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Abstract: Osteosa rcoma is an aggressive malignant neoplasm that exhibits osteoblastic differentiation and produc-
es malignant osteoid. The aim of this study was to find feature genes associated with osteosarcoma and correlative 
gene functions which can distinguish cancer tissues from non-tumor tissues. Gene expression profile GSE14359 
was downloaded from Gene Expression Omnibus (GEO) database, including 10 osteosarcoma samples and 2 nor-
mal samples. The differentially expressed genes (DEGs) between osteosarcoma and normal specimens were iden-
tified using limma package of R. DAVID was applied to mine osteosarcoma associated genes and analyze the GO 
enrichment on gene functions and KEGG pathways. Then, corresponding protein-protein interaction (PPI) network of 
DEGs was constructed based on the data collected from STRING datasets. Principal component of top10 DEGs and 
PPI network of top 20 DEGs were further analyzed. Finally, transcription factors were predicted by uploading the two 
groups of DEGs to TfactS database. A total of 437 genes, including 114 up-regulated genes and 323 down-regulated 
genes, were filtered as DEGs, of which 46 were associated with osteosarcoma by Disease Module. GO and KEGG 
pathway enrichment analysis showed that genes mainly affected the process of immune response and the develop-
ment of skeletal and vascular system. The PPI network analysis elucidated that hemoglobin and histocompatibility 
proteins and enzymes, which were associated with immune response, were closely associated with osteosarcoma. 
Transcription factors MYC and SP1 were predicted to be significantly related to osteosarcoma. The discovery of gene 
functions and transcription factors has the potential to use in clinic for diagnosis of osteosarcoma in future. In addi-
tion, it will pave the way to studying mechanism and effective therapies for osteosarcoma.

Keywords: Osteosarcoma, DEGs, PPI network, GO enrichment, transcription factors

Introduction

Osteosarcoma (OS), the most common and pri-
mary malignant bone tumor, is a painful health 
burden and a deadly disorder [1]. It arises 
around the metaphysis of tubular long bones 
that exhibits osteoblastic differentiation, and 
generates immature bone [2, 3]. Femur, tibia 
and humerus are the other most common sites 
of OS [3]. Pain is the most common early symp-
tom of OS and can even lead to fracture of the 
affected bone. The frequency of OS is higher in 
males than in females and slightly higher fre-
quent in Blacks and Hispanics than Caucasians 
[4]. Osteosarcoma is the most common primary 
malignant bone tumor in children and young 
adults [5]. More than 80% of children with 
osteogenic sarcoma (OS) relapse and 35% to 
40% of them die within the first 2 years after 
diagnosis due to relapse [6].

Although in the past osteosarcoma was a lethal 
disease, the development of chemotherapy in 
last 30 years has raised the 5-year survival to 
75% [7]. At present, the available standard 
treatment is complete radical surgery com-
bined with multiagent chemotherapy regimens 
[8]. Using chemotherapy before surgery gives 
us the opportunity to save the limb in these 
patients. So chemotherapy is now accepted as 
the standard preoperative option. But the type 
of chemotherapy is yet in controversy with the 
majority of regimens. Treatment of osteosarco-
ma remains a challenging issue. In addition, 
early diagnosis of cancer is an urgent need. The 
lack of understanding of the molecular mecha-
nism, the research in screening biomarkers at 
the early stage has been hinderedt. Additionally, 
the exact etiology of OS is unclear because of 
the complex molecular mechanism of tumor 
development as well. It is reported to be associ-
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ated with a variety of risk factors including age, 
sex, genetic and familial factors which contrib-
ute to the progression of OS [9]. Thus, it is nec-
essary to understand the detailed mechanisms 
of tumorigenicity and metastasis for early diag-
nose and novel therapeutic approaches of 
osteosarcoma [10].

