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Summary

Purpose: Osteosarcoma (OS) is the primary malignant tu-
mor which is common in children and adolescents. The treat-
ment effect is still poor, though the treatment strategy has 
been dramatically improved. 

Methods: Differentially expressed genes in metastatic os-
teosarcoma and non-metastatic osteosarcoma were obtained 
first. Secondly, co-expression analysis has been processed for 
differentially expressed genes, and it is necessary to figure the 
gene drive of each module. Furthermore, both GO function 
and KEGG pathway enrichment analysis were performed 
on the module genes. Comprehensively, the module gene set 
which was predicted according to hypergeometric testing was 
importantly regulated by both transcription factors (TFs) 
and non-coding RNAs (ncRNAs). 

Results: Conclusively, 16 co-expression modules were ob-
tained. ACAT1 and ATBF1 would actively regulate in dys-
function modules, and thus they are identified as osteo-
sarcoma-driven genes. Enrichment results showed that the 
module genes were significantly involved in transcription 

factor activity, specific DNA binding of the RNA polymer-
ase II proximal promoter sequence, DNA-binding transcrip-
tional activator activity, ubiquitin-like protein transferase 
activity, and another biological process. Moreover, module 
genes significantly regulates FcγR-mediated phagocytosis, 
MAPK signaling pathway, phagocytosis, PI3K-Akt signaling 
pathway and others. Finally, we identified pivot ncRNAs (in-
cluding CRNDE, miR-106a-5p, miR-181a-5p, etc) and pivot 
TFs (including NFKB1, STAT6, PPARG, RELA, etc) that sig-
nificantly regulate dysfunction modules. 

Conclusion: Overall, this work deciphered a co-expression 
network of common core pathogenic genes including meta-
static osteosarcoma and non-metastatic osteosarcoma. It 
helps to identify core dysfunction modules and potential reg-
ulatory factors of the disease and improves understanding 
the underlying molecular association mechanisms between 
the two diseases.
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Introduction

 Osteosarcoma (OS) is a malignant tumor that 
primarily affects long bones, but may also involve 
other bones in the body. Its incidence has a bimodal 
distribution that peaks in the second decade of life 
and later in adulthood [1]. The most common site of 
origin is the distal femur, proximal humerus, usu-
ally characterized by pain, swelling, local swelling 
of the extremities, and occasionally pathological 
fractures [2]. Since the lung is a common site of 

metastatic spread of OS, accordingly concurrent 
bilateral spontaneous pneumothorax (SBSP) is a 
rare clinical sequel of this malignancy [3]. Excit-
ingly, some human genetic diseases and familial 
cancer syndromes, such as Li-Fraumeni syndrome 
are associated with an increased risk of OS [4].
 In contrast to many other malignancies, a vari-
ety of genetic and environmental factors will lead 
to the development of OS [5]. In genetics, fibroblast 
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growth factor 2 (FGF2) SNP rs11737764 is signifi-
cantly associated with increased susceptibility to 
OS in a Chinese population [6]. Meanwhile, the p53 
gene is the most important tumor suppressor and 
is related to the risk of many tumors (including 
OS). Its rs1295925 and rs3787547 play an essential 
role in the etiology of OS and are potential genetic 
modifiers in the development of OS [7].
 Until now, scientists have interpreted OS from 
various angles, and it has been linked to success. 
LncRNA SOX2-OT has been tested and verified to 
regulate the proliferation, migration, invasion, 
and expression of cancer stem cell biomarkers in 
OS cells. Additionally, it has become a prognos-
tic biomarker for OS patients [8]. Overexpression 
of DANCR increases proliferation, migration, and 
invasion of OS cells in vitro, while promotes xeno-
graft tumor growth and in vivo lung metastasis [9]. 
SNHG15 can promote cell proliferation, invasion, 
migration and autophagy in OS by negatively reg-
ulating miR-141, providing new potential targets 
and prognostic biomarkers for OS treatment [10]. 
MALAT 1 may inhibit tumor growth and metasta-
sis through the PI3K/AKT signaling pathway and 
may be considered as a therapeutic target for hu-
man OS [11].
 On the other hand, miR-133b regulates the 
growth and mechanism of OS cells through the 
miR-133b/Sirt1 axis, and the low expression of 
miR-133b is significantly associated with tumor 
size, distant metastasis, and advanced clinical 
stage, and can be used as potential therapeutic 
targets of OS in the future [12]. Regarding treat-
ment, MAP regimens (methotrexate, doxorubicin 
and cisplatin) have become the preferred treat-
ment [13]. More importantly, chemotherapy for 
OS is one of the most important chemotherapies 
in solid tumors, and treatment of primary tumors 
is associated with a certain degree of permanent 
disability in a large proportion of patients [14]. 
These findings have deepened our understanding 
of the pathogenesis of OS and guided us in the 
direction of further research. In addition, the sur-
vival status of metastatic OS is different from that 
of non-metastatic OS [15]. To comprehensively and 
deeply explore the potential association between 
metastatic and non-metastatic OS, we conducted a 
systematic modular analysis to determine the dys-
function modules and core modules between them.
 As a consequence, we can explore OS further 
concerning knowing the driving genes of OS cell 
metastasis. In sum, our work radically introduces 
the relationship between multifactor-mediated dys-
function modules in metastatic and non-metastatic 
OS. It helps identify potential therapeutic targets 
and related biological processes, which may assist 

