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Background: This study sought to identify potential key genes for osteosarcoma metastasis and analyze 
their immune infiltration patterns using bioinformatic methods.
Methods: We obtained transcriptomic data related to osteosarcoma and osteosarcoma with metastasis 
from the Therapeutically Applicable Research to Generate Effective Treatment (TARGET) and The Gene 
Expression Omnibus (GEO) databases and identified the differentially expressed genes (DEGs). We also 
identified potential key genes for osteosarcoma metastasis by a protein-protein interaction network analysis, 
and we conducted a Gene Ontology (GO) functional annotation analysis and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analysis to identify the core genes for prognosis, immune cell infiltration, 
and drug sensitivity, and the risk prediction and prognosis models of metastasis were constructed.
Results: By comparing the transcriptome data of osteosarcomas without metastasis and those with 
metastasis, a total of 19 core DEGs were identified, and the GO and KEGG analyses revealed an association 
between these DEGs and the regulation of cell division, secretory granule lumen, the Ras-associated protein 
1 (Rap1) signaling pathway, and the mitogen-activated protein kinase (MAPK) signaling pathway. Compared 
with other immune cells, macrophage infiltration was predominant in osteosarcoma samples with metastatic 
osteosarcoma, and insulin-like growth factors-1 (IGF1) and myelocytomatosis protein 2 (MYC2) genes 
were predicted to more than 50 targeted therapeutic agents. A metastasis prediction model with 5 genes 
[i.e., ecotropic viral integration site 2B (EVI2B), CCAAT/enhancer binding protein (CEBPA), lymphocyte 
cytosolic protein 2 (LCP2), selectin L (SELL), and Niemann-Pick disease, type C2A (NPC2A)], and a 
prognostic model with 4 genes [i.e., insulin-like growth factors-2 (IGF2), cathepsin O (CTSO), Niemann-
Pick disease, type C2 (NPC2), and amyloid beta (A4) precursor protein-binding, family B, member 1 
interacting protein (APBB1IP)] were developed. 
Conclusions: We constructed a metastasis prediction model with 5 genes (i.e., EVI2B, CEBPA, LCP2, 
SELL, and NPC2A), and a prognostic model with 4 genes (i.e., IGF2, CTSO, NPC2, and APBB1IP) that may 
be potential biomarkers for osteosarcoma metastasis. Macrophages are the predominant immune infiltrating 
cells in osteosarcoma metastasis and may provide a new direction for the treatment of osteosarcoma.
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Introduction

Osteosarcoma is the most common and aggressive type of 
malignancy in bone tissue, and has a global incidence of 
approximately 3 cases per million. Osteosarcoma accounts 
for <0.2% of all malignant tumors and occurs mainly in 
children and adolescents, with a 2nd peak incidence above 
the age of 50 years (1-3). Surgical resection is the main 
treatment for osteosarcoma, but the survival rate of patients 
with osteosarcoma treated with surgery alone is only  
15–17% (4).

The advent and application of neoadjuvant chemotherapy 
has led to more options and breakthroughs in the treatment 
of osteosarcoma; however, the overall survival (OS) rate of 
patients has not changed significantly (5). Approximately 
20% of patients have combined metastatic lesions, especially 
pulmonary metastases, at the time of 1st diagnosis, and the 
5-year survival rate of patients with osteosarcoma still has 
not improved significantly (6,7). Thus, the identification 
of potential biomarkers that can be used to assess the 
metastasis and prognosis of osteosarcoma has important 
clinical applications.

