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Objective: To explore the key factors affecting the prognosis of osteosarcoma

patients.

Methods: Based on the GEO dataset and differential expression analysis of

normal and osteosarcoma tissues, the gene modules related to the prognosis

of osteosarcoma patients were screened by WGCNA, and intersecting genes

were taken with differential genes, and the risk prognosis model of

osteosarcoma patients was constructed by LASSO regression analysis of

intersecting genes, and the prognosis-related factors of osteosarcoma

patients were obtained by survival analysis, followed by target for validation,

and finally, the expression of prognostic factors and their effects on

osteosarcoma cell migration were verified by cellular assays and lentiviral

transfection experiments.

Results: The prognosis-related gene module of osteosarcoma patients were

intersected with differential genes to obtain a total of 9 common genes. PARM1

was found to be a prognostic factor in osteosarcoma patients by LASSO

regression analysis, followed by cellular assays to verify that PARM1 was lowly

expressed in osteosarcoma cells and that overexpression of PARM1 in

osteosarcoma cells inhibited cell migration. Pan-cancer analysis showed that

PARM1 was lowly expressed in most cancers and that low expression of PARM1

predicted poor prognosis for patients.

Conclusion: The data from this study suggest that PARM1 is closely associated

with the prognosis of osteosarcoma patients, and PARM1 may serve as a novel

potential prognostic target for osteosarcoma, providing a heartfelt direction for

the prevention and treatment of osteosarcoma.
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1 Introduction

Osteosarcoma is common primary malignant bone tumors

of mesenchymal (1, 2). Osteosarcoma occurs in the blood-rich

epiphyses of long bones of the extremities, such as the distal

femur and proximal tibia. The clinical symptoms of

osteosarcoma are usually local swelling and pain, occasionally

accompanied by joint mobility disorders, and it has a high

tendency to metastasize, and is highly susceptible to early

metastases, especially pulmonary metastases, and the disease

progresses rapidly (3, 4). The treatment of osteosarcoma has

evolved from early surgical amputation alone to comprehensive

treatment with neoadjuvant chemotherapy combined with limb-

preserving surgery (5, 6). The 5-year survival rate of patients

with limited osteosarcoma has improved from 20% to 60%-70%

with this combined treatment modality, but further

improvement in treatment outcomes is bottlenecked at this

stage, while the survival rate of patients with metastatic and

recurrent osteosarcoma remains low (7–9). Therefore, it is still

urgent to deeply investigate the complex cellular mechanisms

and molecular signaling mechanisms of pathogenesis and

progression in osteosarcoma.

With the development of technology in recent years, high-

throughput sequencing technology has been widely used and is

an important tool for diseases such as cancer. The GEO database

contains a large amount of oncogene expression data (10–12).

For example, Guo et al. (13) identified pivotal genes and

pathways in a rat model of renal ischemia-reperfusion injury

based on bioinformatics analysis of GEO microarray datasets

and integration of gene expression profiles. Ma et al. (14)

screened for differential mRNA expression between brain

tissue and blood by mining Alzheimer’s patient data in the

GEO dataset and found that ITGB1 and RAB7A could be used as

biomarkers for Alzheimer’s disease. In addition, Li et al. (15)

identified MMP9, CD74, SPP1, CXCL12, TYROBP, FCER1G

et al. as central genes for osteosarcoma initiation through the

GEO database.

To screen for differentially expressed genes in osteosarcoma

cells compared to normal cells, find the biological role of

differential genes in cancer cells, verify the correlation between

differential genes and survival prognosis of osteosarcoma

patients, and provide a theoretical basis for identifying targets

for clinical osteosarcoma treatment.
2 Methods

2.1 Data source

All the data in this study come from the target database

(https://ocg.cancer.gov/programs/target), and the GEO

database (https://www.ncbi.nlm.nih.gov/geo/), the target
Frontiers in Oncology 02
database contains the mRNA expression profile and clinical

data of 98 osteosarcoma patients were obtained from the GEO

database GSE16088 and GSE16091 data sets. The mRNA

expression profile data and clinical data of 6 normal controls

and 48 osteosarcoma patients were obtained. Normalize and

debatch the obtained GEO data, standardize the samples, and

view the clustering of the sample groups through the PCA graph

and the UMAP graph.
2.2 Expression difference analysis

The DESeq2 package of R software was used for expression

profile difference analysis as well as gene volcano and heat map

plotting. Corrected P values and |log2FC| were calculated, with

P<0.05 and |log2FC|≥1.0 for differentially expressed genes. The

Gene Ontology (GO) analysis was visualized using the

ClusterProfiler package in R software, and a false discovery

rate <0.01 was statistically significant.
2.3 WGCNA

The GSE16091 dataset included expression profiles, and

survival events of 34 osteosarcoma tissues, which were suitable

for the construction of weighted gene co-expression networks.

