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Background: Uterine corpus endometrial carcinoma (UCEC) is a common malignant cancer type which
affects the health of women worldwide. However, its molecular mechanism has not been elucidated.
Methods: To identify the hub modules and genes in UCEC associated with clinical phenotypes, the RNA
sequencing data and clinical data of 543 UCEC samples were obtained from The Cancer Genome Atlas
(TCGA) database and then subjected to weighted gene co-expression network analysis (WGCNA). To
explore the potential biological function of the hub modules, Gene Ontology (GO) annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analyses were conducted. Genes differentially
expressed in UCEC were screened according to TCGA data using the “gdcDEAnalysis” package in R (The
R Foundation for Statistical Computing). After intersecting with hub genes, the shared genes were used for
further survival analyses. The relationship between gene expression level and clinical phenotype was analyzed
in the TCGA-UCEC cohort in The University of ALabama at Birmingham CANcer data analysis Portal
and the Human Protein Atlas. The microarray data set GSE17025 was also analyzed to validate the gene
expression profiles.

Results: There were 19 coexpression modules generated by WGCNA. Among them, 2 modules with
198 hub genes were highly correlated with clinical features (especially histologic grade and clinical stage).
Meanwhile, 4,003 differentially expressed genes (DEGs) were screened out, and 164 DEGs overlapped
with hub genes. Survival analyses revealed that high expression of GINS4 and low expression of ESRI
showed a trend of poor prognosis. Further analyses demonstrated that both messenger RNA (mRNA) and
protein expression profiles of GINS4 and ESRI were significantly associated with UCEC development and
progression in TCGA and GSE17025 cohorts.

Conclusions: Based on the integrated bioinformatic analyses, our data indicated that GINS4 and ESRI
might serve as potential prognostic markers and targets for UCEC therapy.
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Introduction

Uterine corpus endometrial carcinoma (UCEC), an
epithelial neoplasm arising from the innermost layer of the
uterus, is the most frequent cancer type and the second
leading cause of gynecological cancer death affecting the
health of women in developed countries (1,2). According
to the 2020 Global Cancer Incidence, Mortality and
Prevalence (GLOBOCAN) global cancer statistics, an
estimated 417,367 cases were newly diagnosed with
UCEC and almost 97,370 deaths occurred in patients
with UCEC in 2020 (3). The incidence and mortality of
UCEC are estimated to be rapidly increasing worldwide.
The incidence is higher in developed countries than in
developing countries, while cancer mortality is relatively
high in low-income countries (4,5). Although the majority
of UCEC occurs in postmenopausal women, about 5% of
premenopausal patients are younger than 40 years and may
have fertility needs (6).

At present, surgery, chemotherapy, hormonal therapy,
radiotherapy targeted therapy, and immunotherapy (such
as the programmed cell death protein 1 inhibitor) are the
available treatment choices for patients with UCEC. The
clinical stage, histopathology, and grade are all important
factors that affect treatment options and prognosis of
patients (1). Patients diagnosed with early-stage UCEC
usually have favorable prognosis, with an overall 5-year
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survival rate of about 90%; however, the prognosis for
advanced or recurrent patients is not satisfactory (7-9),
and patients have a 10% to 15% chance of recurrence
within 3 years (10,11). Because of the unidentified genetic
heterogeneity, patients with UCEC exhibit different
outcomes (12). Identifying the gene expression diversity
could contribute to optimizing clinical treatments, and it is
particularly important to identify high-risk patients. There
is still a dearth of effective prognosis predictors for UCEC,
and thus discovering more accurate and reliable prognosis
biomarkers is urgently needed. The aim of this study was
thus to identify novel and potential prognostic biomarkers
in UCEC using bioinformatic analysis techniques and
public database resources.

With the application of high-throughput RNA
sequencing and microarray technologies, huge amounts
of data have been generated over the past decades, which
facilitate the discovery of potential biomarkers of different
cancer types via bioinformatic analysis. Comparing the
gene expression levels in samples between different groups,
especially between cancer and normal groups, is a now
common and widely used method for exploring differentially
expressed genes (DEGs). However, determining the
relationships between gene transcripts with pairwise
correlations has not been extensively undertaken, and the
chance of type I and type II errors occurring grows with
a higher number of comparisons (13). One useful method
to improve this situation is to divide genes with similar
expression patterns into clusters or modules. Weighted
gene co-expression network analysis (WGCNA) is a useful
method for constructing a gene coexpression network and
overviewing the gene expression profile, which can avoid
the multiple comparison problems (14-16). WGCNA has
been proven to be an exceedingly effective approach for
identifying potential biomarkers or therapeutic targets
(17-22). Different from the protein-protein interaction (PPI)
network which reflect relationships between proteins, or the
competing endogenous RNA (ceRNA) regulatory network
which evaluate the associations between RNAs, WGCNA
begins with the generation of scale-free gene coexpression
networks that describe the pairwise expression similarities
among genes (23-25). Then, modules are detected using
unsupervised clustering with hierarchical clustering as a
default method choice. Highly interconnected genes are
clustered into the same module. Many bioinformatic analyses
aim to explore hub genes associated with clinical phenotypes.
Instead of testing the association between an individual
gene to a sample trait, WGCNA focuses on measuring the
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significance between a module and the information of the
external clinical phenotype because the intramodular genes
are densely correlated. Thereafter, several options such as
module eigengenes (MEs) and intramodular connectivity
measures are available for describing the clinically significant
modules. Intramodular hub genes which have a high module
membership and gene significance are identified. Gene
Ontology (GO) annotation and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway information can
be helpful in further describing the intramodular genes by
predicting the potential functions.

