International Journal of General Medicine

Dove

ORIGINAL RESEARCH

Exploring Prognosis-Associated Biomarkers of
Estrogen-Independent Uterine Corpus
Endometrial Carcinoma by Bioinformatics

Analysis

Youchun Ye
Hongfeng Li
Jia Bian
Liangfei Wang
Yijie Wang
Hui Huang

Department of Gynecology and
Obstetrics, The Affiliated People’s
Hospital of Ningbo University, Ningbo,
Zhejiang, 315040, People’s Republic of
China

Correspondence: Youchun Ye
Department of Gynecology and
Obstetrics, The Affiliated People’s
Hospital of Ningbo University, 251
Baizhang East Road, Ningbo, Zhejiang,
315040, People’s Republic of China
Email 57707858@qq.com

Background: Uterine corpus endometrial carcinoma (UCEC) is one of the most common
female cancers with high incidence and mortality rates. In particular, the prognosis of type II
UCEC is poorer than that of type I. However, the molecular mechanism underlying type II
UCEC remains unclear.

Methods: RNA-seq data and corresponding clinical information on UCEC patients were
downloaded from The Cancer Genome Atlas database, which were then separated into
mRNA, IncRNA, and miRNA gene expression profile matrix to perform differentially
expressed gene analysis. Weighted gene co-expression network analysis (WGCNA) was
used to identify key modules associated with different UCEC subtypes based on mRNA
and IncRNA expression matrix. Following that, a subtype-associated competing endogenous
RNA (ceRNA) regulatory network was constructed. In addition, GO functional annotation
and KEGG pathway analysis were performed on subtype-related DE mRNAs, and STRING
database was utilized to predict the interaction network between proteins and their biological
functions. The key mRNAs were validated at the protein and gene expression levels in
endometrial cancerous tissues as compared with normal tissues.

Results: In summary, we identified 4611 mRNA, 3568 IncRNAs, and 47 miRNAs as
differentially expressed between endometrial cancerous tissues and normal endometrial
tissues. WGCNA demonstrated that 72 mRNAs and 55 IncRNAs were correlated with
pathological subtypes. In the constructed ceRNA regulatory network, LINC02418,
RASGRF1, and GCNT1 were screened for their association with poor prognosis of type II
UCEC. These DE mRNAs were linked to Wnt signaling pathway, and lower expression of
LEF1 and NKDI1 predicted advanced clinical stages and worse prognosis of UCEC patients.
Conclusion: This study revealed five prognosis-associated biomarkers that can be used to
predict the worst prognosis of type II UCEC.

Keywords: uterine corpus endometrial carcinoma, estrogen-independent, prognosis,
WGCNA, competing endogenous RNA

Introduction

Uterine corpus endometrial carcinoma (UCEC) is a serious disease that affects
women.' The increasing incidence rate of endometrial cancer accounts for 6% of
new cancer cases,”” and approximately 3% of cancer deaths.” In 1983, Bokhman
first proposed that endometrial cancer could be classified into two subtypes based

on diverse clinical and histological characteristics.” Type 1 tumors are
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predominantly endometrioid adenocarcinomas and can be
affected by an imbalance between progesterone and estro-
gen exposures and even obesity.” Estrogen-independent
UCEC (type II) is prevalent in postmenopausal females
and is associated with endometrial atrophy,® presenting as
a high-grade, poorly differentiated tumor with poorer
prognoses than type I tumor. Little is known about the
risk factors of type II tumors. Due to the higher infiltrative
capacity and metastatic rate of lymph nodes, the 5-year
survival rate of type II tumor is as low as 20% to 26%.”*
Type II tumors account for approximately 10% to 20% of
UCEC cases, but 40% of deaths.” Distinct etiologies
underlying these subtypes have been proposed for dispa-
rate genetic alterations found in type I and type II
tumors. '