GSE160306 and GSE160308 gene expression data matrices

were constructed using the R package “ WGCNA”, and the

top 25% of genes with the largest differences in the samples

were selected as the input dataset for the subsequent WGCNA.

A sample hierarchical clustering approach was used to detect

and remove abnormal samples before selecting the appropriate

soft threshold function. The neighbor-joining matrix and

topological overlap matrix were constructed to calculate the

corresponding dissimilarities and complete the identification

of gene trees and modules. The minimum module size was 20.

then the highly similar modules were merged by clustering and

fusing module feature genes. The degree of difference is less

than 0.25. Average linkage hierarchical clustering was

established, similar genes were divided into a module, and

osteosarcoma grading was used as phenotype data to screen the

optimal module.
2.4 Survival analysis

The impact of prognostic survival of osteosarcoma was

assessed by overall survival (OS). All survival analyses were

performed using COX multiple survival regression model

analysis as the primary method and the Kaplan-Meier method

as an adjunct. The endpoint of overall survival was defined as the

time from the time of randomization to death from any cause,
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and all methods and R packages were performed using R

software version v4.0.3. p < 0.05 was statistically significant.
2.5 Prognostic feature models

The collection between gene expression and OS was assessed

using LASSO COX analysis. A prognostic risk prediction model

for osteosarcoma was built. Patients with osteosarcoma were

divided into high and low-risk groups based on the median risk

score. KM curves were plotted to compare OS between the high-

risk and low-risk parts, and ROC survival analysis was

performed using the R package SURVIVAL, and the “rmda”

package was used for decision curve analysis.
2.6 Cell culture and transfection

The derived human osteoblast cell line hfob 1.19 and

osteosarcoma cell line saos-2 were cultured in a 1:1 mixture of

Ham’s F12 medium and Dulbecco’s modified Eagle’s medium

containing 2.5 mM L -gu Aminoamide (ATCC, LGS standard,

PL), supplemented with 100 U/mL penicillin, 100 U/mL

streptomycin (Sigma-Aldrich, Warsaw, Poland), 0.3 mg/mL

G418 (Sigma-Aldrich, Warsaw, Poland) and 10% fetal bovine

serum (v/v, FBS, Gibco, Thermo Fisher Scientific, Warsaw,

Poland). Cells were grown at 34°C, 5% CO2. The pc DNA3.1

transfection plasmid was purchased from Genechem Co., Ltd.

(Shanghai, China). Osaos-2 cells were seeded in 6-well plates

(2×105/well), and after incubation for 24 hours, they were

transfected with LiPofectamine 2000 (corresponding plasmid

100 nM), and the operation was performed according to the

instructions. Subsequent experiments were performed 48 hours

after transfection.
2.7 Quantitative reverse transcription
PCR (RT-qPCR)

Total RNA was extracted from each group of cells using

TRIzol reagent (Invitrogen). cDNA was synthesized from RNA

using a Primescript RT kit (Takara, Japan). The cDNA was

amplified and quantified using SYBR Green mix (Finnish

Finnzymes) in an Applied Biosystems 7500 instrument. The

primer sequences used are shown in Table 1. -2DDCt method

could determine the gene expression.
2.8 Western Blot (WB)

Cells were collected, lysed in lysate (phosphatase inhibitor,

protease inhibitor and PMSF), and protein quantification was
Frontiers in Oncology 03
performed by BCA method (Thermo Fisher Scientific, China).