In this study, the top 50% genes with the greatest
variance among primary UCEC samples in The Cancer
Genome Atlas (TCGA) database were used for WGCNA
network construction. DEG analysis between UCEC tumor
and normal control endometrial tissues was subsequently
conducted in TCGA-UCEC cohort with matched normal
controls. After identifying hub genes in hub modules, key
genes were identified by intersecting the hub genes and
DEGs. These overlapping key genes were then applied for
further survival analysis. The univariable and multivariate
Cox proportional hazards regression analyses generated
a prognostic risk model consisting of 2 genes, GINS
complex subunit 4 (GINS4) and estrogen receptor 1 (ESRI).
This risk model was demonstrated to be an independent
prognostic indicator according to Kaplan-Meier curves and
receiver operating characteristic (ROC) curves as well as
the univariate and multivariate Cox proportional hazards
regression analyses. Expression patterns of GINS4 and
ESRI were also performed and validated in samples from
TCGA and GSE17025, respectively. Protein expression
levels of these genes were acquired from the Human Protein
Atlas (HPA). Although GINS4 has been rarely studied in
UCEC, the protein encoded by ESRI has been shown
to be negatively associated with epithelial-mesenchymal
transition in UCEC (26). Thus, this study identified
GINS4 and ESRI to be key genes associated with UCEC
progression and prognosis, thus offering an opportunity
for further therapeutic optimization. We present the
following article in accordance with the STREGA reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-6461/rc).

Methods
Data collection and preparation

RNA high-throughput sequencing counts and clinical
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information for patients with UCEC were directly
downloaded from TCGA data repository (https://portal.
gdc.cancer.gov/; Project ID: TCGA-UCEC). The
“GDCRNATools” R package (The R Foundation for
Statistical Computing) was used for data preprocessing,
which facilitated the organization and integrative analysis
of RNA expression data in the Genomic Data Commons
(GDC) Data Portal (27). After removal of the duplicated
samples, raw count data of 543 primary UCEC tumor
samples and 35 solid tissue normal samples were normalized
and transformed by running the “gdcVoomNormalization”
function in R. The ensemble ID was converted based on
Ensembl 90 annotation (Cambridge, UK). The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Screening for differentially expressed genes

"To identify the significant DEGs between primary UCEC
tumor samples and normal solid tissue samples, the
“gdcDEAnalysis” package in R was applied, which provided
3 methods, “Limma”, “edgeR”, and “DESeq2” for analysis.
In this study, the Limma method was adopted. The DEGs
were defined as genes with 1log,FCI| >1 and false discovery
rate (FDR) <0.05.

Construction of a weighted coexpression network

WGCNA has been widely used to identify gene modules
and genes of interest. The “WGCNA” package in R
facilitates weighted correlation network construction and
analysis (14). To explore the modules of interest related
to UCEC, the top 50% genes with the greatest variance
among primary TCGA-UCEC samples were selected
to generate the weighted coexpression network via the
“WGCNA” R package. The power of p was chosen by
the function “pickSoftThreshold” to produce a scale-
free network. Genes with a high similarity of expression
profile were grouped into a module based on the
“blockwiseModules” function. The minimum module size
was set at 30, and “mergeCutHeight” was set at 0.25.

Identification of clinically relevant and functional modules

Module eigengene (ME), could represent the gene
expression profile of an indicated module. To further
identify key modules associated with UCEC, the
relationships between MEs and clinical traits (histologic
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type, grade, clinical stage, and age at initial diagnosis) were
calculated by Pearson correlation coefficient. Modules with
a higher absolute value of module significance (MS) were
considered to be more biologically significant and were
chosen for further analysis.

Genes of modules with high trait significance were
selected to undergo GO and KEGG analyses with
“clusterProfiler” R package. The cutoff criteria were set as
P values <0.05.

Identification of key genes

The gene significance (GS) refers to the biological
significance of an intramodular gene and is measured by
the correlation between an indicated gene and a clinical
phenotype. The module membership (MM), which
represents the intramodular connectivity between an
intramodular gene and the ME, is measured by Pearson
correlation coefficient. In this study, hub genes were defined
as 1GS1 >0.3 and IMMI >0.7, and were further selected to
intersect with DEGs. The overlapping genes were obtained
and defined as the key genes.

Survival analyses of key genes

Survival analyses according to both RNA expression and
survival information were performed on 536 patients with
UCEC in TCGA. We selected key genes associated with
patients’ overall survival (OS) through univariable Cox
proportional hazards regression analysis. Genes significantly
associated with OS were obtained for further multivariate
Cox proportional hazards regression analysis. A risk
score was then calculated as follows: risk score = coefl x
expression of genel + coef2 x expression of gene2 + coef3 x
expression of gene3 + coefi x expression of genei, in which
coef is the gene’s regression coefficient in the multivariate
Cox hazard model analysis. To estimate the predictive
efficiency of the risk score, Kaplan-Meier curves and the
receiver operating characteristic (ROC) curves were drawn.

Furthermore, the risk score and clinical characteristics
were subjected to univariate and multivariate Cox
proportional hazards regression analyses. These analyses
were conducted with the “survival” and “survminer” R

packages.

Gene set envichment analysis

All patient with UCEC from TCGA were separated into
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high-risk and low-risk groups based on the median risk
score. Gene set enrichment analysis (GSEA) software
was then used to identify the underlying functions of the
key genes. We chose c2.cp.kegg.v7.0.symbols.gmt as the
reference gene sets. NOM (nominal) P<0.05 and FDR
¢<0.25 were set as the cutoff criteria.

