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Introduction
Endometrial carcinoma (EC) is a prevalent form of 
malignancy that affects women’s health worldwide. 

According to current data, approximately 65,620 
instances of cancer will be detected in the United States 
by 2020, representing 7% of all newly diagnosed female 

*Corresponding authors: Mahdi Mahdipour, Emails: Mahdi.Mahdipour@gmail.com, Mahdipourm@tbzmed.ac.ir; Parvin Hakimi, Email: 
Parvin.hakimi56@gmail.com

 © 2025 The Author(s). This work is published by BioImpacts as an open access article distributed under the terms of the 
Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of 
the work are permitted, provided the original work is properly cited.

ccess
PPuubblliisshh  FFrreeee

PRESS

TUOMS
BioImpacts

B
PRESS

TUOMS

BioImpacts

B

Abstract
Introduction: Endometrial 
cancer (EC) is a particularly 
frequent gynecological cancer, 
and metastasis is the leading 
cause of death in patients 
with EC. Using publicly 
accessible gene expression 
data, a bioinformatics study 
was carried out to increase 
our knowledge and reveal 
treatment targets for EC 
metastasis. This study aimed 
to identify new important molecular actors and clarify the molecular processes and pathways 
underlying EC metastasis.
Methods: The GEOexplorer and R programming languages were used to analyze and visualize gene 
expression data from EC metastatic gene expression datasets, and differentially expressed genes 
(DEGs) and differentially expressed lncRNAs (DElncRNAs) were identified using bioinformatics 
with P-value thresholds of < 0.05, and |log2FC| > 1.5. KEGG pathway enrichment analysis and 
gene ontology enrichment was used to enrich the observed DEGs, protein-protein interactions 
were established, and hub genes were identified.
Results: The findings revealed that DEGs were considerably enriched in a number of pathways, 
including the "Pathways in cancer", "Breast cancer", and "Rap1 signaling pathway." DEGs 
were also found to be involved in a number of biological processes, cellular components, and 
molecular activities. The PPI network included the hub genes CTNNB1, FGFR3, ESR1, and SRSF3 
as well as a number of DElncRNAs, such as LINC01541, SNHG17, LINC00520, BHLHE22-AS1, 
LOC100509445, H19, and HOTAIRM1.
Conclusion: This study contributes to our understanding of the molecular processes driving EC 
metastasis, which may result in the development of new treatment targets and indicators for the 
early identification of EC metastasis. More studies are needed to validate these findings and to 
understand the functional roles of these key factors in EC metastasis.
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cancers. From 2007 to 2016, the rate of cancer increased 
by 1.3% every year, while death rates increased by the 
same proportion.1 Patients with recurring or advanced 
illnesses, as well as those with a potentially severe histologic 
classification, such as high-grade endometrioid, papillary 
serous, or clear cell histology, have a much poorer 
clinical prognosis.2,3 This is true despite the fact that, in 
its preliminary stages, EC has a 5-year survival rate of 
up to 90%. Previous studies have shown that high-grade 
carcinomas have a lower incidence rate of new diagnoses, 
but a higher fatality rate. This demonstrates that high-
grade tumors are more inclined to recur and arise at an 
advanced stage.4 Nonetheless, people with comparable 
ECs may have varied outcomes, particularly in patients 
with high-grade EC patients.5 The current findings 
underscore the need for more complete knowledge of 
EC molecular genetics, particularly in the context of late-
stage and metastatic ECs. The ability of malignant cells to 
diffuse and colonize distant tissues or organs in the body 
is referred to as metastasis. The majority of cancers have 
the capacity to metastasize.6 Metastasis is largely assisted 
by the circulatory and lymphatic systems, both of which 
are required for this process.7 In this context, molecular 
mechanisms are also changed in favor of cancer cell 
metastasis.8 Thus, identifying the molecular pattern of 
cancer metastasis can help in understanding the process 
of metastasis, and bioinformatics analysis can play a vital 
role in this regard.

