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A B S T R A C T

Objective: This study aimed to identify common therapeutic targets for well-differentiated and 
dedifferentiated retroperitoneal liposarcoma.
Methods: Patient clinical data were obtained from the Surveillance, Epidemiology, and End Re-
sults (SEER) database, and survival differences were analyzed using the log-rank test. Gene 
expression data were sourced from the Gene Expression Omnibus (GEO) dataset GSE159659, with 
differential gene expression analysis conducted through GEO2R. Protein-protein interaction 
networks were developed using STRING and Cytoscape to identify key hub genes. Gene Ontology 
(GO) and KEGG pathway enrichment analyses were performed using R, and transcription factors 
associated with the hub genes were predicted with TRRUST.
Results: Significant survival differences were found between patients with well-differentiated and 
dedifferentiated retroperitoneal liposarcoma. Ninety-six differentially expressed genes with 
similar expression patterns were identified in both types. A protein-protein interaction network 
highlighted 12 hub genes and 24 transcription factors. Enrichment analysis pointed to the 
importance of lipid localization, storage, cytokine signaling, and metal ion absorption in both 
liposarcoma subtypes. Four potential therapeutic drugs were successfully predicted.
Conclusion: This study identifies common molecular targets in well-differentiated and dediffer-
entiated retroperitoneal liposarcoma, providing new avenues for mechanistic studies and po-
tential therapeutic development.

1. Introduction

Retroperitoneal sarcoma (RPS) is a relatively rare type of tumor, accounting for approximately 10 % of all soft tissue sarcomas and 
encompassing over 70 pathological subtypes, retroperitoneal liposarcoma (RPLS) accounts for the majority of RPS [1]. Based on the 
tumor’s morphology, RPLS can be further categorized into well-differentiated liposarcoma, dedifferentiated liposarcoma, myxoid 
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liposarcoma, and pleomorphic liposarcoma, among these, well-differentiated and dedifferentiated liposarcomas are the most common, 
representing over 90 % of RPLS cases [2]. Hence, this study focuses specifically on these two subtypes.

Patients with RPLS generally have a poorer prognosis compared to those with limb sarcomas [3,4], and surgery remains the pri-
mary treatment option due to the lack of effective non-surgical therapies [5]. Identifying new therapeutic targets is therefore of 
significant clinical importance. The prognosis of RPLS patients is closely related to the degree of tumor differentiation, with 
well-differentiated liposarcoma associated with a better outcome than dedifferentiated liposarcoma. Recent studies have shown that 
approximately 20 % of patients with well-differentiated RPLS develop dedifferentiation upon tumor recurrence [6], suggesting a 
potential underlying mechanism for this transition. Common differential genes and pathways can provide insights into this malignant 
transformation, and targeting this transformation could help maintain the well-differentiated state and improve patient outcomes. 
Meanwhile, common differential genes and pathways can also provide potential therapeutic targets for targeting both 
well-differentiated and dedifferentiated RPLS.

At the molecular level, the co-amplification of MDM2 and CDK4 is a common event in both well-differentiated and dedifferentiated 
RPLS. This genetic alteration can lead to the inactivation of p53 and uncontrolled cell cycle progression, driving the development of 
these tumors [2,7,8]. Despite the clear link between tumor differentiation and prognosis, the specific therapeutic targets for 
well-differentiated and dedifferentiated RPLS remain undefined. Understanding their shared transcriptional characteristics may 
provide new insights into the mechanisms behind their transformation.

In this study, we conducted a gene co-expression analysis using expression data from well-differentiated and dedifferentiated RPLS 
samples (GSE159659) obtained from the GEO database. We identified common differentially expressed genes, analyzed their func-
tions, constructed protein interaction networks, and identified hub genes. We also predicted four potential therapeutic drugs. This 
research represents the first comprehensive investigation into the shared molecular mechanisms and common therapeutic targets of 
well-differentiated and dedifferentiated RPLS at the transcriptional level, offering new directions for future studies.

Fig. 1. Survival Analysis and Gene Expression Differences. (A) Survival curves comparing patients with well-differentiated liposarcoma (WDLS) 
and dedifferentiated liposarcoma (DDLS). (B) Differential gene expression between WDLS, DDLS and normal adipose tissue. (C) Common differential 
gene expression between DDLS and WDLS.
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2. Methods

2.1. Data resource

Clinical data, including survival time, survival status, and pathological classification for patients with well-differentiated and 
dedifferentiated retroperitoneal liposarcoma (RPLS), were collected from the Surveillance, Epidemiology, and End Results (SEER) 
database for the period 2000–2020. Gene expression data for well-differentiated and dedifferentiated RPLS (GSE159659) were ob-
tained from the Gene Expression Omnibus (GEO) database. Drug sensitivity data were sourced from the CellMiner database [9,10].

2.2. Statistics

Survival differences between patients with well-differentiated and dedifferentiated RPLS were evaluated using the log-rank test, 
with a significance level set at p < 0.05. Differentially expressed genes (DEGs) were identified using GEO2R by comparing well- 
differentiated RPLS with normal adipose tissue and dedifferentiated RPLS with normal adipose tissue. Genes with a Log 2 fold 
change (FC) absolute value greater than 1 and p < 0.05 were considered significant.

The relationship between gene expression and survival was obtained from GEPIA [11]. Gene Ontology (GO) and KEGG pathway 
enrichment analyses were performed using the ’clusterProfiler,’ ’pathview,’ and ’org.Hs.eg.db’ packages in R. Protein-protein 
interaction networks were constructed using STRING [12] and visualized in Cytoscape [13], with hub genes identified using the 
MCODE and cytoHubba plugins. The co-expression network of hub genes was developed using GeneMANIA [14]. Transcription factors 
associated with hub genes were predicted using the TRRUST database [15], with p < 0.05 considered significant. Drug sensitivity and 
IC50 data were analyzed using Pearson correlation tests.

3. Result

3.1. Differences in survival and identification of differentially expressed genes

Fig. 1A shows that patients with well-differentiated RPLS had a better overall survival prognosis than those with dedifferentiated 
RPLS. In well-differentiated RPLS tissues, compared to normal adipose tissue, 27 genes were upregulated and 81 genes were down-
regulated. In dedifferentiated RPLS tissues, 256 genes were upregulated and 571 genes were downregulated (Fig. 1B). Additionally, 96 
differentially expressed genes exhibited similar expression patterns in both well-differentiated and dedifferentiated RPLS tissues 
(Fig. 1C).

3.2. Construction of protein interaction networks and functional analysis of genes

The protein interaction network for the shared differentially expressed genes was successfully constructed using STRING and 
visualized in Cytoscape (Fig. 2A). Differential gene clustering, performed with MCODE, identified three functional modules (Fig. 2D). 
Gene Ontology (GO) analysis revealed that these genes were predominantly associated with cellular responses to metal ions, lipid 
storage and localization, and oxidative stress responses (Fig. 2B and. E). KEGG pathway analysis indicated that the genes were mainly 
involved in mineral absorption, IL-17 signaling, TNF signaling, TGF-β signaling, FoxO signaling, adipocytokine signaling, p53 
signaling, PI3K-Akt signaling pathways, as well as abnormal cytokine-receptor interactions and transcriptional regulation (Fig. 2C and. 
F).

3.3. Construction and functional analysis of hub gene interaction network and prediction of transcription factors

Using six algorithms from the cytoHubba tool, the top 20 hub genes were identified for each algorithm (Table 1). A Venn diagram 
analysis revealed 12 common hub genes: ADIPOQ, EGR1, FOSB, IL1B, IL6, IRF1, JUNB, LEP, MDM2, NFKBIA, NFKBIZ, and TLR2 
(Fig. 3A). GeneMANIA analysis of these hub genes and their co-expression network showed a co-expression rate of 72.11 %, a physical 
interaction rate of 17.45 %, and a co-localization rate of 6.29 % (Fig. 3B).

Gene Ontology (GO) analysis revealed that the hub genes were primarily enriched in processes related to adipocyte differentiation, 
lipid localization, storage, transport, and metabolism. Additionally, they were involved in the regulation of tumor necrosis factor and 
chemokine production, as well as the Wnt signaling pathway (Fig. 3C). KEGG analysis indicated that these genes were mainly asso-
ciated with adipocytokine signaling, cytokine-cytokine receptor interactions, TNF and IL-17 signaling pathways, Toll-like receptor 
signaling, abnormal transcriptional regulation in cancer, and the PD-1 and PD-L1 pathways in cancer (Fig. 3D). Furthermore, 24 
transcription factors potentially regulating these hub genes were identified using the TRRUST database (Table 2).

3.4. Prognostic significance of hub genes and prediction of potential drugs

We next analyzed the impact of the 12 hub genes on patient prognosis. The results indicated that high expression levels of IL-6, 
NFKBIA, and IRF1 were significantly associated with better patient outcomes. (Fig. 4A–C). All three genes are downregulated in 
both well-differentiated and dedifferentiated RPLS, suggesting that activating these genes could potentially improve the prognosis for 
RPLS patients.
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We then conducted a drug sensitivity analysis focusing on IL-6, NFKBIA, and IRF1 (see Fig. 5). The results revealed that the IC50 
values of four drugs—TAK-960, TAK-632, BGB-283, and Dabrafenib—were negatively correlated with the levels of IL-6 and NFKBIA. 
This suggests that upregulating IL-6 and NFKBIA could enhance the effectiveness of these drugs in killing tumor cells. Combining IL-6 
and NFKBIA activation with these four drugs may offer a promising new therapeutic strategy for treating both well-differentiated and 
dedifferentiated RPLS.

Fig. 2. Protein Interaction and Functional Analysis. (A) Protein interaction network of differentially expressed genes. (B-C, E-F) Enrichment 
analysis of gene functions, including Gene Ontology (GO) and KEGG pathways. (D) Identification of core functional modules through differential 
gene clustering.

Table 1 
Top 20 hub genes were identified by six algorithms from the cytoHubba.

MCC MNC Degree Closeness Radiality EPC

ADIPOQ ADIPOQ ADIPOQ ADIPOQ ADIPOQ ADIPOQ
EGR1 EGR1 EGR1 CDK4 CDK4 CDK4
FOSB FOSB FOSB EGR1 DNAJB1 EGR1
IL1B FRS2 FRS2 FOSB EGR1 FOSB
IL6 IL1B IL1B FOSL1 FOSB FOSL1
IRF1 IL6 IL6 IL1B FOSL1 IL1B
JUNB IRF1 IRF1 IL6 IL1B IL6
LEP JUNB JUNB IRF1 IL6 IRF1
MDM2 LEP LEP JUNB IRF1 JUNB
MT1E MDM2 MDM2 LEP JUNB LEP
MT1F MT1E MT1E MDM2 LEP MDM2
MT1G MT1G MT1G NFKBIA MDM2 NFKBIA
MT1H MT1H MT1H NFKBIZ NFKBIA NFKBIZ
MT1X MT1X MT1X S100A12 NFKBIZ S100A12
NFKBIA NFKBIA NFKBIA S100A8 S100A8 S100A8
NFKBIZ NFKBIZ NFKBIZ SAA1 SAA1 SAA1
S100A12 SELE SAA1 SELE SGK1 SELE
SAA1 THBS1 THBS1 THBS1 THBS1 THBS1
SELE TLR2 TLR2 TLR2 TLR2 TLR2
TLR2 TSPAN31 TSPAN31 TSPAN31 TSPAN31 ZC3H12A

Fig. 3. Hub Gene Analysis and Functional Enrichment. (A) Identification of common hub genes. (B) Construction of co-expression networks for 
hub genes. (C–D) Functional enrichment analysis of the identified hub genes.
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4. Discussion

RPLS encompasses various pathological subtypes, and understanding their pathogenesis is crucial for developing tailored diag-
nostic tools that could significantly benefit patients. As the most common subtype of retroperitoneal sarcoma (RPS), RPLS presents a 
clinical challenge, especially considering that studies suggest about 20 % of well-differentiated RPLS cases transform into dediffer-
entiated RPLS within 7–8 years [6]. This potential for transformation indicates shared molecular pathways between these subtypes. 
The primary aim of this study was to identify commonly differentially expressed genes in both well-differentiated and dedifferentiated 
RPLS to uncover potential therapeutic targets.

Previous studies have shown that a key feature of both well-differentiated and dedifferentiated RPLS is the amplification of the long 
arm of chromosome 12 (12q13-q15) [16]. Within this region, the MDM2 and CDK4 genes are frequently amplified and are believed to 
be initial drivers of tumorigenesis in both subtypes [2]. Amplification of MDM2 is considered one of the earliest events in their 
development [17]. it acts as a negative regulator of the tumor suppressor protein p53, inhibiting p53 transcription and targeting it for 
degradation. Reduced p53 levels hinder the elimination of cells with damaged DNA, thereby promoting tumor development. Similarly, 
CDK4 phosphorylates the RB protein within the RB-E2F complex, releasing E2F to drive uncontrolled cell cycle progression and tumor 
formation. Additionally, the FRS2 gene in this amplified region encodes a signaling protein that links receptor tyrosine kinases to 
critical pathways such as MAPK/ERK and PI3K/AKT/mTOR [18]. Consistent with previous findings, our study confirmed the high 

Table 2 
Transcription factors and their regulated hub genes.