Clinical correlation analysis based on The University of
ALabama at Birmingham CANcer data analysis Portal

(UALCAN)
UALCAN web (http://ualcan.path.uab.edu/) facilitates

researchers to analyze protein-coding gene expression
and survival data in various cancer types (28,29). With
the assistance of UALCAN, the correlation between gene
expression levels (in the form of transcripts per million)
with different histologic subtypes, clinical stages, and TP53
mutation status in patients with UCEC were determined.
Based on Clinical Proteomic Tumor Analysis Consortium
(CPTAC) samples, GINS4 and ESR1 expression in UCEC
cases with p53/Rb-related pathway alteration, MYC/
MYCN alteration, mTOR pathway alteration, WNT
pathway alteration, or HIPPO pathway alteration were
compared with those in normal tissues at the protein level.
Moreover, the overall survival curve for patients with
UCEC with different gene expression profiles in TCGA

cohort was generated.

Validation of gene expression

Gene expression files and clinical data of GSE17025
(contributed by Risinger er al.) were extracted from the
Gene Expression Omnibus (GEO) database (https://www.
ncbi.nlm.nih.gov/geo/) (30-32). Gene expression data from
12 noncancer endometrial samples and 91 samples of stage
I endometrial cancers with different histologic types and
grades were collected from the GSE17025 data set. The
raw CEL files were preprocessed using the robust multichip
average (RMA) algorithm. Gene annotation was based on
GPL570 platform. The difference of gene expression in
samples with different histologic grades (normal, G1/2,
and G3) and histologic types (normal, endometrioid, and
papillary serous cancers) were calculated with analysis of
variance (ANOVA) at a P value <0.05 using GraphPad
Prism version 9.0 (GraphPad Software, San Diego, CA,
USA).

In addition, immunohistochemistry was used to measure
the expression of key genes in the control endometrial

Ann Transl Med 2023;11(2):100 | https://dx.doi.org/10.21037/atm-22-6461


http://ualcan.path.uab.edu/
https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/

Annals of Translational Medicine, Vol 11, No 2 January 2023 Page 5 of 22
TCGA-UCEC RNA-sequencing and clinical data
WGCNA analysis
Identifying Hub modules
|
Y ¥ ¥
KEGG and GO Identifying Hub genes .
) . Identifying DEGs
enrichment analyses in Hub modules
Overlapping potential key genes
. . Univariable/multivariate Cox proportional
Overall survival analysis .
hazards regression analyses
Identification of key genes
v v v
Risk model The correlation between key genes with Validation
clinical characteristics and oncogenic
+ * pathway alterations based on UACLAN ¢—k—¢
Y database
Survival ROC curve GSEA GSE17025 IHC from HPA
analysis analysis analysis dataset database

Figure 1 The overall study workflow. TCGA, The Cancer Genome Atlas; UCEC, uterine corpus endometrial carcinoma; WGCNA,
weighted gene co-expression network analysis; KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, Gene Ontology; DEG,
differentially expressed gene; ROC, receiver operating characteristic; GESA, gene set enrichment analysis; UACLAN, The University of
ALabama at Birmingham CANcer data analysis Portal; ITHC, immunohistochemistry; HPA, Human Protein Atlas.

samples and UCEC samples in the HPA (http://www.

proteinatlas.org).

Statistical analysis

All data were performed using R or GraphPad Prism
software. Descriptive data were represented as mean =
standard derivation (SD). One-way ANOVA was used to
compare the means of three or more groups. Kaplan-Meier
survival curves were calculated and compared. A P value less
than 0.05 would be considered to be statistically significant.

© Annals of Translational Medicine. All rights reserved.

Results
Weighted coexpression network of UCEC

The overall workflow of this study is presented in Figure 1.
After removal of the duplicated samples, the top 50% [7,592]
of messenger RNAs (mRNAs) with the greatest variance
from the 543 UCEC samples were analyzed by WGCNA.
Figure 24 shows the sample clustering dendrogram for
detecting outliers, and there were no obvious outliers. To
achieve a scale-free network distribution, we chose a soft
threshold power of 4 (scale-free R’=0.87; Figure 2B,2C).
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Figure 2 Weighted gene coexpression network construction. (A) Sample clustering of TCGA-UCEC samples to detect outliers. (B) Soft-
thresholding power was obtained by analyzing the scale-free fit index and mean connectivity for different soft threshold powers. (C) The
histogram of connectivity distribution and the scale-free topology check with B set to 4 are displayed. (D) Dendrogram of hierarchical

clustering on the top 50% genes with highest variance was based on a dissimilarity measure (1-TOM). TCGA, The Cancer Genome Atlas;
TOM, topological overlap matrix; UCEC, uterine corpus endometrial carcinoma.
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Figure 3 The eigengene dendrogram and eigengene adjacency heatmap. The eigengene dendrogram presents the highly correlated module

eigengenes termed meta-modules and the association between module eigengenes and clinical traits (including histologic grade, clinical

stage, histologic type, and age at initial diagnosis). ME, module eigengene.

Highly coexpressed mRNAs were clustered into the same
module, and 19 modules were finally identified after
merging similar modules (Figure 2D). The gray module
included mRNAs that were not assigned to any of the

modules.

Identification of clinically relevant modules

Correlations between MEs and clinical traits were
calculated to identify modules with clinical significance. The

© Annals of Translational Medicine. All rights reserved.

eigengene dendrogram and eigengene adjacency heatmap
demonstrated 2 clusters. Five highly correlated MEs in 1
cluster were associated with histologic grade, histologic
type, clinical stage, and age. Among them, the yellow ME
was densely correlated with histologic grade (Figure 3). The
yellow module showed the highest positive association with
histologic grade (r=0.53; P=2e-41), while the red module
showed the highest negative association with histologic
grade (r=—0.5; P=5e-36). The ME of the yellow module
also had a positive correlation with histologic type (r=0.31;
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P=1e-13) and clinical stage (r=0.22; P=2e-7). The ME of
the red module negatively correlated with histologic type
(r=—0.7; P=2e-80) and clinical stage (r=-0.35; P=8e-17)
(Figure 44).

