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Periostin promotes the proliferation 
and metastasis of osteosarcoma by increasing 
cell survival and activates the PI3K/Akt pathway
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Abstract 

Background:  Silencing of the periostin gene (POSTN) can inhibit the biological process of several different cancers, 
and this inhibition may be related to down-regulation of PI3K/AKT signaling. However, the effect of POSTN on the 
progression, proliferation, and invasion of osteosarcoma (OS) remain unclear.

Methods:  We used the Gene Expression Omnibus (GEO) database to screen datasets on in situ OS and lung metasta-
ses to identify core genes and potential pathways. We used additional bioinformatics tools to identify protein–protein 
interactions (PPIs) and gene networks, and selected the top seven genes whose expression had the strongest correla-
tions with other genes.

Results:  The results indicated that POSTN was a major hub gene. Subsequent analysis of gene expression profiles 
showed that POSTN was highly expressed in 262 cases with sarcoma and expression was closely related to poor 
prognosis. We also performed enrichment analysis to identify differentially expressed genes and used real-time PCR, 
western blotting, and immunohistochemistry analyses to measure POSTN expression in cells and tissues. Transfection 
of a POSTN-shRNA plasmid into cultured OS cells (Saos-2) effectively inhibited the proliferation, invasion, and migra-
tion of these cells. Taken together, our results suggest that POSTN may play a role in promoting the proliferation and 
metastasis of OS by activation of the PI3K/Akt signaling pathway.

Conclusions:  Our results provide a preliminary characterization of the mechanism by which POSTN may regulate the 
migration and invasion of OS cells and also provide a theoretical basis for identifying biomarkers that have potential 
use for the diagnosis and treatment of OS.
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Background
Osteosarcoma (OS) is the most common primary malig-
nant bone tumor. It has high rates of malignancy, inva-
sion, recurrence, and metastasis, and occurs mostly 
in teenagers [1]. Treatments for OS have improved in 

recent years due to advances in adjuvant chemotherapy 
and surgery, but recurrence and metastasis remain major 
problems in the treatment of these patients. The local 
recurrence rate of OS after an operation is about 10 to 
20%, and the survival rate after local recurrence is sig-
nificantly reduced [2]. Metastasis, mainly to the lungs, 
occurs in almost half of patients with OS, and about 80% 
of patients with metastases die within 5 years [3]. How-
ever, control of tumor recurrence and metastasis are 
among the most difficult problems in treatment of these 
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patients. Thus, further research is needed to focus on the 
pathogenesis of OS and to study the effects of neoadju-
vant chemotherapy.

Periostin (POSTN) is a bone adhesion molecule first 
discovered by Takcshita et  al. in mouse osteoblast cell 
line. It is a unique extracellular matrix protein that can 
promote the aggregation and differentiation of osteo-
blasts and their precursors in the periosteum [4]. POSTN 
occurs in connective tissues that have abundant collagen 
and plays a role in embryonic development and other 
normal biological activities, but it also functions in tissue 
injury and inflammation. POSTN has high expression in 
the periosteum and periodontal ligament, and is there-
fore also referred to as periosteal protein [5, 6]. POSTN 
also has high expression in a variety of malignant tumor-
related interstitial cells, including non-small cell lung 
cancer, breast cancer, ovarian cancer, and thymoma [7]. 
POSTN functions in the migration and adhesion of nor-
mal cells, but also affects tumor cell proliferation, apop-
tosis, and invasion, and angiogenesis [8]. Previous studies 
reported that POSTN had high expression in OS tissues, 
and its level in blood was negatively correlated with 
patient prognosis [9]. Molecular studies reported that 
POSTN regulated vascular endothelial cells and angio-
genesis via the PI3K/AKT signaling pathway [10–12].

High-throughput sequencing is now widely used and is 
an important tool in life sciences research. In this study, 
we selected two microarray datasets, GSE85537 (3 OS 
lung metastasis samples and 3 OS non-metastasis sam-
ples) and GSE37552 (2 OS lung metastasis samples and 
2 OS non-metastasis samples), from the Gene Expres-
sion Omnibus (GEO) database to analyze differentially 
expressed genes in OS using multiple bioinformatics 
tools. We also examined the expression of POSTN in 
cultured OS cells and tissues at the gene and protein lev-
els, and performed cell function and molecular biology 
experiments to examine the possible effect of POSTN on 
the proliferation and metastasis of tumor cells and the 
possible role of the PI3K/Akt pathway in these patho-
genic processes. Our general purpose was to evaluate the 
feasibility of using POSTN as an indicator of malignant 
OS and to provide a theoretical basis for using tumor 
metastasis-related genes for guiding future clinical treat-
ments of OS.

Materials and methods
Patients and specimens
OS and peritumor tissues from 8 patients were collected 
at the Second Hospital of Shanxi Medical University 
from January 2018 to December 2019 and stored in liq-
uid nitrogen immediately after collection. The specimens 
were numbered according to the specimen bank, and 
names and personal information were strictly protected. 

All patients signed informed consent agreements from 
the Biological Specimen Bank of the Second Hospital of 
Shanxi Medical University. This study was approved by 
the Ethics Committee of the Second Hospital of Shanxi 
Medical University.

Cell cultures and treatments
The three OS cell lines were Saos-2 (cultured in RPMI 
1640 complete medium containing 10% FBS and 1% 
Mycillin), MG-63 (cultured in MEM complete medium 
containing 10% FBS and 1% Mycillin), and U2-OS (cul-
tured in DMEM complete medium containing 10% FBS 
and 1% Mycillin). All cells were cultured in an incubator 
at 37 °C, 5% CO2, and 95% humidity.

