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Abstract
Background: Despite cumulative evidence shows osteonecrosis of the femoral head (ONFH) could result
in the progressive collapse of the femoral head. The pathogenesis of ONFH remains unclear. Early ONFH
is di�cult to diagnose due to the lack of effective biomarkers.

Method: In Gene Expression Omnibus (GEO) database, we searched the Microarray datasets for serum
(GSE123568) in ONFH and normal controls to identify differentially expressed genes (DEGs) by R
software. The enrichment analyses were performed to enrich pathways of DEGs. Protein–protein
interaction (PPI), miRNA-mRNA co-expression, ceRNA networks were constructed using Cytoscape to
identity top15 hub genes, target miRNAs of hub genes and potential regulatory pathways. Furthermore,
hub genes validated in GSE74089 with high diagnostic value for ONFH were selected as key genes. The
Human Protein Atlas (HPA) and Bgee Database were used to �nd out the subcellular and tissue
distribution of key genes.

Results: A total of 568 DEGs were identi�ed between 30 ONFH samples and 10 normal controls. Kyoto
Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology (GO) enrichment analysis showed that
DEGs are mostly enriched in innate immune responses, thrombosis and signal transduction. Fifteen hub
genes were identi�ed by PPI network using Cytoscape. The 15 hub genes were almost all positively
correlated with each other. The expression of PLEK (P 0.001), TLR2 (P 0.05), and TREM1 (P 0.001) were
validated in dataset GSE74089 and they had high diagnostic value (AUC 0.8) for ONFH. MALAT1-miR-
146b-5p-TLR2, MALAT1-miR-664b-3p-PLEK, NORAD-miR-106b-5p-TLR2, and MSMO1-miR-106b-5p-TLR2
might be potential RNA regulatory pathways in the disease progression of ONFH. PLEK mainly expressed
in nucleus, TREM1 in dictyosome, and TLR2 in nucleoplasm and mitochondria.

Conclusions: In this study, we found that PLEK, TLR2, and TREM1 might be potential biomarkers in
diagnostic and play a vital role in the progression of ONFH.

Introduction
Osteonecrosis of the femoral head (ONFH) is a potentially debilitating disease that results in the
progressive collapse of the femoral head and subsequent degenerative arthritis (1). ONFH is a relatively
common disorder that most frequently occurs in men aged 30-50 years with several major risk factors,
including trauma, long-term or high-dose use of glucocorticoids, and long-term heavily intake of alcohol.
In the United States, more than 20,000 new cases of femoral head necrosis are diagnosed each year (2).
From 1992 through 2008 in the United States, the total number of surgeries for ONFH increased from
3570 to 6400 per year, nearly doubling over a 16-year time period (3). Among 8.12 million patients have
been diagnosed with ONFH as of 2017 in China, and the average annual number of new cases was
14,103 in Korea (4). However, the pathogenesis of ONFH is still unclear (5).

As a subtype of non-traumatic ONFH, steroid-induced ONFH (SONFH) is related to the elevation of
pressure in bone because of increasing lipogenesis and hyperplasia of adipocytes in bone marrow.
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Increased pressure could decelerate the blood �ow in femoral head eventually causing avascular
osteonecrosis (6). Bone marrow edema, decreased hematopoietic cells, adipocyte hypertrophy and a
marked increase in empty bone traps in the subchondral region of the femoral head suggests that blood
hyperviscosity may play an important role in the pathogenesis of hormonal ischemic necrosis of the
femoral head (7). Because of nonspeci�c symptom in the early period, patients with SONFH usually miss
the best time to receive nonsurgical therapy, early diagnosis and treatment of SONFH are crucial (8).
Many ONFH patients with nonspeci�c symptoms often lead to late detection. Late stage of ONFH will
seriously affect the life quality of patients for its pain or other reasons. However, there is no effective drug
to treat ONFH at an early stage. Until now, effective biomarkers for diagnosis of ONFH remains lacking.
The etiology of traumatic ONFH has been speci�c, the molecular mechanisms and pathogenesis
underlying non-traumatic ONFH remains unclear, which is the basics for the molecular therapy of ONFH.

