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endometrial cancer

Yuan Zhang1,2, Li Li3, Xiao-Ping Ke3, Ping Liu3^

1Department of General Surgery, Yangpu Hospital, School of Medicine, Tongji University, Shanghai, China; 2Department of Obstetrics, 

International Peace Maternity and Child Health Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai, China; 3Department of 

Obstetrics and Gynaecology, Yangpu Hospital, School of Medicine, Tongji University, Shanghai, China

Contributions: (I) Conception and design: Y Zhang, P Liu; (II) Administrative support: P Liu; (III) Provision of study materials or patients: XP Ke; (IV) 

Collection and assembly of data: Y Zhang, L Li; (V) Data analysis and interpretation: Y Zhang, XP Ke; (VI) Manuscript writing: All authors; (VII) 

Final approval of manuscript: All authors.

Correspondence to: Ping Liu, MD, PhD. Department of Obstetrics and Gynaecology, Yangpu Hospital, School of Medicine, Tongji University, No. 450 

Tengyue Road, Shanghai 200090, China. Email: Lpingyzx@163.com.

Background: Endometrial cancer (EC) is one of the most common malignancies among women. To 
improve the prognosis and treatment of EC, finding out a phosphatase and tensin homolog deleted on 
chromosome 10 (PTEN)-associated prognostic signature would be beneficial. 
Methods: EC clinical data, genetic mutation data, and transcriptome data were downloaded from The 
Cancer Genome Atlas (TCGA) database. To clarify the specific PTEN-associated signature, cox regression 
analyses were performed. The clinical value of the selected signature on the overall survival (OS) and the 
secretoglobin family 2A member 1 (SCGB2A1)-independent analysis, immune and functional analysis were 
investigated respectively. 
Results: Five hundred and fourteen EC samples were screened and PTEN mutation occupied 57%. 
Enrichment analysis indicated that mutant-type PTEN was enriched for pathways related to the upregulated 
human T-cell leukemia virus-1 (HTLV-1) infection and estrogen signaling pathway. SCGB2A1 was identified 
by cox regression analysis. Immune analysis exhibited significant immune infiltration with higher expression 
of T cells, B cells, and macrophage groups. Immune-checkpoint transcripts CD274 molecule (CD274), and 
cytotoxic T-lymphocyte associated protein 4 (CTLA4), hepatitis A virus cellular receptor 2 (HAVCR2), 
lymphocyte activation gene 3 (LAG3), programmed cell death 1 (PDCD1), PDCD1 ligand 2 (PDCD1LG2), 
T cell immunoreceptor with immunoglobulin and immunoreceptor tyrosine-based inhibition motif domains 
(TIGIT), and sialic acid binding immunoglobulin like lectin 15 (SIGLEC15) were discovered statistically 
different. In addition, the low-SCGB2A1 group had worse OS than the high-SCGB2A1 group. SCGB2A1 
showed significant area under the curve (AUC) values in a time-dependent receiver operating characteristic 
(ROC) analysis. Prevalence of microsatellite instability (MSI) was detected and SCGB2A1 showed a negative 
correlation with EC. Immune checkpoint blockade (ICB) response indicated a worse immune response in the 
low-SCGB2A1 group. The distribution of one-class linear regression (OCLR) scores reflected the negative 
correlation between messenger RNA expression-based stemness index (mRNAsi) and prognostic gene 
expression. Furthermore, several SCGB2A1-related signaling pathways in EC were identified.
Conclusions: SCGB2A1 is a prognostic immunometabolic signature for patients with EC, which may help 
improve the prognosis and therapeutic effect.
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Introduction

It is indicated that the prognosis for different types of solid 
malignancies is relatively poor (1-3). As one of the most 
common malignancies among women, endometrial cancer 
(EC) is similarly rising in its incidence rate and its associated 
mortality (4). Minimally invasive surgery and adjuvant 
radiotherapy reduce loco-regional recurrence, and targeted 
chemotherapeutic strategies promote the prognosis of EC 
patients (5). In order to further improve the prognosis 
of patients more effectively, screening for a prognostic 
biomarker of the EC would be beneficial. Recent advances 
in bioinformatics analysis have provided efficient methods to 
investigate the prognostic biomarkers as diagnostic tools for 
clinical guidance and prevention of tumor progression (6-8).

