Expression Omnibus (GEO) database. The genes in the key module
of MS were identified by weighted gene co-expression network analysis (WGCNA), which
intersected with the differentially expressed genes (DEGs) between control and MS samples
to obtain hub genes for MS. The potential functions and pathways of hub genes were
detected through the Gene Ontology (GO) and Kyoto Encyclopedia of Gene and Genome
(KEGG) analyses. The genes involved in the different KEGG pathways between the control
and OA samples overlapped with the DEGs between the two groups via the Venn analysis to
gain the hub genes for OA affected by MS (MOHGs). Additionally, the least absolute
shrinkage and selection operator (LASSO) was performed on the MOHGs to establish
a diagnostic model for each disease.

Results: A total of 61 hub genes for MS were identified that significantly enriched in platelet
activation, complement and coagulation cascades, and hematopoietic cell lineage. Besides, 4
candidate genes (ELOVL7, F2RL3, GP9, and ITGA2B) were screened among the 6 MOHGs
to construct a diagnostic model, showing good performance for distinguishing controls from
patients with MS and OA. GSEA suggested that these diagnostic genes were closely
associated with immune response, adipocytokine signaling, fatty acid metabolism, cell
cycle, and platelet activation.

Conclusion: Taken together, we identified 4 potential gene biomarkers for diagnosing MS
and OA patients, providing a theoretical basis and reference for the diagnostics and treatment
targets of MS and OA.
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Introduction
OA is the most prevalent arthritic joint disease and a leading cause of disability and
joint pain worldwide, affecting almost 37% of the US population over 60 years of
" OA is a multifactorial disease, affected by aging, joint trauma, bio-tribology
of joint contact surface, genetic susceptibility, cardiovascular disorder, obesity and
metabolic dysregulation.' It has been long regarded as a degenerative disease of
the cartilage that results from simple wear and tear. In recent decades, however, it is
more appreciated that OA is a disorder of the joint as a whole, with an increasing
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amount of research has dug deeper into molecular mechan-
isms underlying OA pathogenesis.* According to the struc-
ture and elements that constitute a synovial joint, the
pathology of an OA joint can be divided into the break-
down of cartilage, remodeling of the underlying bone,
ectopic bone formation, joint capsule hypertrophy and
inflammation of the synovial lining or synovitis, among
which the low-grade chronic inflammation plays a central
role.! The interplay between the innate and adaptive
immune system and inflammatory mediators could lie in
the center of a vicious cycle of local tissue damage and
failed tissue repair in joints.*® Chondrocytes and/or their
progenitors start secreting matrix-degrading enzymes,
cytokines and chemokines when the attempt to repair the
damaged cartilage matrix fails.” In turn, inflammation of
the synovium ensues, contributing to cartilage degradation.
Previous research has demonstrated that inflammatory
mediators from activated B lymphocytes and primary
T cells and macrophages from OA patients could induce
synovial stromal cells and chondrocytes to produce matrix
metalloproteases 3 (MMP-3), a tissue-destructive enzyme,
and a disintegrin and metalloproteinase with thrombospon-
din motifs (ADAMTS).”® Immune cells, thereby, acquired
potential cartilage invasion properties that contribute to the
progression of arthritis. Obesity and the associated
increase in adipokine levels also add to the inflammatory
state in OA.*’

MS, mainly characterized by central obesity, diabetes
and insulin resistance, has grown in recognition to con-
tribute to the pathogenesis of OA.'" Evidence from epide-
miological studies has shown a strong correlation between
MS and OA of the knee.''"'* This association could be
partly explained by a greater body mass in MS that is
consequently with an increase in the forces acting on the
load-bearing joints. On the other hand, obesity has been
linked to the development of OA in non-weight-bearing
joints of the hand in a population-based cohort study.''
Besides, it is reported in a large Netherlands Epidemiology
of Obesity cohort study that fat mass and waist-to-hip ratio
were closely related to hand OA, with an association with
visceral fat in men.!? Leptin, a biomarker of MS, could be
involved in OA pathogenesis at a local and systemic

level.'