Cell transfection
About 4 × 104 cells (1  mL) were incubated in six-well 
plates. Three accessory holes were established in each 
well, and transient transfection was performed on the 
next day. The experimental group was transfected with 
the pPLK-POSTN-shRNA, and the control group with 
pPLK-Scramble-shRNA. During transfection, plasmids 
were mixed with Lipofectamine 3000 and then placed 
into the holes. When the final concentration of shRNA 
in each group reached 100 nmol/L, cells were transferred 
to the incubator. After 24  h, normal culture medium 
was used for continuous culture. Transfection efficiency 
was assessed using fluorescence microscopy and qRT-
PCR. The POSTN- shRNA plasmid (GenBank ID: 10631) 
sequence was GCA​ACG​TGA​ATG​TTG​AAT​T, which is 
the best knockdown effect plasmid in the 3 target gene 
sequences for the shRNA plasmid of POSTN gene, and 
the Scramble-shRNA plasmid sequence was GTT​CTC​
CGA​ACG​TGT​CAC​GTT.

RNA extraction and real‑time PCR
Trizol (Invitrogen, USA) was used to lyse cells for extrac-
tion of total RNA and the Bulge-LoopTM miRNA qRT-
PCR Starter Kit was used for reverse transcription of 
RNA into cDNA. The SYBR Green qPCR Kit (Takara, 
Japan) was used for quantitative fluorescence measure-
ments. According to the instructions, specimens were 
added to a 96-well plate, which was then placed in the 
IQ5 Multicolor Real-Time PCR Detection System (Bio-
Rad Laboratories, Hercules, CA, USA) to initiate the 
reaction. For POSTN, the upstream primer sequence was: 
5′-CCC​CGT​GAC​TGT​CTA​TAA​GC-3′ and the down-
stream primer sequence was: 5′-AAA​TGA​CCA​TCA​CCA​
CCT​TCA-3′. For RS18 (internal reference), the upstream 
primer sequence was: 5′-GCC​ATC​AAG​GGT​ATC​GGT​
AGAC-3′, and the downstream primer sequence was: 
5′-CTG​CCT​GTT​AAG​GAA​CCA​GTCAG-3′. The level of 
POSTN was calculated using the 2−ΔΔCt method.
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Western blot analysis
The Tissue or Cell Total Protein Extraction Kit (KeyGEN, 
Nanjing, China) was used to extract total proteins from 
cells and tissues, and the BCA Protein Quantitative Kit 
(Boster, China) was used to measure total protein levels. 
Samples were then stored at low temperature prior to 
use. Each sample was mixed with the loading buffer and 
heated to 100 °C for 10 min. Then, 25 μg of protein was 
added to each lane of the gel, followed by electrophoresis 
and membrane transfer. The membrane was sealed and 
incubated overnight at 4  °C with different primary anti-
bodies (POSTN rabbit anti-human, Proteintech, China, 
1:1000; PCNA rabbit anti-human, ABclonal, China, 
1:1000; P-AKT rabbit anti-human, ABclonal, China, 
1:1000; AKT rabbit anti-human, ABclonal, China, 1:1000; 
or PI3K rabbit anti-human, ABclonal, China, 1:1000). 
TBST was used to wash the membrane 3 times (5  min 
each) and goat anti-rabbit IgG (Boster, China, 1:8000) 
with horse-radish peroxidase was then added and incu-
bated at room temperature for 1  h. TBST was used to 
wash the membrane 3 times (5 min each), and the ECL 
reagent was then added for visualization.

Cell invasion and wound healing assays
For the cell invasion assay, at 48  h after cell transfec-
tion, trypsin was added for digestion and a polycarbon-
ate microporous membrane was then placed between the 
upper and lower chambers (hole diameter: 8 μm). About 
500 μL of complete medium containing 10% serum was 
added into the lower chamber and 5 × 104 cells (100 µL) 
were added to the upper chamber of Matrigel and cul-
tured in an incubator at 37 °C for 12 h. Then, cells in the 
upper chamber were collected and fixed with 4% para-
formaldehyde for 30  min, dyed with 0.1% crystal violet 
for 20  min, followed by addition of hematoxylin. The 
transmembrane cells were counted under a microscope 
by examination of 5 random fields to obtain an average.

For the wound healing assay, cells were added to 6-well 
plates (density: 1.5 × 105 cells/mL) and then placed in an 
incubator for 24 h. A 100 µL pipette tip was placed per-
pendicular to the surface to make scratches. The cells 
were then washed with a PBS solution, the wounded and 
necrotic cells were removed, and the remaining cells were 
added to medium containing 10% serum and placed in an 
incubator. Photos were taken at 24 h and 48 h to record 
closure of the wounded area.

lmmunohistochemistry
Paraffin specimens of OS and adjacent normal bone tis-
sues were sectioned, dewaxed, and dehydrated. The 
sodium citrate thermal method was used for slicing, 
and the enzyme antigen repair method was used for the 

normal bone tissues. According to the instructions of 
the Immunostain SP Kit (ZSGB-BIO, Beijing, China), the 
first antibody (Genetex, AK, USA) and the second anti-
body (Santa Cruz Biotechnology, Dallas, TX, USA) were 
added, and DAB was then added to provide visualization. 
After conventional double-dye dehydration and mount-
ing, each specimen was scanned (Pannoramic MIDI II, 
3DHISTECH, Budapest, Hungary).