Interaction of multiple genes and factors contributed to
the complicated development and tumorigenesis of UCEC.
Based on diverse mutations, the Cancer Genome Atlas
(TCGA) classified UCEC into different subtypes, such as
POLE (DNA polymerase epsilon) mutants, microsatellite
instability (MSI) high mutants, low copy number types
(CN-L), and high copy number type (CN-H).'''? This
classification was previously used to predict the prognosis
of patients and guide the formulation of clinical treatment
plans, providing new classification options for precise
UCEC treatment. With further research and development
of specific targeted therapy, molecularly targeted drugs
have been applied in clinical diagnosis and treatment.
For instance, Tsoref et al found that PI3K/AKT/mTOR
signal axis is often abnormally expressed in endometrial
cancer."® Molecular analysis has revealed that PI3K and
MAPK pathways are the most frequently altered in type II
tumors. ' However, clinically, research results mentioned
above have not been properly validated. Clinical trials
indicated that the effective response rate of mTOR inhibi-
tors is less than 10%,15 whereas PI3K inhibitors,”’ angio-

factor/fibroblast
17,18

genesis growth  factor  receptor
inhibitors, and programmed cell death protein 1 (PD-
1) and its ligand (PD-L1) inhibitors'® all had relatively
limited efficacy. Therefore, further searching for highly
specific and sensitive markers has a significant impact on
early prevention, diagnosis, treatment, and prognosis eva-
luation of UCEC, particularly for type II endometrial
cancer with a poor prognosis.

Bioinformatics is a rapidly growing discipline that
aims to uncover the biological significance of biological
data using a multidisciplinary approach, thereby resolving
difficulties in life and related

science research

technological industries.’> %> The present study analyzed
high-throughput RNA-sequencing data of UCEC from
TCGA database. First, differentially expressed genes
were identified to construct a co-expression network and
competitive endogenous RNA (ceRNA) regulatory net-
works associated with pathological tissue subtypes of
UCEC. In addition, biological function enrichment analy-
sis, protein interaction network construction, and survival
analysis were performed to reveal the potential role of key
molecules in different pathological UCEC subtypes to
elucidate the molecular mechanism underlying occurrence
and development of UCEC.

Materials and Methods
Acquisition and Preprocessing of
RNA-Sequencing Data

Figure 1 displays the workflow diagram for this study.
RNA-sequencing data of UCEC patients was downloaded
from the National Cancer Institute’s Genomic Data

Comments data portal (https://portal.gdc.cancer.gov),

which was retrieved from The Cancer Genome Atlas
(TCGA, https://www.cancer.gov/tcga) database. The
TCGA-UCEC cohort analysis was included with the fol-
lowing searching strategies: (1) pathological diagnosis was

uterine corpus endometrial carcinoma; (2) raw count data
was available for each sample; (3) information of clinical
traits was available. Each sample was acquired using the
American Illumina HiSeq 2000 RNA sequencing platform,
and the ENSEMBL system was used for gene annotation.
After the download is completed, use the R program to
convert all gene IDs into gene names, and organize the
gene expression profile into a matrix format with the
sample as the column name and the gene as the row
name for subsequent statistical analysis.

Data Processing and Screening of the

Differentially Expressed Genes

Different types of RNA in the RNA-seq expression matrix
were summarized and classified according to mRNA,
IncRNA, and miRNA. The RNA-seq data was performed
CPM (counts per million) algorithm for normalization, and
genes with CPM value > 0.5 in at least 2 samples were
retained, and those genes with low abundance were elimi-
nated. This study uses “logarithmic transformation” to
convert the RNA-seq data into a normal distribution.
Using the “edgeR” package in the R software, RNA-seq
data of 552 UCEC samples and 35 normal endometrial
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Figure | Flow chart of data processing, network construction, analysis and validation in the present study.

samples were utilized to screen out differentially expressed
genes (DEGs) with the cut-off criteria of |log2FC|>1 and
false discovery rate (FDR) <0.05. The DEGs were divided

into differentially expressed mRNAs (DE mRNAs), differ-
entially expressed IncRNAs (DE IncRNAs), and differen-
tially expressed miRNAs (DE miRNAs).
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Weighted Gene Co-Expression Network

Analysis (WGCNA)
“WGCNA” package was used for the following analysis.