Leptin levels in serum/plasma and synovial fluids
were associated with joint pain, radiographic progression
and knee OA incidence.'” Hui et al suggested that leptin
from joint white adipose tissues acted as a pro-
inflammatory adipokine in cartilage degradation via the

increased induction of proteolytic enzymes; it also

synergized with IL-1, with a concomitant activation of
STAT1, STAT3, STATS, MAPK (JNK, Erk, p38), Akt
and NF-kB signaling pathways, linking obesity and carti-
lage catabolism in OA.'® Additionally, hyperlipidemia and
hypertension have been reported to increase the risk of OA
progression, as components of MS that are independent of
the BML'""®

So far, the metabolic OA phenotype has been well
identified. However, the underlying mechanisms between
OA and MS remain to be elucidated. In this study, we
explored shared biomarkers between OA and MS and the
mechanisms through which MS could influence the devel-
opment of OA. Subsequently, we aimed to uncover the
novel insight of the comorbidity between MS and OA, and
identify candidate genes for the diagnosis and therapeutic
targets.

Materials and Methods

Here, we used comprehensive bioinformatics approach to
explore diagnostic biomarkers and shared pathogenesis for
both OA and MS. The work-flow of this study was pre-
sented in Figure 1.

Data Acquisition

The gene expression profiles of patients with MS
(GSE145412) and OA (GSE51588) were all collected
from the GEO database (https://www.ncbi.nlm.nih.gov/
geo/). The GSE145412 dataset for MS screened 32 sam-
ples, containing 16 controls and 16 MS patients. 10 control

samples and 40 OA patient samples were included in the
GSES51588 dataset (Table 1).

WGCNA for MS

WGCNA can be utilized to identify global gene expression
profiles as well as co-expressed genes. The relationship
between the genes and the phenotype of MS was investi-
gated by the WGCNA algorithm. In our study, the
WGCNA analysis was performed on the data in the
GSE145412 dataset for MS using the WGCNA package
in R.'? Firstly, the clustering analysis for all samples was
operated to remove the outlier samples, which can ensure
the accuracy of the subsequent study. All gene pairs were
then analyzed by the Pearson algorithm and a weighted
adjacency matrix was created to calculate the topological
overlap measurement (TOM) representing the overlap in
the shared neighbors. Secondly, based on the distribution
of the criteria scale-free, an optimal soft-thresholding
power was selected where the co-expression similarity
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Figure | The work-flow of this study.

was raised to generate an approximate scale-free network.
Then, the dynamic tree cutting method was used to overlap
the similar modules identified by the TOM with the mini-
mum number of 30 genes in each module. Finally, the
module-trait relationships were detected by Pearson corre-
lation analysis and further screened a key model highly
related to the trait of MS. The P-value less than 0.05 was

regarded as a significant correlation.

Differentially Expressed Analysis

Between the control samples and MS patient samples, the
limma package in R was applied to conduct the differen-
tially expressed analysis of the data in the GSE145412
dataset. The genes that met the threshold of P-value
< 0.01 were considered as DEGs (Supplementary
Table 1). The Venn analysis (http://bioinformatics.psb.

ugent.be/webtools/Venn/) was utilized to identify hub

Table | Demography of OA Samples in GSE51588 Dataset

Traits Type Number of Samples
OA (N = 40) Normal (N = 10)
Age (yrs) > 60 35 0
<60 5 10
Gender Male 18
Female 22

expression levels

genes for MS by integrating DEGs and genes in the
selected key module identified by the WGCNA analysis.

Functional Enrichment Analysis
GO annotation (www.geneontology.org/) and KEGG path-

way (www.genome.jp/kegg/pathway.html) analyses were

performed on the hub genes for MS to obtain the possible
of the
clusterProfiler package in R. GO analysis can be divided

biological processes these genes using
into three categories: molecular function (MF), biological
process (BP), and cellular components (CC).?° P-value <
0.05 indicates a statistically significant result. The detailed
information of GO and KEGG results was illustrated in

Supplementary Tables 2 and 3.