Real‑time cellular analysis (RTCA)
Cells were prepared at a concentration of 5 × 104 cells/
mL, about 50 μL of medium was added to the holes of 
an E-Plate 96 (ACEA Biosciences, CA, USA), and the 
E-Plate 96 was then placed on RTCA Station for baseline 
measurements. Then about 100 μL of the cell suspension 
was mixed evenly and added into the holes, so there were 
8,000 cells/100 μL. After standing for 30 min, the sample 
was placed on an RTCA Station in the incubator over-
night for measurement of cell proliferation.

Acquisition of gene expression microarray data sets
Gene expression microarray data sets were acquired 
from the GEO database, from the National Center for 
Biotechnology Information (NCBI). Ninety-four data 
sets on lung metastases of OS were retrieved. After care-
ful review and pre-treatment, GSE85537 and GSE37552 
were selected for analysis of DEGs.

Identification of differentially expressed genes
GEO2R, an interactive online analysis tool in R software 
(http://​www.​ncbi.​nlm.​nih.​gov/​geo/​geo2r/) that uses the 
database of the NCBI [13], was used for analysis of DEGs. 
This tool was used to compare mRNA expression of OS 
specimens that had lung metastasis with OS specimens 
that had no lung metastasis. The criteria for a DEG: were: 
p < 0.05 and |log2FC|≥ 1.0. [14]. An online tool was used 
to create Venn diagrams that display similarities and dif-
ferences. The DEG data were then downloaded as text 
files for subsequent analysis.

Enrichment analysis of differentially expressed genes
Gene Ontology (GO) analysis was used for large-scale 
functional enrichment analysis and the Database Anno-
tation, Visualization, and Integrated Discovery tool 
(DAVID, https://​david.​ncifc​rf.​gov/) was used for identifi-
cation of standard gene names and functional interpre-
tation [15]. GO analysis was used to classify genes by 3 
functions: biological process (BP), molecular function 
(MF), or cellular component (CC). The Kyoto Encyclope-
dia of Genes and Genomes (KEGG) was used for further 
analysis of biological pathways related to the DEGs. All 
genes with significant upregulation or downregulation 

http://www.ncbi.nlm.nih.gov/geo/geo2r/
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from comparisons were identified. A p-value below 0.01 
and a count of 10 or more was considered significant.

PPI network analysis and hub gene identification
The STRING database (https://​string-​db.​org/) was used 
to search for known protein–protein interactions (PPIs) 
and to predict other protein–protein interactions. Ver-
sion 11.0 of this database has information on 2031 spe-
cies, 9,643,763 proteins, and 1,380,838,440 interactions 
[16]. The PPI network was visualized using Cytoscape 
software (www.​cytos​cape.​org/), and the node in the 
center each plot was regarded as the core protein (or key 
candidate gene), a protein that has important physiologi-
cal and regulatory function because of its high connectiv-
ity [17]. The CytoHubba plug-in for Cytoscape was used 
to calculate a score each protein node. The top seven 
DEGs based on correlation were identified as Hub genes.

Survival analysis of hub genes
The Kaplan–Meier Plotter (http://​kmplot.​com/​analy​sis/), 
an online tool that has data on 10,461 cancer samples, 
was used for survival analysis. This tool is continuously 
updated and integrates prognostic information from 
many databases to evaluate the effect of 54,675 genes on 
survival. The pan-cancer module in this tool was used. 
Patients were divided into a high-expression group and a 
low-expression group according to the expression of hub 
genes. Then, the prognostic value of the different hub 
genes was evaluated using the Kaplan–Meier method. 
The Bonferroni method was used to correct the p-value 
for multiple comparisons.

Key genes verified by GEPIA: tissue level analysis
Gene expression in normal tissues and sarcoma tissues 
was also analyzed using the Gene Expression Profiling 
Interactive Analysis (GEPIA) tool, an interactive plat-
form for integrating analysis and visualization of tumors 
and normal genes (http://​gepia.​cance​rpku.​cn/). The main 
data were from the Cancer Genome Atlas (TCGA) and 
RNA expression data of 9736 tumors and 8587 normal 
specimens of the genotype-tissue expression (GTEx) pro-
ject [18].

Statistical analysis
SPSS version 20.0 was used for statistical analysis. Data 
were expressed as means ± standard deviations. To 
assess the significance of differences, a t-test was used 
for comparisons of two groups and a one-way ANOVA 
for comparisons of multiple groups. The SNK-q test was 
used for pair-wise comparisons. Significance was set 
as fold-change of 2 or more and a P-value below 0.05. 
Pearson correlation analysis used to evaluate the rela-
tionship between POSTN levels and clinical parameters 

in patients with OS. Kaplan–Meier curves were used to 
analyze the effect of different parameters on survival.

Results
POSTN expression in different OS cell lines and tissues
We initially used qRT-PCR to compare the expression 
of POSTN in 3 different OS cell lines (MG-63, Saos-
2, and U2-OS) with expression in a cell line of normal 
osteoblasts (C-28). The results indicated greater POSTN 
expression in all 3 OS cell lines (all P < 0.0001, Fig.  1A). 
Western blotting confirmed greater POSTN expression 
in 2 OS cell lines than in C-28 cells (both P < 0.01, Fig. 1B) 
and in 4 human OS tissues than in 4 adjacent normal 
bone tissues (P = 0.0014, Fig.  1C). Hematoxylin–eosin 
staining showed dense pink and polytypic osteoid tissues 
in the paraffin sections of OS tumors, and the immu-
nohistochemical (IHC) results confirmed that POSTN 
expression was greater in OS tissues than in adjacent 
normal bone tissues (Fig. 1D).