As early as 1891, surgeons adopted immunotherapy 
for patients with osteosarcoma, but its success remains 
controversial (8,9). A study of adjuvant immunotherapy in 
patients with resectable osteosarcoma treated with Bacillus 
Calmette Guerin vaccine and allogeneic tumor cells found 
that 18% of patients who received immunotherapy were 
cured or survived, while all patients who did not receive 
immunotherapy had recurrence (10). In pediatric patients 
with osteosarcoma, lymphocyte counts after chemotherapy 
were found to be positively associated with a good 
prognostic recovery (11). These therapies use both the 
innate and adaptive immune systems to restrain the ability 
of transformed cells to grow, to activate immune effector 
cells, and to induce immune antitumor activity. Thus, for 
the treatment of metastatic and recurrent osteosarcoma, 
immunotherapy may have great potential.

Osteosarcoma is a common and highly malignant 
tumor in the adolescent population, and the current status 
of biomarkers that effectively diagnose osteosarcoma 
and predict its prognosis, such as the occurrence of 
metastasis and susceptibility to drug therapy is unclear, 
which has limited further improvements in the survival of 
osteosarcoma patients. The bone microenvironment is a 
unique part of the immune system in which the intercellular 
crosstalk of immune cytokines is closely related to bone 

development and bone dynamic homeostasis. Transcriptome 
sequencing can address deep discovery of new genes, 
discovery of low-abundance transcripts, transcript 
mapping, regulation of variable splicing, metabolic pathway 
identification, gene family identification, and evolutionary 
analysis at the RNA level. Our study aims to identify 
biomarkers of osteosarcoma metastasis, construct relevant 
predictive models, and also predict potential therapeutic 
agents based on the key targets mined for subsequent 
osteosarcoma research. We present the following article in 
accordance with the TRIPOD reporting checklist (available 
at https://tp.amegroups.com/article/view/10.21037/tp-22-
402/rc).

Methods

Data collection

We downloaded high-throughput transcriptomic data 
from the database of Therapeutically Applicable Research 
to Generate Effective Treatment (TARGET) program 
(https://ocg.cancer.gov/programs/target). A total of 87 
patients containing transcriptomic and clinical data were 
collated, and a total of 84 patients were included in the 
follow-up survival analysis due to the absence of prognostic 
information in 3 cases. The Gene Expression Omnibus 
(GEO, http://www.ncbi.nlm.nih.gov/geo/) is a public 
functional genomics database. We searched the GEO 
database using osteosarcoma as a keyword, and datasets 
with sample size greater than >50 and containing clinical 
data were included, and finally the GSE21257 dataset was 
included. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Differential expression analysis

After extracting the data sets for both GSE21257 and 
TARGET, the data sets were normalized using the limma 
package in R language. The limma package was used to 
analyze the differentially expressed genes (DEGs). The 
data sets were divided into the following 2 groups: (I) 
osteosarcoma without metastasis; and (II) osteosarcoma 
with metastasis. The threshold of patient significance was 
set as follows: variance multiples >0.5 and a P value <0.5. 
The results were visualized using the pheatmap package to 
construct heat maps for the top 100 DEGs and the ggplot2 
package was used to construct volcano maps to visualize the 

https://tp.amegroups.com/article/view/10.21037/tp-22-402/rc
https://tp.amegroups.com/article/view/10.21037/tp-22-402/rc


Liang et al. Identification of key genes in osteosarcoma1658

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2022;11(10):1656-1670 | https://dx.doi.org/10.21037/tp-22-402

distribution of the DEGs. 

Identifying the core genes

Using the VennDiagram package in R language, DEGs 
from the GSE21257 and TARGET datasets were entered 
to obtain core genes for osteosarcoma metastasis and 
the results were visualized using veen plots. As a result, a 
total of 19 core genes for osteosarcoma metastasis were 
identified.

Protein-protein interaction (PPI) and gene-gene 
interaction (GGI)

The core genes of osteosarcoma metastasis were entered 
into the Search Tool for the Retrieval of Interacting Genes 
(STRING) database (https://string-db.org/) to construct 
a functional PPI network. Interactions with a composite 
score >0.4 were considered statistically significant, and 
the results were subsequently imported into Cytoscape 
(version 3.9.0) to visualize the results. The core genes for 
osteosarcoma metastasis were then imported into the online 
tool, GeneMinia (http://genemania.org/), to construct the 
GGI network. 