As a dual phosphatase with both lipid and protein 
phosphatase activities, phosphatase and tensin homolog 
deleted on chromosome 10 (PTEN) is critical for cell 
metabolism and growth (9). One study has shown that 
tumor suppressor PTEN could inhibit the PI3K/AKT/
mTOR signaling pathway (10). Besides, PTEN mutations 

play a role in immune regulation as an immune suppressor 
and accelerate cancer progression by mediating T 
cell dysfunction (11). In addition, biological function 
deficiency in the PTEN is always observed in various 
types of human cancers (12). In the past decades, there 
had been increasing interest in the close association 
between PTEN mutations and poor cancer survival rates, 
especially in EC (13-16). However, a systematic meta-
analysis reported that PTEN showed low diagnostic 
usefulness in the differential diagnosis between benign and 
premalignant endometrial hyperplasia (17). Therefore, 
identifying a PTEN-associated signature would be helpful 
for improving the accuracy of prediction in prognosis and 
planning treatment strategy for EC.

The secretoglobin family 2A member 1 (SCGB2A1) 
is a small secreted uterine protein and the gene encoding 
this protein is located on chromosome 11q12.2 (18). 
It was reported that SCGB2A1 had been identified 
in epithelial cells of different organs and was closely 
related to cell secretion, tissue repair, inflammation and 
tumorigenesis (19). In the present study, SCGB2A1, 
as a prognostic signature in EC, was identified and the 
related immunometabolic mechanism was analyzed. The 
result of our study may be helpful to guide individualized 
therapies and improve the prognosis of EC patients in 
clinical practice. We present this article in accordance with 
the TRIPOD reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-23-1436/rc).

Methods 

Data collection

EC genetic mutation profile and clinical data were 
downloaded by searching the Project ID “TCGA-EC” 
from The Cancer Genome Atlas (TCGA) database (https://
portal.gdc.cancer.gov/). There were 557 cases containing 
both clinical information and RNA sequence data selected 
and saved in the section of Cases and File Counts. We 
performed the R package “maftools” (v2.12.0, bioconductor.
org/packages/release/bioc/html/maftools.html) to exhibit 
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the mutation data. Besides, MutsigCV represented mutation 
significance covariants.

Screening of differential expression genes (DEGs) and 
gene set enrichment analysis (GSEA)

The “limma” package (v3.52.4, bioconductor.org/packages/
release/bioc/html/limma.html) of R software was performed 
to obtain DEGs between patients with and without PTEN 
mutations in EC. We utilized R package “clusterprofiler” 
( v 3 . 0 . 4 ,  h t t p s : / / r d o c u m e n t a t i o n . o r g / p a c k a g e s /
clusterProfiler/versions/3.0.4) to investigate the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathways 
and Gene Ontology (GO) functions. The threshold was set 
at “P<0.05”.

Establishment of nomogram and prognosis of overall 
survival (OS) rate

The package “survtype” (v1.16.0, bioconductor.org/
packages/release/bioc/html/survtype.html) of R software 
was utilized to perform the univariate and multivariate cox 
regression analyses. The P value and hazard ratio (HR), 
and 95% confidence interval (CI), were evaluated by the 
“forestplot” package (v1.10.1, https://rdocumentation.
org/packages/forestplot/versions/1.10.1). The package 
“rms” (v6.1-0, https://rdocumentation.org/packages/rms/
versions/6.1-0) of R software was performed to exhibit 
the risk factors and assessed the 1-, 3-, and 5-year OS 
rate in the nomogram. If Kaplan-Meier curves crossed 
over, a two-stage procedure was performed using the R 
package “TSHRC” (v0.1-6, https://cran.r-project.org/web/
packages/TSHRC/index.html). The R package “ggrisk” 
(v1.3, https://cran.r-project.org/web/packages/ggrisk/index.
html) was performed to analyze the risk score, survival status 
and heatmap. The expression type of SCGB2A1 in different 
groups was calculated by the Chi-squared test. We utilized 
R package “ggplot2” (v3.3.3, https://rdocumentation.org/
packages/ggplot2/versions/3.3.3) to complete all the above 
analytical methods. The threshold was set at “P<0.05”.