Bioinformatic analysis has the potential to play a 
critical role in identifying the molecular signature 
of EC metastasis. Research, for example, examined 
mutational patterns in both primary and metastatic 
ECs and discovered that the mutational mechanisms 
underlying ECs differ even among tumors of the identical 
TCGA molecular classification and in the development 
from basic to metastatic ECs.9 A recent investigation 
has unveiled a novel, long-noncoding RNA (lncRNA) 
paradigm for prognosticating patients diagnosed with 
EC. This investigation identified lncRNAs that were 
differentially expressed in association with EC from The 
Cancer Genome Atlas (TCGA). The findings discovered 
that a 3-lncRNA profile (CTD-2377D24.6, RP4-616B8.5, 
and RP11-389G6.3) was significantly correlated with 
histological classification, developed clinical stage and 
clinical rating in EC patients.10 LncRNAs are molecules 
of RNA with more than 200 nucleotides and lack the 
ability to encode proteins.11 LncRNAs are currently 
shown to have both oncogenic and tumor-suppressive 
properties and, therefore, play an important role in the 
advancement of tumors and metastasis.12 LncRNAs have 
the ability to modulate gene expression through various 
mechanisms such as transcriptional regulation, epigenetic 
modification, RNA or protein storage, and enhancing 
regulation by interfering with other molecules.13

In this study, we aimed to understand the pathways and 

molecular factors involved in metastasis, such as lncRNAs 
and genes, by analyzing data related to EC metastasis. 
By identifying the molecular signature of EC metastasis 
and understanding the function of lncRNAs and other 
genes in this process, we hope to gain a more inclusive 
understanding of the molecular genetics of EC and 
improve clinical outcomes in individuals with recurring 
or severe disease.

Materials and Methods
The current investigation involved a comprehensive 
examination of the NCBI Gene Expression Omnibus 
database (GEO, https://www.ncbi.nlm.nih.gov/geo/) 
using relevant keywords, such as "endometrial cancer," 
"endometrial carcinoma," "endometrial neoplasm," 
"endometrial adenocarcinoma," "endometrial 
hyperplasia," and "metastasis." The following inclusion 
and exclusion criteria were applied during the dataset 
selection process to minimize the risk of selection bias 
and ensure data quality consistency.

Inclusion criteria
1. Studies primarily focus on endometrial cancer and 

related conditions, such as endometrial carcinoma, 
neoplasm, adenocarcinoma, hyperplasia, and 
metastasis.

2. Microarray datasets with comprehensive gene 
expression profiles.

3. The datasets were sourced from human subjects with 
documented cases of metastatic and non-metastatic 
endometrial cancer.

4. Datasets containing information on both 
Differentially Expressed Genes (DEGs) and long 
non-coding RNAs (DElncRNAs).

5. Studies conducted on relevant tissues or samples 
specifically targeted endometrial cancer and 
metastatic conditions.

Exclusion criteria
1. Studies lacking clear documentation of endometrial 

cancer cases or relevant clinical information.
2. Datasets with incomplete or ambiguous gene 

expression profiles.
3. Non-human studies or studies conducted on animal 

models.
4. Studies lacking explicit information on metastatic 

status or exclusively focusing on non-metastatic 
conditions.

5. Datasets with inadequate sample sizes or insufficient 
statistical power.

6. Studies with inconsistent or unclear methodologies 
for gene expression analysis.

7. Datasets with substantial missing data or poor data 
quality, as indicated by incomplete annotations or 
unreliable experimental procedures.

https://www.ncbi.nlm.nih.gov/geo/
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Of the datasets specified, only two were chosen 
for additional analysis based on research questions 
GSE120490 and GSE29436. A systems biology approach 
utilizing online databases and R software was employed to 
extract data from the two microarray datasets of metastatic 
EC obtained from individuals with metastatic and non-
metastatic EC. Our objective was to identify differentially 
expressed genes (DEGs) and lncRNAs (DElncRNAs) 
using predetermined criteria. The methods employed 
were executed in adherence to pertinent guidelines and 
regulations."

The collection of gene expression profile data and 
Identification of DEGs and DElncRNAs
Both datasets were analyzed using the GEOexplorer14 
based on GEO2R15 and were based on a GPL570 chip-
based platform (HG-U133_Plus_2) Affymetrix Human 
Genome U133 Plus 2.0 Array. GEOexplorer, accessible 
via https://geoexplorer.rosalind.kcl.ac.uk, offers a method 
for conducting interactive and replicable analyses of 
microarray and RNA-seq gene expression data.14 The 
GSE120490 comprised 100 non-metastatic EC samples 
and 45 metastatic EC samples.16 The GSE29436 contained 
8 EC samples, of which 4 were metastatic EC samples, and 
4 were non-metastatic EC samples. The criteria utilized to 
select significant DEGs and DElncRNAs were a p-value 
less than 0.05 and a |log2FC| > 1.5.