Survival analysis

We used the TARGET database for the prognostic analysis 
of the core genes of osteosarcoma metastasis and conducted 
a log-rank test. The analysis was performed using the 
“survival” package and the “survminer” package of R 
language. Survival maps were constructed (a total of 12 
prognosis-related core genes for osteosarcoma metastasis 
were identified).

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analyses

To determine the functions of the core genes of prognosis-
associated osteosarcoma metastasis, we performed a GO 
annotation analysis and a KEGG pathway enrichment 
analysis using the R package clusterProfiler. The analysis 
covered the following 3 domains: biological process (BP), 
cellular component (CC), and molecular function (MF). A  
q value <0.05 indicated a statistically significant difference.

Micro-RNA (miRNA) target gene network prediction

In disease states, miRNAs affect gene expression through 
post-transcriptional control. This study used the miRWalk 
database (http://miRWalk. umm.uni-heidelberg.de/) to 
search for the miRNAs associated with genes central to 
prognosis-related osteosarcoma metastasis. miRWalk is 
a publicly available database of miRNA target genes, and 
includes data of predicted and experimentally validated 
miRNA-target interaction pairs from different species, 
including humans, mice, rats, dogs and bovine. We 
imported the core genes for prognosis-related osteosarcoma 
metastasis into the miRWalk database, set a score of 
1, validated with miRDB (http://mirdb.org/) as a filter 
condition, and imported the results into Cytoscape (version 
3.9.0) to construct a core gene regulatory network structure 
for prognosis-related osteosarcoma metastasis.

Construction of receiver operating characteristic (ROC) 
curves and metastasis diagnostic models

The ROC curves for the core genes of prognosis-related 
osteosarcoma metastasis were constructed using the “rms” 
package in R language to assess the diagnostic efficacy 
of the genes in both data sets. An area under the curve 
(AUC) of 0.6–0.7 indicated low efficacy, an AUC of 
0.7–0.8 indicated moderate efficacy, and an AUC of >0.8 
indicated high efficacy. Subsequently, the diagnostic model 
for diagnosing osteosarcoma metastasis was constructed 
using the survminer package and the RMS package, and 
the diagnostic efficacy of the model was assessed by the 
concordance index (C-index), and the accuracy of the model 
was assessed by the correction curve.

Construction of a prognostic model of metastasis

The prognosis-related core genes of osteosarcoma 
metastasis were obtained by a multivariate Cox proportional 
hazards regression analysis, which was implemented by 
the “surv” and “survminer” packages of R language. To 
construct the final risk model, 4 genes were identified. 
The risk score of each patient was then calculated based 
on the regression coefficients of the signature genes and 
the corresponding expression values. The risk scores were 
calculated as follows:
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Risk score = expression of gene1 × β1 + expression of 
gene2 × β2 + … expression of Genen × βn (risk score = NPC2 
× 0.28321 + CTSO × 0.38456 + APBB1IP × 0.559 + IGF2 × 
0.26218).

Patients were divided into high- and low-risk groups 
based on the median risk scores. A Kaplan-Meier OS 
analysis was conducted followed by a log-rank test. The 
RMS package in R was used to construct the subject 
ROC curves and calculate the AUCs. The analyses were 
performed using the R package. A P value <0.05 was 
considered statistically significant. 

Immune infiltration

We used the CIBERSORT online website (http://
CIBERSORT.stanford.edu/) to predict the proportion of 22 
immune cells in the data set of all samples. CIBERSORT 
was used to determine the proportion of immune cells by 
deconvolution and was experimentally validated. We set 100 
replicates, and samples with P values <0.05 were considered 
statistically significant. We visualized the results through the 
ggplot2 package in R. The bar plot and heatmap reflect the 
relative content of the 22 immune cells in each sample. The 
correlation heatmap analyzed and visualized the correlation 
between immune cells. The violin plot shows the difference 
in the content of immune cells between the high- and low-
risk groups.