to build a better understanding of OS and provide 
improved treatments for this disease. This research 
offers abundant resources for future experimental 
validation and drug repositioning. Equally impor-
tant, the stu]dy offers theoretical guidance to future 
biological research on OS.

Methods 

Data resource

 The NCBI Gene Expression Omnibus database 
(GEO Dataset) [15] with a broad classification of high-
throughput experimental data has single-channel and 
dual-channel microarray-based assays for mRNA abun-
dance, genomic DNA and protein molecules. Besides, it 
includes data from non-array-based functional genom-
ics with high-throughput and proteomics technologies. 
We first collected a set of gene expression profiling for 
non-metastatic and metastatic OS from GEO, numbered 
GSE9508 [16]. The dataset included 13 non-metastatic 
osteosarcomas, 21 metastatic osteosarcomas, and 5 
normal samples. Then, we screened the ncRNA-mRNA 
interaction pairs with score ≥0.5 from the RAID v2.0 
database [17], including 5431 ncRNAs and 431937 inter-
action pairs. The RAID v2.0 database enrolls more than 
5.27 million RNA-related interactions, including more 
than 4 million RNA-RNA interactions as well as there 
are more than 1.2 million RNA-protein interactions be-
tween them.
 Further, 60 species and 130,000 RNA/protein are 
involved. It can help observe various RNA-related inter-
actions comprehensively. At the same time, human tran-
scription factor target data were downloaded and used in 
the general database TRUST v2 database in transcription 
studies [18]. There are a total of 2,492 transcription fac-
tors, and 9,396 pairs.

Differential expression analysis

 To explore the potential key genes for OS cell me-
tastasis, we respectively performed a differential analy-
sis of non-metastatic OS samples and normal samples, 
and also metastatic OS and normal samples. The differ-
ential expression analysis of the gene expression profil-
ing data was performed using the R language limma 
package [19-21]. First, we used the correct background 
function to perform both background correction and nor-
malization of the data. Next, the control probe and the 
low expression probe were filtered using the Normalize 
Between Arrays function quantize normalization. Then, 
the differentially expressed genes of the data set were 
identified based on the lmFit and eBayes functions, using 
default parameters.

Co-expression analysis

 We used weighted gene co-expression network 
analysis (WGCNA) [22] to analyze the expression of dif-
ferentially expressed genes and to find out gene modules 
for synergistic expression. First, the correlation coeffi-
cient weighting value was used, that is, the gene corre-
lation coefficient which was taken to the power of N to 
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work out the correlation coefficient (Pearson Coefficient) 
between any two genes which are calculated. The con-
nections between genes in the network are subject to 
scale-free networks, making the algorithm more mean-
ingful biologically. Then, a hierarchical clustering tree 
is constructed by correlation coefficients between genes. 
Different branches of the clustering tree represent differ-
ent gene modules. Meanwhile, different colors represent 
different modules.

Function and pathway enrichment

 Exploring the functions and signaling pathways 
which are involved in gene organization often help to 
study the molecular mechanisms of disease. Meanwhile, 
the enrichment analysis of features and pathways of 
genes in dysfunctional modules are useful means to ex-
plore the underlying mechanisms of OS. Therefore, we 
performed the function and KEGG pathway enrichment 
analysis on the 16 modular genes of OS using the R 
language Cluster profiler package [23]. Cluster Profiler 
is a Bioconductor software package that provides both 
statistical analysis and visualization of functional clus-
tering of gene sets or gene clusters. In addition, we used 
Cytoscape’s ClueGO application to perform biological 
pathway analysis on the integrated module network.