MM the yellow module and red module was highly
correlated with gene significance for histologic grade [yellow
module: correlation (cor) =0.68, P=1.5¢-91; red module: cor
=0.7, P=5.3e-87]. These data indicated strong relationships
between histologic grade and these 2 MEs. Moreover,
there were significant correlations between MM in the red
module versus GS for clinical stage (cor =0.72; P=3e-94)
and type (cor =0.7; P=5.3e-87). The correlation between
GS for clinical stage and MM in yellow module was low
(cor =0.29, P=2.3e-14; Figure 4B). Thus, the yellow module
containing 666 genes and the red module containing 583
genes were defined as modules of interest and were selected
for further analysis.

To further describe yellow and red modules, GO
functional and KEGG pathway analyses were conducted.
KEGG pathway analysis indicated that the genes in the
yellow module were involved in cancer-associated pathways,
including cell cycle pathway, cellular senescence pathway,
Fanconi anemia pathway, DNA replication pathway, and
p53 signaling pathway (Figure 5A). As shown in Figure 5B,
the enriched GO terms in the yellow module, according
to biological process (BP) analysis, were primarily nuclear
division, organelle fission and chromosome segregation,
mitotic nuclear division, DNA replication, nuclear
chromosome segregation, sister chromatid segregation,
mitotic sister chromatid segregation, DNA-dependent
DNA replication, and regulation of chromosome
segregation. According to cellular component (CC) analysis,
these genes were enriched in the chromosomal region, and
according to molecular function (MF) analysis, they were
enriched in DNA-dependent ATPase activity. As indicated
by KEGG pathway analysis, genes in the red module were
mainly enriched in pathways of axon guidance, growth
hormone synthesis, secretion and action, inflammatory
mediator regulation of transient receptor potential (TRP)
channels, relaxin signaling pathway, and estrogen signaling
pathway (Figure 5C). Additionally, red module genes
were most enriched in axonogenesis for the BP group,
glutamatergic synapse for the CC group, and secondary
active transmembrane transporter activity for the MF group

(Figure 5D).

© Annals of Translational Medicine. All rights reserved.
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Identification of key genes in the yellow and red modules

The higher GS indicated higher biological significance,
and the higher MM suggested higher intramodular
connectivity. Hub genes with high GS and MM were
selected for further analysis. We measured the GS and MM
of every gene in the yellow and red modules. In total, 177
genes in the yellow module and 21 genes in the red module
were identified as genes with high biological significance
and high intramodular connectivity. Moreover, 4,003
DEGs were screened out between 543 TCGA-UCEC
samples and 35 normal samples according to the cutoff
criteria (Figure 6A4). By combining the hub genes in yellow
and red modules with DEGs, we could identify the 164
overlapping genes as the key genes (Figure 6B).

Survival analysis of key genes

As the prognosis of UCEC is largely affected by cancer
progression, the association between overlapping key genes
with OS was analyzed by a univariable Cox proportional
hazards regression analysis. Results showed that 15 genes
were significantly associated with the OS (7able 1). Among
them, higher expression of 13 key genes in the yellow
module predicted poor OS; conversely, increased expression
of 2 key genes in the red module predicted good OS. These
15 genes were then further selected to for multivariate Cox
proportional hazards regression analysis (7able 1). Finally,
GINS4 and ESRI were obtained to build the risk score,
which was calculated as follows: risk score = (0.40863 x
GINS4 value) + (-0.18708 x ESRI value). Therefore, we
focused on GINS4 and ESRI in next analyses.

The Kaplan-Meier survival curve indicated that the OS
rates in patients with higher GINS4 expression were worse
compared with patients with low or medium expression
levels. On the contrary, patients with low or medium ESR]
expression levels had good OS rates (Figure 74). The
patients with UCEC and survival information were stratified
into high- (n=268) and low-risk (n=268) groups according
to the median risk score. To estimate the prognostic value of
the 2-gene signature, the Kaplan-Meier curve was applied.
Results showed patients in the low-risk group tended to
survive longer than those in high-risk group (P=0.0033;
Figure 7B). In addition, the AUCs for the prediction of
1-, 2-, 3-, and 5-year OS were 0.8, 0.74, 0.7, and 0.72,
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Figure 4 Module-trait relationship analyses. (A) Heatmap of the correlation between the weighted gene coexpression network modules and

clinical traits of UCEC. The association relationships between every module eigengene and clinical traits (including age, histologic type,

grade, and stage) were calculated, and the corresponding correlation coefficient and P value are presented above each plot. The correlation

information is illustrated by the color legends. (B) A scatterplot of gene significance for histologic type, grade, and stage versus modular

membership in the yellow module and red module. The corresponding correlation coefficient and P value are presented. ME, module

eigengene; MM, module membership; GS, gene significance; UCEC, uterine corpus endometrial carcinoma.
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Figure 5 KEGG and GO functional analyses of genes in the hub modules. KEGG pathway enrichment (A and C) and gene oncology
(B and D) analyses were performed for yellow module. The top 10 enriched KEGG pathways are listed. The top 10 enriched biological,
cellular component, and molecular function terms are shown. KEGG, Kyoto Encyclopedia of Genes and Genomes; TRP, transient receptor

potential; GO, Gene Ontology; BP, biological process; CC, cellular component; ME, molecular function.
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Figure 6 Identification of key genes in yellow and red modules. (A) Volcano plot of significantly up- and downregulated genes in TCGA-

UCEC cohort compared with matched normal controls. (B) Venn diagram showing the number of overlapping genes of DEGs and hub

genes in the yellow and red modules. FDR, false discovery rate; DEGs, differentially expressed genes; TCGA, The Cancer Genome Atlas;

UCEC, uterine corpus endometrial carcinoma.

