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INTRODUCTION  
 

Osteosarcoma (OS) is a highly aggressive bone cancer 

for which treatment has remained essentially  

 

unchanged over the past 30 years [1]. It is frequently 

found in the long bones of children and adolescents. 

Combination of surgery and chemotherapy can 

dramatically improve the outcome of patients with OS 
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ABSTRACT 
 

Osteosarcoma is the most common primary malignant bone tumor that mostly affects young ǇŜƻǇƭŜΩǎ health. 
The prognosis of patients with unresectable or recurrent osteosarcoma still remains dismal. Based on gene 
integration analysis from GEO and TARGET databases by R language, the differentially expressed genes of 
osteosarcoma patients were identified. Biological molecular function analysis indicated that these genes were 
importantly enriched in the process of cell adhesion molecule binding. Gene significance highly-related to clinical 
traits of osteosarcoma was found by weighted gene co-expression network analysis. Additionally, receiver operating 
characteristic curve analysis was conducted to find prognostic markers in LASSO Cox regression model. Two 
candidate biomarkers, ANXA1 and PSAT1, for the prognosis of osteosarcoma were detected separately on the basis 
of WGCNA and LASSO model. Of note, their expression profiles were interrelated with an important therapeutic 
target HSPA5. In vitro pharmaceutical experiments were performed to explore the biological role and prognostic 
benefit of candidates. Suppression of HSPA5 effectively upregulated ANXA1 and inhibited PSAT1, resulting in 
osteosarcoma cell proliferation arrest and apoptosis. These findings suggest that HSPA5 serves as a core molecule 
for osteosarcoma therapy due to its bidirectional regulation of candidate prognostic biomarkers ANXA1 and PSAT1. 
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where the 5-year survival rate has reached 60% ~ 70% 

over the last few years [2]. Unfortunately, the majority 

of patients have poor responses to chemotherapy and 

suffer unpredictable recurrences in situ or lung 

metastasis [3]. The molecular basis of OS progression 

remains poorly understood. Due to no effective 

therapeutic targets and diagnostic markers for OS, the 

improvement of prognosis is strongly limited. 

Therefore, it is necessary to find functional prognostic 

biomarkers for OS. 

 

Glucose-regulated protein 78 (GRP78) is a stress-

inducible chaperone that is encoded by heat shock 

protein family A member 5 (HSPA5). It has been 

strongly involved in poor prognosis, such as drug 

resistance and lung metastasis in patients with OS [4, 

5]. Studies showed that activation of unfolded protein 

response (UPR) by GRP78 protected OS cells from 

cisplatin-induced apoptosis through NF-əB pathway [6, 

7]. Inhibiting GRP78 could significantly enhance the 

expression of tumor suppressor ATF4 via stabilizing 

apoptotic inducer CHOP protein [8, 9]. HSPA5 in 

human OS has been recognized as a key diagnostic and 

prognostic biomarker [10]. Thus, the precise molecular 

mechanisms underlying the progression of OS driven by 

HSPA5 will improve the clinical outcomes.  

 

With the help of bioinformatics methods and recent 

advances in genome-wide studies, we integrated the 

available data of clinical samples to explore candidate 

prognostic biomarkers and their biological functions. We 

finally determined annexin A1 (ANXA1) and 

phosphoserine aminotransferase 1 (PSAT1) as our genes 

of interest. ANXA1 serves as a tumor suppressor 

expressing very little in the proliferating basal OS cells 

which is negatively regulated by the oncogene serine/ 

arginine-rich splicing factor 3 (SRSF3) [11]. In contrast, 

PSAT1 is a representative metabolism-associated gene 

implicated in serine biosynthetic pathway (SSP), and its 

oncogenic activation is maintained in Ewing sarcoma 

[12]. Our present study highlights the critical role of 

HSPA5 in the bidirectional regulation of the two 

prognostic indicators ANXA1 and PSAT1. Targeting 

HSPA5 seems to be a productive therapeutic strategy to 

ensure the good prognosis of OS patients.  

 

RESULTS 
 

Differentially expressed genes (DEGs) identification 

in OS 
 

Two datasets of OS were downloaded from GEO database. 

After gene expression data integration of GSE16087, we 

identified 1200 DEGs with 762 genes downregulated and 

438 genes upregulated in in-vivo OS canine model samples 

compared with those in normal control tissues. From 

GSE16088 dataset, we recognized 6305 DEGs, of which 

2153 genes 4152 genes were downregulated and were 

upregulated in OS patients (Figure 1A). The volcano plots 

were illustrated in Figure 1B. Based on the cut-off criteria, 

we obtained 515 overlapping DEGs from these two GSE 

datasets (Supplementary Figure 1A), and the cluster 

heatmap is shown in Figure 1C. 