Immuno-correlation analysis

The outcome matrix of immune infiltration was combined 
with the data set normalized to 12 core genes of prognosis-
related osteosarcoma metastasis for the correlation analysis, 
and the results were visualized and analyzed using the 
ggcorrplot package in R language to construct bar plots to 
assess the correlations between the immune-related genes 
and immune cells. Correlation coefficients from 0.4 to 0.7 
indicated moderate correlations and correlation coefficients 
>0.7 indicated high correlations.

Drug sensitivity analysis

Using the GeneCard database (https://www.genecards.org/), 
we searched for osteosarcoma therapeutic target genes using 
“osteosarcoma” as a keyword, and then intersected with 12 
prognosis-related osteosarcoma metastasis core genes to 
obtain immune-related osteosarcoma therapeutic key genes. 
Finally, the Drug-Gene Interaction Database (DGIdb, 

https://www.dgidb.org/) was used to predict potential drugs 
targeting the intersecting genes, and Cytoscape was used to 
visualize the network modules.

Statistical analysis

All bioinformatics analyses in this study were performed 
using R software. The pheatmap package was applied to 
construct the expression heat map of important genes in 
osteosarcoma and metastatic osteosarcoma. Statistical tests 
were performed using the R language limma package to 
compare the differences in expression of important genes 
in osteosarcoma and metastatic osteosarcoma. the AUC 
values in the ROC curves were used to assess diagnostic 
efficacy and P<0.05 was considered a statistically significant 
difference.

Results

Osteosarcoma metastasis DEGs

The results showed that 176 genes were significantly 
upregulated and 112 genes were significantly downregulated 
in the TARGET data set. Conversely, 430 genes were 
upregulated and 715 genes were significantly downregulated 
in the GSE21257 data set (Figure 1). 

PPI and GGI network construction

The subsequent analyses of the co-expressed DEGs in the 
GSE21257 and TARGET data sets showed that 19 genes 
were significantly altered in both data sets (Figure 2A). PPI 
and GGI analyses of the 19 core genes were performed 
using the STRING database and the GeneMinia tool. The 
PPI network comprised 11 key proteins, such as lymphocyte 
cytosolic protein 2 (LCP2), MYC, and SELL, while in 
the GGI analysis, 37 interacting genes were enriched  
(Figure 2B,2C).

Survival analysis

We performed a survival analysis of the 19 core genes and 
found that patients with a low expression of APBB1IP, 
CCAAT/enhancer binding protein (CEBPA), CFI, CTSO, 
ecotropic viral integration site 2B (EVI2B), granzyme A 
(granzyme 1, cytotoxic T-lymphocyte-associated serine 
esterase 3) (GZMA), IGF2, LCP2, NPC2, and SELL had 
a better prognosis, while patients with MYC and prolyl 

http://CIBERSORT.stanford.edu/
http://CIBERSORT.stanford.edu/
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4-hydroxylase, alpha polypeptide I (P4HA1) expression had 
a better prognosis in Osteosarcoma, but the expression of 
calcium/calmodulin-dependent protein kinase I (CAMK1), 
collectin sub-family member 11 (COLEC11), growth 
arrest and DNA-damage-inducible, gamma interacting 
protein 1 (GADD45GIP1), glypican 1 (GPC1), heat shock  
70 kDa protein 1A (HSPA1A), transgelin 2 (TAGLN2), and 
ubiquitin associated protein 1 (UAP1) did not affect the 
prognosis of patients (Figure 3).