10-20 mg protein was loaded on 8%-12% 30% acrylamide-Bis gel,

then transferred through 0.22 mm pore PVDF membrane

(Merck Millipore, USA), and blocked with 5% nonfat milk

powder for 1 h., respectively, add primary antibodies (Rabbit

polyclonal to IFIT1, 1:1000, ab236256; Rabbit monoclonal

[EPR10009] to PARM-1, 1:1000, ab168369, abcam) and

incubate overnight at 4°C. The next day, secondary antibodies

(Goat Anti-Rabbit actin, 1:2000, ab8226, abcam) were added and

incubated at room temperature for 1 h, and then luminescent

solution (Thermo Fisher Scientific, China) was added for

exposure and color development. Image J software was used

for analysis, and the relative protein content was expressed as the

gray value of the corresponding protein band/the gray value of

the actin protein band, which was repeated three times.
2.9 Transwell

Digest the cells and adjust to 1×106 cells/mL in culture

medium without serum. Matrigel (BD Biosciences, San Jose, CA,

USA) was added to the upper chamber and incubated at 37°C for

2 h. Add 100 µL of cell suspension to the upper chamber and 600

µL of cell culture medium with FBS to the bottom chamber.

Subsequently, the cells were incubated at 37°Cand 5% CO2 in an

ambient environment for 24 hours. Detach the upper chamber,

remove the cells, and fix with 4% paraformaldehyde. Cells were

washed with phosphate-buffered saline (PBS) and stained with

crystal violet. Stained cells were observed with a microscope

(Olympus, Tokyo, Japan).
2.10 Statistical analysis of data

SPSS 24.0 and GraphPad Prism 8.0.1 software can process

the data. Normally distributed measures are expressed as (x ± s),

and comparisons between two parts were made by independent

samples t-test, and P was a two-sided test, and differences were

statistically significant at P < 0.05.
3 Results

3.1 Differential gene screening

We downloaded the dataset of GSE16088 from the GEO

database, which included 14 cases of osteosarcoma tissues and 6

cases of normal tissues, first, we analyzed the datasets, which

showed good normalization and differences between samples

(Figures 1A–C). We then analyzed the differentially expressed

genes in normal and osteosarcoma tissues, and there were 5005

differentially expressed genes (2719 significantly up-regulated
frontiersin.org
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genes, 2286 down-regulated genes), Figures 1D, E show the

differential gene volcano and heat map.
3.2 WGCNA identification of genes
associated with osteosarcoma
survival orientation

To identify genes associated with osteosarcoma survival

orientation, we constructed co-expression networks by WGCNA in

GSE16091, and in this study, we chose b=6 as the threshold to

construct scaling-free networks (Figures 2A, B), and a total of 25 gene

expression modules were identified after using merged dynamic tree
Frontiers in Oncology 04
cuts (Figure 2C), by constructing a random gene network map

(Figure 2D). By calculating the correlation between module feature

genes and clinical features, the skyblue3 module was most strongly

correlated with the survival of osteosarcoma patients (Figure 2E), and

the neighbor-joining matrix was clustered with the clinical features of

the samples in Figure 2F, and the scatter plot of skyblue3 module

genes in Figure 2G. We then obtained a total of 9 genes (FI27 ISG15,

IFI6, IFI44L, PARM1, MX1, IFIH1, IFIT1, RSAD2) by taking the

intersection of skyblue3 module genes and DEGs Figure 2H.

3.3 Prognostic risk construction based
on intersecting genes

To explore the prognostic impact of intersecting genes of

modular genes and DEGs on osteosarcoma, we did prognostic

models based on LASSO analysis for these nine genes, obtained the

value of the independent variable lambda and the coefficient of the

independent variable (Figure 3A), and plotted the partial likelihood

deviation versus log(l) (Figure 3B). Patients with osteosarcoma were

subsequently divided into high and low-risk groups (Figure 3C) by

the hazard score Riskscore=(-0.8635)* IFIT1+(-0.481)* PARM1, and

their survival status was presented in Figure 3C. Figure 3D shows the

difference in survival between the high and low-risk parts (p=4.3e-3).

Prognostic survival was predicted for 1, 3, and 5 years, and this

showed good sensitivity and specificity (Figure 3E).
B C

D E

A

FIGURE 1

Analysis of differential genes in the GSE16088 dataset. (A) sample normalized box plot, vertical coordinates indicate sample normalized intensity;
(B) sample PCA plot; (C) UMAP clustering plot; (D) volcano plot; (E) heat map; Top20 differential genes are shown. Normal in the figure
indicates normal tissue and the OS indicates osteosarcoma tissue.
TABLE 1 Primer sequences.