Table 1 Univariate and multivariate Cox regression analyses of 15 key genes with overall survival rate in TCGA-UCEC cohort

Univariate analysis

Multivariate analysis

Symbol
P HR 95% Cl P HR 95% ClI

PIMREG 0.0084 1.4995 1.1094-2.0267 0.5345 1.1901 0.6873-2.0606
PRR11 0.0139 1.4591 1.0798-1.9716 0.8700 1.0472 0.6029-1.8189
CDC25A 0.0346 1.4184 1.0257-1.9716 0.6251 0.8666 0.4880-1.5390
MCMA4 0.0205 1.4881 1.0632-2.0829 0.6637 0.8556 0.4237-1.7279
HMMR 0.0177 1.4235 1.0632-1.9058 0.3638 1.2186 0.7953-1.8673
ESPL1 0.0270 1.3926 1.0385-1.8675 0.4203 0.8042 0.4734-1.3662
E2F2 0.0497 1.3518 1.0005-1.8264 0.9917 1.0029 0.5837-1.7232
CENPO 0.0151 1.6508 1.1016-2.4737 0.5466 0.7753 0.3390-1.7733
GINS4 0.0014 1.5783 1.1922-2.0894 0.0237 1.6961 1.0730-2.6810
CKS1B 0.0336 1.3569 1.0239-1.7980 0.6900 0.9024 0.5449-1.4946
PLK1 0.0235 1.4254 1.0488-1.9372 0.6864 1.1374 0.6088-2.1250
E2F1 0.0258 1.3359 1.0356-1.7232 0.8275 1.0556 0.6487-1.7178
MCM2 0.0368 1.3559 1.0189-1.8043 0.9695 1.0125 0.5367-1.9100
PGR 0.0013 0.8652 0.7920-0.9453 0.9580 0.9957 0.8483-1.1687
ESR1 0.0001 0.8110 0.7279-0.9036 0.0251 0.8001 0.6583-0.9725

TCGA, The Cancer Genome Atlas; UCEC, uterine corpus endometrial carcinoma; HR, hazard ratio; Cl, confidence interval.
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Figure 7 Prognostlc value of GINS4 and ESRI in UCEC. (A) Overall survival curve for patients with UCEC in TCGA cohort based on
UALCAN. Patients were stratified into subgroups according to the gene expression levels. (B) TCGA-UCEC patients were divided into

a high-risk group and low-risk group according to the risk factor score. The Kaplan-Meier survival analysis was used to compare overall

survival between these 2 groups. (C) Time-dependent ROC curves for predicting 1-, 2-, 3-, and 5-year overall survival in TCGA-UCEC
cohort. The AUC of the 2-gene signature was 0.8, 0.74, 0.7, and 0.72 for 1-, 2-, 3-, and 5-year overall survival time, respectively. (D) GSEA

was performed to analyze the enriched signaling pathways in high-risk group. UCEC, uterine corpus endometrial carcinoma; AUC, area

under curve; ESRI1, estrogen receptor 1; GINS4, GINS complex subunit 4; GSEA, gene set enrichment analysis; ROC, receiver operating
characteristic; TCGA, The Cancer Genome Atlas; UALCAN, The University of ALabama at Birmingham CANcer data analysis Portal.

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2023;11(2):100 | https://dx.doi.org/10.21037/atm-22-6461



Annals of Translational Medicine, Vol 11, No 2 January 2023

respectively (Figure 7C). We also conducted GSEA to
explore the potential mechanism of GINS4 and ESRI on the
OS of UCEC. The results revealed that several important
pathways, including cell cycle pathway, pathways in several
cancers, DNA replication pathway, basal transcriptional
factors pathway, RNA degradation pathway, oocyte meiosis,
and progesterone-mediated oocyte maturation pathway,
were highly enriched in the high-risk group (Figure 7D).
In summary, our 2-gene signature (containing GINS4 and
ESRI) appeared to serve as a predictor for OS in TCGA-
UCEC patients. Further prognostic analysis of the risk
score built with the expression of GINS4 and ESRI in
different subsets of TCGA-UCEC was performed. Kaplan-
Meier survival analysis indicated that the 2-gene signature
risk score could also serve as a good prognostic marker
for younger patients with UCEC or patients with low and
high grade endometrioid type or advanced stage disease
(Figure 8). ROC analysis demonstrated good performance
of the 2-gene signature risk score in predicting 1-year OS
for patients with UCEC in all subgroups as well as for the 1-,
2-, 3-, and S-year survival of younger patients or patients
with low-grade UCEC (Figure 9).

To further determine whether the 2-gene signature
was an independent prognostic marker among clinical
characteristics, univariable Cox proportional hazards
regression analysis was conducted. Data indicated that a
high-risk score, late stage, high histologic grade, and serous
subtype were significantly associated with poor OS, while
age at diagnosis could not predict survival. Meanwhile, the
multivariate Cox proportional hazards regression analysis
indicated clinical stage and risk score to be independent
prognostic factors in patients with UCEC (7able 2).

The correlation between GINS4 and ESR1 with clinical
characteristics and oncogenic pathway alterations

To explore the association between gene expression and
clinical characteristics, including tumor stage, histologic
subtype, pathological grade, and TP53 mutation status,
TCGA-UCEC patients were divided into different subsets
according to the common characteristics.