First, normal and cancer samples without clinical data are
removed from mRNA and IncRNA expression matrix, and
80% of genes whose expression level was 0 are removed
from the samples, forming a new expression matrix with
sample names as rows and gene names as columns. The
goodSampleGens function detected and eliminated genes
with excessive number of missing values and further cal-
culated the sample connection degree. WGCNA used the
correlation coefficient of the expression matrix and calcu-
lated topological overlap matrix (TOM). An unsupervised
co-expression relationship between genes was established
using Pearson correlation coefficients. Following that,
TOM was constructed using soft threshold B (f=4). The
gene modules were divided using dynamicTreeCut algo-
rithm in WGCNA, and all genes with similar expression
profiles were grouped into the same module using hier-
archical clustering. A module must contain at least 30
genes, and gene modules with similarities greater than or
equal to 75% (cutHeight = 0.25) were combined. By
performing module—trait relationship (MTR) analysis, we
built heatmaps to identify modules with high association to
different clinical features. In addition, gene significance
(GS) and module significance (MS), respectively, refer to
the correlation between genes and external information, as
well as the average value of GS of all genes in a specific
module.

Construction of ceRNA Regulatory

Network

mRNAs and IncRNAs related to pathological tissue sub-
types of UCEC were selected using the above-mentioned
WGCNA technology. Intersection results concluded that
subtype-related differentially expressed mRNAs and
IncRNAs among identified DE mRNAs and DE
IncRNAs. Furthermore, DE miRNAs were combined to
construct a ceRNA regulatory network by the following
steps: (1) predicting the interaction between DE IncRNAs
and DE miRNAs using miRcode (http://www.mircode.org)

database; (2) predicting the interaction between DE
miRNAs and DE mRNAs using TargetScan (http:/www.
targetscan.org), miRTarBase (http://miRTarBase.cuhk.edu.

cn/), and miRBase (http://www.mirbase.org) databases; (3)

selecting duplicate DE miRNAs as common connections.

Finally, we constructed ceRNA regulatory networks and
visualized them using Cytoscape software (version 3.7.0).

Construction of Protein—Protein
Interaction (PPl) Network and Screening
of Key Genes

We uploaded DE mRNAs related to pathological tissue
subtypes of UCEC identified in WGCNA to the Search
Tool for the Retrieval of Interacting Genes (STRING,
http://string-db.org) online analysis software to identify

the potential relationship between proteins encoded by
DE mRNAs. Cytoscape (version 3.7.0) software was
employed to visualize PPI network. Molecular Complex
Detection algorithm was performed using MCODE plug-in
to filter out highly relevant modules from the entire PPI
network and assigned each molecule to the MCODE value
to calculate clustering seed genes and clustered genes in
the module. The CyTargetLinker plug-in based on

“Wikipathways” database (https://www.wikipathways.org/

index.php/WikiPathways) was used to perform the func-

tional pathway enrichment analysis of DE mRNAs in the
constructed PPI network.

Verification and Survival Analysis of Key
RNAs

Based on their clinical characteristics and the subtypes of
pathological tissues, 520 cases of UCEC were divided into
384 cases of type I UCEC and 136 cases of type I1 UCEC.
RNA expression levels of key RNAs were calculated.
Second, based on their clinical stages, UCEC samples can
be divided into 375 patients with early stage (stage I and II)
and 145 patients with advanced stage (stage III and IV), and
then the relationship between expression and clinical stages
was determined. In addition, to verify whether Wnt signal-
ing pathway-related molecules predicted by the metabolic
pathway analysis in PPI network had reliable biological
significance, we used TCGA data in Oncomine (https://
www.oncomine.org/) database to observe the expression

levels of genes related to Wnt signaling pathways in type
I and type II UCEC, respectively. Five hundred and twenty
UCEC cases were divided into high- and low-expression
groups to perform overall survival (OS) analysis by using
the Log rank test method, determining the associations
between key RNAs and OS rate. Kaplan—-Meier (KM) sur-
vival curve demonstrated the results. The Human Protein
Atlas (http://www.proteinatlas.org)®> was employed to map

the tissue protein expression pattern for the key RNAs.
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Statistical Methods