Currently, microarray and transcriptomic analyses have been widely used in various diseases, including a
variety of tumors and ONFH (9–11), to identify new biomarkers to improve treatment and diagnosis. In
addition, competitive endogenous RNA (ceRNA) networks can elucidate a new mechanism for promoting
the development of the disease in a transcriptional regulatory network (12). However, transcriptional
regulatory network for ONFH remains lacking. Through the combination of microarray and bioinformatics
analyses, it is possible to explore potential vital genes and pathway networks that are closely related to
the development of diseases.

In this study, based on Gene Expression Omnibus (GEO) database, we �rst identi�ed differentially
expressed genes (DEGs) by screening criteria. Then Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses were performed. A protein–protein interaction (PPI)
network was constructed to identify clustering modules and hub genes associated with ONFH. Further,
target miRNAs of selected hub genes were predicted, and co-expression networks were constructed.
Subsequently, we screened the selected hub genes using another GEO dataset and receiver operating
characteristic (ROC) curve. Finally, we constructed ceRNA networks based on the predictions of long non-
coding RNAs (lncRNAs) and circular RNAs (circRNAs) (Fig. 1).

Methods

GEO data acquisiton
We used GEO database to obtain microarray data for ONFH patients and normal controls. Screening
criteria: (1) Homo sapiens Expression Pro�ing by array; (2) phripheral secrum, hip cartilage or femoral
head tissues of ONFH patients and normal controls; (3) more than �ve samples were included in each
dataset; (4) complete information about samples in each dataset. Finally, the GPL15207 dataset
GSE123568, which included phripheral securm samples in 30 ONFH patients and 10 normal controls, was
selected as test sets. The GPL13497 dataset GSE74089 obtaining 4 ONFH and 4 non-ONFH hip cartilage
samples was selected as validation set. 
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Data normalization and identi�cation of DEGs
The original �les were downloaded from the GEO database, and pre-processed by using R software
(version 3.6.3) GEO query package (13), and the probes that targeted multiple molecules were screened.
The box diagrams were used to show the degree of inter-sample normalization. The limma package was
used to analyse the differentially expressed genes. The screening criteria were |log2 (fold change) |>1 and
adjusted p value (Q value) <0.05. To better visualize these DEGs, we used R software Complex Heatmap
package to make heatmaps and ggplot2 package to make volcano plots.

Enrichment analysis
Gene Set Enrichment Analysis (GSEA) was used to analyse the distribution trends of the DEGs in a
prede�ned set to determine their contribution to phenotypes. R software (version 3.6.3) clusterPro�le
package (14) was used for GSEA, org.Hs.eg.db package for ID translation and GOplot package for Z-
score calculation (15). And the histogram, bubble diagram, ring diagram and chordal graph were created
to visualize these enrichment results. The enriched pathways or functions with false discovery rate (FDR)
q-value 0.25, adjusted P-value 0.05, normalized enrichment score (|NES|) 1 were selected.

Construction of the PPI network
The online tool STRING (https://string-db.org/) with a �lter condition (combined score 0.4) was used to
constructed PPI network based on all DEGs. Next, the PPI network was generated in Cytoscape software
(v3.8.2) using the downloaded interaction information. Minimal Common Oncology Data Elements
(MCODE) was used to obtain cluster scores and identify important gene clusters. CytoHubba was used to
recognize the hub genes which were located toward the network center (16). We used namely Degree, �ve
algorithms, Maximum Neighborhood Component (MNC), Maximal Clique Centrality (MCC), Clustering
Coefcient, and Density of Maximum Neighborhood Component (DMNC) to calculate the top 15 hub
genes. 

Construction of the miRNA-mRNA and protein-chemical
interaction networks
We used NetworkAnalyst database (https://www.networkanalyst.ca/) to predict target miRNAs and
chemicals of hub genes, and constructed the mRNA-miRNA co-expressed, protein-chemical interaction
networks based on the interaction information using Cytoscape. 

Construction of ceRNA networks

https://string-db.org/
https://www.networkanalyst.ca/
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StarBase (version 3.0) (http://starbase.sysu.edu.cn/index.php) was used to predict lncRNAs and
circRNAs that interacted with the target miRNAs (�lter criteria: clip data: high stringency, =3; degradome
data: with or without degradome data). Finally, we used Cytoscape to constructed the ceRNA network
based on the interactions among mRNAs, lncRNAs, miRNAs, and circRNAs.