 

Functional characterization of OS specific genes 

 

To determine the enriched gene sets among the DEGs, 

KEGG pathway analysis and GO functional analysis 

were run on the GSEAPY wrapper. KEGG pathway 

enrichment analysis exhibited that the DEGs in 

GSE16087 were mainly associated with protein 

processing in endoplasmic reticulum (ER), PI3K-Akt 

signaling pathway, MAPK signaling pathway and 

pathways in cancer. Proteasome, oxidative 

phosphorylation, DNA replication as well as the protein 

processing in ER were significantly enriched in 

GSE16088 (Figure 2A, 2B; Supplementary Figure 1B, 

1C). The core group protein processing in ER (hsa04141) 

with 89 shared DEGs, were visualized by 

hierarchical clustering (Figure 2C, 2D). GO molecular 

function prediction demonstrated that the DEGs in both 

two datasets were primarily enriched in the process of 

cell adhesion molecule binding (Figure 3A, 3B). 

Furthermore, we gained 38 overlapping DEGs in the cell 

adhesion molecule binding term from the above 

mentioned two GSE datasets, and the biological network 

of GO categories was achieved by BiNGO analysis. 

Results showed that protein binding was statistically 

overrepresented in this set of genes (Supplementary 

Figure 2A). The PPI network complex of the overlapping 

DEGs was performed in the online database STRING to 

discover protein functions (Supplementary Figure 2B). 

We focused on HSPA5, an important ER molecular 

chaperone in the network. Given the vital functions of 

HSPA5-encoding chaperone protein GRP78 implicated in 

the poor prognosis of OS and the lack knowledge of its 

relationship with tumor suppressor ANXA1 [9, 11], it 

prompted us to address the underlying relevance between 

these two important biomarkers in OS. Moreover, the 

shared DEGs in the GO term of interest from the two 

GSE datasets were conducted for GO analysis. In 

consistence with the biological and PPI networks, both of 

the HSPA5 and ANXA1 were enriched in the process of 

cadherin binding and cell adhesion molecule binding 

(Supplementary Figure 2C), suggesting their potentially 

close correlation in molecular level. 

 

Weighted gene co-expression network analysis 

(WGCNA) of ANXA1-centered module  
 

To find the clusters/modules containing highly 

correlated genes with similar expression pattern, we 
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Figure 1. Identification of DEGs in OS. (A) Heatmap shows differential expression profiles in normal tissues and tumor tissues from the 
GSE16087 and GSE16088 datasets. DEGs were defined with |log2FC| > 1 and adjusted P-value < 0.05. (B) Genome-wide gene expression 
profiles of OS tumor and normal tissues from two GSE datasets were shown with volcano plots. Black symbols represent normally expressed 
genes. Red and blue symbols represent the aberrantly expressed genes with |log2FC| > 1 and adjusted P-value < 0.05. (C) Hierarchical 
clustering analysis of differential expression profiles of 515 common DEGs in OS tumor and normal tissues from the two GSE datasets. Blue 
and red blockages respectively indicate the expression level of genes lower or higher than the median expression value across all samples. 
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studied the OS samples with clinical traits using 

WGCNA [13ï15]. Gene expression profiles were 

obtained from TARGET database. In all, 81 OS samples 

with survival data and metastatic status were included in 

WGCNA for subsequent analysis (Figure 4A). Here, ɓ = 

3 and R
2
 = 0.85 were recognized as the soft-

thresholding for scale-free network (Figure 4B, 4C). 

The grey module was excluded using merged dynamic 

tree cut. As a result, we finally identified 31 gene co-

expression modules (Figure 4D). The heatmap plotted 

the topological overlap matrix (TOM) among 1000 

genes randomly selected, indicating there were 

independent variables between the models (Figure 4E). 

Next, we found a key magenta module containing 

ANXA1 which was highly correlated with OS prognosis 

(R
2 
= 0.33, P = 0.004 with survival time; R

2 
= -0.23, P = 

0.03 with survival status; Figure 4F). The scatter plots of 

the correlation between module membership (MM) and 

 

 
 

Figure 2. Significantly enriched pathways of DEGs in OS. (A, B) Representative GSEA of KEGG pathway gene set has04141 among DEGs 
from GSE16087 and GSE16088 datasets. (C, D) Heatmap analysis of shared DEGs enriched in KEGG pathway hsa04141 from the two GSE 
datasets. DEGs were defined with |log2FC| > 1 and adjusted P-value < 0.05. 
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Figure 3. Significantly enriched molecular function of DEGs in OS. (A, B) The top 10 significantly enriched molecular function terms of 
DEGs in OS are shown using GSEA. 
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Figure 4. WGCNA discoveries the key ANXA1-entered module. (A) Hierarchical clustering dendrogram of tumor samples from 
TARGET_OS with the indicated clinical traits. (BςC) Scale independence and mean connectivity analyses of OS samples. Soft-thresholding 
ǇƻǿŜǊ ʲ Ґ о Ŧƛǘǎ ǘƘŜ ǎŎŀƭŜ-free topology. (D) Clustering tree of genes with divergence. The branches of tree represent different modules. (E) 
Heatmap of TOM among 1000 genes which were selected randomly in WGCNA. Dark/light color corresponds to the degree of overlap. (F) 
Relevance of module eigengenes with traits. Based on the correlation and P-value in each cell, the magenta module containing ANXA1 is 
selected. 