KEGG and GO enrichment analyses of DEGs
To examine the potential biological processes (BP), 
molecular functions (MF), and cellular components (CC) 
linked to the DEGs, we employed the EnrichR database for 
functional annotation and pathway enrichment analysis. 
This analysis encompassed the utilization of Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis.17-20 The utilization of 
GO as a prominent bioinformatics instrument facilitates 
the annotation of genes and the analysis of biological 
processes associated with these genes. The KEGG database 
is a useful resource for understanding the overarching 
functionality of biological systems resulting from large 
molecular datasets generated by large-scale experimental 
approaches. Statistical significance was set at P < 0.05.

Protein-protein interaction (PPI) network of DEGs and 
hub genes
A web-based tool for evaluating PPI data is the Search 
Tool for the Retrieval of Interacting Genes database 
(STRING, https://string-db.org/).21 Assessing the 
functional interactions of proteins may provide insights 
into the processes of disease creation or progression. 
DEGs discovered in the two datasets were submitted to the 
STRING database to investigate their possible interactions. 
The rationale behind the selection of interactions was 
based on the cumulative score, which was set greater 

than 0.4. This score threshold was chosen because it 
represents a balance between sensitivity and specificity, 
with the aim of capturing meaningful interactions while 
minimizing false positives. The interactions meeting 
this significance criterion were retrieved and utilized for 
PPI network construction through Cytoscape software, 
a freely accessible bioinformatics tool for visualizing 
biological interaction networks.22 Furthermore, we 
determined hub genes that are potentially important in 
EC metastatic development were determined by assessing 
the Maximal Clique Centrality (MCC) of each protein 
node in Cytoscape using the CytoHubba plugin.23 To 
conclude, the top 10 genes in terms of substantial MCC in 
EC metastasis were identified as hub genes.

Validation of hub genes
In order to validate the dependability of hub genes 
identified through our detection, we conducted an 
analysis of their prognostic and expression characteristics 
in EC utilizing Gene Expression Profiling Interactive 
Analysis (GEPIA). The Cancer Genome Atlas (TCGA) 
and Genotype-Tissue Expression datasets were used to 
compile a massive collection of 8,587 normal samples 
and 9,736 tumor samples that made up the interactive 
online application tool known as GEPIA.23 Subsequently, 
the survival curve and box plot were used to depict the 
associations. The reference gene GAPDH was used to 
standardize the data obtained from the shared genes.

Results
Identification of DEGs and DElncRNAs in EC metastasis
DEGs retrieved from two microarray datasets, GSE12490 
and GSE29436, were evaluated using the R program 
and limma package, respectively. The evaluation criteria 
for inclusion were |log2FC| ≥ 1.5 and P values < 0.05. As 
illustrated in Fig. 1, the "Volcano plot" for the datasets was 
constructed by plotting the DEGs against each dataset's 
corresponding p-values and fold changes in the R software 
using the EnhancedVolcano package. DEGs that lacked 
annotations in the final outcome of the analysis were 
eliminated from subsequent investigations. Based on the 
assessment of the datasets according to the given criteria, 
GSE12490 and GSE29436 included 79 and 56 DEGs, 
respectively. DElncRNAs in EC metastasis are presented 
in detail in Table 1.

Functional enrichment analysis
The KEGG pathway analysis revealed that "Pathways 
in cancer," "Breast cancer," "Rap1 signaling pathway," 
"PI3K-Akt signaling pathway," and "Adherens junction" 
were the top five enriched pathways associated with the 
DEGs. The top five enriched biological processes were 
"Positive Regulation of Glycogen Biosynthetic Process 
(GO:0045725)," "Positive Regulation of Glycogen 
Metabolic Process (GO:0070875)," "Pulmonary Valve 

https://geoexplorer.rosalind.kcl.ac.uk
https://string-db.org/
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Morphogenesis (GO:0003184)," "Pulmonary Valve 
Development (GO:0003177)," and "Retinal Ganglion Cell 
Axon Guidance (GO:0031290). Furthermore, "Anaphase-
Promoting Complex (GO:0005680)," "Catenin Complex 
(GO:0016342)," "P-body (GO:0000932)," "Adherens 
Junction (GO:0005912)," and "Apicolateral Plasma 
Membrane (GO:0016327)" were the top five enriched 
cellular components identified. The top five enriched 
molecular functions were, in order, "N6-methyladenosine-
containing RNA Binding (GO:1990247)," "Transcription 
Corepressor Binding (GO:0001222)," "Insulin-Like 

Growth Factor Receptor Binding (GO:0005159)," and 
"mRNA 3'-UTR Binding (GO:0003730)." The functional 
enrichment results are shown in more detail in Fig. 2.

Identification of hub genes and network analysis
The PPI network connected to the DEGs related to EC 
metastasis was studied using the Cytoscape STRING 
plugin. Using the Cytoscape Cytohubba plugin, the top 10 
hub genes were identified according to MCC. The genes 
that have been classified are CTNNB1, IRS1, FGFR3, FGF9, 
FGF20, ESR1, ALYREF, ARHGEF7, SRSF3, and SNRPE 
(Fig. 3). Table 2 presents comprehensive information 
regarding hub genes associated with metastasis in EC.

Survival analysis
The effects of altered CTNNB1, IRS1, FGFR3, FGF9, 
FGF20, ESR1, ALYREF, ARHGEF7, SRSF3, and SNRPE 
expression on the median survival time and overall 
survival rate of patients with EC metastases were 
examined in this study. The results showed that SRSF3 
(log-rank P = 0.043) was significantly associated with the 
prognosis and overall survival of EC metastasis, whereas 

Fig. 1. Volcano plot of DEGs related to EC metastasis, including GSE129480 and GSE29436 datasets. Screening for DEGs was performed using a P 
value < 0.05 and |log2FC| ≥ 1.5.

Table 1. DElncRNAs in EC metastasis

LncRNAs Log2FC Adjusted P value P value

LINC01541 -2.3982562 0.00065329 0.00015417

SNHG17 -2.2020088 3.16E-05 1.16E-06

LINC00520 -1.8791358 2.95E-05 9.78E-07

LOC401463 -1.6075514 2.71E-05 7.52E-07

LOC100509445 -2.7563043 0.99992982 0.0094775

H19 2.26218638 0.99992982 0.04827739

HOTAIRM1 1.63256877 0.99992982 0.01177712
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the expression levels of CTNNB1, IRS1, FGFR3, FGF9, 
FGF20, ESR1, ALYREF, ARHGEF7, and SNRPE were 
not (P = 0.05). Fig. 4 depicts the survival analysis curve 
of hub genes, revealing an advantageous relationship 
between increased SRSF3 levels and improved survival 
rates. Bioinformatics analysis showed a substantial 
decrease in SRSF3 expression in EC (log2FC = -1.577, 
p-value = 8.52E-08). GEPIA has the potential to perform 
predictive analyses of gene survival rates using RNA-seq 
data acquired from the TCGA database.

Discussion
The incidence and mortality rates of EC, A Few common 
type of cancer that affects women, have increased 
globally.24 A few instances of distant metastasis have 
been reported, which has prevented a thorough study 
of EC epidemiology. Approximately 3% of EC patients 
who received therapy between 1999 and 2001 were 
diagnosed with stage IV disease, according to the twenty-
sixth annual statement of the International Federation of 
Gynecology and Obstetrics (FIGO).25 Similar to the poorly 
characterized EC metastasis epidemiology, the molecular 
mechanisms and pathways of EC metastasis need to be 
assessed further. Regarding this matter, a certain study 
has revealed that the exhaustive genomic examination 
of EC by TCGA has resulted in the identification of four 
unique molecular subtypes, which possess significant 
prognostic implications.26 A recent investigation revealed 
that Berberine (BBR) exhibited the ability to impede 

the proliferation, motility, infiltration, and metastasis 
of EC cells in vitro and in vivo.27 Moreover, a particular 
study discovered that events resembling epithelial-
mesenchymal transition (EMT) serve a central function 
in the advancement of tumors and the development of 
malignancy, granting the nascent cancerous cell invasive 
and metastatic characteristics.28 The advancement, 
invasion, and metastasis of EC have been linked to 
EMT. EMT includes a number of cellular alterations, 
such as the breakdown of cell adhesion, the activation of 
mesenchymal marker expression, and the restructuring of 
actin filaments.29 In this regard, the molecular mechanisms 
and pathways of EC metastasis require further assessment.

