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Background: Human sarcomas (SARC) are a group of malignant tumors that originated from mesenchymal lineages with more than
60 subtypes. However, potential biomarkers for the diagnosis and prognosis of SARC remain to be investigated.

Methods: We obtained three GSE raw matrix files (GSE39262, GSE21122, GSE48418) that related to various subtypes of sarcoma
from the public GEO database and explored the widely differential expression genes in three obtained GSE files. Then common
differential expression genes (CDGEs) were identified. We analyzed the correlation between the expression of the top five interacted
genes of CDEGs and genome-wide differences, prognosis, genetic mutation, functional enrichment, immune infiltration, immune
checkpoint, and marker genes’ expression of N6-methyladenosine (m®A) modification in SARC patients. Besides, a prognostic
nomogram was constructed to predict the survival of SARC patients.

Results: Among the three GSE files, 42 CDGEs were identified, and the top five interacted genes were ASPM, CCNB2, PRCI1,
AURKA, and SCM2. The expression levels of the five genes were higher in the SARC group than that in the normal group. The
transcriptional level of CCNB2, PRC, and SCM2 was correlated to the worse survival of SARC. The constructed nomogram that
combined CNB2, PRC1, and SCM2 showed a fairly good incredibility in predicting the survival of SARC (C-index: 0.711).
Furthermore, the five genes were widely involved in immune infiltration, immune checkpoint, and m°A modification. In addition,
we found a minor survival-related mutation rate (9%) of the five identified genes in SARC patients (p < 0.05).

Conclusion: The results suggested the five identified genes widely participated in the prognosis, immune infiltration, immune
checkpoint, and m®A modification of SARC patients. This study provided a theoretical basis for the research about the correlation
between the level of five identified genes and sarcoma, but the further mechanism needs to be verified by experiments.
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Introduction

Human sarcomas (SARC) encompass more than sixty subtypes, which originate from mesenchymal lineages with the
multifactorial somatic genetic alteration. Newly confirmed cases of SARC (13,130 people) accounted for 1% of all
malignant tumors and more than 5350 deaths in 2020 around America.' However, the five-year survival rate for advanced
SARC patients is less than 20-30%.> Surgical resection is the primary strategy for the early treatment of sarcoma. For
advanced-stage SARC patients, radiotherapy and combination chemotherapy are applied in some sensitive types of
sarcomas preoperatively or postoperatively, which has acquired an initial ideal effect.” However, approximately 50% of
patients with SARC tend to recurrence and metastases after early radiotherapy, chemotherapy, and surgery treatment.*

The current chemotherapy regimen used in advanced sarcoma patients is usually difficult to achieve substantial
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improvement, the expected survival time ranges from 12 to 18 months.*® Therefore, identifying the potential diagnostic
and prognostic biomarkers of SARC is of great importance.

Different subtypes of sarcoma have various clinical processes and outcomes.’ For example, the biological characteristic
of desmoid tumors tends to local infiltration and causes various clinical symptoms, such as chronic pain, psychological
diseases, and function dysfunction,® while osteosarcoma has a propensity for bone destruction and early distant metastasis.”
The features common to biological characteristics and molecular markers among different subtypes of sarcoma are less
known.'® Recently, the use of high-throughput gene sequencing provides a better understanding of SARC at the genomic
heterogeneity level.'""'> Utilizing gene sequence analysis, several overexpressed genes related to spindle assembly and
centrosome activity had been identified."® Similarly, minichromosome maintenance family proteins were found to widely
participate in the tumor progress and prognosis in patients with osteosarcoma.'* However, the role of common differential
expression genes (CDEGs) among diverse subtypes of SARC has not been reported. In the current study, we obtained several
CDEGs from three GEO series (GSE) profiles and identified several genes that interacted the most. A better understanding of
the multimolecular characteristics of these genes in SARC is expected to open novel perspectives for identifying the potential
biomarkers for tumor diagnosis and prognosis and would provide guidance for future studies.

Methods

Identification of CDEGs from the GEO Database
We downloaded three sarcoma-related GSE gene expression matrix files (GSE39262, GSE21122, GSE48418) from the
GEO database (https://www.ncbi.nlm.nih.gov/geo/), and 10 subtypes of SARC were included: osteosarcoma, chondro-

sarcoma, rhabdomyosarcoma, fibrosarcoma, neuroblastoma, liposarcoma, Ewing sarcoma, leiomyosarcoma, synovial
sarcoma, and myxofibrosarcoma. The GSE profile mentioned above was classified into sarcoma group, and control group
respectively. Utilizing the limma package in R software, the differential expression of various genes in each GSE profile
were analyzed. The ggplot2 and ComplexHeatmap packages were used for visualization. Genes that were differentially
expressed (JlogFC[>1 and p<0.05) in all three databases were defined as CDEGs.