Screening of MOHGs

According to the enriched pathways of hub genes of MS
selected from the KEGG analysis, single sample gene set
enrichment analysis (ssGSEA) was adopted using the gene
set variation analysis (GSVA) package in R to calculate the
ssGSEA score of the control and OA patient samples in
the GSES51588 dataset, and further screened the signifi-
cantly different KEGG pathways between the control and
OA patient samples”' based on the ssGSEA score.Genes
involved in the identified different KEGG pathways
between the two groups were further identified and then
intersected with OA-related DEGs (Supplementary
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Table 4) to acquire the MOHGs for subsequent study. |log,
FC| > 1 and P-value < 0.05 were defined as screening
standard to obtain DEGs for OA.

LASSO Analysis for MS and OA

Based on the above results, the MOHGs were considered
as genes both related to OA and MS. To explore the
diagnostic value of these genes, LASSO regression was
then operated to select the candidate genes significantly
associated with the diagnosis of MS and OA among the
harvested MOHGs using the R package named Glmnet.
The receiver operating characteristic (ROC) curve was
conducted and the area under the curve (AUC) of the
ROC curve was calculated using the pROC package in
R to detect the diagnostic ability of the constructed model
built on all candidate genes and each candidate gene for
MS and OA, respectively.

GSEA for OA

In the GSE51588 dataset, samples of OA were classified
into high- and low-expression groups according to the
expression level of each diagnostic gene. The potential
functions and pathways of each diagnostic gene were
analyzed by GSEA (https://software.broadinstitute.org/

gsea/index.jsp) using the clusterProfiler package of the
R based on GO and KEGG enrichment analyses. The
enrichment result was regarded significant difference if
the value of P < 0.05.

Statistical Analysis

R software was performed to analyze the statistical ana-
lyses in our study. Wilcoxon test was utilized for the
significance of differences between two groups. The
geplot2 package in R was applied to draw the box plot
and heatmap plot. Data were considered to be significant
differences when P < 0.05.

Results
Identification of Hub Genes for MS

WGCNA was performed to construct a co-expression net-
work for MS based on the GSE145412 dataset. To begin
this process, sample 18, an obvious outlier after clustering
analysis for all MS samples, was removed with the cut-off
value = 20,000 (Supplementary Figure 1A and B). The
optimal soft threshold power was necessary for building
the scale-free network for MS, and the soft threshold
power was chosen = 8 (scale-free R? = 0.9), ensuring the

network was scale-free (Figure 2A). The dynamic tree
cutting method identified 51 modules labeled with differ-
ent colors with the minimum number of genes in each
module to 30 (Figure 2B). The relationship between the
identified modules and the trait (MS phenotype) was illu-
strated in Figure 2C, Supplementary Figure 1C. The sky-
blue module (R = 0.48, P = 0.007) and indianred4 module
(R=0.4, P=0.03) were positively correlated with clinical
trait of MS. The heatmap displayed the TOM of 400
randomly selected genes, indicating the independence of
each module (Figure 2D). Besides, 372 DEGs were
screened between the control and MS patient samples

with 195 upregulated and 177 downregulated genes
(Figure 2E and F). The result of Venn analysis suggested
that 61 hub genes related to MS were identified for further
study by overlapping the 372 DEGs and 212 genes in the
key module (Figure 2G).