Results showed that GINS4 was expressed at a
significantly higher level in tumors with advanced
disease stage, histologic grade, and serous endometrial
carcinoma. In contrast, the expression of ESRI and
clinical traits (disease stage, histologic grade, and serous
endometrial adenocarcinoma) was inversely correlated.
The overexpression of GINS4 was associated with TP53-

© Annals of Translational Medicine. All rights reserved.
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mutant status. In contrast, in the UACLAN database,
ESRI expression was negatively correlated with TP53-
mutant status (Figure 104). Moreover, in CPTAC samples,
UCEC tissues with p53/Rb-related pathway alteration,
MYC/MYCN alteration, mTOR pathway alteration,
WNT pathway alteration, or HIPPO pathway alteration
had higher protein levels of GINS4 and ESR1 than did
normal tissues (Figure 10B). These data indicated that
overexpression of GINS4 and decreased expression of ESR1
were associated with progression in UCEC.

Validation of the key genes of GINS4 and ESR1

GINS4 and ESRI were subsequently selected for validation
in the GSE17025 cohort. The expression levels of GINS4
and ESRI in 12 control samples and 91 endometrial cancer
samples with stage I and different histologic grades and
types were compared. The results demonstrated that
both GINS4 and ESRI were closely related to histologic
grade and histologic type, suggesting their potential for
identifying high-grade and papillary serous endometrial
cancers from stage I endometrial cancers (Figure 10C). In
addition, immunohistochemistry showed a high expression
of GINS4 and low expression of ESR1 in UCEC tissues
from the HPA (data not shown).

Discussion

The prognosis of patients with advanced and recurrent
UCEC remains unsatisfactory. UCEC has traditionally been
divided into 2 subgroups. Type I endometrioid endometrial
carcinoma accounts for about 70-80% of UCEC. This
type occurs mainly in young women and is characterized
by estrogen excess, obesity, and positivity of estrogen and
progesterone receptors. Uterine serous carcinoma, as the
major subset of type II UCEC, is observed in relatively
older and nonobese women and has low levels of estrogen
or progesterone receptors and frequent mutations in 7P53
(17,33,34). Endometrioid endometrial carcinoma usually has
a significantly better outcome than does serous haplotype,
which is often less well differentiated (33-36). TCGA
Research Network carried out array and sequencing analyses
in 373 UCEC samples, and classified UCEC into 4 subsets
according to the genomic features. It also found that about
a quarter of high-grade type I tumors and serous tumors
have a similar molecular phenotype. Oncogenic mutant p53
(mtp53) occurred frequently in serous carcinoma (>90%)
and in about a third of grade 3 endometrioid endometrial

Ann Transl Med 2023;11(2):100 | https://dx.doi.org/10.21037/atm-22-6461
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Figure 8 Kaplan-Meier curves of the prognostic power of the 2-gene signature in different subsets of TCGA-UCEC. TCGA-UCEC

patients were stratified by histologic type (A), clinical stage (B), grade (C), and age at initial diagnosis (D). Patients in different subsets were

divided into a high-risk group and low-risk group according to the median risk factor score. The Kaplan-Meier survival analysis was used to

compare overall survival between these 2 groups. TCGA, The Cancer Genome Atlas; UCEC, uterine corpus endometrial carcinoma.

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2023;11(2):100 | https://dx.doi.org/10.21037/atm-22-6461



Annals of Translational Medicine, Vol 11, No 2 January 2023

Type: endometrioid

Sensitivity

AUC at 1-year: 0.81
AUC at 2-year: 0.78

AUC at 5-year: 0.66

0.0

0.2

T T T T
0.4 0.6 0.8
1-Specificity
Stage 1 and 2

Sensitivity

AUC at 1-year: 0.71
AUC =t 2-year: 0.71

AUC at 5-year: 0.62

T
0.4

0.0 0.2 0.6 0.8 1.0
1-Specificity
C Grade 1 and 2
1.0 | |
0.8 -
2
£ 0.6 1
:‘5)’
% 0.4
w ' —
|— AUC at 1-year: 0.83
0.2 4 AUC at 2-year: 0.85
AUC at 5-year: 0.73
0.0
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
D Age: <40
1.0
| =
o=
0.8 Al
J— _
> I~
£ 0.6 +
:‘i
& 0.4
go4q p
=
Ir AUC at 1-year: 0.8
0.2 AUC at 2-year: 0.83
I AUC at 5-year: 0.75
0.0
T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Type: serous

Page 15 of 22

1.0 H
0.8
2
= 067
=
T 0.4 -
& 0.
AUC at 1-year: 0.83
0.2 AUC at 2-year: 0.59
AUC at 5-year: 0.73
00 L T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
Stage 3 and 4
1.0 H
0.8
2
= 0.6
=
% 0.4 -
& 0.
AUC at 1-year: 0.84
0.2 AUC at 2-year: 0.67
AUC at 5-year: 0.66
00 A T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
Grade 3
1.0 H p—
=T
0.8
__II
2
= 0.6 J_.Hi
% i
& 047 __;J
il i AUC at 1-year: 0.77
0.2 AUC at 2-year: 0.67
| AUC at 5-year: 0.67
00 L T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
Age: =40
1.0 H
0.8 ’J
2
= 0.6
=
% 0.4 -
& 0.
AUC at 1-year: 0.81
0.2 AUC at 2-year: 0.62
AUC at 5-year: 0.64
0.0 1 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 9 Time-dependent ROC curves of the prognostic power of the 2-gene signature in different subsets of TCGA-UCEC. TCGA-UCEC
patients were stratified by histologic type (A), clinical stage (B), grade (C), and age at initial diagnosis (D). Time-dependent ROC curves for
predicting the 1-, 2-, 3-, and 5-year overall survival in TCGA-UCEC subsets were performed, and the AUCs are presented. AUC, area under

curve; ROC, receiver operating characteristic; TCGA, The Cancer Genome Atlas; UCEC, uterine corpus endometrial carcinoma.
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Table 2 Univariate and multivariate Cox regression analyses of clinical traits and risk score with the overall survival rate in TCGA-UCEC cohort