GO/KEGG Enrichment Analysis of CDEGs

Using the clusterProfile package in R software, we conducted gene ontology (GO) terms and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis on CDEGs. And the main enrichment function and pathway of the
CDEGs were retained when an adjusted p-value was less than 0.05.

Protein-Protein Interaction (PPl) Analysis of CDEGs
The PPI network of CDEGs was performed using the STRING database (http://string-db.org), an online network
designed to explore the potential protein interaction network among genes by collecting, integrating, and scoring publicly

available data. Cytoscape was used for the visualization of PPL'> A plug-in model Molecular Complex Detection
(MCODE) of Cytoscape was applied to identify the tightly connected genes. The top five genes of CDEGs with the
highest connect degree were retained for further analysis.

Differential Expression and Prognostic Analysis of the Top Five Genes of CDEGs
We utilized the GEPIA (http://GEPIA.cancer-pku.cn/index.htm) database, a new online analysis tool that provides the RNA-
seq expression data of more than 9736 tumors and 8587 normal tissue samples, to explore the association of the expression of

five genes between sarcomas and normal tissues.'® Then, we analyzed the relationship between the expression of five
identified genes and prognosis among SARC patients. Overall survival (OS) and disease free survival (DFS) of SARC
were analyzed in the Survival Analysis module of the GEPIA database. Moreover, progress free interval (PFI) and OS were

explored in the Cancer Genome Atlas Database (TCGA, https://portal.gdc.cancer.gov/), a comprehensive tumor database that
17

contains expression information and survival data of 34 tumor types.
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Nomogram Model in Predicting the Prognosis of SARC

The included variables were identified in the univariate analysis module, which contains Age, Gender, Female, Male,
Tumor depth, Superficial, Deep, Tumor multifocal, Radiation therapy, Tumor necrosis, Metastasis, Margin status, Race,
Residual tumor (Table S1). Three of the five identified genes were also included due to the observed significant
correlation in the prognosis of sarcoma including CCNB2, PRCI1, and SMC2 (p<0.05 for all in OS). Based on the
results of the univariate analysis and relevant clinical parameters, a predictive nomogram was generated utilizing the rms
and survival package in R software. To test the clinical applicability of the nomogram, calibration plots, decision curve
analysis (DCA), and time-dependent ROC analysis were applied. Moreover, a risk score analysis was also performed
based on the Cox regression results.

Correlation Analysis Between the Expression of Five Identified Genes and Immune

Cell Infiltration
The relationship between the level of five identified genes and immune cell infiltration was investigated in the TIMER
database (https://cistrome.shinyapps.io/timer/), an online database that provides the clinical relevance of tumor immune

subsets and corrects the output results in a multivariable Cox proportional hazard model.'® In the Survival module of the
TIMER database, we analyzed the relationship between the expression levels of five identified genes and the infiltration
of six immune cells (neutrophils, B cells, CD8" T cells, CD4" T cells, dendritic cells, and macrophages).

Genetic Mutation Analysis of Five ldentified Genes
Mutations of the five identified genes in tumor tissues were analyzed using the cBioPortal (http://www.cbioportal.org)

database.'” The clinic data from 640 SARC samples containing gene copy-number alterations and prognostic information
was obtained from the TCGA database. Using the cBioPortal, we also explored the correlation between mutations of the
five identified genes and prognostic indicators of OS and disease-specific survival (DSS) in patients with SARC. The
z-score threshold of mRNA expression (RNASeq V2 RSEM) was set as £1.8.

Immune Checkpoint and N°-Methyladenosine (m°A) Modification Analysis
A standardized universal SARC dataset was downloaded in the UCSC database (https:/xenabrowser.net/).”’ Correlation
between 60 checkpoint inhibitor genes (24 inhibitory genes and 36 stimulatory genes) or 21 marker genes

of m®A modification and expression of five identified genes was analyzed using the Sangerbox database (http:/sanger
box.com/).

Results
Identification of CDEGs Between the SARC and Normal Groups

The differential expression genes of SARC and normal tissues were obtained from three GSE data files. As shown in
Figure 1C, principal component analysis (PCA) manifested that the transcriptional levels of genes between SARC and
normal tissues were significantly separated in GSE48418, and coincident in GSE39262 (Figure 1A) and GSE21122
(Figure 1B). In Figure 1D-F, the volcano plot presented the distribution of the differential genes in three GSE files. The
red point represented upregulation genes based on the criteria of p-value < 0.05 and logFC > 1, whereas blue points
represented the downregulated genes in three GSE files (p-value < 0.05 and logFC < —1). The clustering heatmap
indicated that the differential expression genes in SARC were distinct from normal samples (Figure 2A—C). As shown in
the Venn diagram, 42 CDEGs genes in the three GSE files were identified (Figure 2D).