Transcription factor Number of regulated genes P value Regulated gene names

RELA 8 1.78E-12 NFKBIA,EGR1,IL6,IL1B,JUNB, NFKBIZ,TLR2,IRF1
NFKB1 8 1.88E-12 EGR1,IRF1,IL1B,JUNB, NFKBIZ,IL6,NFKBIA,TLR2
SP1 6 1.93E-07 TLR2,MDM2,EGR1,IL6,ADIPOQ,LEP
STAT3 4 1.45E-06 JUNB,IRF1,LEP,IL6
RBMX 2 1.04E-05 JUNB,EGR1
STAT1 3 1.82E-05 IRF1,IL6,IL1B
AHR 2 0.000085 IL6,IL1B
REL 2 0.000085 IL6,IL1B
FOXO1 2 0.000102 EGR1,IL6
ETS2 2 0.000182 EGR1,MDM2
JUND 2 0.000206 IL6,MDM2
PPARA 2 0.000271 NFKBIA,IL6
KLF4 2 0.000285 IL6,IL1B
CEBPA 2 0.000465 LEP,IL6
EP300 2 0.00056 MDM2,IL6
BRCA1 2 0.00058 MDM2,EGR1
CEBPB 2 0.000643 IL1B,IL6
ESR1 2 0.00103 MDM2,JUNB
ETS1 2 0.00111 MDM2,EGR1
HIF1A 2 0.00123 TLR2,LEP
MYC 2 0.00177 JUNB,IL6
E2F1 2 0.00315 IL1B,MDM2
JUN 2 0.00388 IL1B,IL6
TP53 2 0.00468 MDM2,EGR1

Fig. 4. Prognostic Impact of Hub Gene Expression Levels. (A) Patients with high IL-6 expression show significantly better outcomes compared to 
those with low IL-6 expression. (B) High expression of NFKBIA is associated with a significantly better prognosis compared to low expression levels. 
(C) IRF1 expression is also positively correlated with improved patient outcomes in the high-expression group versus the low-expression group.
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expression of MDM2 and CDK4 in both well-differentiated and dedifferentiated RPLS.
This study identified 96 common differentially expressed genes between well-differentiated and dedifferentiated RPLS, including 

12 hub genes. By constructing an interaction network from these genes, we identified key nodes, demonstrating the reliability of this 
integrative bioinformatics approach, which has proven effective in various diseases [19,20]. Gene Ontology (GO) and KEGG pathway 
enrichment analyses revealed significant involvement of these genes in processes related to lipid localization, storage, and metabolism, 
as well as mineral absorption, adipocyte differentiation, adipocytokines, inflammation, and immune response pathways. Previous 
research indicates that inhibiting adipogenesis can induce adipocyte dedifferentiation [21,22], and both well-differentiated and 
dedifferentiated liposarcomas are often associated with immune infiltration, particularly by macrophages and CD8+ T cells [23]. 
Additionally, this study predicted 24 transcription factors that may regulate the 12 hub genes. The expression levels of IL-6, NFKBIA, 
and IRF1 are significantly associated with the prognosis of RPLS patients. In other diseases, these genes have been shown to play 
critical roles in both tumor cells and the tumor microenvironment. For example, IL-6 has a complex role in various contexts and is 
considered a potential target for immunotherapy [24], Activation of NFKBIA transcription can stimulate NF-kappaB signaling, thereby 
inhibiting cancer progression [25], while activation of IRF1 can enhance anti-tumor immunity by activating cDC1 dendritic cells [26]. 
However, the specific mechanisms and roles of these three genes in RPLS have not yet been reported. Our study suggests that upre-
gulating these genes could improve the prognosis of RPLS patients. Specifically, increasing IL-6 expression may enhance the sensitivity 
of tumor cells to TAK-960, and upregulating NFKBIA could potentiate the cytotoxic effects of BGB-283, Dabrafenib, and TAK-632 on 
tumor cells. Therefore, we conclude that the upregulation of these genes, in combination with their corresponding drugs, may syn-
ergistically enhance tumor cell killing and improve the prognosis of RPLS patients.

Given the current challenges and scarcity in the research on the molecular mechanisms of well-differentiated and dedifferentiated 
RPLS, these research findings provide new insights and directions for the common molecular mechanisms of both subtypes, offering 
new perspectives for exploring therapeutic targets for RPLS. However, this study also has limitations. For instance, it is a retrospective 

Fig. 5. Correlation of Hub Gene Expression with Drug IC50 Values. (A) The IC50 of TAK-960 is negatively correlated with the expression levels 
of IL-6. (B) The IC50 of BGB-283 shows a similar negative correlation with NFKBIA expression. (C) Dabrafenib’s IC50 values are negatively 
correlated with the expression of NFKBIA. (D) The IC50 of TAK-632 is also negatively associated with NFKBIA expression levels.
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study that requires external data validation. Additionally, the functions of hub genes need further validation in vitro and in vivo 
models, which will be a focus of future work.
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