Genetic aberrations have been reported as an 
important factor that may contribute to osteo-
sarcoma pathogenesis. It was reported that 
many transcription factors such as Twist, 
Snail1, Slug and Zeb family induce epithelial to 
mesenchymal transition by downregulating E- 
cadherin [11]. It was also found that miR-195 
levels in sera from osteosarcoma patients were 
significantly lower than those in healthy con-
trols [12], and IL-11Rα was highly expressed in 
osteosarcoma [13]. Therefore all the detected 
biomarkers associated with osteosarcoma may 
be useful for screening osteosarcoma and can 
predict poor prognosis.

Bioinformatics analysis, an effective way to 
identify interactions between DNAs and pro-
teins in vivo, has become very popular in recent 
years [14]. In this paper, it was utilized to iden-
tify potential target genes and transcription 
factors, and the gene functions in osteosarco-
ma were analyzed to understand the potential 
biological process of osteosarcoma progress, 
which has the potential to use in clinic for treat-

ment of osteosarcoma in future. However, more 
investigations are necessary for better under-
standing of the roles of MYC and SP1 in osteo-
sarcoma. It may provide insight into tumor for-
mation and malignant progression, as well as 
provide a basis for innovative therapeutic a- 
pproaches and diagnostic markers for osteosar- 
coma. 

Materials and methods

Microarray data

The gene expression profile GSE14359 was 
extracted from GEO (Gene Expression Omnibus) 
database including 10 Osteosarcoma tissue 
samples and 2 normal tissue samples. Platform 
information was GPL96. 

Data preprocessing

The probe-level data in CEL files were convert-
ed into expression value matrix by eReadAffy 
function [15] in R Affy package and performed 
background correction and quartile data nor-
malization by the robust multiarray average 
(RMA) [16] algorithm with defaulted parame-
ters. Data distribution was presented as box 
graph. The R/Bioconductor package and chip 
annotation platform were used to generate 
gene accession number, and the probes with-
out annotation were filtered.

Figure 1. Cassette figures of data distribution. The horizontal axis stands for sample names while the vertical axis 
represents the expression value. The black line in the cassette is the median of each data group, and the data stan-
dardization degree can be judged by its distribution. That all the black lines in the figure are almost on the same 
straight line reveals a good standardization degree.
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cluster analysis was per-
formed and cluster dendro-
gram was constructed. In 
hierarchical cluster analysis, 
Pearson coefficient was used 
in sample cluster analysis and 
Spearman coefficient in gene 
expression analysis. Cluster 
dendrogram was constructed 
to verify the grouping condi-
tion of the original data and 
filter out those unreasonable 
clusters.

Re-screening of DEGs and 
function enrichment analysis

Gene expression profile was 
rebuilt after hierarchical clus-
ter analysis and data filtering. 
The limma package [12] in R 
was used to identify DEGs 
between osteosarcoma sam-
ples and normal osteoblasts 
after data filtering. The adjust-
ed P-value < 0.05 and |logFC| 
> 2 were used as the cut-off 
criterion. DAVID [18] was app- 
lied to mine osteosarcoma 
associated genes and analyze 
the GO enrichment on gene 
functions and KEGG path-
ways. In this study, osteosar-
coma associated genes from 
DEGs were mined by Disease 
Module. The Annotation Mo- 
dule was used to analyze the 
enrichment of the interested 
genes in each GO function 
module or KEGG pathway, and 

DEGs screening and hierarchical cluster analy-
sis

DEGs between osteosarcoma and normal tis-
sues were identified by t-test based on samr 
package [17] in R language. The genes changed 
for more than 2 times in gene expression were 
selected and q-value < 0.1 was used as the cut-
off criterion. In order to ensure that the 
screened DEGs can be good characterizations 
of osteosarcoma and normal tissues, hierarchy 

the FDR (false discovery rate) less than 0.05 
was used as the cut-off criterion. All DEGs were 
mapped onto STRING [19] database to con-
struct the protein-protein interaction pairs. 