The data were presented as mean + standard deviation, and
GraphPad Prism software was used for statistical analysis.
The comparison between the two groups was performed
by ¢ test, and the comparison between multiple groups was
performed by one-way analysis of variance (ANOVA).
P<0.05 was regarded as statistical significance.

Results
Clinical Information of Endometrial

Cancer Samples

A total of 552 UCEC samples were collected and sorted
from TCGA database, of which 520 had relevant clinical
data. The cluster tree diagram of 520 samples exhibited
corresponding clinical information on age, height, weight,
race, pathological tissue type, clinical stage, tumor status,
and survival time (Figure 2). All patients were females with
an average age of 63.9+10.9 years, ranging from 31 to 89
years. The average height was 1.61+0.08 meters, ranging
from 0.66 to 1.83 meters. The average weight was 87.2+
25.3 kg, ranging from 44 to 209 kg. The race of 355 out of
520 patients was white. As for the pathological type of these
samples, 384 cases were type I UCEC and 136 cases of type
II UCEC, including serous cystadenocarcinoma, clear cell
carcinoma, and papillary cystadenocarcinoma. In addition,
there were 325 cases with stage I, 50 cases with stage 11, 118
cases with stage III, and 27 cases with stage I'V. Of the cases
with recorded survival times, 432 survived and 88 died, with
an average survival time of 1137 days.

Differential Expression of mRNAs,

IncRNAs, and miRNAs

Among 19,601 mRNAs, 19,121 eligible genes were
retained, and 9094 mRNAs had CPM greater than 0.5 in
587 samples. Similarly, the original data of IncRNA and
miRNA were preprocessed. A total of 24,571 out of
25,295 eligible IncRNAs were retained, whereas 1311
out of 1448 eligible miRNAs were retained. As illustrated
in Figure 3, a differential analysis of RNA-seq data found
that 2629 mRNAs, 1977 IncRNAs, and 14 miRNAs were
upregulated, whereas 1982 mRNAs, 1591 IncRNAs, and
33 miRNAs were downregulated.

Weighted Gene Co-Expression Network
Analysis (WGCNA) of mRNA and
IncRNA

We utilized the goodSampleGenes function to eliminate
genes with missing values. Based on inclusion criteria, 520
samples were included in a further-step study of WGCNA.
Then, we calculated the soft threshold parameter (53)
required to construct a scale-free distribution using
pickSoftThreshold function, and after considering the stabi-
lity of the average connectivity, we chose =4 (Figure 4A
and B). At the same time, a gene-free scale network could be
established under this soft threshold (R*=0.81) (Figure 4C
and D). By specifying that the minimum number of genes in
the module was 30, the minimum cutHeight was 0.25, and
other parameters were default values of algorithm, we used
dynamicTreeCut algorithm to divide gene modules. The

Sample dendrogram and trait heatmap
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Figure 2 Hierarchical clustering tree and corresponding clinical feature information heat map of 520 samples, and the color depth only represents the value.
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Figure 3 The volcano map of differentially expressed IncRNA, mRNA and miRNA. The green dots on the abscissa axis (log2FC) less than or equal to | represented
downregulated genes and the red dots greater than or equal to | represented upregulated genes.

gray module was eliminated because gene connectivity was
too small to be incorporated in other modules, resulting in 11
modules of mRNA (Figure 4E). Using MTR analysis, at the
mRNA level, the tan module, yellow module, green yellow
module, and blue module were found to be significantly
associated with pathological tissue subtypes of endometrial
cancer (Figure 4F), and the green yellow module was found
to be significantly associated by calculating the correlation
between GS and MS of the above four modules (Figure 4G).