Functional Enrichment Analysis of Hub

Genes

GO annotation and KEGG pathway analyses were con-
ducted on 61 hub genes to perform the gene functional
enrichment analysis. The biological process (BP) of GO
term result manifested that hub genes were significantly
enriched in platelet deregulation, platelet activation, blood
coagulation, and leukocyte migration (Figure 3A). For
molecular function (MF), the hub genes were found to be
mostly related to actin filament binding, platelet-derived
growth factor receptor binding, and chemokine activity
(Figure 3B). The cellular components (CC) terms empha-
sized platelet alpha granule, platelet alpha granule mem-
brane, and platelet alpha granule lumen (Figure 3C). The
KEGG result highlighted that the hub genes were mainly
concentrated on platelet activation, complement and coa-
gulation cascades, cell
(Figure 3D).

and hematopoietic lineage

Identification of MOHGs

According to the selected enriched pathways analyzed by
the KEGG algorithm, we uncovered that the pathways of
arachidonic acid metabolism, fatty acid metabolism, platelet
activation, proteoglycans in cancer, and viral protein inter-
action with cytokine and cytokine receptors were different
between control and OA patient samples (Figure 4A).
Among the above pathways, arachidonic acid metabolism,
fatty acid metabolism, platelet activation were reported to
play a vital role in the pathogenesis of OA.*** We screened
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the genes in these pathways, including ALOX12, PTGSI,
ACSBGI1, ELOVL7, GP9, ITGA2B, F2RL3, PTGS1, GP6,
and ITGB3, for subsequent study. Moreover, the 1630 DEGs
between control and OA patient samples were identified in
total, consisting of 970 upregulated and 660 downregulated
genes (Figure 4B and C). Finally, 1630 DEGs had inter-
sected with 9 genes in the KEGG pathways to generate 6
genes, ALOXI12, ITGA2B, F2RL3, GP9, GP6, and
ELOVLY7, that further considered as MOHGs (Figure 4D).

Diagnostic Genes Screening and Model

Establishment

4 genes were identified, namely ELOVL7, F2RL3, GP9,
and ITGA2B, as candidate genes by LASSO regression
analysis among these MOHGs to develop a diagnostic
model for OA (Figure 5A). The AUC of the constructed
diagnostic model was 1, indicating a better diagnostic
power and accuracy for diagnosing OA (Figure 5B).

Interestingly, we discovered the differentiated expression
levels of 4 candidate genes in OA and MS samples. All of
the 4 candidate genes were decreased in patients with OA,
while increased in MS patients compared with their corre-
sponding control samples (Figure 5C and D). For OA, the
AUC value of ELOVL7, F2RL3, GP9, and ITGA2B
reached 0.785, 0.74, 0.758, and 0.785, respectively,
which showed an excellent diagnostic ability (Figure 5E).
In addition, ELOVL7 (AUC = 0.82), F2RL3 (AUC =
0.816), GP9 (AUC = 0.824) and ITGA2B (AUC = 0.82)
had promising reliability for diagnosing MS patients
(Figure SF). These findings suggested that 4 candidate
genes all possessed a discriminatory power to stratify
patients from controls for both diseases.

GSEA Analysis of Candidate Genes

In order to investigate the possible biological processes
associated with these candidate genes, the GSEA method
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was conducted. The enrichment analysis demonstrated that
ELOVL7 was centralized on the olfactory transduction,
fatty acid metabolism, and immune-related signaling path-
way, such as adaptive immune response and antigen recep-
tor signaling pathway (Figure 6A and B). F2RL3 was
mainly implicated in cytoplasmic translation, cytosolic
ribosome, and some metabolism pathways, such as insulin
signaling pathway, adipocytokine signaling pathway, and
glycolysis gluconeogenesis (Figure 6C and D). For GP9,
cell cycle-related pathways, DNA replication, oxidative
phosphorylation, and primary immunodeficiency were
mostly enriched pathways (Figure 6E and F). GSEA
results suggested that ITGA2B was mostly involved in
the cell cycle, DNA replication, and some immune-
related response (Figure 6G and H).