Functional Enrichment and PPl Analysis of CDEGs in SARC

As shown in Figure 3A, the CDEGs significantly participated in the “response to acid chemical” and “collagen—contain-
ing extracellular matrix” pathways. Figure 3B shows the visualized network of the functional enrichment. Details were
presented in Table S1. With respect to the PPI analysis, the top 5 interacted genes of CDECs (ASPM, CCNB2, PRCI,
AURKA, SMC2) were identified according to the degree of tight connection in Cytoscape (Figure 4A and B).
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Figure | PCA plots of GSE files and Volcano maps of differential expression genes. (A—C) represents the PCA analysis plot of GSE39262, GSE 21122, and GSE48418. Red
and blue spots represent samples from SARC and Normal (Control) groups, respectively. (D—F) represents the Volcano plot of GSE39262, GSE21 122, and GSE48418. Red
and green spots represent differentially expressed genes, red represent up-regulated genes and green represent down-regulated genes.

Aberrant Expressions of the Five Identified Genes and Prognostic Values in SARC
Figure 5 presented the differential expression of five identified genes between tumor and normal tissues, and we found
the five genes were significantly amplified in the tumor samples (p<0.05 for all). Moreover, we found the overexpression
of ASPM was associated with poor DFS and PFI (Figure 6B and L), but not for OS (Figure 6A and K). A higher level of
CCNB2 was related to poor OS (Figure 6C and M) of SARC. While no relationship was observed between CCNB2
expression and DFS, PFI (Figure 6D and N). As shown in Figure 6E and O, a higher level of PRC1 was associated with
poor OS of SARC. Meanwhile, we found that PRC1 expression was significantly correlated to DFS and PFI (Figure 6F
and P). Notably, we found AURKA was only statistically correlated with the DFS of SARC (Figure 6G-H and Q-R).
Furthermore, SMC2 expression was also associated with the worse OS and PFI in SARC patients (Figure 6I-J,
Figure 6S-T). Based on the univariate analysis, we found that CCNB2, PRC1, SCM2, Residual tumor, Metastasis,
Margin status, and Tumor multifocal were associated with the clinical outcomes of SARC (Table S2). Combining these
parameters, we constructed a prognostic nomogram, and the C-index was 0.711 (Figure 7A). The predictive ability and
clinical capacity of the nomogram were corroborated by the calibration curve and DCA (Figure 7B and C). By time-
dependent ROC analysis (Figure 7D), we found that the constructed nomogram has great applicability to predict 3-year
and 5-year survival in SARC, with an AUC of 0.749 and 0.729. Based on the variables of the generated nomogram, the
risk score for each patient was calculated and presented in Figure 7E. According to the median value of the risk score, the
patients can be divided into low and high-risk groups. On the basis of the distribution of survival times, we can tell that
the higher the risk score, the poorer survival outcomes in SARC patients. To investigate whether the heterogeneity of the
sarcoma subtypes influences the results of our study, we obtained six sarcoma subtypes from TCGA database including
dedifferentiated liposarcoma (58 cases), leiomyosarcoma (106 cases), myxofibrosarcoma (25 cases), pleomorphic
sarcoma (52 cases), synovial sarcoma (10 cases), and malignant peripheral nerve sheath tumors (10 cases). We compared
the expression level of the five target genes among six subtypes. As shown in Figure S1, overall expression differences of
the target genes in six subtypes of SARC were relatively small.
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Figure 4 Protein-protein interaction networks for CDEGs (Cytoscape). (A) Protein-protein interaction networks for 42 CDEGs. (B) Protein-protein interaction networks
for five identified genes.