Transcription factors and non-coding RNAs that regulate 
dysfunctional modules

 Transcriptional and post-transcriptional regulation 
of genes is often driven by transcription factors (TF) and 
non-coding genes (ncRNA). Therefore, we have scientifi-
cally predicted and tested its role in the occurrence and 
development of OS. The pivot regulator is defined as a 
regulator that has significant regulatory implications for 
the module, including ncRNA and TF. We required that 
there are more than two regulatory connections between 
each regulator and each module, and the significance of 
the enriched target in each module calculated based on 
the hypergeometric test is p<0.01.

Results

Identification of differentially expressed genes in meta-
static and non-metastatic osteosarcoma

 Biologists have conducted many experiments 
and studies on the pathogenesis of OS, and thus 
they have identified potential pathogenic genes for 
OS metastasis. However, the complex molecular 
connections and overall effects of these genes are 
unclear. To observe possible molecular changes in 

Figure 1. The 16 co-expression panels which were obtained by clustering were identified as modules, and 16 colors 
represent 16 co-expression modules. 

Figure 2. Expression heat map with all genes in the sam-
ple. Its expression behavior is clustered into 16 co-expres-
sion modules. 
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OS cell metastasis, we performed differential ex-
pression analysis of metastatic, standard sample 
microarray data, non-metastatic microarray data 
and standard microarray data to obtain differen-
tially expressed genes (DEGs) in metastatic and 
non-metastatic OS, appropriately we can identify 
genes that may affect OS metastasis. Finally, dis-
ease-related differential genes were obtained and 
we believe that there may be genes in these differ-
ential genes that affect the migration of OS cells.

Identification of functional disorders of metastat-
ic osteosarcoma associated with non-metastatic 
osteosarcoma

 Modularity is a process that deals with glob-
ally complex systems and decomposes them into 
more detailed and organized subsystems, while 
each of which exhibits its characteristics. For each 
elemental gene, the module is a collection of genes 

with a synergistic expression relationship, and the 
genes of the same module have consistent expres-
sion behavior. On the other hand, each module also 
had a specific interaction relationship. The overall 
effect of these interactions represents the global 
characteristics, and it is a bridge for each element 
gene to play a role in the worldwide network. Ac-
cording to the expression behavior of related genes 
in diseases, they are clustered into modules, which 
helps observe the complex synergy between these 
genes from the perspective of expression behavior. 
To start with, based on the patient gene expression 
profile, 4,067 differential genes, and their interac-
tion gene expression profile matrices were con-
structed. Then, using weighted gene co-expression 
network analysis (WGCNA), we observed that these 
genes exhibited significant group co-expression in 
disease samples, resulting in 16 functional disorder 
modules (Figure 1 and 2). Based on the phenotypic 

Figure 3. Each row represents a module, while each column represents a phenotype. The corresponding correlation 
coefficient maps the color of each cell, and the value is from -1 to 1; the color transitions from blue to white, and then 
transitions to red.
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association analysis of the module genes, it can be 
seen that MEred is associated with non-metastatic 
OS, whereas turquoise is associated with metastat-
ic OS (Figure 3).

Functions and pathways involved in the gene of interest

 Function and pathway are essential to the 
physiological response of the disease. Exploring 
both the features and pathways which are involved 
in the dysfunctional module gene, it not only helps 
determine the upstream and downstream relation-
ship between different genes in the same biological 
pathway in the module. However, it also helps es-
tablish a molecular bridge between the module and 
the disease in system biology. More importantly, it 
deepens the understanding of the underlying mo-
lecular mechanism of the disease. We performed 
GO function and KEGG pathway enrichment analy-
sis on 16 modules further, and we obtained 33,980 
biological processes (BP), 4,278 cell components 
(CC), 6,362 molecular functions (MF) and 1,872 
KEGG pathways (Figure 4 and 5). The analysis re-

vealed that the tasks involved in these modules 
are mainly focused on transcription factor activity, 
RNA polymerase II proximal promoter sequence-
specific DNA binding, DNA-binding transcriptional 
activator activity, RNA polymerase II specificity, 
ubiquitin-like protein transferase activity, etc. The 
significant biological pathways include FcγR-
mediated phagocytosis, MAPK signaling pathway, 
phagocytosis, and PI3K-Akt signaling pathway. We 
believe that the genes which are with the most 
function and biological pathway would play a criti-
cal role in the module. Looking back at the whole, 
we integrated 16 module networks and used Clue-
GO for biological pathway analysis (Figure 6).