Prediction of microsatellite instability (MSI) score and 
immune checkpoint blockade (ICB) response, Sankey 
diagram, and one-class linear regression (OCLR) scores

We conducted the Spearman’s correlation analysis to reveal 
the correlation between quantitative variables without a 
normal distribution. Potential ICB response was predicted 

by the Tumor Immune Dysfunction and Exclusion (TIDE) 
algorithm (20) and package “ggplot2” (v3.3.3, https://
rdocumentation.org/packages/ggplot2/versions/3.3.3) and 
“ggpubr” (v0.4.0, https://rdocumentation.org/packages/
ggpubr/versions/0.4.0). Sankey diagram was established 
with the R software package “ggalluvial” (v0.12.5, https://
rdocumentation.org/packages/ggalluvial/versions/0.12.5). 
We calculated messenger RNA expression-based stemness 
index (mRNAsi) which was constructed by Malta et al. (21) 
by Spearman’s correlation analysis and OCLR algorithm. 

Specimens collection 

We obtained the surgically resected tumor tissues in 
December 2020 from Yangpu Hospital (Shanghai, China). 
The inclusion criteria included: (I) pathological diagnosis 
(including all histotypes of EC); (II) no prior treatment 
received; (III) surgical resection accepted without distant 
disease. The exclusion criteria included: surgical resection 
rejected. Our study was approved by the Ethics Committee 
of Yangpu Hospital (No. YZX20201105A1) and was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). All patients provided written informed 
consent.

Immunohistochemistry 

The procedure was conducted as previously described (22). 
All EC tissues and adjacent normal tissues were fixed in 
4% phosphate-buffered formalin for at least 24 hours. 
And then tissues were paraffin-embedded. The 4-µm-
thick sections were dewaxed with xylene and rehydrated 
with descending graded alcohol. Heat-mediated antigen 
retrieval was performed at 98 ℃ for 20 min. After blocking 
non-specific sites with 5% goat serum at 37 ℃ for 30 min, 
the primary antibody (1:200; #TP51210, Abmart, China) 
was incubated with the sections overnight at 4 ℃ and 
secondary antibodies (1:2,000, #Ab205718, Abcam, UK) for 
1 h at room temperature. Antibodies were visualized using 
3,3'-diaminobenzidine and counterstained using Meyer’s 
hematoxylin for 2 min at room temperature. An increasing 
gradient of alcohols was used to dehydrate. Immunostaining 
results were observed using a microscope (Olympus BX51, 
Japan).

Western blotting assay

The EC tissues and adjacent normal tissues were ground 
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using rapidly rotating magnetic bead in lysis solution (RIPA, 
Radio-Immunoprecipitation Assay buffer; Thermo Fisher 
Scientific, USA) and 1% (v/v) protease inhibitors (cat. no. 
P8340; Merck, USA). Protein Quantification kit (BCA 
Assay; Beyotime, China) was applied to standardized the 
protein concentration. After blocked in Tris-Buffer Saline 
Tween 20 at room temperature for 60 min, membranes 
were incubated with anti-SCGB2A1 primary antibody 
(1:1,000; #PU615103, Abmart) overnight at 4 ℃. The level 
of actin (1:5,000; #T0022, Abmart) protein expression was 
measured as an internal standard. The next day, membranes 
were incubated with secondary antibody for 1 h at room 
temperature: anti-Rabbit (1:2,000; #ab6721, Abcam), 
anti-Mouse (1:2,000; #ab205719, Abcam). Enhanced 
chemiluminescence reagent (SuperSignal™ West Atto 
Ultimate Sensitivity Substrate; Thermo Fisher Scientific) 
was used for chemiluminescence detection. The density of 
protein band was measured using Image J software (NIH, 
Bethesda, MD, USA).