The Correlation Between the Expression of the Five Identified Genes and Infiltration
Levels of Immune Cells

The tumorigenesis and development of tumors are linked to inflammatory responses and immune cell infiltration.?' Thus,
we conducted a comprehensive analysis of the relationship between the level of the five identified genes and immune cell
infiltration (B cells, CD8'T cells, CD4™T cells, macrophage, neutrophil, and dendritic cells) in SARC. As shown in
Figure 8A, there were significant correlations between the infiltration levels of B cells, CD8'T cells, CD4'T cells, and
ASPM expression levels, while CD4'T cell infiltration was significantly correlated to CCNB2 expression level. Besides,
the infiltration of CD4"T cells and macrophages were closely related to PRC1 and SMC2 expression, while B cells and
dendritic cell infiltration were correlated to AURKA expression. Moreover, the enrichment of CD4" T and neutrophil cells
in sarcoma tissue was accompanied by a longer life expectancy (Figure 8B). Specific information on the distribution of
each immune subset at each copy number (arm-level deletion, diploid/normal, arm-level gain, and high amplification)
status in SARC is presented in Figure S2.
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Correlations Between the Five Identified Gene Mutations in SARC and OS, DSS

As shown in Figure 9A, among 640 samples, the mutation rate of ASPM, CCNB2, PRC1, AURKA, and SMC2 was
2.2%, 0.9%, 2%, 2.3%, and 2.2%, respectively. Of interest, we observed lower OS and DSS in the altered group
(Figure 9B and C). Moreover, the altered and unaltered groups differed in some clinic parameters such as tumor
mutational burden (TMB), Fraction Genome Altered, and MSIsensor Score (Figure S3).

Results of Immune Checkpoint and méA Marker Gene Analysis

22,23

The immune checkpoint inhibitor has been successfully applied in the treatment of several tumors. m®A modification

is the most common nucleotide modification in human internal, which is considered involved in gene expression
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In this study, we explored the relationship between 60 immune checkpoint
genes, m°A modification, and the expression of five identified genes. As presented in Figure 10, the ASPM was
significantly correlated with 42 of 60 immune checkpoints and 18 of 21 marker genes. And the CCBN2 was obviously
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Figure 7 The logistic regression-based predicted nomogram for the probability of survival time among SARC individuals (A). Calibration evaluation of nomogram predicted
survival probability (B). Decision curve analysis (DCA) of the nomograms for OS of SARC (C). Time-dependent ROC analysis of the nomograms to predict |-year, 3-year,
and 5-years of OS (D). Analysis of Risk score of a risk-score model based on the Cox regression results of the OS of SARC (E).

Discussion

Many studies have clarified the molecular mechanism and prognostic markers of various subtypes of sarcoma from the
perspective of gene expression.'®'>!*2%27 However, the prognostic value of the differential expressed genes in the
integrated subtypes of sarcoma remains to be reported. In this study, we obtained three GSE series profiles from the GEO
database, and differentially expressed genes were selected. Then, 42 CDEGs that were differentially expressed were
identified. Based on the analysis of the PPI network, the top five genes (ASPM, CCNB2, PRC1, AURKA and SMC2)
were further selected. After that, the correlation between the expression of the five genes and the prognosis, genes
mutation, immune infiltration, and methylation of SARC were explored.

Previous studies had reported the suppressive effect in cancer stemness and tumorigenicity when downregulation the
expression of ASPM in prostate cancer.”® Consistently, we found the lower expression of ASPM was correlated with
better OS and PFI in SARC. It is well acknowledged that the expression of CCNB2 is closely related to the cell cycle
pathway. Based on previous research, CCNB?2 is correlated with the plasmalemma and is indispensable for the meiosis of
mouse oocytes.”” Song et al have reported that the CCNB2 could act as a hub gene related to the progression and
prognosis of hepatocellular carcinoma,*® and lower expression of CCNB2 restricts the proliferation and metastasis of
tumor cells.®' In this study, CCNB2 was overexpressed in SARC than in normal samples and such overexpression was
associated with a worse prognosis of SARC. Hernandez-Ortega et al indicated that PRCI1 is the first substrate of
phosphoregulation in the complex of cyclin-dependent kinase/ cyclin, which decreased the cellular proliferative capacity
after downregulating the level of PRC1.%>** AURKA belongs to the family of serine/threonine kinases, which widely
participate in the mechanism of occurrence and development of various tumors.>* The high level of AURKB is
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Figure 8 Interactions of COL4As expression and immune system. (A) Correlation of the expression of five identified genes and the level of six immune cells infiltration. (B)
The correlation between immune cell infiltration and survival time in SARC patients.