Tissue and intracellular distribution
We used the Human Protein Atlas (HPA) Database (https://www.proteinatlas.org/) to �nd out the
subcellular distribution of key genes and their expression in bone marrow, blood and muscle tissues
(normalized expression, NX). The gene expression scores of key genes in bone marrow, blood, trabecular
bone tissue, layer of synovial tissue, skeletal muscle tissue, and cartilage tissue were obtained from the
Bgee database (https://bgee.org).

Statistics analysis
The R software (version3.6.2) was used to perform stastical analysis which was visualized by using
ggplot2 package. The T test was used to compare the difference of hub genes between two groups. The
R software pROC package was used for ROC analysis and ggplot2 package was used to draw ROC curve.

Ethics statement
All analyses were based on the public GEO database, we did not need the informed consent of the
patients, thus no ethical approval and patient consent are required.

Results

Identifcation of DEGs
The dataset GSE123568 including 30 ONFH samples and 10 normal control samples was used for the
analysis and identi�cation of DEGs. Comparing with the genes in the normal control samples, we
identi�ed a total of 568 DEGs in the ONFH samples, including 221 down-regulated and 347 up-regulated
genes. Next, a heat map and volcano plot analysis were used to visualize these DEGs, as shown in Fig.
2a-b. The median of each sample was basically on one horizontal line, so the degree of normalization
among the samples was great (Fig. 2c).

Enrichment analysis
Functional and pathway enrichment analysis was performed using the R software clusterPro�ler
Package. The screening criteria for signi�cant gene sets were p<0.05 and False discovery rate (FDR)

http://starbase.sysu.edu.cn/index.php
https://www.proteinatlas.org/
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<0.25. We observed that most of the enriched gene sets were associated with the innate immune
responses, thrombosis and signal transduction (Table 1). Next, GO, KEGG pathway and Reactome
enrichment analyses were performed for DEGs using the R software clusterPro�ler package. We will
assess the DEGs enrichment pathways from multiple perspectives. Based on the Q value < 0.05, we
selected the top two, three, one and four biological processes (BP), cellular components (CC), molecular
functions (MF), and KEGG pathways and displayed them in chordal curve, circle diagram, bubble plots,
and histogram (Fig. 3a-e). The GO enrichment analysis of DEGs also shows that ONFH samples have a
stronger neutrophil response than control samples, including neutrophil activation, neutrophil activation
involved in immune response, neutrophil mediated immunity, and neutrophil degranulation. KEGG
pathway enrichment analysis showed that DEGs were enriched for osteoclast differentiation,
leishmaniasis, the interaction of viral proteins with cytokines and cytokine receptors, and chemokine
signaling pathways. Particularly, nine pathways related to immunity and thrombosis were visualized in
Fig. 3f.

PPI network construction, MCODE cluster modules and hub
gene identifcation
The interaction network between proteins encoded by DEGs was constructed by STRING, consisting of
174 nodes and 1,510 edges, and visualized by Cytoscape (Fig. 4a). In this network, we identi�ed four
modules using MCODE plugin based on �ltering criteria, as shown in Fig. 4b-e. Cluster 1 has the highest
cluster score (24 nodes and 133 edges), followed by cluster 2 (11 nodes and 53 edges), cluster 3 (18
nodes and 55 edges), and cluster 4 (11 nodes and 15 edges). Fifteen hub genes such as cytochrome b-
245 beta chain (CYBB) and CD86 molecule (CD86) were selected by intersecting the results of �ve
algorithms of cytohubba, including MCC, DMNC, degree, MNC, and clustering coe�cients as showed in
Table 2 (16). The �fteen hub genes may play an imprtant role in the pathogenesis of ONFH. Finally, we
analysed the correlation among the �fteen hub genes by using ggplot2 R package. We found that most
genes were positively correlated with each others (Fig. 4f).