Name sequence

IFIT1-F TCAGAAGTCTAGTCACTTGGGG

IFIT1-R ACACCTTCGCCCTTTCATTTC

PARM1-F TCTTAACTGCAGGATGGAGGG

PARM1-R TAGTCCAGATGGTGGTCGGT

GAPDH-F TTGATTTTGGAGGGATCTCGCTC

GAPDH-R GAGTCAACGGATTTGGTCGTATTG
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3.4 Effect of IFIT1 and PARM1 on the
prognosis of patients with osteosarcoma

In order to further investigate the role of IFIT1 and PARM1 in

patients with osteosarcoma, we analyzed the expression and prognostic

effects of IFIT1 and PARM1 in patients with osteosarcoma, using the

risk scores of IFIT1 and PARM1. IFIT1 expression was significantly

increased in osteosarcoma tissues compared to normal tissues

(Figure 4A), and patients with low IFIT1 expression had a better

prognosis (Figure 4B, p=0.07). PARM1 was lowly expressed in

osteosarcoma tissues (Figure 4C), and low expression of IFIT1

predicted a poor prognosis for patients (Figure 4D).
3.5 Cellular experiments to verify the
expression of IFIT1 and PARM1

To further verify the heterogeneity of IFIT1 and PARM1 in

normal and osteosarcoma tissues, we cultured the osteoblast cell line

hfob 1.19 and the osteosarcoma cell line saos-2, and detected the
Frontiers in Oncology 05
expression of IFIT1 and PARM1 by RT-qPCR, and the results

showed that compared with osteoblasts, osteosarcoma cells had high

expression of IFIT1 (Figure 5A), PARM1 was lowly expressed

(Figure 5B). Then we detected the protein levels of IFIT1 and

PARM1 in the osteoblast cell line hfob 1.19 and the osteosarcoma

cell line saos-2 by WB. The results showed that the expression of

IFIT1 was high and the expression of PARM1 was low in the

osteosarcoma cell line saos-2 (Figure 5C). The above data show that

IFIT1 is highly expressed and PARM1 is lowly expressed in

osteosarcoma tissues. Subsequently, we overexpressed PARM1 in

saos-2 cells, the transfection efficiency is shown in Figure 5D, and on

this basis, we detected the cell migration ability. The results showed

that overexpressing PARM1 in osteosarcoma cells significantly

reduced the migration ability of cells (Figure 5E, p<0.01).
3.6 Target database verification

In order to further verify the correctness of the constructed

risk model, we constructed a prognostic risk model based on the
B C

D

E

F

G

A

H

FIGURE 2

Identification of genes associated with osteosarcoma survival orientation. (A, B) analysis of the average connectivity of the scale-free fit index
and various soft threshold functions. Assessment of scale-free topology at b = 6; (C) Gene module distribution mapping; (D) Gene vs. sample
clustering map; (E) Heat map of module feature genes associated with individual osteosarcoma survival; (F) Tree and clinical feature heat map;
(G) Scatter plot of skyblue3 module genes; (H) Venn diagram of skyblue3 module genes and DEGs.
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target using 9 genes, FI27 ISG15, IFI6, IFI44L, PARM1, MX1,

IFIH1, IFIT1, RSAD2, and obtained the independent variable

lambda values and the coefficients of the independent variable

(Figure 6A), and plotted the partial likelihood deviation versus

log(l) (Figure 6B). Subsequently, patients with osteosarcoma

were divided into high-risk group and low-risk group by the

risk score Riskscore=(-0.0921)*PARM1+(-0.1418)*IFIH1

(Figure 6C), and their survival status was shown in Figure 3C.

Figure 6D shows the difference in survival between high and low

risk groups (P=0.00725). Prognostic survival was predicted for 1,

3, and 5 years, and the prognostic model showed good sensitivity

and specificity (Figure 6E). Subsequently, we analyzed the effect

of high or low expression of PARM1 on the prognosis of patients

with osteosarcoma in the target database. Figure 7A shows

the distribution of patients with osteosarcoma. The KM

curve shows that patients with high PARM1 expression have a

better prognosis (Figure 7B), and the ROC curve shows that

patients with osteosarcoma have a better prognosis. Good

sensitivity (Figure 7C).
Frontiers in Oncology 06
3.7 PARM1 pan-cancer expression and
prognostic analysis

In the previous data, we confirmed that low expression of

PARM1 predicted poor prognosis in osteosarcoma patients. To

further elaborate on the role of PARM1 in cancer, we performed a

pan-cancer expression and prognosis analysis of PARM1. As

shown in Figure 8A, PARM1 was lowly expressed in BLCA,

BRCA, CESC, COAD, GBM, HNSC, KICH, KIRC, KIRP,

LUAD, LUSC, PRAD, PEAD, THCA, and UCEC, and highly

expressed in CHOL and LIHC. In addition, the expression level of

PARM1was closely correlated with the prognosis of COAD, KIRC,

LUAD, and THYM, where low expression of PARM1 in COAD,

KIRC, and LUAD predicted poor patient prognosis (Figure 8B).