associated with worse survival in SARC patients.34 However, based on GIPIA and TCGA databases, we found the
overexpression of AURKA was only related to poor DFS. The impact of the AURKA level on the OS of SARC needs to
be further verified. Concerning SCM2, Zhong et al found that it plays an unfavorable role in pancreatic cancer through
gene expression sequence analysis.”> The prognostic role of the SMC gene family in sarcoma had also been explored,
and the higher expression level of the SMC2 gene was found to be related to the worse prognosis of SARC.?® These
results were consistent with the finding of the current study. Sarcomas are a heterogeneous group of tumors that consist of
a wide variety of histological subtypes. In terms of disease localization, recurrence rate, aggressiveness, and genetic
complexity, the clinic results among sarcoma subtypes also various.’®>’ Besides, it’s obviously challenging to perform
a comprehensive analysis on a single subtype of sarcoma due to their rarity. By comparison of the differential expression
of target genes in six sarcoma subtypes, we found the magnitude of target gene level within subtypes was small, which
may indicate that the difference of the target genes was not as pronounced in different subtypes of sarcoma. Although age
is related to the vast majority of tumors,’® univariate/multivariate analysis of overall survival in SARC patients shows
that age was not statistically associated with the prognosis of SARC. No doubt, more in vivo/vitro follow-up studies and
experiments are needed to verify the clinical values of the five genes in SARC.

Over the past few years, increasing attention has been paid to the relationship between the extracellular matrix and
both local invasion and distant metastasis. Tumor metastasis and drug resistance are related to changes in the
extracellular matrix.**** The decreased expression of types I and IV collagen al gene is related to the drug resistance
of chondrosarcoma cells.>**! Noticeably, among the 42 DEGs, TIMP3 belongs to the TIMP gene family, which plays an
inhibitory role in matrix metalloproteinases, a group of peptidases involved in the degradation of the extracellular
matrix. Interestingly, another gene of this family, TIMP1, has been recently correlated with soft sarcoma response to
chemotherapy and cell invasiveness, exhibited a positive prognostic role in soft tissue sarcoma DFS.** Therefore, the
abnormalities in signaling and structural components of the extracellular matrix may play a vital role in sarcoma
development.*® In this study, we also found that the 42 CDEGs were most significantly enriched in signaling pathways
related to “collagen—containing extracellular matrix” pathways, which suggested a vital function of extracellular matrix
in SARC.
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Figure 9 Genetic mutations in the five identified genes and their association with OS and DSS of SARC patients (cBioPortal). A minor mutation rate (9%) of the target genes
was observed in SARC patients (A). mMRNA expression z-scores of target genes were related to all samples. A significant correlation was noticed between the genetic
alterations of the five identified genes and DSS, OS in SARC (B and C).

The occurrence and development of tumors are always accompanied by genes mutation.”** In the current study, a low
survival-related mutation rate of five identified genes was observed, suggesting that the mutation of the five identified
genes was harmful and shortened the survival time of SARC patients. Therefore, genetic assessment of five identified
genes mutations should be considered in measuring clinical outcomes of SARC. However, the correlation between the
clinical parameters of SARC and the mutation of COL4As needs to be verified by further lab results.

Immune cell infiltration not only plays an essential role in tumors but also acts as the reference for both immu-
notherapy and clinical outcome.*** In this study, the significant correlation between the expression level of all five
identified genes and immune infiltration indicated a tight interaction between gene expression and immune cell
infiltration in SARC. Meanwhile, immune checkpoint analysis has been a hot spot in the past few years due to ineffective
immunotherapy in some tumors, especially in late-stage patients.*> It has been proved that immune checkpoints are
involved in several types of soft tissue sarcoma.*® Previously, many studies have shown that RNA methylation (m®A)
participated in the initiation, progression, and metastasis of many tumors.?** And MCA regulators are found as an
independent indicator in the prognosis of some tumor patients such as colorectal cancer®’ and gastric cancer.*”® In the
current study, we found that five identified gene expression levels were significantly associated with multiple immune
checkpoint genes and m®A regulators, which indicated that five identified genes widely participated in the clinic progress
of SARC through checkpoint blockade and modification of m°A.
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Limitations

As the first study to investigate the multimolecular characteristics and prognostic role of the five identified genes in
SARC, several limitations should be recognized. First, we did not explore the role of target genes in specific sarcoma
subtypes of SARC. Second, we used multiple online databases to perform the current comprehensive analysis, the data
heterogeneity would be inevitably existing, which could reduce the reliability of our results. Further follow-up clinical
studies and experiments in vitro/vivo are required to verify the clinical values of the five identified genes in each subtype
of SARC.

Conclusion

We comprehensively analyzed the relationship between the expression level of the five identified genes and the
prognosis, mutation, immune infiltration, methylation, and checkpoints of SARC patients. We found the expression
level of CCNB2, PRC1, and SMC2 was significantly correlated with the survival of SARC. The five identified genes are
widely involved in immune infiltration and impact the prognosis of SARC. Meanwhile, we found the five identified genes
were significantly associated with m®A modification and immune checkpoints. This study provides a theoretical basis for
the research about the correlation between the level of five identified genes and sarcoma, but further experiments are
needed to explore the underlying mechanisms.
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