Table 2 

15 hub genes identifed by cytoHubba in PPI network.
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Gene
symbol 

Description log2FC Q value Regulation

CYBB cytochrome b-245 beta chain 1.200 0.002 Up

CD86 CD86 molecule 1.226 2.65E-
04

Up

TYROBP transmembrane immune signaling adaptor
TYROBP

1.180 5.42E-
05

Up

TLR4 toll like receptor 4 1.149 8.58E-
04

Up

LILRB2 leukocyte immunoglobulin like receptor B2 1.200 2.21E-
04

Up

TLR2 toll like receptor 2 1.381 9.83E-
05

Up

TLR8 toll like receptor 8 1.329 9.60E-
05

Up

CCR1 C-C motif chemokine receptor 1 1.123 0.003 Up

TLR1 toll like receptor 1 1.098 2.57E-
04

Up

ITGAX integrin subunit alpha X 1.143 1.97E-
04

Up

NCF2 neutrophil cytosolic factor 2 1.242 1.22E-
04

Up

TREM1 triggering receptor expressed on myeloid cells 1 1.465 1.25E-
04

Up

IRF8 interferon regulatory factor 8 1.072 3.31E-
05

Up

NOD2 nucleotide binding oligomerization domain
containing 2

1.039 0.006 Up

PLEK pleckstrin 1.008 1.77E-
04

Up

FC: fold change, Q value: adjust P-value.

Construction of the miRNA-mRNA and protein-chemical
interaction networks



Page 8/23

We used the NetworkAnalyst database to predict the target miRNAs and chemicals of hub genes. We
obtained 81 target miRNAs for 7 central genes (Fig. 5a) and 8 target chemicals for 2 central genes (Fig.
5b). 

ROC curve of 15 hub genes in the peripheral secrum
samples (GSE123568)
The pROC and ggplot2 R package were used to analyse and draw the ROC curve of 15 hub genes in the
peripheral secrum samples. Finally, the hub genes with hige diagnostic value (area under the curve, AUC >
0.8) were selected as key genes for further analysis, including CD86 (AUC=0.847), IRF8 (AUC=0.877),
ITGAX (AUC=0.847), LILRB2 (AUC=0.880), NCF2 (AUC=0.887), PLEK (AUC=0.863), TLR1 (AUC=0.847),
TLR2 (AUC=0.860), TLR4 (AUC=0.837), TREM1 (AUC=0.863), and TYROBP (AUC=0.873) (Fig. 6). Hence,
we hypothesized they were the biomarkers for the diagnosis of ONFH based on our present samples.

The expression of 15 hub genes in the hip cartilage
samples (GSE74089)
We analysed the expression of 15 hub genes in the hip cartilage samples, and identitied 4 key genes
NOD2 (P value: 0.002 in GSE123568, 0.007 in GSE 74089), PLEK (P value: <0.001 in GSE123568, 0.001 in
GSE 74089), TLR2 (P value: <0.001 in GSE123568, 0.038 in GSE 74089), TREM1 (P value: <0.001 in
GSE123568, <0.001 in GSE 74089). As showed in Fig. 7a-c, the expression of four key genes were all
increased in the peripheral secrum samples (GSE123568) and hip cartilage samples (GSE74089). Finally,
three hub genes (PLEK, TREM1, TLR2) whose AUC (ROC) 0.8 and expression trend was veri�ed in
GSE74089 was selected as key genes in the procession of ONFH.