To identify novel molecular entities and pathways 
implicated in EC metastasis, we conducted bioinformatics 
analysis to assess the association of differential genes with 
these conditions. Bioinformatic analysis was employed 
to identify differentially expressed genes associated 
with EC metastasis, with the aim of identifying new 
functional genes and pathways involved in this process. 
The spread of cancerous cells from the main tumor to 
distant organs or tissues is known as metastasis, and it 
contributes significantly to the morbidity and mortality 
of cancer.30 The identification of genes and pathways 
involved in metastasis can provide insight into potential 
targets for therapeutic intervention and biomarkers for 
early detection. In this work, the KEGG pathway analysis 
showed that "Pathways in cancer," "Breast cancer," "Rap1 
signaling pathway," "PI3K-Akt signaling pathway," and 

Fig. 2. Functional enrichment of the EC metastasis DEGs. Functional enrichment, including KEGG pathway enrichment and GO analysis, was conducted 
using the EnrichR database. The length of each bar corresponds to the level of significance within the respective category, arranged by the p-value. It 
should be noted that a higher degree of correlation exists between a given category and the corresponding bar when the color intensity of the latter is lower.
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"Adherens junction" were the topmost five enriched 
pathways related to DEGs in cancer metastasis. The 
compilation known as "Pathways in cancer" comprises 
pivotal signaling pathways implicated in the onset 
and progression of cancer, including the MAPK31 and 
PI3K-Akt32 signaling pathways. MAPK and PI3K-Akt 

pathways have been implicated in cancer metastasis. The 
MAPK pathway controls cell growth, differentiation, 
and survival and plays a role in angiogenesis. Mutations 
or overexpression of components of this pathway 
can lead to uncontrolled cell growth and increased 
invasiveness.33 Similarly, the PI3K-Akt pathway controls 
cell proliferation, survival, metabolism, and angiogenesis. 
Mutations or overexpression of components of this 
pathway can lead to increased cell survival, proliferation, 
invasion, and regulation of gene expression involved in 
tumor cell metastasis and invasion.32 The Rap1 signaling 
pathway is a central factor in the processes of cellular 
adhesion and migration, both of which are fundamental 
stages in the metastasis of cancer. The signaling pathway 
of Rap1 is responsible for the regulation of cell adhesion 
mediated by integrin or cadherin, protease expression 
levels such as matrix metalloproteinase, and alterations 
in the cytoskeleton. These changes have been found to 
be associated with the processes of growth of tumor cells, 
invasion, and metastasis.34-36 Cell-cell adhesion complexes 
called adherens junctions are essential for preserving 

Fig. 3. Construction of the PPI networks. A. The PPI network was established by utilizing the STRING database. B. The PPI network was constructed by 
applying a threshold of combined score > 0.4 and subsequently identifying the hub genes. Rectangular shapes are used to symbolize genes, whereas lines 
are employed to depict the interaction of proteins between genes. The hub genes are distinguished in a network with a wide range of red to yellow colors.

Table 2. Hub genes in EC metastasis

Gene symbol LogFC P value Adjusted P value

CTNNB1 1.836041664 2.21E-06 4.31E-05

IRS1 1.556989876 2.43E-07 1.67E-05

FGFR3 2.5234038 0.00140257 0.99992982

FGF9 1.6782271 2.40E-05 0.00016559

FGF20 -3.1093853 0.03528495 0.99992982

ESR1 1.504688762 1.38E-05 0.00011473

ALYREF 1.680948574 1.55E-06 3.63E-05

ARHGEF7 -1.586372361 2.19E-07 1.58E-05

SRSF3 -1.5772856 8.52E-08 9.99E-06

SNRPE 1.55954423 8.50E-09 3.52E-06
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tissue stability and homeostasis.37 Dysregulation of 
adherent junctions is involved in cancer development 
and metastasis. The progression of metastatic breast 
cancer is typified by the demise of tissue integrity, which 
imitates the developmental EMT mechanism.38 Adherens 
junctions are essential for maintaining the integrity of 
interactions between cells and tissues.39

The top five biological processes linked to DEG 
enrichment in cancer metastasis were identified using 
GO analysis. The augmentation of glycogen metabolism 
and biosynthesis has been observed to potentially confer 
advantages to cancer characteristics, as evidenced by 
a study that demonstrated an increase in glycogen 
metabolism in tumor cells in vivo and cancer cells in 
vitro after exposure to hypoxia.40 The metabolic processes 
of cancer cells undergo substantial alterations as they 
acquire metastatic characteristics and adjust to survive 
in diverse environments that present differing supplies 
of nutrients, oxygen concentrations, and signals from 
outside the cell.41 The activation of p38α MAPK in cancer-
associated fibroblasts (CAFs) was found to be a decisive 
factor for the mobilization of glycogen in cancer cells. The 
ablation of p38α in CAFs and the suppression of glycogen 
phosphorylase activity in cancer cells led to a reduction 
in metastatic spread in an in vivo setting. This suggests 
that cancer cells employ glycogen as a supply of energy to 
facilitate the proliferation of metastatic tumors.42 The top 
five enriched cellular components associated with DEGs 
in cancer metastasis were the "Anaphase-Promoting 
Complex," "Catenin Complex," P-body, "Adherens 

Junction," and "Apicolateral Plasma Membrane". The 
Anaphase-Promoting Complex (APC) is a protein 
complex composed of multiple subunits that serves a 
crucial function in the regulation of the cell cycle by 
facilitating the degradation of cyclins and other proteins 
involved in cellular regulation.43 Dysregulation of APC 
activity, either through increased or decreased activity, 
may aggravate neoplasms.43 The promotion of pancreatic 
cancer metastasis by human PIWIL1 is facilitated through 
its co-activation of the anaphase-promoting complex/
cyclosome (APC/C).44 The protein complex known as 
Catenin is of paramount importance in both intercellular 
adhesion and signaling processes. The E-cadherin–catenin 
complex is essential for intercellular adhesion and typical 
and malignant tissue structures.45 The disruption of this 
intricate system has been associated with the initiation and 
progression of cancer. The diminished expression of this 
particular complex in malignant ailments has been linked 
to the invasion of tumors, metastasis, and an unfavorable 
prognosis, as evidenced by previous studies.46-48 
P-bodies are cytoplasmic granules that participate in the 
degradation of mRNA and the suppression of translation. 
These entities are predominantly composed of mRNAs 
that are translationally repressed and proteins that are 
associated with mRNA decay. This implies that they 
are involved in the regulation of post-transcriptional 
processes.48 The precise function of P-bodies in the 
process of cancer metastasis remains uncertain. A recent 
study suggested that these mRNA decay machines may 
benefit malignant cells by enhancing the expression 

Fig. 4. Relationships between hub gene expression and clinical outcomes in EC patients. Elevated SRSF3 levels are associated with increased survival 
rates. The prognostic significance of CTNNB1, IRS1, FGFR3, FGF9, FGF20, ESR1, ALYREF, ARHGEF7, and SNRPE expression levels was found to be 
insignificant in relation to the outcome of patients with EC. GAPDH was used as a reference gene to standardize the data obtained from the hub genes.
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of oncogenes and decreasing the expression of tumor 
suppressor genes.49 The P-body-based mRNA metabolic 
regulators have a significant impact on the advancement 
and progression of cancer.49 Adherens junctions are 
membrane-bound structures involved in cell-cell 
adhesion and signaling. Cadherins and catenins are the 
primary molecules responsible for cell-cell adhesion, as 
evidenced by their central role in the formation of these 
adhesions.50 The implications of cancer development 
and metastasis have been linked to the dysregulation of 
adherent junctions. Alterations in the manifestation and 
operation of cadherins and catenins have been detected 
in human malignancies and have been linked to clinical 
consequences for patients.50

Examination of the interplay among DEGs in the 
context of EC metastasis involved the development of PPI 
networks. This approach facilitates the identification of 
hub genes within these networks. Remarkably, CTNNB1 
is a well-known gene that is frequently mutated in 
EC. CTNNB1 mutations are predominantly located at 
β-catenin phosphorylation sites and are restricted to 
the endometrial subgroup lacking a specific molecular 
profile. Mutations in CTNNB1 cause changes in the 
Wnt/β-catenin signaling pathway, which promotes EC 
formation and progression by promoting transcription 
of target genes that regulate the cell cycle.51,52 Notably, 
recent study revealed that in low-grade endometrial 
endometrioid carcinomas (EECs), CTNNB1 mutations 
were significantly associated with local recurrence, 
while KRAS mutations were linked to distant metastasis/
recurrence, indicating a potential genotype-dependent 
conditioning of these distinct progression types in EC 
metastasis.53 In addition, in ECs with CTNNB1 exon 3 
mutations, increased β-catenin and MMP7 expression, 
rather than VEGF-A, were associated with bevacizumab 
responsiveness, suggesting a mechanistic link where 
overexpressed and secreted MMP7 potentially digests 
VEGFR-1, releasing VEGF-A and promoting the formation 
of permeable vessels, contributing to tumor progression 
and metastasis.54 Likewise, the presence of the CTNNB1p.
D32A mutation, resulting in abnormal activation of 
β-catenin as indicated by immunohistochemistry, 
suggests a potential association with lung metastasis in 
a patient initially diagnosed with low-grade early-stage 
EECs.55

Of these, the remaining genes identified in EC are not 
known, although their involvement in the metastasis of 
other cancers has been identified. FGFR3, also referred 
to as fibroblast growth factor receptor 3, is important for 
tissue homeostasis, cancer, and metastasis. FGFR3, along 
with its multiple FGF ligands and signaling partners, is 
often dysregulated in cancer growth and is one of the 
contributing factors to therapy resistance.56 FGFR3-altered 
tumors in urothelial carcinoma correspond with a non-T 
cell-inflamed phenotype and are therefore thought to be 

less susceptible to immune checkpoint blockage (ICB).57 
However, a study revealed that both FGFR3-mutated 
and wild-type bladder malignancies respond equally 
to ICB.57 FGFR3 is significantly expressed in melanoma 
and is associated with elevated Breslow thickness and 
lymph node metastases. FGFR3 promotes melanoma 
development, metastasis, and EMT characteristics, 
most likely through influencing ERK, AKT, and EGFR 
phosphorylation levels.58 In the context of metastasis, 
Zheng et al. indicates that FGFR3 is highly expressed in 
human lung cancer tissues and is closely associated with 
lymphatic metastasis, suggesting a potential role for the 
PRMT5/FGFR3/Akt signaling axis in regulating lung 
cancer progression and metastasis.59 In addition, FGFR3 
plays a crucial role in hepatocellular carcinoma metastasis 
by promoting angiogenesis, particularly through the 
upregulation of monocyte chemotactic protein 1 (MCP-
1).60

The estrogen receptor alpha (ERα) gene ESR1 encodes, 
and mutations in ESR1 may result in uncontrolled 
transcriptional activity and decreased susceptibility to 
endocrine treatment. These mutations are especially 
harmful in metastatic breast cancer, where they are seen in 
up to 36% of patients.61 ESR1 mutations have been shown 
to preexist in primary tumors and to be enriched during 
metastasis in clinical and preclinical studies. Furthermore, 
ESR1 mutations have a distinct transcriptional profile 
that promotes tumor growth, suggesting that certain 
ESR1 mutations may impact metastasis.62 ESR1 
mutations, particularly the Y537S and D538G variants, 
demonstrate a role in promoting metastasis in estrogen 
receptor-positive (ER + ) breast cancer, as evidenced by 
altered cell adhesion and migration pathways, leading 
to the formation of larger circulating tumor cell clusters, 
ultimately suggesting potential therapeutic strategies 
for targeting ESR1-mutant metastatic breast cancer.63 
Notably, Abdel-Hamid et al. revealed that Serum ESR1 
expression exhibited a significant positive correlation 
with preoperative levels of the long non-coding RNA 
HOTAIR and miR-130a in Egyptian breast cancer patients, 
suggesting a potential involvement of ESR1 in metastasis 
and cancer progression.64 In gastric cancer (GC), Shang 
et al revealed that CAF-derived exosomes enhance GC 
cell viability, migration, and invasion by upregulating 
interleukin 32 (IL-32), which interacts with ESR1 and 
negatively regulates its expression, thereby implicating 
the IL-32/ESR1 axis as a crucial factor in promoting 
metastatic behavior in GC cells.65

SRSF3 participates in the growth and progression 
of cancer. It increases cell proliferation, cell cycle, and 
metastasis, while inhibiting cell senescence, programmed 
cell death, and autophagy. SRSF3 knockdown significantly 
inhibited tumor cell proliferation and metastatic 
ability.66,67 Notably, based on our results, SRSF3 was the 
only hub gene associated with the EC patient’s outcome, 
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and its expression was decreased (log2FC = -1.577, P 
value = 8.52E-08). This pivotal role of SRSF3 in cancer 
progression aligns with the findings from the study by 
Zhang et al., where the investigation into cervical cancer 
cells, particularly SiHa cells, revealed that reducing the 
SRSF3 level effectively inhibits viability and metastasis by 
suppressing the PI3K/AKT/mTOR signaling pathway.68 
The up-regulating of SRSF3 by LINC01210 in the context 
of CRC adds another layer to the intricate role of SRSF3 
in cancer biology. In CRC cells, LINC01210 has been 
identified as an accelerator of proliferation and invasion, 
operating through the epigenetic upregulation of SRSF3.69 
This revelation underscores the multifaceted impact of 
SRSF3 on cancer progression across diverse malignancies.