Pivot regulator that may affect disease metastasis

 From the perspective of systems biology and 
systems genetics, transcriptional and post-tran-
scriptional regulation of genes have already been 
realized as the primary regulatory factors of dis-
ease development. Meanwhile, transcription fac-
tors and ncRNAs are universal regulators of ex-

Figure 6. Path analysis of the integrated module network. The red font circle represents the gene, while green are the pathways.

Figure 7. Modulatory effect of the regulator on the dysfunction module. The light green circle represents the module, 
and the green circle represents the ncRNA. The blue square represents the module, and the red square represents the TF.
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pression and function. Although many biologists 
have valued the regulation of the progression of 
metastatic OS by single or several TFs and ncR-
NAs, few studies have focused on their overall 
global effects on dysfunctional mechanisms. In 
this study, we performed a pivotal analysis of the 
co-expression module based on the targeted regu-
latory relationship between TF and ncRNA on the 
module gene. It is to explore the pivot regulators 
and potential regulatory mechanisms that may af-
fect OS metastasis progression. A total of 19 crucial 
transcription factors were involved in the analy-
sis of 19 TF-module target pairs, and 587 ncRNAs 
which touch upon 844 ncRNA-module regulatory 
pairs (Figure 7). Among them, ncRNAs (CRNDE, 
miR-106a-5p, miR-181a-5p, etc.) and TFs (NFKB1, 
STAT6, PPARG, RELA, etc.) were the most regulated 
dysfunctional modules and they were identified as 
potential dysfunctional molecules in the process 
of OS metastasis. Besides, they may regulate the 
operation of OS cell metastasis by mediating a dys-
functional module. Notably, PPARG regulates key 
gene ACAT1 from module 10, and MALAT1 and 
FENDRR regulate key gene VPS13A from module 
10. Besides, CRNDE, NFKB1 and RELA regulate 
the negative regulation of leukocyte-mediated 
immunity, while CRNDE, NFKB1, RELA, PPARG, 
and STAT6 regulate vesicle-mediated trafficking. 
In addition, both CRNDE and STAT6 get involved 
in the hematopoietic lineage signaling pathway as 
well as CRNDE regulates the signaling pathway of 
Staphylococcus aureus infection. 

Discussion

 OS is a primary malignant bone tumor and the 
most common malignant bone tumor with poor 
prognosis with local recurrence, metastasis, chem-
otherapy resistance and so on. Its 5-year survival 
rate is 70% [24,25]. Although several researchers 
studied OS in various aspects, the pathogenesis of 
the disease remains unclear. In this study, we col-
lected gene expression profiling of metastatic and 
non-metastatic OS on the NCBI Gene Expression 
Omnibus database (GEO Dataset). Accordingly, we 
identified differentially expressed genes which are 
disease-related. Integrating transcriptional and 
post-transcriptional regulatory data, and analyz-
ing the co-expression modules of differentially 
expressed genes in various aspects, was intended 
to understand the molecular mechanism of OS 
cell metastasis thoughtfully. At the module level, 
module gene is significantly involved in transcrip-
tion factor activity, RNA polymerase II proximal 
promoter sequence-specific DNA binding, DNA-
binding transcriptional activator activity, RNA 