GO and KEGG enrichment analysis of core DEGs

Using R software, biological function and pathway 
enrichment analyses were performed based on the core 
DEGs metastasized from osteosarcoma. The top 10 BPs, 
CCs, MFs and 10 KEGG pathways were selected according 
to the number and significance of gene enrichment, and bar 
and bubble plots were drawn (Figure 4A,4B). The main BPs 
included the regulation of cell division, secretory granule 
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Figure 1 Differential expression analysis of the TARGET and GSE21257 data sets. (A,C) Heat map and volcano plot of differential 
expression analysis of the TARGET data set. (B,D) Heat map and volcano plot of differential expression analysis of the GSE21257 data set. 
TARGET, Therapeutically Applicable Research to Generate Effective Treatment; FC, fold change.
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Figure 2 Functional analysis of the osteosarcoma metastasis core DEGs. (A) Venn diagram of the TARGET and GSE21257 data sets. (B) 
PPI network of the core genes. (C) GGI network of the core genes. TARGET, Therapeutically Applicable Research to Generate Effective 
Treatment; DEGs, differentially expressed genes; PPI, protein-protein interaction; GGI, gene-gene interaction.

Figure 3 Survival analysis of osteosarcoma metastasis core genes.
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lumen, endopeptidase activity, immunological synapse, 
platelet activation, transcriptional misregulation in cancer, 
the Rap1 signaling pathway, and the MAPK signaling 
pathway (Figure 4A,4B).

MiRNA target gene network prediction

To further explore the potential miRNAs of the core DEGs 
in osteosarcoma metastasis, we constructed a miRNA 
network comprising the following 8 key genes: LCP2, 

NPC2, MYC, CEBPA, IGF2, CTSO, SELL, and P4HA1 
(Figure 4C).

Construction of ROC curves and prediction models for 
metastasis

To build a prediction model for metastasis, we first 
performed a diagnostic efficacy analysis of the core DEGs, 
and finally used 5 genes (i.e., EVI2B, CEBPA, LCP2, SELL 
and NPC2A) to construct models for the 2 data sets, and 

Figure 4 Functional analyses of osteosarcoma metastasis core genes. (A) GO. (B) KEGG. (C) Prediction of miRNA. GO, Gene Ontology; 
KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological process; CC, cellular component; MF, molecular function.
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the results showed that the models all had good predictive 
efficacy (Figure 5).

Construction of a prognostic model of metastasis

The prognosis-related core genes of osteosarcoma metastasis 
were identified by a multivariate Cox proportional hazards 
regression analysis, and a total of 4 genes (i.e., IGF2, CTSO, 
NPC2, and APBB1IP) were used to construct the final risk 
model. The risk scores of each patient were then calculated 
based on the regression coefficients of the signature genes 
and the corresponding expression values. Based on the 
median risk, the patients were divided into high- and 
low-risk groups, and the distribution of risk assessment, 
survival time, and status of patients were observed. The 
survival analysis showed that patients in the high-risk group 
had a worse prognosis than those in the low-risk group 
(P=0.00015). The ROC analysis showed that the AUCs 
were 0.790, 0.764, and 0.649 for 1-, 3-, and 5-year OS, 
respectively (Figure 6).

Immune cell infiltration analysis

To further explore the role of immune cells in osteosarcoma 
metastasis, we analyzed 22 immune cells from all the 
samples in TARGET and GSE21257 data sets. Macrophage 
infiltration was predominant in osteosarcoma samples 
compared to other immune cells (Figure 7A), and M0 
macrophages were negatively correlated with T cells 
cluster of differentiation (CD)8, M1 macrophages, and 
M2 macrophages (Figure 7B). M0 macrophage levels were 
significantly higher in the low-risk group, and mast cell 
activation differed significantly between the high- and low-
risk groups (Figure 7C).

Immunological correlation analysis

The outcome matrix of immune infiltration was combined 
with the data set normalized to 12 core genes of prognostic 
relevance for osteosarcoma metastasis for the correlation 
analysis. The results showed that CEBPA and LCP2 were 
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negatively correlated with M0 macrophages, and P4HA1 
was positively correlated with M0 macrophages. LCP2 
was positively correlated with M1 macrophages and M2 
macrophages (Figure 8A).