Immune metabolism prediction 

We integrated the package “immunedeconv” (v2.0.3, 
https://rdocumentation.org/packages/immunedeconv/
versions/2.0.3) with the EPIC algorithm to evaluate 
the  immune inf i l t rat ion and immune ce l l  score . 
CD274 molecule (CD274), cytotoxic T-lymphocyte 
associated protein 4 (CTLA4), hepatitis A virus cellular 
receptor 2 (HAVCR2), lymphocyte activation gene 3 
(LAG3), programmed cell death 1 (PDCD1), PDCD1 
ligand 2 (PDCD2LG2), T cell immunoreceptor with 
immunoglobulin and immunoreceptor tyrosine-based 
inhibition motif domains (TIGIT), and sialic acid binding 
immunoglobulin like lectin 15 (SIGLEC15) were screened 
to be target transcripts. R package “ggplot2” (v0.4.0, https://
rdocumentation.org/packages/ggpubr/versions/0.4.0) and 
“pheatmap” (v1.0.12, https://rdocumentation.org/packages/
pheatmap/versions/1.0.12) were performed to analyze the 
above immune analysis.

Evaluation of correlation between the target gene and 
pathway scores

We utilized the gene set variation analysis (GSVA) 
package (v1.20.0, https://rdocumentation.org/packages/
GSVA/versions/1.20.0) and analyzed the correlation 
between the target gene and pathway scores by Spearman 

correlation.

Statistical analysis

We utilized R software (version 4.0.3) in all statistical 
analysis. Besides, we investigated the significance of 
differences between subgroups by two-tailed Student’s t-test. 
The correlation between risk score and clinicopathological 
parameters was analyzed by the one-way analysis of variance 
(ANOVA) test or Student’s t-test. The Wilcoxon test was 
performed to compare the data of two groups and the 
Kruskal-Wallis test was utilized to compare the data of more 
than three groups. “P<0.05” was considered statistically 
significant.

Results

PTEN mutation was predominant in EC

Figure 1 presents the workflow of our study. A total of 
514 samples with a gene mutation were selected from the 
TCGA database. The identified genes, such as PTEN 
(57%), phosphatidylinositol-4,5-bisphosphate 3-kinase 
catalytic subunit alpha (PIK3CA; 48%), titin (TTN; 44%), 
AT-rich interaction domain 1A (ARID1A; 43%), tumor 
protein p53 (TP53; 36%), mucoprotein 16 (MUC16; 
30%), phosphoinositide-3-kinase regulatory subunit 1 
(PIK3R1; 30%), lysine methyltransferase 2D (KMT2D; 
27%), CCCTC-binding factor (CTCF; 25%), CUB and 
Sushi multiple domains 3 (CSMD3; 24%), showed a higher 
level of mutation frequency than other genes and they were 
visualized using a horizontal histogram (Figure 2A). In 
addition, missense mutation was the most frequent mutation 
type, and single nucleotide polymorphism occupied a 
large proportion compared with deletion or insertion  
(Figure 2B,2C). The most distinct part of single nucleotide 
variants class was C>T (Figure 2D). Figure 2E shows the 
number of mutations in each specimen. Different types of 
mutations were represented by different colors in the box 
diagram (Figure 2F). The top 10 mutant genes in Figure 2G  
are shown by the stacked barplot. Figure 2H shows the 
highly mutated genes in EC using a lollipop plot.

DEGs in EC were classified according to PTEN status

DEGs were divided into the PTEN mutant and wild type 
groups. A total of 111 upregulated and 128 downregulated 
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526 EC samples in TCGA cohort

Genome-wide mutation profiling in EC Altered in 514 (97.72%) samples

Identification of DEGs • 309 PTEN-MT and 217 PTEN-WT
• 111 upregulated and 128 downregulated

 KEGG pathway analysis

Univariate Cox regression

OS (1-y, 3-y, 5-y)

OS analysis between PTEN and SCGB2A1

• With and without PTEN mutation
• High- and low-SCGB2A1 with PTEN MT 
• High- and low-SCGB2A1 with PTEN WT
• The expression type of SCGB2A1 in EC

Predictive nomogram

Immune analysis

• Immune cell score
• Immune infiltration
• Immune checkpoint

GO analysis

Multivariate Cox regression

PTEN-associated signature: SCGB2A1

• Risk score
• Kaplan-Meier survival
• ROC analysis 
• MSI score
• Potential ICB response
• Sankey diagram
• OCLR score
• IHC assay
• Signaling pathway

• HTLV-1 infection
• