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Abstract

Osteosarcoma (OS) is an aggressive malignant tumor of the bones. Our study intended to identify and analyze potential
pathogenic genes and upstream regulators for OS. We performed an integrated analysis to identify candidate pathogenic genes
of OS by using three Gene Expression Omnibus (GEO) databases (GSE66673, GSE49003 and GSE37552). GO and KEGG
enrichment analysis were utilized to predict the functional annotation and potential pathways of differentially expressed genes
(DEGs). The OS-specific transcriptional regulatory network was established to study the crucial transcriptional factors (TFs)
which target the DEGs in OS. From the three GEO datasets, we identified 759 DEGs between metastasis OS samples and non-
metastasis OS samples. After GO and KEGG analysis, ‘cell adhesion’ (FDR = 1.27E-08), ‘protein binding’ (FDR = 1.13E-22),
‘cytoplasm’ (FDR =5.63E-32) and ‘osteoclast differentiation’ (FDR =0.000992221) were significantly enriched pathways for
DEGs. HSP90AA1 exhibited a highest degree (degree = 32) and was enriched in ‘pathways in cancer’ and ‘signal transduction’.
BMP6, regulated by Pax-6, was enriched in the ‘“TGF-beta signaling pathway’. We indicated that BMP6 may be downregulated
by Pax-6 in the non-metastasis OS samples. The up-regulated HSP90OAA 1 and down-regulated BMP6 and ‘pathways in cancer’
and ‘signal transduction” were deduced to be involved in the pathogenesis of OS. The identified biomarkers and biological
process in OS may provide foundation for further study.
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Introduction

Osteosarcoma (OS), characterized with fast growth, high met-
astatic potential, and local aggressiveness, is a mesenchymal
malignancy in skeletal system affecting mainly children and
adolescents [1, 2]. It is still a challenge for current therapeutic
strategies to effectively cure osteosarcoma due to the un-
known molecular mechanisms of pathogenesis. The treatment
methods of OS patients are chemotherapy and complete sur-
gical resection of cancer tissue. In recent years, despite tre-
mendous progress in early diagnostic and therapeutic
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techniques for OS, resistance to chemotherapy and the recur-
rence of disease remain the two roadblocks in the therapy of
this tumor [3]. The overall 5-year survival rate is around 20%
to 30% in OS patients with metastatic disease at diagnosis.
Therefore, it is necessary to explore the candidate pathogenic
genes of OS in order to improve therapeutic treatments [4].

Transcription factors (TFs) are proteins that bind to specific
DNA sequences of the target gene promoter and enhance or
inhibit gene transcription [5]. Transcription of many genes
was regulated by TFs, including cytokines, apoptosis-
inducing molecules, growth factors and intercellular adhesion
molecules [6]. Some researchers have detected abnormally
expressed TFs in the progression of many diseases in human
and animals. TFs may regulate the expression levels of crucial
genes and modulate pathologic biological pathways as endog-
enous regulators. However, the function of TFs in the patho-
genesis of OS remains unclarified. Hence, there is an increas-
ing urgency to target candidate proteins or pathways involved
in pathogenesis of disease in OS [7].

We integrated three datasets to identify DEGs between OS
metastasis group and non-metastasis group. Functional
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annotation of DEGs, related TFs and target genes were also
identified, which may be involved in the progression of OS.
Furthermore, the transcriptional regulatory network was con-
structed to clarify the possible mechanism in OS.

Methods
Microarray Expression Profiling in GEO Datasets

The high-throughput microarray GSE66673, GSE49003 and
GSE37552 datasets of OS metastasis group and non-
metastasis group were get from the GEO database (http://
www.ncbi.nlm.nih.gov/geo), which was sequenced on the
GPL13607Agilent-028004 SurePrint G3 Human GE 8x60K
Microarray, GPL6947 Illumina Human HT-12 V3.0 expres-
sion beadchip and GPL570 [HG-U133 Plus 2] Affymetrix
Human Genome U133 Plus 2.0 Array, respectively [8]. The
samples of metastasis group vs non-metastasis group were 12:
12, 6:6 and 2:2 of the three datasets, respectively. The follow-
ing key search terms were used: “osteosarcoma”, AND
“Homo sapiens” AND “gse”. The selection standards were:
(1) The dataset should be genome-wide mRNA transcriptome
data. (2) These data must be from osteosarcoma cell lines [9].

Screening of Differentially Expressed Genes

Based on the three databases of GSE66673, GSE49003 and
GSE37552, we utilized log2 transformation to normalize the
data. The DEGs between these two groups were identified via
the limma package in R (www.bioconductor.org/packages/
release/bioc/ html/ limma.html). The Limma package in R
was used to calculate p-values by two-tailed Student’s t test.
MetaMA package in R was used to combine p-values, and the
false discovery rate (FDR) was obtained from multiple com-
parisons using the Benjamini and Hochberg method [10]. The
DEGs with criterion of FDR < 0.05 were screened out.

Functional Annotation of DEGs

We performed GO and KEGG pathway enrichment analysis
to study the characteristic biological functions and potential
pathway of DEGs [11]. The gene ontology functions of the
DEGs were determined, which include biological process,
molecular functions and cellular components. In addition,
based on the KEGG database, pathway enrichment analysis
was obtained [12].

Integration of Protein-Protein Interaction (PPI)
Network

According to the data from BioGRID (http://thebiogrid.org/),
we constructed PPI networks of significantly DEGs to obtain
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candidate genes related to OS. Based on the subsistent data of
protein interaction in BioGRID database, Cytoscape was used
to find top 100 up-regulated and top 100 down-regulated
DEGs [13]. We drew the protein network interaction map after
removing the non-differentially expressed genes.

Screening TFs of the Top 20 DEGs and Constructing
Regulation Network

On the UCSC website, we downloaded the 2 kb upstream
promoter region for the top 20 DEGs. Then we analyzed
TFs capable of binding to the promoter region of the DEGs
by using TRANSFAC website’s match tool. Based on the
criterion of FDR < 0.001, altered expression of genes in OS
were revealed by TFs. The match tool on the TRANSFAC
website was used to analyze transcription factors that bind to
the promoter regions of these DEGs. After that, the OS-
specific transcriptional regulatory network was constructed
by the Cytoscape software (http://www.cytoscape.org/).

Electronic Validation of DEGs in GEO Database

We utilized the Gene Expression Omnibus GSE87624 (GEO:
GSES87624) database to validate the expression of selected OS
related DEGs. The expression levels of these DEGs were com-
pared between metastasis group and non-metastasis group. The
expression of 6 genes (HSP9OAAI1, BMP6, Pax-6, FOXA2,
SNPH and RBP1) was reported. The different expression
levels of these DEGs were displayed by box-plots.

Results

Differential Expression Analysis of Genes
in Metastasis Group Compared to Non-metastasis
Group

Three gene expression microarray datasets (GSE66673,
GSE49003 and GSE37552) were enrolled. Compared with
the non-metastasis group, 759 DEGs in metastasis group were
obtained with the criterion P < 0.05, among which, the expres-
sion of 352 genes were increased and 407 genes were de-
creased. The top 10 up- and down-regulated DEmRNAs be-
tween metastasis group and non-metastasis group were shown
in the Table 1. Based on the three datasets, after cluster anal-
ysis, the heatmap of top 50 DE genes is shown in Fig. 1.

Functional Annotation

In Fig. 2, GO enrichment showed that the DEGs were signif-
icantly enriched in biological processes such as ‘cell
adhesion” (FDR =1.27E-08), ‘signal transduction’
(FDR=4.31E-07), ‘multicellular organismal
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Table 1  Top 10 up- and down-regulated DEmRNAs between metasta- development’ (FDR =7.28E-06). DEGs were significant-
sis group and non-metastasis group ly enriched in cellular components: ‘cytoplasm’ (FDR =