Drug sensitivity analysis

Using the GeneCard database (https://www.genecards.
org/), the genes of the osteosarcoma therapeutic targets 
were searched using “osteosarcoma” as the keyword, and 
then intersected with the 12 prognosis-related core genes 
of osteosarcoma metastasis to identify further key genes 
for treatment. A drug sensitivity prediction analysis was 
then performed. The results showed that the IGF and 
MYC2 genes predicted >50 targeted therapeutic agents  
(Figure 8B,8C).

Discussion

Tumor metastasis is the spread of malignant tumor cells 
from the primary site, through blood vessels, lymphatic 
vessels, or body cavities, to other parts of the body for 
continued growth, and the occurrence of metastasis in 
malignant tumors is often the main cause of treatment 
failure and is a relevant cause of death in most patients 
(12,13). To achieve early diagnosis and treatment, the 
search for potential biomarkers is an essential task. In recent 
years, an increasing amount of microarray data from the 
GEO database has been used to analyze DEGs to reveal 
the mechanisms of development of various diseases. In this 
study, we examined the DEGs involved the development 
of metastasis in osteosarcoma based on the GSE21257 
and TARGET data sets, and ultimately identified 5 key 
genes (i.e., EVI2B, CEBPA, LCP2, SELL, and NPC2A) by 

Figure 6 Prognostic risk model. (A) Risk score distribution, patient survival time, and status. (B) Kaplan-Meier survival curves for risk 
factors. (C) ROC curves showing the predictive efficiency of risk scores. AUC, area under the curve; ROC, receiver operating characteristic.
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conducting biological function and PPI analyses.
EVI2B, also known as CD361, is a common viral 

integration site in retrovirus-induced leukemia in mice 
(14,15). Previous studies have shown that EVI2B is 
required for the granulocyte differentiation and function 
of hematopoietic progenitor cells and controls cell cycle 

progression and the survival of hematopoietic progenitor 
cells (16). EVI2B was found to predict the progression 
and prognosis of colorectal cancer (17). Related reports 
in osteosarcoma suggest that EVI2B is involved in the 
regulation of immune infiltrating cells and is positively 
correlated with multiple immune cells (18,19). CEBPA 