Tissue and intracellular distribution of PLEK, TREM1 and
TLR2
We compared the gene expression score of three key genes in Bgee database and the gene expression
level of three key genes in HPA database. We found that, in gene expression level, PLEK was highly
expressed in bone marrow and lowly in cartilage, TLR2 and TREM1 were highly expressed in blood and
lowly in skeletal muscle tissue (Fig. 8a). In gene expression scores, PLEK was highly expressed in bone
marrow and lowly in muscle tissues, TLR2 and TREM1 were highly expressed in blood and lowly in
muscle tissue (Fig. 8b). Finally, we explored the intracellular distribution of key genes, the results showed
that PLEK mainly expressed in nucleus, TREM1 in dictyosome, and TLR2 in nucleoplasm and
mitochondria (Fig. 8c).
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Prediction of target ncRNAs and construction of ceRNA
networks
It is well known that miRNAs induce gene silencing and down-regulate the gene expression by binding
mRNAs. However, circRNA and lncRNA can up-regulate the expression of gene by binding miRNAs and
competing with mRNAs. Such interactions between mRNAs, miRNAs, circRNAs, and lncRNAs are known
as ceRNA networks (12). We selected ncRNAs present in most miRNA prediction results as our predicted
circRNAs and lncRNAs. Finally, we obtained 13 target lncRNAs and 27 target circRNAs for PLEK 4 target
miRNAs; and 13 target circRNAs and 19 target lncRNAs for TLR2 8 target miRNAs. But the predicted
miRNAs of TREM1 was absent in NetworkAnalyst database. So only two ceRNA networks were
constructed by Cytoscape based on the prediction results in the end (Fig. 9a-b). Subsequently, we
conducted a literature search and selected two reproted down-regulated lncRNAs and one down-regulated
miRNA in ONFH, one up-regulated miRNA in senescence of vascular smooth muscle cells, one down-
regulated miRNA in processe of osteoblast differentiation, and one circRNA that presented in most
miRNA prediction results of TLR2. Finally, we proposed four potential RNA regulatory pathways of ONFH:
MALAT1 (metastasis associated lung adenocarcinoma transcript 1)-miR-146b-5p-TLR2, MALAT1- miR-
664b-3p-PLEK, NORAD (non-coding RNA activated by DNA damage )-miR-106b-5p-TLR2, and
MSMO1(methylsterol monooxygenase 1)-miR-106b-5p-TLR2 (Fig. 9c).

Discussion
Although the etiology of traumatic ONFH has been speci�c, the pathogenesis underlying non-traumatic
ONFH remains unclear. The diagnosis and treatment for early ONFH can effectively delay the process and
signi�cantly improve the life quality of ONFH patients. However, it is di�cult to diagnose early ONFH
owning to the lack of biomarkers, and effective drugs for ONFH are still lacking. This work explored the
mechanisms of ONFH disease development at the transcriptome level and potential biomarkers for the
early diagnosis and treatment of ONFH.

Immune disorder is closely related to the development of ONFH. For example, previous studies have
found that IL-1α and TNF-α promote the development of ONFH, and IL-23 and IL-33 are vital for the
diagnosis of ONFH (17–20). In our study, we screened out 568 DEGs by comparing gene expression of
serum between ONFH patients and normal controls. GO enrichment analysis of DEGs revealed several
immune-related pathways, such as nuetrophil degranulation, nuetrophil mediated immunity, nuetrophil
activation involed in immune response, nuetrophil activation, signaling by interleukins, and class I MHC
mediated antigen processing presentation. Furthermore, signaling pathways related to thrombosis and
osteoclast processing are also involved, such as osteoclast differentiation and platelet activation
signaling and aggregation. The GO enrichment results indicated these DEGs and pathways may be
related to the development of ONFH. For example, Po´sa´n found that platelet activation was signi�cantly
higher in patients with ONFH compared with that in healthy controls (21).
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In our study, we found that the expression of NOD2, PLEK, TLR2 and TREM1 were up-regulated in ONFH
patients (serum and hip cartilage), and the AUCs of PLEK (AUC=0.863), TLR2 (AUC=0.860) and TREM1
(AUC=0.863) are more than 0.8. Therefore, we hypothesize that PLEK, TLR2 and TREM1 may be
biomarkers for early diagnosis of ONFH and play a signifcant role in the pathogenesis of ONFH based on
available samples. According to the Bgee and HPA online database, we found that the expression of
PLEK, TLR2, and TREM1 in bone marrow and blood was higher than that in soft tissues such as muscle
tissues. Furthermore, we constructed ceRNA networks and an mRNA-miRNA co-expression network to
elucidate the pathogenesis of ONFH at the transcriptome level.