Effect of POSTN‑shRNA knockdown on OS cells
We used the Saos-2 cell line to examine the effect of 
POSTN-shRNA transfection on the expression of this 
gene. At 48 h after transfection, fluorescence microscopy 
indicated the transfection efficiency was 60% (Fig.  2A). 
Additional examination of some cells in each group using 
qRT-PCR indicated there was reduced expression of 
POSTN mRNA following POSTN-shRNA transfection 
(P = 0.017), thus confirming effective knockdown of this 
gene (Fig. 2B).

Effect of POSTN knockdown on proliferation of OS cells
We used label-free real-time cellular analysis (RTCA) 
to determine the effect of POSTN-shRNA on the pro-
liferation of OS cells. At 24 h after transfection, cells in 
the POSTN-shRNA group had significantly reduced pro-
liferation relative to cells in the Scramble-shRNA group 
(P = 0.0306, Fig. 3A). Examination of some cells in each 
group using western blotting indicated lower expression 
of proliferating cell nuclear antigen (PCNA, a marker of 
cell proliferation) in the POSTN-shRNA group than in 
the Scramble-shRNA group (P < 0.0001, Fig. 3B, C).

Effect of POSTN knockdown on migration and invasion 
of OS cells
We used the wound healing assay and the transwell 
assay to determine the effect of POSTN-shRNA 
transfection on the migration and invasion of Saos-2 
cells. The results indicated significantly impaired cell 
migration (P = 0.0222) and invasion (P < 0.0001) in the 
POSTN-shRNA group relative to the Scramble-shRNA 
group (Fig. 4A, B). In addition, the western blotting of 
these cells showed that POSTN-shRNA reduced the 

https://string-db.org/
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levels of AKT (P = 0.0312), p-AKT (P = 0.0312), and 
PI3K (P = 0.0312), suggesting that PI3K/AKT signaling 
may function in OS progression (Fig. 5A, B).

Expression of MMP‑1, MMP‑3, and MMP‑13 in OS 
and normal bone tissues
We performed immunohistochemical analysis to 
determine the expression of 3 different matrix metallo-
proteinases (MMPs, proteins that promote matrix dis-
assembly) in OS and healthy bone tissues. The results 
indicated that OS bone tissues had increased expres-
sion MMP-1, MMP-3, and MMP-13 (Fig. 6A–C).

Acquisition of gene expression data sets and identification 
of differentially expressed genes
We reviewed 104 data sets of OS, and ultimately 
selected GSE85537 (containing 3 OS lung metastasis 
specimens and 3 OS non-metastasis specimens) and 
GSE37552 (containing 2 OS lung metastasis speci-
mens and 2 OS non-metastasis specimens) for analysis 
of DEGs. The selected dataset was required to be ① 
a control sample containing the same number of lung 
and non-lung metastases of OSTEosarcoma ② a sam-
ple size of 4 or more ③ genetic information data was 
publicly available and available for analysis. Our com-
parison indicated that OS lung metastasis specimens 

Fig. 1  Expression of POSTN is greater in OS than normal bone cells. A qRT-PCR of POSTN in normal (C-28) and OS (MG-63, Saos-2, and I2-OS) bone 
cells (P < 0.0001). B Western blotting of POSTN in normal (C-28) and OS (MG-63 and Saos-2) bone cells (P = 0.007, P = 0.009). C Western blotting of 
POSTN in normal and OS bone tissues (P = 0.0014, n = 4). D Hematoxylin–eosin staining and immunohistochemical staining of POSTN in paraffin 
sections of normal and OS tumor tissues



Page 6 of 12Xu et al. Cancer Cell International           (2022) 22:34 

and OS non-metastasis specimens had 26 significant 
DEGs (Fig. 7).

GO and KEGG pathway analysis of differentially expressed 
genes
We performed GO and KEGG pathway analysis and 
used the Funrich tool to further analyze these 26 DEGs. 
The GO analysis classifies genes as functioning in 

biological processes, cellular components, or molecu-
lar functions. Our results indicated significant dif-
ferences in the metastatic and non-metastatic OS 
specimens. In particular, at the level of biological pro-
cess, upregulated genes in OS were related to extra-
cellular mesenchyme, extracellular matrix, protein 
extracellular matrix, extracellular domain, membrane 
components, and myofibrillar myosin (Fig. 8A). At the 

Fig. 2  Transfection of OS cells with POSTN-shRNA downregulates POSTN expression. A Fluorescence microscopy of cells in the POSTN-shRNA and 
Scramble-shRNA groups (transfection efficiency: 60%). B qRT-PCR of POSTN in cells transfected with POSTN-shRNA or Scramble-shRNA (P = 0.017)

Fig. 3  Transfection of OS cells with POSTN-shRNA inhibits cell proliferation. A RealTime Cellular Analysis of the proliferation of cells transfected with 
POSTN-shRNA or Scramble-shRNA. P2: POSTN-shRNA; CON: Scramble-shRNA. B, C Western blotting of PCNA expression in cells transfected with 
POSTN-shRNA or Scramble-shRNA (P < 0.0001)
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level of molecular function, upregulated genes in OS 
were related to cytoskeleton protein binding, trans-
membrane receptor binding, phospholipid hydrolase 
activity, metallopeptidase activity, transmembrane 
receptor protein tyrosine kinase activity, and extracel-
lular matrix structural components (Fig.  8B). At the 
level of biological process, upregulated genes in OS 
were related to cell junction, immune response, signal 
transduction, cell cycle, extracellular secretion regula-
tion, and cell growth and maintenance (Fig. 8C).