Principal component analysis (PCA) of top10 
DEGs

In order to distinguish osteosarcoma tissues 
from normal osteoblasts, ten significantly up-
regulated DEGs were screened for principal 

Table 1. Osteosarcoma associated genes from DEGs
Cancer Genes
Osteosarcoma CD36, Fas, MAD2, ngo1, TIMP3, Akr1c1, akr1c3, BIRC5, 

CTSB, cav1, cav2, Ccl2, CXCL12, C1qa, CDKN1A, 
CYP1B1, eqfr, ephx1, fn1, GAS1, Gdf15, iqfbp3, iqfbp7, 
IL6, LGALS3, LEPR, hla-dpa1, HLA-DPB1, HLA-DQB1, HLA-
DPB3, hla-drb1, MMP13, Mmp2, Mmp9, PECAM1, RGS2, 
RECK, RNASE1, rnh1, SPP1, SERPINE1, TDG,hla-dga1, 
PRKDC, sod2, Thbs1

Figure 3. Gene Ontology enrichment analyses. A. Gene Ontology enrichment 
of up-regulated genes of osteosarcoma; B. Gene Ontology enrichment of 
down-regulated genes of osteosarcoma. The horizontal axis represents the 
number of enriched genes. The vertical axis represents the Gene Ontology, 
and P values increase from bottom to top.

Figure 2. Hierarchical cluster dendrogram of DEGs. The horizontal axis represents sample names. GSM359137 
and GSM359138 are normal tissue samples. GSM359139, GSM359140, GSM359143, GSM359144, 
GSM359147~GSM359150, GSM359155 and GSM359156 are osteosarcoma samples. The left vertical axis shows 
clusters of DEGs, and the above horizontal axis shows clusters of samples. Red represents up-regulated genes and 
green represents down-regulated genes. 
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DEGs were mapped onto STRING database to 
build the protein-protein interaction pai- 
rs. PPI pairs with reliability score higher than 
0.4 were screened to construct PPI network of 
top20 DEGs.

Transcription factor prediction 

TfactS database [8] collects target genes of 
transcription factors after tests. After up- 
loading the two groups of DEGs to TfactS data-
base, four indexes: p-value, q-value, E- 
value and FDR were utilized to indicate tran-
scription factors enrichment. Only when the val-
ues of all the four indicators were less than 

Figure 4. PPI network of DEGs. The nodes represent the genes and the edges represent the corresponding PPI pairs. 
Total 323 genes were integrated to the network.

component analysis. PCA is a mathematical 
algorithm [15] which can not only reduce the 
data dimension but also concentrate the major-
ity of variables. Based on principal component 
identification, a direction was firstly found, 
along which the data distributed was named as 
the maximum to reduce data dimension. 
Through PCA, we can choose several variables 
instead of thousands of variables to classify 
the samples.

PPI network analysis of top20 DEGs

In order to study the interactions among the 
Top20 DEGs in osteosarcoma group, The Top20 
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cluster and the 2 normal samples in normal 
sample cluster (Figure 2). The result revealed 
that grouping was reasonable and the data can 
be directly applied to further analysis.

Re-screening of DEGs and function enrich-
ment analysis

A total of 437 genes were re-screened as DEGs, 
including 114 up-regulated genes and 323 
down-regulated genes. DAVID was used to ana-
lyze all the re-screened DEGs. Total 46 osteo-
sarcoma associated genes were mined by 
Disease Module (Table 1). GO and KEGG path-
way enrichment analysis showed that the up-
regulated genes mainly enriched in the process 
of immune response, and the down-regulated 
genes mainly enriched in the development of 
skeletal and vascular system (Figure 3) (Tables 
S1 and S2).

Construction of protein-protein interaction 
(PPI) network of DEGs

All DEGs were mapped onto STRING database 
to construct the PPI network (Figure 4), and 
323 genes were identified to be able to inte-
grate to the network.

Principal component analysis (PCA) of top10 
DEGs

Ten significantly up-regulated DEGs were 
screened for principal component analysis. It 
was shown in Figure 5 that the top 10 DEGs 
can directly distinguish osteosarcoma tissues 
from normal tissues. The first principal compo-
nent explained 77.95% of the variance in 10 
variables, and the second principal component 
explained 15.38% of the variance. The interpre-
tation degree of the cumulative variance was 
93.33%.

PPI network analysis of top20 DEGs

The Top20 DEGs (Table 2) were mapped onto 
STRING database to construct the protein-pro-
tein interaction network (Figure 6). Six DEGs 
(CPE, WIF1, FABP5, MEF2C, HEY1, and A2M) 
failed to form the PPI pairs. The PPI network 
mainly included the histocompatibility complex 
forming network associated with immune 
response process and hemoglobin interacting 
network. The former mainly involved the histo-
compatibility proteins (such as CD74, HLA, etc.) 
and enzymes (such as tyrosine kinase, me- 

0.05, target genes of transcription factors 
could be considered as significant enrichment.

Results

Data preprocessing 

The expression profile data were firstly prepro-
cessed then analyzed by Affy package in R lan-
guage. Total of 13104 genes were screened. Ca- 
ssette figures before and after data standard-
ization was shown in Figure 1. That all the black 
lines in the figure are almost on the same 
straight line reveals a good standardization 
degree.

Differentially expressed genes (DEGs) screen-
ing and hierarchical cluster analysis

Total 1608 genes were selected as DEGs, and 
545 up-regulated genes and 1063 down-regu-
lated genes were included. Hierarchy cluster 
analysis indicated that the 10 osteosarcoma 
samples distributed in osteosarcoma sample 

Figure 5. Principal component analysis (PCA) of 
top10 DEGs. The horizontal axis represents the first 
principal component scores of each sample, and the 
vertical axis represents the second principal compo-
nent scores. The first principal component explained 
77.95% of the variance in 10 variables, and the sec-
ond principal component explained 15.38% of the 
variance. The interpretation degree of the cumulative 
variance was 93.33%. Number 1 and 2 represent 
the normal samples (2 in total), and number 3-12 
represent osteosarcoma tissue samples (10 in total). 
The red line represents the impact on osteosarcoma 
tissues of the genetic variables among which the 10 
genes were most significantly expressed.
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progression was clo- 
sely associated with 
the immune res- 
ponse and the devel-
opment of skeletal 
and vascular sys-
tem. Also, histocom-
patibility proteins 
(such as CD74, HLA, 
etc.) and enzymes 
(such as tyrosine 
kinase, metallopep-
tidase, etc.), which 
were related to im- 
mune response, and 
hemoglobin played 
important roles in 
osteosarcoma deve- 
lopment. Besides, 
transcription factors 
MYC and SP1 were 
predicted to be sig-
nificantly related to 
osteosarcoma. 

Tyrosine kinase is 
critical for transduc-

tallopeptidase, etc.), and the latter mainly 
involved the interactions of the hemoglobin 
subunits.

Transcription factor prediction 

After uploading the two groups of DEGs to 
TfactS database, total 123 transcription fac-
tors were identified, including 78 up-regulated 
transcription factors and 100 down-regulated 
ones, and 55 transcription factors were mutual 
in the two groups (Figure 7). The MYC and SP1 
transcription factors had the largest number of 
target genes (Table 3).

Discussion

Osteosarcoma remains a devastating disease, 
and it is reported to be the eighth leading form 
of childhood cancer with an incidence of 4.4 
per million [4]. Its treatment is still a major chal-
lenge in oncology, so the clear understanding 
of its mechanism is necessary for the develop-
ment of novel therapeutic strategies. In this 
paper, we identified the potential target genes 
and their functions to understand the potential 
biological process of osteosarcoma progres-
sion. It can be concluded that osteosarcoma 

ing intracellular signaling cascades for various 
immune recognition receptors, such as the 
B-cell receptor and the Fc receptor [20]. The 
activated receptor tyrosine kinases devote to in 
vitro phenotypes which are involved in meta-
static potential: motility, colony formation, and 
cell growth [21]. The activation of receptor tyro-
sine kinase gives rise to enhanced prolifera-
tion, survival, and even metastasis, therefore, 
it has developed as target for cancer diagnoses 
and therapies [12]. Four receptor tyrosine 
kinases (Axl, EphB2, FGFR2, and Ret) have 
been identified in osteosarcoma and may  
serve as targets for novel therapeutics [8]. 
Hemoglobin is the iron-containing oxygen-
transport metalloprotein in the red blood cells 
of all vertebrates and its concentration mea-
surement is among the most commonly per-
formed blood tests, usually as part of a com-
plete blood count (http://en.wikipedia.org/
wiki/Hemoglobin-cite_note-1). Increased fetal 
hemoglobin levels were related to neoplastic 
diseases [22]. Previous study has convinced 
that patients treated for osteosarcoma had the 
potential to develop hematological abnormali-
ties mimicking early myelodysplastic syndrome 
[23]. Therefore, it is essential to monitor hema-

Table 2. Significantly top20 DEGs in osteosarcoma tissues
Gene Gene description
SPP1 secreted phosphoprotein 1
HBA1 Hemoglobin, alpha 1
HBB hemoglobin, beta
HBA2 hemoglobin, alpha 2
HLA-DRB1 major histocompatibility complex, class II, DR beta 1
IBSP integrin-binding sialoprotein 
HLA-DRA major histocompatibility complex, class II, DR alpha 
CPE carboxypeptidase E
HEY1 hes-related family bHLH transcription factor with YRPW motif 1
MEF2C Myocyte enhancer factor 2C
MMP9 matrix metallopeptidase 9
HLA-DPA1 major histocompatibility complex, class II, DP alpha 1
WIF1 WNT inhibitory factor 1 
HEY1 hes-related family bHLH transcription factor with YRPW motif 1
FABP5 fatty acid binding protein 5
A2M alpha-2-macroglobulin
SATB2 SATB homeobox 2
LAPTM5 lysosomal protein transmembrane 5
C1QA complement component 1, q subcomponent, A chain
TYROBP TYRO protein tyrosine kinase binding protein
CD74 CD74 molecule, major histocompatibility complex, class II invariant chain
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and stomach. It was found 
that the expressions of MYC 
was negatively correlated with 
apoptotic index of osteosar-
coma tissue, was not corre-
lated with pathological types 
of osteosarcoma, and was 
closely related to prognosis of 
the patients (Wu et al., 2012). 
The present study demon-
strates that MYC overexpres-
sion promotes osteosarcoma 
cell invasion, probably via 
activation of MEK-ERK path-
way (Han et al., 2012). 
According to our result, cyclin-
dependent kinase-associated 
protein (CKS2) gene was regu-
lated by the transcription fac-
tor MYC. In patients who 
developed muscle-invasive 
cancer, CKS2 gene showed 
significantly increased expres-
sion after, compared with 
before, invasion (Chen et al., 
2011). Therefore, the CKS2 
gene may also be a poten- 
tial biomarker for predicting 
osteosarcoma in early stage.

tological changes of patients recovering from 
osteosarcoma. 

Transcription factor MYC (myelocytomatosis 
viral oncogene) is a multifunctional, nuclear 
phosphoprotein that plays a role in cell cycle 
progression, apoptosis and cellular transforma-
tion. Malfunctions in MYC have also been found 
in carcinoma of the cervix, colon, breast, lung 

Transcription factor SP1 (specificity protein 1) 
is involved in many cellular processes, includ-
ing cell differentiation, cell growth, apoptosis, 
immune responses, response to DNA damage, 
and chromatin remodeling [4]. SP1 performs a 
significant role in regulating important biologi-
cal processes such as DNA repair, cell growth, 
differentiation, and apoptosis [24]. The level of 
the transcription factor SP1 may exert an effect 
in osteosarcoma. Based on our result, SPP1 
gene was regulated by the transcription factor 
SP1. It has been found that SPP1 was not nec-
essary for osteosarcoma progression and may 
be related to inflammatory response and bone 
remodeling, which will function as a good bio-
marker [25].

Conclusions

In summary, our data provides a comprehen-
sive bioinformatics analysis of genes and path-
ways which may be involved in the progression 
of osteosarcoma. Total 437 DEGs was obtained, 
and protein-protein interaction networks of 
these DEGs were constructed. And 46 genes 

Figure 6. PPI network of top20 DEGs. The nodes represent the genes and the 
edges represent the corresponding PPI pairs. Six DEGs (CPE, WIF1, FABP5, 
MEF2C, HEY1, and A2M) failed to form the PPI pairs.

Figure 7. Data sets of transcription factors in os-
teosarcoma tissues. The red circle represents the 
number of up-regulated transcription factors, and 
the green circle represents the number of down-
regulated ones. The intersection of the two circles 
means the number of mutual transcription factors of 
the two groups.
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[6] Aung L, Tin AS, Quah TC 
and Pho RW. Osteogenic 
sarcoma in children and 
young adults. Ann Acad 
Med Singapore 2014; 43: 
305-313. 

[7] Anninga JK, Gelderblom H, 
Fiocco M, Kroep JR, 

were associated with osteosarcoma. GO and 
KEGG pathway enrichment analysis showed 
that genes mainly affected the process of 
immune response and the development of skel-
etal and vascular system. Histocompatibility 
proteins, enzymes and hemoglobin were close-
ly associated with osteosarcoma. Furthermore, 
we predicted the association of MYC and SP1 
with osteosarcoma. The top ten up-regulated 
genes in osteosarcoma tissue can be used to 
distinguish cancer samples from normal speci-
men. Our discovery may be useful in investigat-
ing the complex interacting mechanisms under-
lying the disease, and provides a new strategy 
in the medical therapy of osteosarcoma. 
However, further experiments are still needed 
to confirm our result.
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Table S1. GO and KEGG enrichment of up-regulated genes of osteosarcoma
Category Term
BP antigen processing and presentation of peptide or polysaccharide antigen via MHC class II
BP antigen processing and presentation
BP immune response
BP defense response
BP inflammatory response
BP immune effector process
BP response to wounding
BP immunoglobulin mediated immune response
BP mitosis
BP nuclear division
BP B cell mediated immunity
BP cell division
KEGG Asthma
KEGG Intestinal immune network for IgA production
KEGG Type I diabetes mellitus
KEGG Systemic lupus erythematosus
KEGG Allograft rejection
KEGG Graft-versus-host disease
KEGG Cell adhesion molecules (CAMs)
KEGG Viral myocarditis
KEGG Autoimmune thyroid disease
KEGG Antigen processing and presentation



Gene function analysis of osteosarcoma

2 

Table S2. GO and KEGG enrichment of down-regulated 
genes of osteosarcoma
Category Term
BP blood vessel development
BP vasculature development
BP cell adhesion
BP biological adhesion
BP skeletal system development
BP cell motion
BP regulation of cell proliferation
BP blood vessel morphogenesis
BP cell migration
BP regulation of cell growth
BP negative regulation of cell proliferation
BP cell motility
BP localization of cell
BP response to steroid hormone stimulus
BP regulation of cell migration
BP extracellular matrix organization
BP regulation of locomotion
BP regulation of cell motion
BP regulation of programmed cell death
BP regulation of cell death
BP angiogenesis
BP regulation of growth
BP response to wounding
BP negative regulation of cell migration
BP regulation of apoptosis
BP response to organic substance
BP negative regulation of locomotion
BP negative regulation of cell motion
BP regulation of endothelial cell proliferation
BP circulatory system process
BP blood circulation
BP response to endogenous stimulus
BP response to hormone stimulus
BP extracellular structure organization
BP positive regulation of cell proliferation
BP regulation of cellular component size
BP steroid metabolic process
KEGG Bladder cancer
KEGG Focal adhesion