Finally, the results of this study identified several 
DElncRNAs that might be involved in EC metastasis, 
including LINC01541, SNHG17, LINC00520, BHLHE22-
AS1, LOC100509445, H19, and HOTAIRM1. In 
this regard, LINC01541 plays an important role in 
17-estradiol (17-E2)-stimulated endometrial stromal 
cells (ESCs) by functioning as a molecular reservoir to 
decrease the bioavailability of miR-506-5p.70 SNHG17, 
in particular, induces colorectal carcinogenesis and 
metastasis by modulating the Trim23-PES1 axis and 
the miR-339-5p-FOSL2-SNHG17 positive feedback 
circuit.71 Furthermore, via activating the miR-125b-5p/
EIF5A2 axis, LINC00520 promotes malignant melanoma 
development and metastasis.72 BHLHE22, on the 
other hand, is a member of the basic helix loop helix 
transcription factor family that acts as an inhibitor of 
transcription and is involved in cellular differentiation.73 
A prior investigation of the methylome has revealed that 
BHLHE22 exhibits hypermethylation in endocervical 
tissues and can be identified via a Pap-smear specimen.73 
The expression of the BHLHE22 protein was observed 
to be considerably reduced in EC in comparison to the 
normal endometrium.73 The study found a significant 
correlation between elevated levels of BHLHE22 and the 
microsatellite-instable subtype, endometrioid type, grade, 
and age of the subjects.73 BHLHE22-AS1 lncRNA, as 
BHLHE22 antisense RNA due to its decreased expression 
in EC metastatic samples and increased expression of 
BHLHE22 in EC, can be a new target for further studies on 
EC. It has been discovered that H19 lncRNA is aberrantly 
expressed in human aggressive tumors, where it serves as 
an oncogene.74 H19 has been linked to cell proliferation, 
spread, migration, EMT, metastasis, and programmed 
cell death.75 In addition to sequestering microRNAs, 
H19 facilitates a molecular regulatory mechanism with 
multiple layers.75 HOTAIRM1 is a lncRNA that is localized 
to the 5' end of the homeobox A (HOXA) gene cluster. It is 
also known as HOXA transcript antisense RNA myeloid-
specific 1. It is an endogenous antisense transcript of the 
HOXA1 gene that is expressed in the myeloid lineage76 
and activated during neural development.77 The gene 

HOTAIRM1 is significantly involved in the process of 
myeloid maturation and exhibits high expression levels in 
cases of acute myeloid leukemia, thereby exerting a notable 
influence on the prognosis of affected individuals.78,79 
HOTAIRM1 has been identified as having low expression 
levels in both tissues and plasma of colorectal cancer 
patients, indicating its potential as a diagnostic biomarker 
for this disease.80

This study utilized publicly accessible transcriptome 
datasets with an awareness of potential biases related to 
sample collection, processing, and analysis. Although the 
identification of DEGs and DElncRNAs associated with 
EC metastasis was a focus, the study did not delve into their 
in vitro or in vivo functions. To address this limitation and 
enhance robustness, we have incorporated suggestions 
for improvement by advocating the validation of key 
biomarkers using quantitative polymerase chain reaction 
(qPCR). Despite these acknowledged constraints, our 
work contributes to the understanding of the molecular 
underpinnings of EC metastasis, offering valuable insights 
for future research directions and potential treatment 
options.

Conclusion
Metastasis is a key determinant of poor prognosis and 
treatment results for EC, which is one of the largest causes 
of female deaths globally. This study utilized bioinformatic 
analyses of publicly accessible transcriptome datasets 
to identify EC metastatic molecular pathways. DEGs 
associated with EC metastasis were prominent in cancer 
and cell cycle regulatory pathways in KEGG and GO 
pathway studies. According to PPI network research, EC 
metastases may include hub genes CTNNB1, FGFR3, 
ESR1, and SRSF3. EC metastasis may be linked to several 
DElncRNAs. Additional experimental studies are needed 
to validate these results, clarify the precise roles of the 
identified genes and lncRNAs in EC metastasis, and pave 
the way for the development of novel diagnostic and 
therapeutic approaches to EC metastasis. Identifying the 
major molecular participants and pathways involved in 
EC metastasis is essential to establish effective diagnostic 
and treatment methods. Bioinformatics analysis revealed 
the complicated molecular pathways of EC metastasis and 
provided new research areas.
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