4 Discussion

Abnormal gene expression is a vital factor in the

development and metastasis of osteosarcoma, and the genes
B

C

D

E

A

FIGURE 3

(A, B) distribution of LASSO coefficients for key genes to obtain the adjustment parameter l.min= 0.09, and the vertical black dashed line in B
defines the optimal l value; (C) Riskscore distribution, survival status and duration, and gene expression of prognostic characteristics of
osteosarcoma patients are shown from top to bottom; (D) KM survival curves for high and low-risk groups; (E) ROC curves at 1, 3 and 5 years.
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B

C D

A

FIGURE 4

Effect of IFIT1 and PARM1 on the prognosis of osteosarcoma patients. (A) Expression of IFIT1 in normal and osteosarcoma tissues in GEO
dataset; (B) KM curve showing the effect of high and low expression of IFIT1 on the prognosis of osteosarcoma patients; (C) Expression of
PARM1 in normal and osteosarcoma tissues in GEO dataset; (D) KM curve showing the effect of high and low expression of PARM1 on the
prognosis of osteosarcoma patients; ** means p<0.01, *** means p<0.001.
A B

D E

C

FIGURE 5

Cellular experiments to verify the expression of IFIT1 and PARM1. (A, B): RT-qPCR to detect the mRNA levels of IFIT1 and PARM1 in normal and
osteosarcoma tissues. (C) WB detection of IFIT1 and PARM1 protein levels in normal and osteosarcoma tissues. (D) RT-qPCR detection of mRAN
levels of PARM1 in different groups; (E): transwell detection of cell migration ability in different groups; ** means p<0.01, *** means p<0.001,
**** means p<0.0001.
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that produce abnormal expression in this complex biological

process are necessarily not single, so it is important to analyze

and find new molecular markers that affect the progression of

osteosarcoma (16, 17). In the past decades of research, the

exploration of aberrantly expressed genes in osteosarcoma has

never stopped. To find the role of ferroptosis death-related genes

in the development of osteosarcoma, Ding et al. (18) classified

osteosarcoma by the method of non-negative matrix

decomposition clustering and found significant differences in

prognosis and immune status between two subgroups, and
Frontiers in Oncology 08
found that ferroptosis death-related genes could influence the

immune status of the tumor microenvironment, thus affecting

the development and prognosis of osteosarcoma. In addition,

lipid metabolism genes were used to cluster osteosarcoma

patients into two subgroups by consensus, and it was found

that the expression of lipid metabolism genes correlated with the

immune microenvironment and could be used to accurately

predict the osteosarcoma prognosis (19).

In this study, we first compared the differential genes

between normal tissues and osteosarcoma tissues in the
A B

D

E

C

FIGURE 6

(A, B) in the target data: the distribution map of the LASSO coefficient of the key gene, and the adjusted parameter I.min= 0.0599, the vertical
black dotted line in (B) defines the optimal I value; (C) Riskscore distribution, survival status and duration, and gene expression of prognostic
characteristics of osteosarcoma patients are shown from top to bottom; (D) KM survival curves of high and low risk groups; (E) ROC curves of
1 year, 3 years and 5 years.
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GSE16088 set, and found 5005 cases of differential genes. In

order to further explore the impact of differential genes on the

survival of osteosarcoma. We performed WGCNA analysis on

34 patients in the GSE16091 data set to screen the genes related

to the survival of osteosarcoma patients. The results were

intersected with the differential genes and found that a total of

9 genes were highly correlated with the survival of osteosarcoma.

Then the prognostic model was constructed by LASSO and

Survival analysis identified PARM1 as a favorable factor for

osteosarcoma patients. In order to further verify the accuracy of

our model construction, we built a prognostic risk model in the
Frontiers in Oncology 09
target database, and further tested that low expression of PARM1

indicates poor prognosis of osteosarcoma patients, which further

verified the accuracy of our model.