Discussion

Both OA and MS are major public health problems with
increasing prevalence and disability.®*> MS is not well
defined as one disorder, but it can be extracted into four
central features: insulin resistance, visceral obesity, athero-
genic dyslipidemia and hypertension.?**’” Metabolic OA,
a newly characterized subtype of OA, links individual MS
components or MS as a whole with OA phenotype.
Increasing evidence has suggested that OA is a whole-
joint disease that is influenced by systemic mediators,
inflammaging, innate immunity and the low-grade inflam-
mation induced by MS.?® Adipokines, hyperglycaemia and
endocrine imbalance are the most common pathways that
could be responsible for the involvement of MS in OA
pathogenesis.?’ However, the specific mechanism between
OA and MS has not been fully elucidated. Our results
revealed that 4 candidate genes (ELOVL7, F2RL3, GP9,
and ITGA2B) were involved in the mechanism through
which MS could influence the development of OA, and
these genes could be potential biomarkers for the diagnosis
of OA and MS or metabolic OA.

Our results suggested that ELOVL7, F2RL3, GP9 and
ITGA2B gene have potential diagnostic value for both OA
and MS. Very-long-chain elongases are required for the
synthesis of essential fatty acids in non-ruminants.*’ Fatty
acid elongase 7 (ELOVL7) has been reported to be pre-
ferentially involved in elongation of saturated very-long-
chain fatty acids and lipid accumulation that could
increase MS activity.>'* In addition, OA is associated
with increased angiogenesis and fatty acid oxidation
(FAO).**** Recent study has demonstrated that low lipid
levels are the main nutritional determinant for the

chondrogenic commitment of skeletal progenitor cells.>
High rate of FAO in chondrocytes could impair their
function and thus contribute to OA phenotype. All these
phenomena suggest that manipulation of ELOVL7 and its
related lipid metabolism could be a therapeutic target for
OA and MS.

F2RL3 (F2R Like Thrombin or Trypsin Receptor 3) is
a gene that encodes the protein named protease-activated
receptor 4 (PAR-4) or coagulation factor II (thrombin)
receptor-like 3. Enrichment analyses in our study sug-
gested the potential role of F2RL3 in platelet activation
that could contribute to MS. Previous study has reported
that soluble tissue factors contribute to inflammatory
arthritis through a thrombin-dependent pathway, in which
PAR-4-induced platelet activation is an essential step.*
Besides, increasing evidence has linked MS and OA with
platelet dysfunction. A strong positive correlation between
blood platelet count and the number of present MS com-
ponents was documented upon adjustment for a variety of
biosocial factors (age, smoking, alcohol use, and physical
activity).>” Kwon et al revealed that high platelet counts
within the normal range are significantly associated with
knee and hip OA in Korean women over 50 years.’®
A possible explanation lies in that platelets are the major
source of the cytokines such as IL-1B, and increased
activation of them is believed to be involved in the devel-
opment and progression of inflammation.*’

In addition to F2RL3, GP9 and ITGA2B genes were
found to be involved in platelet activation. ITGA2B
encodes integrin alpha-IIb/beta-3, which is a receptor for
fibronectin, fibrinogen, plasminogen, prothrombin,
thrombospondin.*® Following activation, integrin alpha-
IIb/beta-3 brings about platelet-platelet interaction through
binding of soluble fibrinogen, leading to rapid platelet
aggregation. GP9 (glycoprotein IX platelet) encodes plate-
let glycoprotein IX. Defects in GP9 could lead to Bernard-
Soulier syndrome and thrombocytopenia; among its
related pathways are GP1b-IX-V activation signaling and
hematopoietic stem cell differentiation.*'**> Although so
far the expression levels of them are not reported in MS
studies, our results indicated higher expression of them in
MS samples compared with normal controls potentially
contributes to platelet-related inflammation that could sta-
bilize the MS phenotype. Interestingly, we found adverse
expression of GP9 and ITGA2B in MS and OA, suggest-
ing their different role in OA pathogenesis.