On the other hand, a parallel analysis was performed at
the IncRNA level; we also chose =4 to construct a scale-
free distribution and observed R?=0.84 (Supplementary
Figure 1A-D). After performing dynamicTreeCut algo-
13 of IncRNA were
(Supplementary Figure 1E). Ultimately, the yellow, tan,

rithm, modules obtained

green, and light cyan modules were related, and the tan
module was considered the most strongly associated
(Supplementary Figure 1F and G).

CeRNA Regulatory Network
Construction and Key Molecular

Verification

We constructed a ceRNA network from DE mRNAs, DE
IncRNAs, and DE miRNAs associated with pathological
tissue subtypes of UCEC (Figure 5A). LINC02418 and
DLX6-AS1 were found to be employed as ceRNAs of
multiple miRNAs to exert a competitive, regulatory role

on target genes. Moreover, the molecules with high tissue
specificity may become new therapeutic targets for endo-
metrial cancer. As illustrated in Figure 5B, LINC02418,
RASGRF1, and GCNT1 were statistically significant in
ceRNA regulatory network connected to pathological tis-
sue subtypes. The expression levels of LINC02418,
RASGRF1, and GCNTI1 in type II endometrial cancer
were notably lower than those in type I (Figure 5C).
Meanwhile, they demonstrated lower expression levels in
advanced patients (clinical stages III and IV) compared
with patients in the early stages of cancer (clinical stages
I and II) (Figure 5D).

Functional Enrichment Analyses and PPI

Network Construction

WGCNA results exhibited that the green yellow module with
148 mRNAs was highly correlated with pathological tissue
subtypes. Compared with normal endometrial tissues, 72 out
of 148 mRNAs were considered to be differentially
expressed mRNAs. DAVID online software was used to
conduct enrichment analysis of the biological functions and
signal pathways of these DE mRNAs (Figure 6A). GO func-
tion annotation revealed that the biological process category
contained 21 BP terms, 2 MF terms, and 5 CC terms. KEGG
signaling pathway analysis results indicated that DE mRNAs
were mainly concentrated in Wnt signaling pathway and
were also enriched in basal cell carcinoma, melanogenesis,
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and Hippo signaling pathways. Specifically, this may imply
that studying the impact of genes on these pathways in
endometrial cancer could become a new direction for
research.

Among 72 DE mRNAs, the interactions between pro-
teins encoded by 31 mRNAs formed a complex protein
interaction network (Figure 6B). According to MCODE
plug-in, PPI network contained two clustering modules:
one module utilized NKD1 as the seed gene and WNTI1,
FZD10, LEF1, and DKK1 as the clustered gene, and the
other module utilized SBSPON as the seed gene, and
ADAMTS14 and ADAMTSL2 as the cluster genes. It
was predicted that metabolic signaling pathways of key

genes in PPI network were mainly enriched in Wnt signal-
ing pathway wusing CyTargetLinker plug-in and
Wikipathways database. In addition, because LEF1 was
predicted to be enriched in the metabolic signaling path-
way of endometrial cancer, and because NKD1 was the
seed gene in the clustering module, LEF1 and NKD1 were
the focus of subsequent research and analysis.

Key Molecules’ Verification of the
Expression Level and Survival Analysis
Among DE mRNAs that were notably related to patholo-
gical tissue subtypes of UCEC, we used protein interaction
network and cluster analysis to screen out LEF1 and
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NKD1 in Wnt signaling pathway linked to UCEC occur-
rence and development. The search results of Oncomine
that LEF1 type
I endometrial cancer was 2.94 times that of type II, and

database revealed expression in
NKDI1 expression in type I endometrial cancer was 3.18
times that of type II (Figure 7A), consistent with RNA-seq
data results (Figure 7B). LEF1 expression was markedly
reduced in advanced endometrial cancer, particularly in
clinical stage IV cancer tissues (p = 0.04) (Figure 7C).
However, NKDI1 expression in advanced cancer tissues
was slightly reduced, but this was not statistically signifi-
0.265) (Figure 7D). Furthermore, Figure 7E
demonstrates a positive correlation between LEF1 and
NKD1

(Spearman correlation coefficient 0.59, p =

cant (p =

expression levels in endometrial cancer
1.5E-17).
Based on the results of survival prognosis analysis per-
formed on GEPIA database, patients with low expression
of LEF1 and NKDI tended to have a poor prognosis
(Figure 7F, log-rank p = 0.016, log-rank p = 0.039, respec-
tively). Following that, we obtained survival prognosis
curves of LEF1 and NKD1 based on RNA-seq data of
520 endometrial cancer patients. As illustrated in
Figure 7G, in UCEC patients, LEF1 expression levels
higher than 7.70 belonged to the high-expression group,

and those with LEF1 expression lower than 7.70 belonged

to the low-expression group. The results indicated that
patients with high LEF1 expression had a better prognosis
than those with low expression (log-rank p = 0.0015), with
a hazard ratio (HR) of 0.50 (0.33-0.76). Similarly, NKD1
patients took 2.41 as the cut-off point, and the prognostic
outcome of high expression group was significantly better
than that of low expression group (log-rank p = 0.0068),
with a hazard ratio (HR) of 0.42 (0.25-0.68).

Verification of RASGRFI, GCNTI, LEFI,

and NKD| Protein Expression Levels

Table 1 shows the histopathological characteristics of
UCEC patients. To explore the protein expression patterns
of the pathological subtype-associated genes in UCEC
samples, we examined the expression of RASGRFI,
GCNTI1, LEF1, and NKD1 in The Human Protein Atlas
database (Figure 8). This analysis revealed that the
GCNT1 and LEF1 proteins were expressed at higher levels
in UCEC tissues compared with those in normal tissues.
Immunohistochemistry staining revealed the cytoplasmic
and membranous location of RASGRF1, GCNTI1, and
NKDI proteins in cancerous tissues, as well as the nuclear
locations of LEF1 and NKDI proteins. The boundary

between endometrial tissue and connective tissue becomes
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blurred in cancerous tissues, which is clearly well struc-
tured in the normal endometrial epithelial tissues.

Discussion

Poorly differentiated type II endometrial carcinomas
include poorly differentiated endometrioid carcinoma,
serous papillary carcinoma, clear cell carcinoma, and

other non-endometrioid carcinomas, with high recur-
rence risk and poor prognosis. Exploring regulatory
mechanisms underlying the occurrence and progression
of UCEC at the molecular level is critical to identify
prognostic signal pathways and key genes and discover
potential therapeutic targets associated with type II

endometrial cancer.

https:

9076

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Ye et al

Table I Immunohistochemistry Staining Characteristics of Key RNAs from the Human Protein Atlas Database

Gene Patient ID Gender Age (Years) Staining Intensity Quantity Location

Normal tissue

RASGRFI 2941 Female 33 Medium Moderate >75% Cytoplasmic\membranous
GCNTI 3364 Female 24 Low Weak 25-75% Cytoplasmic\membranous\nuclear
LEFI 2242 Female 42 Low Moderate <25% Nuclear

NKDI 2941 Female 33 Medium Moderate 25-75% Cytoplasmic\membranous\nuclear
Uterine corpus endometrial carcinoma tissue

RASGRFI 2118 Female 70 Medium Moderate 25-75% Cytoplasmic\membranous
GCNTI 2621 Female 58 Medium Moderate 25-75% Cytoplasmic\membranous

LEFI 2621 Female 58 High Strong >75% Nuclear

NKDI 4201 Female 62 Medium Moderate >75% Cytoplasmic\membranous\nuclear

Abbreviations: RASGRFI, Ras guanine nucleotide releasing factor |; GCNTI, core2 B-1,6-N-acetylglucosaminyltransferase-1; LEFI, lymphoid enhancer-binding factor I;

NKDI, naked cuticle homolog .