In addition, cellular experiments were performed to verify

PARM1 was lowly expressed in the osteosarcoma cell line saos-2.

Studies have shown that PARM1 is considered a new potential

oncogene (20). Prostate androgen-regulated mucin-like protein 1

is an integral secreted protein that accumulates mainly in the

Golgi apparatus as well as in early and late endosomes, and

PARM-1 increases ERK1/2, AKT, and STAT3 phosphorylation.

In colorectal cancer, PARM1 may be its potential novel
A B

C

FIGURE 7

The effect of high or low expression of PARM1 on the prognosis of osteosarcoma patients. (A): PARM1 expression distribution and survival
distribution of osteosarcoma patients; (B): PARM1 high and low expression survival curve; (C): ROC curves of 1 year, 3 years and 5 years.
frontiersin.org

https://doi.org/10.3389/fonc.2022.1059547
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Feng et al. 10.3389/fonc.2022.1059547
prognostic biomarker (21). In prostate cancer cells, PARM1

ectopic expression increased cell proliferation (22). In addition,

PARM1 expression is stimulated by pro-inflammatory cytokines

and is associated with endoplasmic reticulum stress (23).

We performed a pan-cancer expression and prognostic

analysis of PARM1 and found that PARM1 showed a trend of

low expression in most cancers, and low expression of PARM1 in

COAD, KIRC, and LUAD predicted poor prognosis of patients,

which also confirmed PARM1 as a poor prognostic factor. In

conclusion, in our study, we identified PARM1 as a poor

prognostic factor in osteosarcoma by bioinformatics based on

the GEO database, and low expression of PARM1 predicted poor
Frontiers in Oncology 10
prognosis in osteosarcoma patients. Although we verified the

heterogeneous expression of PARM1 in normal tissues and

osteosarcoma cells in cellular experiments, to further explore

the mechanism of action of PARM1 affecting the prognosis of

osteosarcoma patients.
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FIGURE 8

PARM1 pan-cancer expression and prognosis analysis. (A) Expression of PARM1 in cancer; (B) Effect of PARM1 expression level on cancer prognosis; **
means p<0.01, *** means p<0.001.
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Garcı ́a-Moreno A, González-Rumayor V, Alarcón-Riquelme ME, et al.
ImaGEO: integrative gene expression meta-analysis from GEO database.
Bioinformatics (2019) 35(5):880–2. doi: 10.1093/bioinformatics/bty721

12. Wang Z, Lachmann A, Ma’ayan A. Mining data and metadata from the gene
expression omnibus. Biophys Rev (2019) 11(1):103–10. doi: 10.1007/s12551-018-
0490-8
13. Guo A, Wang W, Shi H, Wang J, Liu T. Identification of hub genes and
pathways in a rat model of renal ischemia-reperfusion injury using bioinformatics
analysis of the gene expression omnibus (GEO) dataset and integration of gene
expression profiles. Med Sci Monit (2019) 25:8403–11. doi: 10.12659/MSM.920364

14. Ma G, Liu M, Du K, Zhong X, Gong S, Jiao L, et al. Differential expression of
mRNAs in the brain tissues of patients with alzheimer’s disease based on GEO
expression profile and its clinical significance. BioMed Res Int (2019) 2019:8179145.
doi: 10.1155/2019/8179145

15. LiW, Ding Z,Wang D, Li C, Pan Y, Zhao Y, et al. Ten-gene signature reveals
the significance of clinical prognosis and immuno-correlation of osteosarcoma and
study on novel skeleton inhibitors regarding MMP9. Cancer Cell Int (2021) 21
(1):377. doi: 10.1186/s12935-021-02041-4

16. Alfranca A, Martinez-Cruzado L, Tornin J, Abarrategi A, Amaral T, de
Alava E, et al. Bone microenvironment signals in osteosarcoma development. Cell
Mol Life Sci (2015) 72(16):3097–113. doi: 10.1007/s00018-015-1918-y

17. Shi D, Wu F, Mu S, Hu B, Zhong B, Gao F, et al. LncRNA AFAP1-AS1
promotes tumorigenesis and epithelial-mesenchymal transition of osteosarcoma
through RhoC/ROCK1/p38MAPK/Twist1 signaling pathway. J Exp Clin Cancer
Res (2019) 38(1):375. doi: 10.1186/s13046-019-1363-0