Protein interaction network and hub genes
We used the STRING tool to predict protein–protein 
interactions (PPIs) among the DEGs identified above 
(Fig.  9A), and then identified the top 7 genes using the 
cytoHubba template according to the degree of bind-
ing from the DEGREE algorithm (Fig.  9B, C). The first 
ranked gene was POSTN, and the other 6 major genes 
were collagen type VI alpha 1 chain (COL6A1), calde-
smon (CALD1), thy-1 cell surface antigen (THY1), 
ANTXR cell adhesion molecule 1 (ANTXR1), insulin-like 

Fig. 4  Transfection of OS cells with POSTN-shRNA inhibits cell migration and invasion. A, B Wound healing assay of OS cells transfected 
POSTN-shRNA or Scramble-shRNA (P = 0.0222). C, D Transwell assay of OS cells transfected POSTN-shRNA or Scramble-shRNA (P < 0.0001)

Fig. 5  Transfection of OS cells with POSTN-shRNA downregulates the PI3K/AKT pathway. A, B Western blotting of AKT, p-AKT, and PI3K in cells 
transfected with POSTN-shRNA or Scramble-shRNA (all P < 0.0001)
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growth factor binding protein 5 (IGFBP5), and transgelin 
(TAGLN).

Effect of POSTN expression on survival in sarcoma patient
Because the DEGREE algorithm ranked POSTN as the 
major gene, we used the Kaplan–Meier method to assess 

the relationship of POSTN expression on the prognosis 
of 131 patients with sarcoma. This analysis compared 
patients with high expression (n = 65) and low expres-
sion (n = 66) of POSTN. The results indicated that high 
expression of POSTN led to worse overall survival 
(P = 0.013, Fig.  10). Tissue level validation of key genes 
was performed using GEPIA to analyze the difference in 
expression between sarcoma and normal tissues.  Expla-
nation: At present, there is very little information about 
osteosarcoma in various tumor database platforms, and 
osteosarcoma is a major type of sarcoma, which also orig-
inates from mesenchymal tissue. Therefore, we believe 
that the above survival analysis results have certain refer-
ence significance.

Discussion
OS is the most common primary malignant bone 
tumor and it mostly occurs children and teenagers [19]. 
Although this cancer is sensitive to some chemothera-
peutic drugs, OS cells can develop drug resistance and 
this cancer has a tendency to form distant metastases 
[20]. OS tumors originate from interstitial cells, and they 
often metastasize during the early stage, mainly to the 
lungs. Since the 1990s, the introduction of neoadjuvant 
chemotherapy and targeted therapeutic drugs has greatly 
improved the survival rate of patients with early-stage 
OS. However, lung metastasis still occurs in about 50% of 
these patients and is one of the main causes of death [21]. 
Nonetheless, neoadjuvant chemotherapy combined with 
surgery remains the main clinical treatment for OS.

Although neoadjuvant therapy and surgery greatly 
improve the survival rate of patients with OS, the sur-
vival rate of these patients has not improved significantly 
in the past 30  years [19]. The 5-year survival rate of 
patients with metastatic OS is only about 20% [22]. The 

Fig. 6  Immunohistochemical analysis shows that MMPs have higher 
expression in OS tissues. A MMP-1 expression in OS and normal bone 
tissue. B MMP-3 expression in OS and normal bone tissue. C MMP-13 
expression in OS normal bone tissue

Fig. 7  Comparison of gene expression in OS lung metastasis 
specimens with OS non-metastasis specimens (GSE85537 and 
GSE37552 datasets) indicates 26 significant DEGs
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procollagen C-proteinase enhancer protein (PCOLCE) 
plays an important role in OS lung metastasis, and 
TWIST1 can slow the progression of metastatic OS by 
upregulating the expression of this protein [23]. Similarly, 
miR-223-3p can inhibit the invasion, migration, growth, 
and proliferation of OS cells by directly targeting CDH6. 
Hence, CDH6 can be used as a biomarker for metastatic 
OS [24]. Identification of additional new biomarkers and 
effective therapeutic targets is still necessary to improve 
the clinical treatment of OS. Because patients with meta-
static OS have a survival rate of only 10 to 20% and those 
with non-metastatic OS have a survival rate of 50 to 78%, 
early diagnosis and prediction of metastasis is critical. We 
therefore performed the present bioinformatics analysis 
of in situ OS and lung metastasis, used the GEO online 
database to screen for signaling pathways and core genes, 
and used additional bioinformatics tools to further ana-
lyze these data sets. Our major result is that high expres-
sion of POSTN was associated with an increased risk of 
metastasis and poor prognosis in patients with OS.
POSTN, also called human osteoblast specific factor 