DEmRNAs p value fdrp Regulation 5.63E-32), ‘plasma membrane’ (FDR =1.18E-19) and
molecular functions: ‘protein binding’ (FDR =1.13E-
SNPH 1.54E-07 0.002585307 down 22), ‘nucleotide binding’ (FDR =1.97E-08), ‘calcium
RBP1 3.40E-07 0.002862441 down ion binding’ (FDR =1.01E-06). Furthermore, in Fig. 3,
SLCTAL0 1.33E-06 0.006034765 down the results of KEGG pathway enrichment showed that
SDF2 247E-06 0.007026406 down DEGs were enriched in ‘pathways in cancer’ (FDR=
NPTX2 2.51E-06 0.007026406 down 0.000974355), ‘osteoclast differentiation” (FDR =
MOXDI 4.62E-06 0.011101994 down 0.000992221), ‘cytokine-cytokine receptor interaction’
ANKRD30B 7.90E-06 0.01328414 down (FDR = 0.000150798).
SELENOM 9.65E-06 0.013530842 down
RGMA 1.10E-05 0.01391482 down
QPRT 1.16E-05 0.01391482 down PPI Network Analysis of DEGs
FOXA2 1.44E-06 0.006034765 up
BMP6 6.62E-06 0.01328414 up The result of PPI network was shown in Fig. 4. The network
FRMD3 7.71E-06 0.01328414 up was consisted of 169 nodes and 165 edges. The nodes were
ANTXR2 8.86E-06 0.013530842 up represented the proteins and the lines were represented the
KLF2 2.39E-05 0.016578998 up interaction between them. Among them, the top 10 genes with
EMPI1 2.74E-05 0.016578998 up higher degree were HSP9OAA1 (degree = 32), NEDDA4L (de-
C120rf56 3.13E-05 0.016578998 up gree =10), TUBB3 (degree =7), PDGFRB (degree=7),
ZRANB2 4.25E-05 0.018827855 up MYH9 (degree =6), CDHI1 (degree =6), ACTA2 (degree =
CNIH3 4.51E-05 0.019449218 up 6), FOS (degree = 6), NOTCH3 (degree = 6), MANSCI (de-
F2RLI 4.64E-05 0.019506684 up gree = 6).

Dataset Dataset
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Fig. 2 Go functional enrichments of DEGs (FDR < 0.05). a Biological process, b Cellular components, ¢ Molecular functions

TFs of the Top 20 DEGs and Regulatory Network

A total of 378 TFs-target genes were obtained from the regu-
latory network, which include 39 TFs in the binding relation-
ships. In Table 2, the top 8 TFs with the most downstream
genes include Pax-4, Elk-1, 1-Oct, Nkx2—5, myogenin, Pax-6,
AP-1 and HNF-4. In Fig. 5, there were 59 nodes and 123
edges in the regulatory network. Among which, the top
7 TFs with highest degree were FRMD3 (degree = 15),
Pax-4 (degree =12), Nkx2—5 (degree =10), RGMA (de-
gree=10), 1-Oct (degree=10), Pax-6 (degree=28) and
myogenin (degree = 8).

Fig. 3 KEGG analysis of DEGs
in the metastasis OS samples
compared with the non-metastasis
OS samples

Validation of DEGs in GEO GSE87624 Dataset

We searched the online GSE87624 dataset to define the
key genes that play important role in OS. In Fig. 6, the
expression of FOX2, Pax6 and RBP1 were up-regulated in
metastasis group compared to the non-metastasis group,
Inversely, the expression of BMP6, HSP90AA1 and
SNPH were down-regulated in metastasis group compared
to the non-metastasis group. Among them, the expression
of FOX2, Pax6 and SNPH was generally consistent with
the integrated analysis in GSE66673, GSE49003 and
GSE37552 datasets.
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Fig. 4 The PPI network of top 100 significantly DEGs. The green circles were represented the proteins encoded by down-regulated DEGs and the red

circles were represented the proteins encoded by up-regulated DEGs

Discussion

OS often occurs in the metaphyseal region of tubular long
bones, which is the most common type of primary bone cancer
[14, 15]. Though researchers have reported that many genes
are involved in the pathogenesis of OS, it is still obscure how
genes are modulated by other molecular [3, 4]. In the current
study, a total of 759 DEGs were identified in the metastasis
OS samples compared with the non-metastasis OS samples,
which include 352 upregulated and 407 downregulated genes.
In the KEGG analysis, DEGs were enriched in ‘pathways in
cancer’ (FDR =0.000974355), ‘osteoclast differentiation’
(FDR =0.000992221). HSP90AAT1 was upregulated in the
metastasis OS samples compared with the non-metastasis
OS samples. In the PPI network constructed for the DEGs,