Based on WGCNA technology and ceRNA regulatory
network hypothesis, we found that 13 mRNAs, 2
IncRNAs, and 5 miRNAs related to pathological tissue
subtypes of UCEC can participate in the occurrence and
development of endometrial cancer. Among them,
LINC02418, RASGRF1, and GCNTI1 are related to the
poor prognosis of type II endometrial cancer.
Subsequently, we conducted a multi-dimensional analysis
of DE mRNAs screened from WGCNA technology and
were significantly associated with pathological tissue sub-
types of endometrial cancer and found that LEF1 and
NKDI1 are not only linked to pathological tissue subtypes
of endometrial cancer but also involved in Wnt signaling
pathway and endometrial cancer-related signaling
pathways.

In this study, LINC02418 is an important part of
ceRNA regulatory network linked to pathological tissue
subtypes of endometrial cancer. At present, most
researches mainly focus on the ability of LINC02418 to
competitively bind to miRNA and affect the inhibitory
effect of miRNA on target genes. Numerous studies have
confirmed that dysregulated LINC02418 is correlated with
various cancers via ceRNA regulatory mechanisms, such

242
as colorectal cancer,”*?

non-small cell lung cancer,?® lung
adenocarcinoma,?’ and so on. Zhao et al** identified the
differential expression characteristics of LINC02418 in
colorectal cancer and non-cancer tissues through TCGA
database and confirmed that highly expressed LINC02418
could act as a “sponge” for mir-1273G-3p in tissues and
cell lines. The expression of the target gene MELK was

up-regulated by ceRNA and promoted the occurrence of

colorectal cancer. Tian et al*> found that LINC02418 can
negatively regulate cell apoptosis through mir-34B-5p/
BCL2 axis, hence enhancing tumor growth, cell migration,
and invasiveness and adversely affecting the survival prog-
nosis of colorectal cancer. Moreover, LINC02418 was also
proved to have carcinogenic effects in non-small cell lung
cancer, regulating mir-4677-3p/SEC61G axis to accelerate
disease progression.”® However, no studies have reported
the role of LINC02418 in endometrial cancer pathogen-
esis. Our research initially revealed that the expression
level of LINC02418 differs in various pathological tissue
subtypes of endometrial cancer, and LINC02418 may form
a ceRNA regulatory axis with miR-125p-5p, RASGRF1,
and GCNTI to function as a “tumor suppressor”.
RASGRF1 and GCNT1 are mRNA components of
ceRNA regulatory network, with expression patterns in
endometrial cancer similar to those of LINC02418.
RASGRFI (Ras guanine nucleotide releasing factor 1) and
RASGRF2 co-encode the guanine nucleotide exchange fac-
tor by promoting bound GDP release to activate Ras
GTPase.”® Feigl found that RASGRF1 exerts carcinogenic
effects by activating Ras protein in gastric tumors.?®
Simultaneously, research revealed that RASGRF1 could
directly bind to another Ras-related GTP binding protein,
Cdc42, to
transformation.”” In addition, Takamaru et al also demon-

suppress tumor cell invasion and
strated that ectopic expression of RASGRF1 exerts a tumor
suppressor impact, mainly inhibiting cancer cell proliferation
and invasion, and that methylated RASGRF1 is a biological
marker for identifying individuals at high risk of gastric

cancer.’® Our research indicated that RASGRF1 has
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Figure 8 RASGRFI, GCNTI, LEFI and NKD| expression validation. Protein expression levels in UCEC as compared to those in normal tissues by IHC staining from the
Human Protein Atlas database. Black square boxes represent typical normal and UCEC tissues, respectively. Scale bars represent 100 pm.