2, was discovered by Takcshita in a mouse line of osteo-
blast cells. POSTN has an N-terminal signal peptide, a 
C-terminal hydrophilic domain, a cysteine rich region, 

and four internal homologous domains. This protein 
promotes osteogenesis and the aggregation and differ-
entiation of precursor cells [25]. POSTN mainly occurs 
in connective tissues that have abundant collagen, has 
high expression in the periosteum and periodontal liga-
ment, and is essential for bone formation and recov-
ery from bone injury [26]. Previous in-depth studies of 
POSTN showed that it functions in cell recruitment, 
adhesion, and other normal physiological processes, 
but also has high expression in many malignant tumors 
[27–29]. For example, POSTN has high expression in 
breast cancer, and expression has a positive correla-
tion with the pathological TNM stage; POSTN expres-
sion is also associated with lymph node metastasis in 
breast cancer. miR-876 targets POSTN and inhibits the 
epithelial mesenchymal transition (EMT) and fibro-
sis of hepatocellular carcinoma, thereby inhibiting the 
progression and prognosis of hepatocellular carcinoma. 
POSTN may therefore be an effective therapeutic tar-
get or prognostic marker for hepatocellular carcinoma 
[24]. There is also evidence that POSTN may regulate 
the EMT via the ERK signaling pathway, whose activa-
tion promotes the migration, invasion, and metastasis 
of tumor cells. Therefore, POSTN has potential as a 
therapeutic biomarker for hepatoblastoma [30].

Fig. 8  Functional gene enrichment analysis indicates OS tissues have DEGs in multiple categories. A Cellular components. B Molecular functions. C 
Biological processes. D Biological pathways
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The matrix metalloproteinases (MMPs), which are a 
family of enzymes that degrade the extracellular matrix, 
act as a vital role in the promotion of invasion and metas-
tasis of OS [31]. MMP-1 over-expression in OS cells con-
tributed to the proliferation, invasion, metastasis and 
stem-like properties of OS cells with the higher expres-
sion of VEGF and BMP 2/4 proteins [32]. Meanwhile, 
a higher MMP-3 expression in OS patients was found 
during tumor progression from primary to metastatic 
OS [33]. In addition, MMP-13 is closely related to the 
metastasis of OS and can be used as indicators to judge 
the metastasis of OS [34]. We found reduced expression 
of MMP1, MMP3 and MMP13 in human OS tissues and 
verified that by bioinformatics analysis.

POSTN also has high expression in OS tissues, and 
silencing the POSTN gene inhibits the angiogenesis 
of OS. Silencing of POSTN also inhibits the PI3K/
AKT pathway, suggesting a role of this pathway in the 
pathogenesis of OS [11]. However, the relationship of 
POSTN with OS lung metastasis remains unclear. This 
led us to use the GEO database to analyze in  situ OS 

Fig. 9  STRING analysis of direct and indirect protein–protein interactions in OS indicates that POSTN has the most interactions. A Co-expressed 
gene PPI network. B DEGREE results of the top 7 genes according to the degree of connection. C Connection ranks of the 7 major genes

Fig. 10  Kaplan–Meier analysis shows that OS patients with high 
POSTN expression have worse overall survival than those with low 
expression (P = 0.013)
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and lung metastasis by screening data sets GSE85537 (3 
OS lung metastasis samples and 3 OS non-metastasis 
samples) and GSE37552 (2 OS lung metastasis sam-
ples and 2 OS non-metastasis samples). We also used 
STRING to construct a PPI protein network of inter-
secting genes and used the DEGREE algorithm to select 
the seven genes that had the strongest correlations with 
surrounding genes. Our results indicated that POSTN 
ranked first. Our cellular and tissue level experiments 
confirmed the importance of POSTN in the pathogen-
esis of OS. In particular, we found that POSTN was 
highly expressed in OS cells and tissues, and silencing 
of POSTN by transfection of cells with POSTN-shRNA 
inhibited the proliferation of OS cells and also inhibited 
cell invasion and metastasis. Our results suggest that 
POSTN may play a role in OS pathogenesis by upregu-
lating the PI3K/AKT signaling pathway.

In this study, we combined the use of GEO database 
analysis with in vitro experiments to verify high expres-
sion of POSTN in OS. Our results also indicated that 
silencing of POSTN inhibited the proliferation, inva-
sion, and metastasis of OS. These findings have poten-
tial significance for the prognosis and treatment of OS. 
In particular, we suggest that POSTN be considered as 
a candidate gene for prediction of prognosis and lung 
metastasis in OS and as a potential therapeutic target 
for treatment of patients with OS.

Abbreviations
POSTN: Periostin gene; OS: Osteosarcoma; GEO: Gene Expression Omnibus; 
PPIs: Protein–protein interactions; RTCA​: Real-time Cellular Analysis; NCBI: 
National Center for Biotechnology Information; GO: Gene Ontology; KEGG: 
Kyoto Encyclopedia of Genes and Genomes; GEPIA: Gene Expression Profiling 
Interactive Analysis; GTEx: Genotype-tissue expression; PCOLCE: Procollagen 
C-proteinase enhancer protein; EMT: Epithelial mesenchymal transition.

Acknowledgements
We sincerely thank the researchers for providing their GEO databases informa-
tion online, it is our pleasure to acknowledge their contributions.

Authors’ contributions
CX, ZW designed the study and drafting the manuscript, contributed equally 
to the whole study. LZ performed the data collecting and analysis. YF, JL, ZW, 
RY, ZT, JB, HZ and YL participated in the data interpretation and study design, 
RY was involved in the drafting and critical revision of the manuscript. As the 
corresponding author, ZL had full access to all data of the manuscript and the 
final responsibility for the decision to submit the article for publication. All 
authors read and approved the final manuscript.