HSP90AAT1 exhibited a highest degree (degree =32) and
therefore was identified to be highly interconnected with other
proteins. Enrichment analysis revealed that HSP9OAA1 was
enriched in pathways in cancer and signal transduction.
HSP90AAT1 is a 90-kDa heat shock protein related to nu-
merous proteins that are highly expressed in many cancer cells
[16]. Several cancer-related client proteins including PIM1,
AKT, and HIF1A were stabilized by HSP90AA1, which are
crucial for tumor progression [16]. Thus, HSP90OAAL1 is a
remarkable target for cancer therapy. Shen et.al demon-
strated that HSP9OAA1 was downregulated by 2-24a/Cu
in cancer cells, which is a crucial protein for cancer cell
survival. Coskunpinar et al. reported that HSP90OAA1
polymorphisms might be related to an increased risk of
lung cancer [17]. Chu et al. suggested that HSP9OAA1

Table 2 The top8 TFs with the most downstream regulatory genes and their target genes

Factor.name Number of regulated genes Regulated genes

Pax-4 12 CNIH3,F2RL1,FRMD3,MOXDI1,NPTX2,QPRT,RBP1,SLC7A10,SNPH,ZRANB2
Elk-1 11 ANTXR2,C120rf56,EMP1,FRMD3,MOXD1,SDF2,ZRANB2

1-Oct 10 FOXA2

Nkx2-5 10 FRMD?3

myogenin 8 NPTX2

Pax-6 8 BMP6,EMP1,SNPH,ZRANB2

AP-1 7 CNIH3

HNF-4 5 FOXA2,FRMD3
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Fig. 5 The transcription factors HFH-3  CCAAT
regulation network diagram.
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can function as factor in ovarian cancer cells and pro-
motes chemoresistance to cisplatin [18].

Bone morphogenetic proteins (BMPs) initiate new
bone formation in vivo and promote the growth and dif-
ferentiation of cells in the osteoblastic lineage, which be-
long to the transforming growth factor-3 (TGF-f3) super-
family [19]. Bone morphogenetic protein 6 (BMP6) regu-
lates cell growth, differentiation and apoptosis in many
types of tumor [20]. Shi et al. reported that BMP6 was
upregulated in patients with cancer-related anemia com-
pared with non-anemia cancer group [21]. Hu et al. indi-
cated that BMP-6 suppressed breast cancer metastasis by
modulating the secretion of matrix metalloproteinase
(MMPs) in the tumor microenvironment [22]. Liu et al.
indicated that hypermethylation modifications can regu-
late the expression of BMP6 and caused an epithelial-
mesenchymal transition phenotype of breast cancer [23].

Pax-6, acting as a member of the paired box (Pax) family,
plays an important role in oncogenesis. Pax-6 was identified
to be involved in pa thogenesis of glioblastoma, bladder can-
cer and prostate cancer, indicating that Pax-6 may function as
a tumor suppressor and serve as a molecular biomarker for
cancer development. Xiangyun Zong et al. [24] reported that
Pax6 facilitates important regulatory roles in breast cancer cell
proliferation and tumor progression, and could serve as a di-
agnostic marker for clinical investigation. Shyr CR et al. [25]
reported PAX6 expression was higher in normal epithelial
cells than cancer cells in prostate cancer tissues. In the TFs
regulation network, Pax-6 is the transcription factor that bind-
ing to the promoter of BMP6. In the KEGG pathway enrich-
ment, BMP6 was enriched in the TGF-beta signaling pathway.
So the BMP6 may be downregulated by Pax-6 in the non-
metastasis OS samples.

Conclusion

To conclude, from three GEO datasets, we identified a total of
759 DEGs between the metastatic and non-metastatic sam-
ples. After GO and KEGG analysis, ‘cell adhesion’, ‘protein
binding’, ‘cytoplasm’ and ‘osteoclast differentiation’ were
significantly enriched pathways for DEGs. HSP9OAA1 exhib-
ited a highest degree and was enriched in pathways in cancer
and signal transduction. BMP6 was enriched in the TGF-beta
signaling pathway which was regulated by Pax-6. We as-
sumed that BMP6 may be downregulated by Pax-6 in the
non-metastasis OS samples. The identified biomarkers and
pathways in OS may provide references for further study.
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