3,708

Gene card

Key genes
9

3

CEBPA

EVI2B

CTSO

SELL

IGF2

MYC

LCP2

CFI

GZMA

P4HA1

APBB1IP

NPC2

1.0

0.5

0.0

−0.5

−1.0

0.06

0.14

0.08

0.24

0.3

−0.03

−0.02

0.14

0.07

−0.14

−0.03

0.16

−0.1

−0.1

−0.04

−0.12

−0.21

0.02

−0.03

0

−0.1

0.03

0

−0.05

−0.09

0.13

−0.09

0.21

0.26

−0.06

−0.01

0.19

0.16

−0.01

0.07

0.15

0.29

−0.06

−0.02

0.18

0.32

−0.04

0.24

0.12

0.21

−0.52

−0.04

0.11

−0.15

−0.05

−0.26

−0.12

−0.1

0.04

−0.32

−0.15

−0.29

0.17

−0.14

−0.09

−0.26

−0.16

0.05

−0.06

−0.03

−0.06

−0.13

−0.09

0.05

0.31

−0.14

−0.23

−0.07

0.24

−0.09

0.28

−0.02

−0.05

0

0.19

0.04

0.05

0.15

0.08

0.22

0.02

0.03

0.12

0.19

−0.09

0.21

0.15

0.18

−0.27

0.22

0.25

0.22

0.03

0.19

0.17

0.12

−0.27

0.11

0.05

0.16

−0.22

0.13

0.21

−0.05

0.01

0.12

0.07

−0.14

0.03

−0.14

−0.08

0.11

−0.07

0.11

0.15

−0.2

−0.28

−0.26

−0.24

−0.1

0.21

−0.39

−0.14

−0.45

0.29

−0.22

−0.35

0.02

0.09

0.07

0.06

0.12

−0.26

0.28

0.02

0.5

−0.28

0.11

0.08

−0.06

−0.01

−0.02

0.2

0.05

−0.19

0.11

0.18

0.24

−0.14

0.06

0.12

−0.38

−0.24

−0.02

−0.14

−0.31

0.25

−0.55

−0.02

−0.39

0.39

−0.19

−0.19

0.07

0.12

0.02

0.27

−0.01

−0.19

0.38

0.12

0.33

−0.3

0.13

0.15

0.44

0.27

0.05

0.04

0.09

0.01

0.46

0.11

0.15

−0.27

0.2

0.24

0.1

0.3

0.09

0.3

0.13

−0.14

0.22

0.08

0.23

–0.08

0.11

0.23

−0.18

−0.2

0.01

−0.18

−0.08

0.18

−0.22

−0.22

−0.14

0.29

−0.14

−0.24

0.19

0.08

0.3

0.05

0.21

−0.01

0.02

−0.19

−0.01

−0.07

0.07

0.05

−0.2

−0.22

−0.13

−0.22

−0.19

0.24

−0.08

−0.08

−0.14

0.14

−0.17

−0.25

Correlation

B ce
lls

 na
ive

B ce
lls

 m
em

or
y

Plas
m

a c
ell

s

T 
ce

lls
 C

D8

T 
ce

lls
 C

D4 n
aiv

e

T 
ce

lls
 C

D4 m
em

or
y r

es
tin

g

T 
ce

lls
 C

D4 m
em

or
y a

ct
iva

te
d

T 
ce

lls
 fo

llic
ula

r h
elp

er

T c
ell

s r
eg

ula
to

ry 
(Te

rg
s)

T 
ce

lls
 g

am
m

a d
elt

a

NK ce
lls

 re
sti

ng

NK ce
lls

 ac
tiv

at
ed

M
on

oc
yte

s

M
ac

ro
pha

ge
s M

0

M
ac

ro
pha

ge
s M

1

M
ac

ro
pha

ge
s M

2

Den
drit

ic 
ce

lls
 re

sti
ng

Den
drit

ic 
ce

lls
 ac

tiv
at

ed

M
as

t c
ell

s r
es

tin
g

M
as

t c
ell

s a
ct

iva
te

d

A

B C
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encodes a protein that regulates the expression of genes 
involved in cell-cycle regulation as well as body weight 
homeostasis, and mutations in CEBPA are associated with 
acute myeloid cell leukemia (20). Studies have shown that 
CEBPA expression is associated with the metabolism and 
prognosis of osteosarcoma and is a potential biomarker 
(21,22). LCP2 encodes an actin-binding protein that is 
involved in the regulation of various cellular signaling 
pathways. LCP2 protein activates T cells and promotes 
interferon gamma and interleukin-2 secretion, which is 
closely associated with metastasis and prognosis in patients 
with breast, gastric, and colon cancers (23-26). Ding et al. 
found that the expression of LCP2 was significantly reduced 
in the metastatic foci of osteosarcoma cells and was closely 
associated with patient prognosis (27). SELL and NPC2A 
have not been reported to play a role in osteosarcoma, 
which may be a direction for future research. In our study, 
osteosarcoma patients with high expression levels of EVI2B, 
CEBPA, LCP2, SELL, and NPC2A had a better prognosis 
in osteosarcoma. In this study, 19 DEGs were obtained 
by differential expression analyses of the GSE21257 and 
TARGET data sets. The GO functional annotation analysis 
and KEGG enrichment analysis showed that the DEGs 
were mainly enriched in substance metabolism, immunity, 
the MAPK signaling pathway, and the Rap1 signaling 
pathway. These are closely related to tumor development. 
The MAPK signaling pathway consists of MAP kinase-
kinase-kinase (RAF1), extracellular signal-associated kinase 
(ERK), and MAP kinase-kinase (MEK), which transduce 
extracellular to nuclear signals through phosphorylation 
and are associated with tumor growth, proliferation, 
invasive migration, and vascular survival (28-31). Related 
studies have detected the activation of the MAPK signaling 
pathway in osteosarcoma lung metastasis and shown that it 
may be associated with cytokine secretion by macrophages 
(32,33). Additionally, it was found that the MAPK signaling 
pathway could be inhibited by knocking down calgranulin 
B (S100A9), thus inhibiting the growth of osteosarcoma  
cells (34). Studies have shown that the Rap1 signaling 
pathway is involved in tumor proliferation, invasion, and 
migration, regulating disease progression in osteosarcoma, 
and the expansion of tumor stem cells (35-37).