Funding
The work was supported by the grant from Shanxi Provincial Department 
of Science and Technology (Key R&D projects, 201903D321156), the grant 
from Shanxi Provincial Department of Science and Technology (Applied basic 
Research Projects, 201801D121326).

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
The study was carried out under the ethical protocol approved by the Hospital 
Institutional Board (The second Hospital of ShanXi Medical University, ShanXi 
Province, China) before we start the project.

Consent for publication
Not applicable.

Competing interests
All of the authors agreed the publication of the paper and declare no conflicts 
of interests.

Author details
1 Shanxi Medical University, Taiyuan, China. 2 Department of Orthopaedics, 
The Second Hospital of Shanxi Medical University, No. 382 Wuyi Road, 
Taiyuan 030000, Shanxi, China. 3 Beijing Shijitan Hospital, Capital Medical 
University, Beijing, China. 4 Xiamen University, Xiamen, China. 

Received: 13 August 2021   Accepted: 30 December 2021

References
	1.	 Arndt CAS, Crist WM. Medical progress: common musculoskeletal tumors 

of childhood and adolescence. N Engl J Med. 1999;341(5):342–52.
	2.	 Ceci F, Polverari G, Graziani T, et al. The role of F-18-FDG PET/CT in the 

detection of osteosarcoma recurrence. Eur J Nucl Med Mol Imaging. 
2017;44(10):1712–20.

	3.	 Weeden S, Grimer RJ, Cannon SR, Taminiau AHM, Uscinska BM. The effect 
of local recurrence on survival in resected osteosarcoma. Eur J Cancer. 
2001;37(1):39–46.

	4.	 Takeshita S, Kikuno R, Tezuka K, Amann E. Osteoblast-specific factor 2: 
cloning of a putative bone adhesion protein with homology with the 
insect protein fasciclin I. Biochem J. 1993;294(Pt1):271–8.

	5.	 Yoshiba N, Yoshiba K, Hosoya A, Saito M, Yokoi T, Okiji T, Amizuka N, 
Ozawa H. Association of TIMP-2 with extracellular matrix exposed to 
mechanical stress and its co-distribution with periostin during mouse 
mandible development. Cell Tissue Res. 2007;330(1):133–45.

	6.	 Horiuchi K, Amizuka N, Takeshita S, Takamatsu H, Katsuura M, Ozawa H, 
et al. Identification and characterization of a novel protein, periostin, 
with restricted expression to periosteum and periodontal ligament and 
increased expression by transforming growth factor beta. J Bone Miner 
Res. 2010;14(7):1239–49.

	7.	 Conway SJ, Izuhara K, Kudo Y, Litvin J, Kudo A. The role of periostin 
in tissue remodeling across health and disease. Cell Mol Life Sci. 
2013;71(7):1279–88.

	8.	 Bao S, Ouyang G, Bai X, Huang Z, Ma C, Liu M, et al. Periostin potently 
promotes metastatic growth of colon cancer by augmenting cell survival 
via the Akt/PKB pathway. Cancer Cell. 2004;5(4):329–39.

	9.	 Hu F, Wang W, Zhou HC, Shang XF. High expression of periostin is 
dramatically associated with metastatic potential and poor prognosis of 
patients with osteosarcoma. World J Surg Oncol. 2014;12(1):287.

	10.	 Xiao ZM, Wang XY, Wang AM. Periostin induces chemoresistance in colon 
cancer cells through activation of the PI3K/Akt/survivin pathway. Biotech-
nol Appl Biochem. 2015;62(3):401–6.

	11.	 徐朝健, 龙 张, 程才统, 毅 冯, 嘉 吕, 孙晓娟, et al. shRNA沉默骨膜蛋白
基因抑制人骨肉瘤的血管生成. 中国组织工程研究.23(35).

	12.	 Otoukesh B, Abbasi M, Gorgani H, Farahini H, Alaee A. MicroRNAs signa-
tures, bioinformatics analysis of miRNAs, miRNA mimics and antagonists, 
and miRNA therapeutics in osteosarcoma. Cancer Cell Int. 2020;20(1):254.

	13.	 Cozar JM, Robles-Fernandez I, Rodriguez-Martinez A, Puche-Sanz I, 
Alvarez-Cubero MJ. The role of miRNAs as biomarkers in prostate cancer. 
Mutat Res Rev Mutat Res. 2019;781:165–74.

	14.	 Meiri E, Mueller WC, Rosenwald S, Zepeniuk M, Klinke E, Edmonston TB, 
et al. A second-generation microRNA-based assay for diagnosing tumor 
tissue origin. Oncologist. 2012;17(6):801–12.



Page 12 of 12Xu et al. Cancer Cell International           (2022) 22:34 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	15.	 Lozano Calderón SA, Garbutt C, Kim J, Lietz CE, Chen YL, Bernstein K, et al. 
Clinical and molecular analysis of pathologic fracture-associated osteo-
sarcoma: microRNA profile is different and correlates with prognosis. Clin 
Orthop Relat Res. 2019;477:2114–26.

	16.	 Shannon P. Cytoscape: a software environment for integrated models of 
biomolecular interaction networks. Genome Res. 2003;13(11):2498–504.

	17.	 Yang H, Li Y, Peng Z, Wang Y. Overexpression of miR20a promotes the 
progression of osteosarcoma by directly targeting QKI2. Oncol Lett. 
2019;18(1):87–94.