polymerase II specificity, ubiquitin-like protein 
transferase activity, and other biological process-
es. At the same time, it also significantly involved 
in FcγR-mediated phagocytosis, MAPK signaling 
pathway, PI3K-Akt signaling pathway, and other 
signaling pathways. Among them, studies have 
shown that downregulation of RPS9 leads to inacti-
vation of MAPK signaling pathway and inhibits OS 
cell growth [26]. The high expression of PLA2G16 
activates the MAPK pathway to enhance OS metas-
tasis, and maybe it is the new therapeutic target for 
these cancers [27]. Moreover, more and more evi-
dence proves that the PI3K/Akt signaling pathway 
is frequently overactivated in esophageal cancer 
and promotes the development and progression of 
the disease, including tumorigenesis, proliferation, 
invasion and cell cycle progression, inhibition of 
apoptosis, angiogenesis, metastasis and chemical 
resistance [28]. On the other hand, at the molecu-
lar level, we have extracted 16 core genes such as 
ACAT1 and ATBF1 by co-expression analysis. These 
core genes are not only significantly differentially 
expressed, but they also play an essential regula-
tory role in the dysfunction module. Among them, 
studies have shown that TLR4 siRNA inhibits the 
proliferation and invasion of colorectal cancer cells 
by down-regulating ACAT1 expression [29]. The 
ATBF1 gene may promote the development of HCC 
through transcription down-regulation of mRNA 
expression [30]. In breast cancer, low expression of 
ATBF1 promotes cell proliferation [31]. Although 
there is no association between OS and existing 
studies on core genes, our analysis shows that 
these core gene-driven dysfunction modules are 
the fundamental causes of OS metastasis and can 
be used as one of the future research focus. Further-
more, we predicted 587 ncRNAs and 19 transcrip-
tion factors which are involved in the metastasis 
of OS cells through a mediator module. Besides, as 
reported by differential expression analysis, it was 
demonstrated that degrees of abnormal expression 
in OS are different. Based on statistical analysis, we 
determined that CRNDE, miR-106a-5p, miR-181a-
5p, miR-200a-3p and miR-520D-3P all significantly 
regulated 5 dysfunctional modules. Among them, 
LncRNA CRNDE promotes proliferation, invasion, 
and migration of OS cells by regulating Notch 1 
signaling and epithelial-mesenchymal transition 
[32]. MiR-106-5p inhibits C2C12 myogenesis by 
targeting PIK3R1 and modulating the PI3K/AKT 
signaling pathway [33]. Also, miR-181A-5P signifi-
cantly inhibits the proliferation and migration of 
gastric cancer cells by regulating MEG2 and fur-
ther inhibits the growth of tumor cells in vitro and 
in vivo [34]. The miR-182-5p improves the viability, 
mitosis, migration, and invasion of human gastric 
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cancer cells by downregulating RAB27A [35]. MiR-
200a-3p inhibits tumor proliferation and induces 
apoptosis by targeting SPAG9 in renal cell carci-
noma [36]. LncRNA MIAT and EPHA2 signaling 
contribute to the dysregulation of miR-520d-3p. 
Thus it promotes the development of hepatocel-
lular carcinoma [37]. No studies involving OS have 
been reported involving miR-106a-5p, miR-181a-
5p, miR-182-5p, miR-200a-3P, and miR-520d-3p, 
but our analysis revealed the above ncRNA. It has 
a regulatory relationship with the disease dysfunc-
tion module, which can be used as a candidate for 
further molecular experiments. Besides, PPARG 
regulates the key gene ACAT1 from module 10, 
and MALAT1 and FENDRR regulate the key gene 
VPS13A from module 10. Functional analysis of 
these regulators revealed that CRNDE, NFKB1, 
and RELA regulate the negative regulation of leu-
kocyte-mediated immunity. Additionally, CRNDE 
NFKB1, RELA, PPARG, and STAT6 regulate vesicle-
mediated transport. Further, CRNDE and STAT6 are 
involved in the hematopoietic lineage signaling 
pathway, and CRNDE regulates the signaling path 
of Staphylococcus aureus infection. Recent studies 
have shown that the PPARG c.1347C > T polymor-
phism is associated with cancer risk [38]. When 

MALAT1 is knocked down in vitro by siRNA will 
significantly inhibit cell proliferation and migra-
tion. Besides, it is supposed to induce cell cycle 
arrest and apoptosis in OS cells. MALAT1 may be 
a promising therapeutic target for patients with OS 
[39]. At the same time, MALAT1 regulates HMGB1 
through miR-142-3p and miR-129-5p to promote 
the development of OS [40]. Besides, overexpres-
sion of FENDRR which inhibits doxorubicin resist-
ance and G2/M phase cell cycle can both promote 
apoptosis of OS cells in vitro and tumor growth in 
vivo [41]. NFKB1 has been shown to play a vital 
role in the pathogenesis of OS, and OS is asso-
ciated with the NFKB1 promoter-94ins/del ATTG 
polymorphism [42]. The expression of p65 which 
is a nuclear factor-κB (NF-κB) subunit may benefi-
cially be directed toward the survival of cells which 
contribute to tumor expression by inducing mul-
tiple antiapoptotic genes [43]. Importantly, serine/
threonine kinase 35, as a target gene for STAT3, 
regulates proliferation and apoptosis of OS cells 
[44].
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