Univariate analysis

Multivariate analysis

Variables

P HR 95% ClI P HR 95% ClI
Risk score <0.0001 1.5434 1.2764-1.8662 0.0263 1.3487 1.0360-1.7559
Stage <0.0001 1.9287 1.4953-2.4876 0.0002 1.6598 1.2761-2.1588
Grade 0.0009 2.8795 1.5428-5.3742 0.0655 1.8854 0.9602-3.7018
Type 0.0133 1.4755 1.0843-2.0081 0.7974 0.9576 0.6881-1.3328

TCGA, The Cancer Genome Atlas; UCEC, uterine corpus endometrial carcinoma; HR, hazard ratio; Cl, confidence interval.

carcinomas (34,37,38). The new classification based on
genomic features may lead to more appropriate cancer
treatments (34). As it is hard for pathologists to classity
high-grade endometrioid endometrial carcinomas and
serous carcinomas, discovering novel biomarkers that may
help improve patient management is of great importance.
In this study, 19 modules were identified through
WGCNA based on data from TCGA-UCEC. The
yellow module and red module displayed high correlation
with clinical traits. We next performed KEGG and GO
enrichment analyses. Results showed that genes in the
yellow module were mainly enriched in cancer-associated
pathways. It is well documented that pathways of cell
cycle, cellular senescence, DNA replication, p53 signaling
pathway, and homologous recombination are associated
with cell growth and proliferation, both of which are crucial
mechanisms of UCEC tumorigenesis and tumor progression
(39-43). Recent studies have also shown that Fanconi
anemia pathway can mediate DNA repair and is involved in
many human cancers including UCEC (44,45). Consistent
with the involvement of these cancer-associated pathways,
GO enrichment analysis also suggested yellow module
genes mainly participate in UCEC tumor cell growth and
proliferation. Red module genes were mainly associated
with axon guidance pathway, inflammatory mediator
regulation of TRP channels, and some hormone-related
signaling pathways. Several axonal guidance proteins, such
as Slits and L1 cell adhesion molecule, have been reported
to be associated with tumor cell proliferation, migration,
and metastasis (46,47). Some iron channels, especially TRP
channels, could be highly expressed in several cancers and
may serve as promising pharmacological target in UCEC
(48-50). Previous studies have indicated that the growth
hormone axis, relaxin signaling pathway, and estrogen
signaling pathway play important roles in UCEC growth
and invasion and are associated with survival outcome

© Annals of Translational Medicine. All rights reserved.

(51-56). It was thus reasonable to speculate that exploring
these enriched pathways may assist in understanding the
mechanisms of UCEC progression and developing novel
antitumor therapies.

Among the 198 hub genes we identified in these 2
modules, 164 genes were shared DEGs. Univariate and
multivariate Cox regression analyses indicated that GINS4
and ESRI were significantly associated with survival. Based
on the GINS4 and ESRI expression pattern, the risk score,
with the potential to be an independent prognostic factor,
was generated. GSEA indicated that oncogenic associated
pathways, including cell cycle, DNA replication, basal
transcription factors, small cell lung cancer, pancreatic
cancer, and chronic myeloid leukemia were enriched in the
high-risk group. Both RNA expression data from the GEO
and TCGA databases as well as protein expression data
based on UALCAN and the HPA website suggested that
GINS4 was overexpressed and ESR1 was underexpressed
in UCEC. High expression of GINS4 and loss of ESRI
were associated with high grade, late stage, serous cancer
subtype, and poor prognosis.

GINS4, the GINS complex subunit 4, can form the
hetero-tetrameric GINS complex together with GINSI,
GINS2 and GINS3. Notably, the GINS complex plays
a key role in the initiation and elongation process of
DNA and chromosome replication (57). The “CMG
(Cdc45-MCM-GINS)” complex, consisting of the GINS
complex, CDC45, and MCM2-7, serves as a complex
and highly conserved eukaryotic replicative ring helicase,
which is responsible for unwinding double-strand DNA
and recruiting other important elements during DNA
replication (58-60). It has been suggested that CMG
might be a potential drug target (61). Multiple studies
have proven that the expression of human GINS (hGINS)
is associated with cell proliferation. When hGINS
expression is downregulated, cell circle progression can be
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Figure 10 Identification and validation of GINS4 and ESRI expression in different UCEC cohorts. (A) The relationship between key genes

(upper panel: GINS4; lower panel: ESRI) and clinical stage, histologic grade, and 7P53 mutant status. The mRNA expression levels of GINS4
and ESRI in TCGA-UCEC and normal samples were obtained from UACLAN database. (B) Protein expression levels of GINS4 and ESR1
in UCEC tissues with p53/Rb-related pathway alteration, MYC/MYCN alteration, mTOR pathway alteration, WN'T pathway alteration,
and HIPPO pathway alteration were compared with those in normal tissues in CPTAC samples based on the UACLAN database. (C) The
expression levels of GINS4 (upper panel) and ESRI (lower panel) in the GSE17025 data set were compared between different histologic grades
and subtypes. One-way ANOVA was used to calculate the statistical significance. *P<0.05, **P<0.01, ***P<0.001. TCGA, The Cancer Genome
Atlas; ANOVA, analysis of variance; CPTAC, Clinical Proteomic Tumor Analysis Consortium; ESR1, estrogen receptor 1; GINS4, GINS
complex subunit 4; HIPPO, the protein kinase Hippo; mTOR, mammalian target of rapamycin; MYC, MYC proto-oncogene; MYCN, MYCN
pro-oncogene; p53, tumor protein p53; Rb, the retinoblastoma gene; TP53, tumor protein p53; UALCAN, The University of ALabama at

Birmingham CANcer data analysis Portal; UCEC, uterine corpus endometrial carcinoma; WN'T, wingless-related integration site.
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prevented (62). It was reported that most of the mutations
that occur in human cancers can be attributed to DNA
replication errors and that genomic stability can be
preserved by normal DNA replication forks (63,64).