18. Lei T, Qian H, Lei P, Hu Y. Ferroptosis-related gene signature associates
with immunity and predicts prognosis accurately in patients with osteosarcoma.
Cancer Sci (2021) 112(11):4785–98. doi: 10.1111/cas.15131

19. Qian H, Lei T, Hu Y, Lei P. Expression of lipid-metabolism genes is
correlated with immune microenvironment and predicts prognosis in
osteosarcoma. Front Cell Dev Biol (2021) 9:673827. doi: 10.3389/fcell.2021.673827

20. Charfi C, Levros LC Jr, Edouard E, Rassart E. Characterization and
identification of PARM-1 as a new potential oncogene. Mol Cancer (2013) 12:84.
doi: 10.1186/1476-4598-12-84

21. Liu YR, Hu Y, Zeng Y, Li ZX, Zhang HB, Deng JL, et al. Neurexophilin and
PC-esterase domain family member 4 (NXPE4) and prostate androgen-regulated
mucin-like protein 1 (PARM1) as prognostic biomarkers for colorectal cancer. J
Cell Biochem (2019) 120(10):18041–52. doi: 10.1002/jcb.29107

22. Fladeby C, Gupta SN, Barois N, Lorenzo PI, Simpson JC, Saatcioglu F, et al.
Human PARM-1 is a novel mucin-like, androgen-regulated gene exhibiting
proliferative effects in prostate cancer cells. Int J Cancer (2008) 122(6):1229–35.
doi: 10.1002/ijc.23185

23. Isodono K, Takahashi T, Imoto H, Nakanishi N, Ogata T, Asada S, et al.
PARM-1 is an endoplasmic reticulum molecule involved in endoplasmic reticulum
stress-induced apoptosis in rat cardiac myocytes. PloS One (2010) 5(3):e9746. doi:
10.1371/journal.pone.0009746
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2022.1059547/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1059547/full#supplementary-material
https://doi.org/10.1097/01.JAA.0000541477.24116.8d
https://doi.org/10.2217/fon-2016-0261
https://doi.org/10.3390/ijms22136865
https://doi.org/10.3390/ijms21196985
https://doi.org/10.3390/ijms21196985
https://doi.org/10.1093/annonc/mdy310
https://doi.org/10.1093/annonc/mdy310
https://doi.org/10.1155/2022/1693824
https://doi.org/10.1155/2022/1693824
https://doi.org/10.1007/s11912-021-01053-7
https://doi.org/10.1016/j.anndiagpath.2020.151654
https://doi.org/10.1002/pbc.29540
https://doi.org/10.1002/pbc.29540
https://doi.org/10.1093/nar/gks1193
https://doi.org/10.1093/bioinformatics/bty721
https://doi.org/10.1007/s12551-018-0490-8
https://doi.org/10.1007/s12551-018-0490-8
https://doi.org/10.12659/MSM.920364
https://doi.org/10.1155/2019/8179145
https://doi.org/10.1186/s12935-021-02041-4
https://doi.org/10.1007/s00018-015-1918-y
https://doi.org/10.1186/s13046-019-1363-0
https://doi.org/10.1111/cas.15131
https://doi.org/10.3389/fcell.2021.673827
https://doi.org/10.1186/1476-4598-12-84
https://doi.org/10.1002/jcb.29107
https://doi.org/10.1002/ijc.23185
https://doi.org/10.1371/journal.pone.0009746
https://doi.org/10.3389/fonc.2022.1059547
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The bioinformatic approach identifies PARM1 as a new potential prognostic factor in osteosarcoma
	1 Introduction
	2 Methods
	2.1 Data source
	2.2 Expression difference analysis
	2.3 WGCNA
	2.4 Survival analysis
	2.5 Prognostic feature models
	2.6 Cell culture and transfection
	2.7 Quantitative reverse transcription PCR (RT-qPCR)
	2.8 Western Blot (WB)
	2.9 Transwell
	2.10 Statistical analysis of data

	3 Results
	3.1 Differential gene screening
	3.2 WGCNA identification of genes associated with osteosarcoma survival orientation
	3.3 Prognostic risk construction based on intersecting genes
	3.4 Effect of IFIT1 and PARM1 on the prognosis of patients with osteosarcoma
	3.5 Cellular experiments to verify the expression of IFIT1 and PARM1
	3.6 Target database verification
	3.7 PARM1 pan-cancer expression and prognostic analysis

	4 Discussion
	Data availability statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