The tumor microenvironment (TME) of osteosarcoma is 
a complex environment composed of multiple components, 
including osteocytes, macrophages, mesenchymal stromal 
cells, and the extracellular matrix (38). Tumor cells and the 
TME interact with each other through various cytokines 
and chemokines (39), and an understanding of the immune 

microenvironment of osteosarcoma will help in the 
development of therapeutic regimens. Several studies have 
now confirmed that macrophages are a major component of 
the immune microenvironment of osteosarcoma. Further 
research has shown that M2 macrophages may inhibit 
osteosarcoma progression, and that all-trans retinoic acid 
inhibits pulmonary metastasis of osteosarcoma cells by 
suppressing M2-type macrophages (40-43). Additionally, 
it has been shown that M0 and M2 macrophages are 
significantly associated with the prognosis of patients with 
osteosarcoma (44). In our study, we also found that M0 
macrophages were significantly elevated, LCP2 and CEBPA 
were positively correlated with the level of macrophage 
infiltration. Our findings are consistent with the above 
reports and suggest that these genes play an important role 
in disease progression in osteosarcoma, but the regulatory 
role of these cells and related genes needs to be further 
investigated.

The mainstay of treatment for osteosarcoma is 
surgery, but for patients with advanced stages and 
combined metastases, surgical resection combined with 
pharmacotherapy and radiation therapy are the main 
treatment options. Treatment for metastatic osteosarcoma 
is in its infancy, and tyrosine kinase inhibitors are used to 
treat osteosarcoma invasion and metastasis by inhibiting 
tumor angiogenesis (45). Metastatic osteosarcoma has a 
higher neoantigen load and immunogenicity than primary 
osteosarcoma, and programmed death receptor 1 expression 
is considered one of the most important biomarkers 
for checkpoint inhibitor therapy (33). Targeted and 
immunotherapy for osteosarcoma are promising therapeutic 
approaches, but on many occasions, the treatment results 
have not been satisfactory, which is probably due to the high 
cost of genome sequencing, a lack of knowledge about the 
mutated target genes, and reliance on clinical experience 
with drugs. We performed a drug sensitivity prediction 
analysis of the key genes involved in the pathogenesis of 
osteosarcoma and uncovered >50 potential therapeutic 
targets. Our findings should provide a basis for drug use in 
clinical treatment.

This study had a number of limitations. The data sources 
of this study were the GEO and TARGET databases; 
however, relatively few patients with osteosarcoma have 
been clinically sequenced for primary and metastatic foci, 
and there is a lack of key clinical information, which to some 
extent limits the analysis and interpretation of the data. 
Finally, due to the lack of corresponding clinical samples for 
verification and the improvement of basic experiments, this 
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is the focus of our subsequent experimental research.

Conclusions

In summary, this study conducted a bioinformatic analysis 
to identify the DEGs and key genes associated with 
osteosarcoma metastasis, identified important immune 
infiltrating cells in osteosarcoma tissues (i.e., EVI2B, 
CEBPA, LCP2, SELL, and NPC2A) and constructed 
predictive risk models. Our results may provide new 
perspectives for the treatment of osteosarcoma. 
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