PLEK, is also called pleckstrin, is a protein kinase C (PKC) substrate induced by macrophages to express.
It is known to play an important role in the secretion and activation of the pro-in�ammatory cytokines IL-
1β and TNF-α (22, 23). Studies have indicate that PLEK is signi�cantly overexpressed in cardiovascular
disease, and is a crucial protein for platelet aggregation, activation, and degranulation (24–26).
According to BioGPS, PLEK is mainly expressed in nucleus. Although there are not studies that elucidated
the function of PLEK in ONFH, our study found that PLEK was signi�cantly up-regulated in serum and hip
cartilage of ONFH patients, and has a high diagnostic value in OFNH (AUC=0.863).

TLR2, is also known as toll like receptor 2, plays a fundamental role in pathogen recognition and
activation of innate immunity and has been implicated in the pathogenesis of several autoimmune
diseases according to the NCBI gene database. According to BioGPS, TLP2 is highly expressed in blood.
At present, TLR2 has not been reported in ONFH-related studies. It is reported that the absence of TLR2 on
bone marrow cells supports angiogenic processes and TLR2 promotes the atherosclerosis process (27,
28). In our study, TLR2 was up-regulated in serum and hip cartilage of ONFH patients compared with
normal controls. It was predicted that miR-146a-5p and miR-106b-5p targeted at TLR2. MiR-146a-5p is
down-regualated in ONFH and miR-106b-5p supresse the process of osteogenesis (29, 30). These results
all refect that TLR2 may play an important role in the osteogenesis and the disease progression of ONFH.

TREM1, is also called triggering receptor expressed on myeloid cells 1, encodes a receptor belonging to
the Ig superfamily that is expressed on myeloid cells. TREM1 also ampli�es neutrophil and monocyte-
mediated in�ammatory responses (31). Similar to PLEK, TERM1 is also highly expressed in blood. And
TREM1 is specifcally expressed in dictyosome composed of many �attened vesicles whose main
function is secretion (32). A study by Yonatan Edel et al. reported that plasma TREM1 levels are
signi�cantly increased in patients with thrombotic primary antiphospholipid syndrome (33). It is known
that intravascular thrombotic is possible pathogenesis of ONFH (34). So TREM1 may play an important
role in the pathogenesis of ONFH. Besides, it also found that TREM1 promotes atherosclerosis and
thrombin generation (35, 36). In our study, we identifed that TREM1 was signi�cantly up-regulated in
ONFH and has a high diagnostic value in ONFH (AUC=0.863). We considered TREM1 as a novel and
effective biomarker for the diagnosis and treatment of ONFH.

Furthermore, the target lncRNAs and circRNAs of target miRNAs were predictd for PLEK and TLR2, and
ceRNA networks were constructed with Cytoscape. The ceRNA networks revealed the potential
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pathogenesis of ONFH at the transcriptome level. Then we conducted a literature research to select
potential miRNAs, lncRNAs, and circRNAs. Among the miRNAs, we selected down-regulated miRNA in
ONFH: miRNA-146a-5p (in osteoblast), up-regulated miRNA in senescent vascular smooth muscle cells:
miR-664b-3p, and miRNA suppressing osteogenesis: miR-106b-5p (29, 30, 37). Among the lncRNAs, we
selected down-regulated lncRNAs in ONFH: MALAT1 (in serum), NORAD (in bone marrow mesenchyml
stem cell) (38, 39). Therefore, we proposed three potential RNA regulatory pathways in the process of
ONFH: MALAT1-miR-146b-5p-TLR2/ MALAT1-miR-664b-3p-PLEK/ NORAD-miR-106b-5p-TLR2. Finally, we
selected one circRNA that presented in most miRNA prediction results of TLR2: MSMO1, and proposed a
potential RNA regulatory pathway: MSMO1-miR-106b-5p-TLR2.

As far as I know, this is a novel study to explore effective biomarkers in the diagnosis and treatment of
ONFH. Our study provides insights into the pathogenesis of ONFH. Of course, the sample size used for
analysis in our study was relatively small and the prediction of ncRNA was just based on online
database. Therefore, we have planed further study to increase sample size and conduct experiment to
verify our views.

Conclusion
Our work identifed three crucial genes, PLEK, TLR2, and TREM1, as potential biomarkers for the diagnosis
and treatment of ONFH and provided insight into the pathogenesis of ONFH at the transcriptome level. In
addition, we propose that MALAT1-miR-146b-5p-TLR2, MALAT1- miR-664b-3p-PLEK, NORAD-miR-106b-
5p-TLR2, and MSMO1-miR-106b-5p-TLR2 are potential RNA regulatory pathways in the disease
progression of ONFH.
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Figure 1
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The �ow chart of the whole study.