GSEA analysis of GP9 and ITGA2B gene suggested
that cell cycle-related pathways and DNA replication were

International Journal of General Medicine 2021:14

6209

Dove:


https://www.dovepress.com
https://www.dovepress.com

Jiang et al Dovepress

q Ty \‘uuw‘m‘uwumw
]

et P R 1 gty ! A Ak
M i w +“ it ﬂ"i“w m"m m"';“’!',‘i\u‘d",f;' 5""”‘""“"‘1.‘*“5‘.‘.""."IL'."“ fr'.."‘» ‘1""‘-'11;»5.”%1-

MWHWMW}I \.'M e .H.nmum... A0 th‘ i "M‘ AR TN RN AN TS

B

L

f.? \%?ﬂjwmlt”.’f{ W b T.'q""l’fﬁ"f."‘."'1‘7.'.’."."" st ‘J‘."ZI'. JJ i" ""'W]' J't':j'ff;b'ﬂ'F‘{'jf“fn'lj"?";’1 1"“‘ :"““'j'd” gl
"Iﬂw bl ‘"L ML“I “IJ'II\"T‘“‘ H ‘I“I”\"””H J" I “‘ LA f { Il;‘ ‘ H “‘I:“ w‘ P “’ o 'IH‘N I!M w‘l I*I IIHHIHI’ |\N\\VWH||hl‘ww

O L | ‘"N\

N T T U T

N 1 L

»‘ »' Ml MWH il A Ul "MI \"..‘ o e g 5

T i | n LR TR R TIR [E N TR TR TY AT

T e T
Ll b ‘.”"L‘.\v'{ n.mw‘"‘f.\‘".m.ﬁ"‘w.ww.ILu.vhu.wiu‘u.w\unnwm iy el ﬁ"ﬂ"ﬁ'ﬁ“ﬁ‘f‘"y'TH‘\Hm‘. o ‘H "

— = ! = — -

Figure 6 GSEA analysis of 4 diagnostic genes in OA dataset based on GO and KEGG enrichment analyses. Top 10 closely related KEGG pathways and GO terms were
shown in each figure. (A and B) GSEA analysis of ELOVL7; (C and D) GSEA analysis of F2RL3; (E and F) GSEA analysis of GP9; (G and H) GSEA analysis of ITGA2B.
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involved in OA progression. The lower expression of GP9
and ITGA2B in OA samples compared with normal
groups in the OA dataset suggested a decline in OA cell
proliferation. In consistence with our results, Wang et al
reported that human OA cartilage and synovium expressed
very little allb mRNA (ITGA2B).** Increasing evidence
has emerged focusing on the harmful biological mechan-
isms of inflammatory factors in OA joints. However, the
understanding of how inflammation impacts cartilage
regeneration remains unclear.** Recent study demonstrated
that impaired chondrocyte function was associated with
G0/G1 cell-cycle arrest and concomitant inhibition of
DNA replication and cell proliferation.*> According to
these clues, GP9 and ITGA2B could be involved in
a novel mechanism through which MS could contribute
to OA progression, potentially connecting OA cartilage
regeneration with impaired cell proliferation and concomi-
tant cell-cycle arrest.

However, our study has several limitations. First, the
number of samples in the raw dataset was relatively small;
further investigations based on a larger sample should be
performed. Second, hub genes were identified using bioin-
formatics analysis; thus, experimental studies are needed
to validate our results. Thirdly, since subjects that have
both OA and MS were not explored, the validity of our
results needs further experimental verification. Despite
these limitations, this study provided some new insights
into the biomarkers and pathogenesis of comorbid MS and
OA. Further studies are needed to corroborate these find-
ings and investigate the potential mechanisms highlighting
comorbidity between OA and MS.

Conclusion

In summary, the present study identified 4 potential diag-
nostic biomarkers, including ELOVL7, F2RL3, GP9, and
ITGA2B for OA and MS based on comprehensive bioin-
formatics methods, which may provide new insights into
the diagnosis and treatment of comorbid OA and MS.
However, further studies are necessary to confirm these
findings in our research on MS and OA pathogenesis due
to some limitations mentioned above.
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