a potential inhibitory influence on the occurrence and devel-
opment of endometrial cancer and that patients with higher
expression levels have better survival rates. Furthermore,
GCNT1 (core2 B-1,6-N-acetylglucosaminyltransferase-1)
exhibits a
invasiveness.>'*? The protein encoded by GCNT1 gene is

significant correlation with cancer cell

a key enzyme in forming core2 O-glycans that assist tumor

cells in evading natural killer cells and surviving longer in the
circulatory system.*>** It has been established that decreased
expression of GCNT1 is associated with progression-free
survival (PFS) and decreased overall survival following
intravenous chemotherapy for ovarian cancer.*> In this
study, we found that the expression level of GCNTI1 in
advanced tissue samples of type II endometrial cancer with

https://doi.org/10.2147/1)GM.S341345
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high invasive capacity and high lymphatic metastasis was
relatively low. We then presented a characteristic of promot-
ing malignant progression of cancer.

LEF1
a downstream mediator of Wnt/B-catenin signaling path-

(lymphoid enhancer-binding factor 1) is

way, and its abnormal expression is linked to tumorigen-
esis, migration, and invasion.>®7 At present, LEF1 has
been proved to be a required protein for producing mouse
endometrial glands, and its expression is increased in
endometrial cancer cells compared with normal
endometrium.*® As a downstream gene of Wnt/B-catenin
signaling pathway, the expression of myc and MMP9 is
also elevated.*® Wu et al confirmed that LEF1, as a target
gene of miR-449a, participates in biological processes,
such as “negative regulation of transcription by RNA
polymerase II promoter” and that endometrial cancer
patients with low LEF1 expression have a poor prognosis
(p = 0.058).%° Our research results also revealed that
LEF1, a highly expressed gene in cancer tissues, had
a lower expression level in type II and advanced (espe-
cially clinical stage IV) endometrial cancer tissues with
a worse prognosis. Therefore, the specific biological
mechanism of LEF1 deserves further investigation.
Additionally, this work proves that NKD1 (naked cuticle
homolog 1) is significantly under-expressed in type II
endometrial cancer and contributes to endometrial cancer
pathogenesis via Wnt/B-catenin signaling pathway. Hu
et al found that NKD1 can inhibit migration and invasion
of gastric cancer cells, and that the over-expressed miR-
532 NKDI

progression.*' In addition, it has been established that

could suppress and promote disease
NKDI1 exerts its tumor suppressor action by inhibiting
Wnt/B-catenin pathway.*? Meanwhile, NKD1 can sup-
press non-small cell lung cancer invasion*® and hepato-
cellular carcinoma metastasis.** LEF1 and NKDI are
classic target genes of P-catenin. Disseminated tumor
cells (DTCs) in the bone marrow of breast cancer patients
have been found to be predictors of early recurrence, and
the expression levels of LEF1 and NKD1 were also sig-
nificantly down-regulated when PITX2 was inhibited,
which is significantly associated with early metastasis.**

However, the role of LEF1 and NKD!1 in the pathogenesis

of type II endometrial cancer warrants further
investigation.
Conclusion

In summary, we utilize bioinformatics research methods
and public databases to identify key molecules associated

with type II endometrial cancer by constructing gene co-
expression networks and ceRNA regulatory networks and
conducting survival analysis to reveal the prognosis of key
that LINCO02418
a competitive, regulatory effect on the target genes
RASGRF1 and GCNT!1 by regulating multiple miRNAs,
which may become a new therapeutic target for endome-
trial cancer. Meanwhile, LEF1 and NKD1 revealed differ-
ential expression levels in type I and type II endometrial

molecules. We  found exerts

cancer, which may be closely related to poor prognosis of
type II endometrial cancer. At present, ccRNA regulation
theory remains in its infancy, and additional experimental
data are required for further corroboration.
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