An accumulating amount of evidence indicates that
GINS+4 figures prominently in several cancer types. Elevated
levels of GINS4 have been detected in various cancers,
for example, cervical squamous cell carcinoma, pancreatic
cancer, glioblastoma, and lung adenocarcinoma. GINS4
is also widely studied as a prognostic marker in a multiple
cancers (65-68). Liu ez al. not only were the first to identify
GINS4 as an independent prognostic predictor for glioma,
but also showed GINS4 to be associated with the glioma
immune microenvironment through immune cells and
immune checkpoints (69). Another study demonstrated
that GINS4 could promote tumor cell proliferation
and metastasis in gastric cancer. Potential molecular
mechanisms could involve GINS4 binding Rac1/CDC42
directly to activate Rac1/CDC42, leading to the activation
of downstream pathways; the study further indicated that
GINS4 could be a promising treatment target and early
diagnostic marker for gastric cancer (70). Similarly, GINS4
has been demonstrated to be able to promote tumorigenesis,
migration, and metastasis in other cancer types, such
as lung cancer and colorectal cancer (67). MAPK/ERK
pathway, PI3K/AKT pathway, and PTEN pathway have
been reported to be affected by GINS4. Knockdown of
GINS4 has been shown to inhibit cancer proliferation and
progression in lung cancer, colorectal cancer, and pancreatic
cancer (67,68,71). However, to the best of our knowledge,
the effect of GINS4 on the UCEC cells has rarely been
studied.

Consistent with previous studies, our analyses revealed
that GINS4 was overexpressed in UCEC tissues. In this
study, the results also showed that GINS4 expression had a
positive relationship with UCEC cancer stage, pathological
grade, serous subtype, and 7PS53-mutant status. Patients
with overexpression of GINS4 had significantly shortened
survival times than did patients with low GINS4 expression.

The ESRI gene encodes estrogen receptor alpha (ERa).
The protein encoded by this gene acts as a key mediator
of estrogen responses and takes a part in growth, sexual
development, gestation and other functions by regulating
estrogen-inducible gene expression (72). ESRI gene
amplification has been widely reported in some cancer
types, especially breast carcinoma (73,74). Compared
with breast cancer patients without ESRI amplification,
patients with ESRI amplification could benefit from
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endocrine therapy (75). Although ESRI amplification
has been reported to occur in endometrial carcinomas by
some studies, Yu er /. and Rahman ez 4l. suggest ESRI
amplification to not be associated with clinicopathological
characteristics of clinical stage, histologic grade, metastasis,
or invasion (75,76). Rahman et a/. also reported that
that estrogen receptor expression correlated with better
progression-free survival, OS, and disease nonrecurrence,
suggesting ESR] amplification as an independent prognostic
marker (76). Moreover, the loss of ER has been reported
to be associated with alternated phosphoinositide 3 kinase/
mammalian target of Rapamycin (PI3K/mTOR) pathway,
epithelial-mesenchymal transition, lymph node metastasis,
and poor survival even in low-grade UCEC, while positive
ER expression has been associated with good differentiation
and longer survival in several studies (26,77-79). Liu
et al. identified 4 distinct transcriptome subsets according
to clinicopathologic features and mutation profiles in 271
endometrioid endometrial carcinomas. Although both
cluster I and II tumors were mainly low-grade and early-
stage tumors, their molecular profiles were different. Cluster
I tumors had higher expression levels of ESRI and tended to
have a better prognosis compared to cluster II tumors with
the CTNNBI exon 3 mutation (73). In another study, Guan
et al. used immunohistochemistry to assess ER expression
on grade I-II endometrioid endometrial carcinoma and
found negativity of ER expression to be associated with
severe stage, deeper myometrial infiltration, metastasis,
and shorter progression-free survival and OS (79).
Data from these studies implied that ESRI might serve as a
protective factor in UCEC.

Phenotypic factors like the clinical stage, histologic type,
and grade are critically involved in the prognosis of UCEC.
Therefore, our findings indicate that GINS4 and ESRI
may be key genes associated with UCEC progression and
prognosis. Integration of GINS4 and ESRI expression into
clinical risk estimation may improve prognostic prediction
and treatment options for UCEC. GINS4 and ESRI have
the potential to be applied for the diagnostic biomarker for
UCEC, which should be further validated on external and
large cohorts.

We should note the principal limitation of our study,
which is that the prognostic prediction was carried out in
the TCGA-UCEC cohort and GSE17025 cohort in which
some information on the clinical features was unavailable.
This 2-gene signature should be validated in multiple
and larger UCEC cohorts in future studies, and the
possible molecular mechanisms involved should be further
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investigated.

Conclusions

GINS4 and ESRI were associated with clinicopathological
features. Overexpression of GINS4 and downregulation
of ESRI were unfavorable prognostic marker in UCEC.
These genes might be potential molecular targets for cancer
therapy.
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