Figure 2

Identi�cation of DEGs. (a) Heatmap plot of DEGs between the ONFH samples and normal control
samples. (b) Volcano plot of DEGs between the ONFH samples and normal control samples. The red
represents up-regulated genes and blue represents down-regulated genes. (c) The box diagram of ONFH
samples and normal control samples for inter-sample normalization. The red represents the ONFH
samples and blue represents normal control samples. DEGs, differentially expressed genes.
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Figure 3

KEGG, GO pathway, and Reactome enrichment analyses of DEGs. (a) The chord plot showing the top two
BP, CC, MF, and KEGG pathways. (b) The circle diagram showing the top three BP, CC, MF, and KEGG
pathways. (c) The circle diagram showing the top three BP, CC, MF, and KEGG pathways. (d) The
annotation of KEGG and GO pathways. (e) The bubble plots showing the top one BP, CC, MF, and KEGG
pathways. (f) The mountain plot showing nine pathways related to immunity and thrombosis. BP,
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biological processes; CC, cellular components; MF, molecular functions; GO, Gene Ontology; KEGG, Kyoto
Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes.

Figure 4

PPI network of DEGs constructed by cytoscape, four cluster modules extracted by MCODE, and
correlation between hub genes with each other. Red, orange and yellow ellipses represent hub genes. (a)
PPI network of DEGs (174 nodes and 1,510 edges). (B) Cluster1 (24 nodes and 133 edges) (b) Cluster2
(11 nodes and 53 edges) (c) Cluster 3 (18 nodes and 55 edges) (d) Cluster 4 (11 nodes and 15 edges). (e)
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The correlation between hub genes with each other. PPI, protein- protein interaction; DEGs, differentially
expressed genes; MCODE, Minimal Common Oncology Data Elements.

Figure 5

The mRNA-miRNA co-expressed and protein-chemical interaction networks constructed by Cytoscape. (a)
The mRNA-miRNA co-expressed network including 81 target miRNAs for 7 hub genes. (b) The protein-
chemical interaction network including 8 target chemicals for 2 hub genes.
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Figure 6

ROC curve of 15 hub genes in ONFH samples (GSE123568). The hub genes whose AUC was more than
0.8 were selected for further analysis. ROC, receiver operating characteristic; AUC, area under the curve.
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Figure 7

The expression of hub genes in peripheral serum (GSE123568) and hip cartilage (GSE74089). (a) The
expression of NOD2, PLEK, TLR2, and TREM1 was up-regulated in peripheral serum and hip cartilage. (b)
The expression of 15 hub genes in hip cartilage visualized as circular heat map. (c) The expression of
NOD2, PLEK, TLR2, and TREM1 in GSE123568 and GSE74089 datasets visualized as histogram. NC,
normal controls. *:P 0.05, **P 0.01, ***P 0.001.
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Figure 8

The tissue and intracellular distribution of PLEK, TREM1 and TLR2. (a) The gene expression scores of
PLEK, TREM1 and TLR2 in bone marrow, trabecular bone tissue, skeletal muscle tissue, blood, layer of
synovial tissue, and cartilage in in Bgee database. (b) The gene expression level of PLEK, TREM1 and
TLR2 in HPA database. (c) The intracellular distribution of PLEK, TREM1 and TLR2. Green color
represents the expression location of PLEK, TREM1 and TLR2.
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Figure 9

Two ceRNA networks of PLEK, and TLR2 and the potential RNA regulatory pathways. (a) ceRNA network
of PLEK. (b) ceRNA network of TLR2. (c) MALAT1-miR-146b-5p-TLR2, MALAT1- miR-664b-3p-PLEK,
NORAD-miR-106b-5p-TLR2, and MSMO1-miR-106b-5p-TLR2. MALAT1, metastasis associated lung
adenocarcinoma transcript 1; NORAD, non-coding RNA activated by DNA damage; MSMO1, methylsterol
monooxygenase 1.
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