	18.	 Su S, Law CW, Casey AC, Marie-Liesse A-L, Blewitt ME, Ritchie ME. 
Glimma: interactive graphics for gene expression analysis. Bioinformatics. 
2017;13:2050–2.

	19.	 Ottaviani G, Jaffe N. The epidemiology of osteosarcoma. Cancer Treat Res. 
2009;152:3.

	20.	 Schwartz CL, Gorlick R, Teot L, Krailo M, Chen Z, Goorin A, et al. 
Multiple drug resistance in osteogenic sarcoma: INT0133 from the 
Children’s Oncology Group. J Clin Oncol Off J Am Soc Clin Oncol. 
2007;25(15):2057–62.

	21.	 Berlanga P, Muñoz L, Piqueras M, Sirerol JA, Sánchez-Izquierdo MD, 
Hervás D, et al. miR-200c and phospho-AKT as prognostic factors and 
mediators of osteosarcoma progression and lung metastasis. Mol Oncol. 
2016;10(7):1043–53.

	22.	 Scott MC, Temiz NA, Sarver AE, Larue RS, Rathe SK, Varshney J, et al. 
Comparative transcriptome analysis quantifies immune cell transcript 
levels, metastatic progression and survival in osteosarcoma. Cancer Res. 
2017;8(2):326–37.

	23.	 Wang S, Zhong L, Li Y, Xiao D, Zhang R, Liao D, et al. Up-regulation of 
PCOLCE by TWIST1 promotes metastasis in osteosarcoma. Theranostics. 
2019;9(15):4342.

	24.	 Chen K, Li Z, Zhang M, Wang B, Li X. Erratum to “miR-876 Inhibits EMT 
and liver fibrosis via POSTN to suppress metastasis in hepatocellular 
carcinoma.” BioMed Res Int. 2020;2020:1.

	25.	 Litvin J, Selim AH, Montgomery MO, Lehmann K, Rico MC, Devlin H, et al. 
Expression and function of periostin-isoforms in bone. J Cell Biochem. 
2010;92(5):1044–61.

	26.	 Du J, Li M. Functions of periostin in dental tissues and its role in periodon-
tal tissue regeneration. Adv Exp Med Biol. 2019;1132:63–72.

	27.	 Oh HJ, Bae JM, Wen XY, Cho NY, Kim JH, Kang GH. Overexpression of 
POSTN in tumor stroma is a poor prognostic indicator of colorectal 
cancer. J Pathol Transl Med. 2017;51(3):306–13.

	28.	 Ma H, Wang J, Zhao X, Wu T, Huang Z, Chen D, et al. Periostin promotes 
colorectal tumorigenesis through integrin-FAK-Src pathway-mediated 
YAP/TAZ activation. Cell Rep. 2020;30(3):793–806.

	29.	 Yue H, Li W, Chen R, Wang J, Li J. Stromal POSTN induced by TGF-β1 
facilitates the migration and invasion of ovarian cancer. Gynecol Oncol. 
2020;160(2):530–8.

	30.	 Chen L, Tian X, Gong W, Sun B, Li G, Liu D, et al. Periostin mediates 
epithelial-mesenchymal transition through the MAPK/ERK pathway in 
hepatoblastoma. 癌症生物学与医学:英文版. 2019;016(001):89–99.

	31.	 Mignatti P, Rifkin DB. Biology and biochemistry of proteinases in tumor 
invasion. Physiol Rev. 1993;73(1):161–95.

	32.	 Tang ML, Bai XJ, Li Y, Dai XJ, Yang F. MMP-1 Over-expression Promotes 
Malignancy and Stem-Like Properties of Human Osteosarcoma MG-63 
Cells In Vitro. 当代医学科学(英文). 2018;38(5):9.

	33.	 Huang JF, Du WX, Chen JJ. Elevated expression of matrix metalloprotein-
ase-3 in human osteosarcoma and its association with tumor metastasis. 
J BUON. 2016;21(1):235–43.

	34.	 Hirahata M, Osaki M, Kanda Y, Sugimoto Y, Yoshioka Y, Kosaka N, et al. 
PAI-1, a target gene of miR-143, regulates invasion and metastasis by 
upregulating MMP-13 expression of human osteosarcoma. Cancer Med. 
2016;5:892–902.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Periostin promotes the proliferation and metastasis of osteosarcoma by increasing cell survival and activates the PI3KAkt pathway
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Materials and methods
	Patients and specimens
	Cell cultures and treatments
	Cell transfection
	RNA extraction and real-time PCR
	Western blot analysis
	Cell invasion and wound healing assays
	lmmunohistochemistry
	Real-time cellular analysis (RTCA)
	Acquisition of gene expression microarray data sets
	Identification of differentially expressed genes
	Enrichment analysis of differentially expressed genes
	PPI network analysis and hub gene identification
	Survival analysis of hub genes
	Key genes verified by GEPIA: tissue level analysis
	Statistical analysis

	Results
	POSTN expression in different OS cell lines and tissues
	Effect of POSTN-shRNA knockdown on OS cells
	Effect of POSTN knockdown on proliferation of OS cells
	Effect of POSTN knockdown on migration and invasion of OS cells
	Expression of MMP-1, MMP-3, and MMP-13 in OS and normal bone tissues
	Acquisition of gene expression data sets and identification of differentially expressed genes
	GO and KEGG pathway analysis of differentially expressed genes
	Protein interaction network and hub genes
	Effect of POSTN expression on survival in sarcoma patient

	Discussion
	Acknowledgements
	References




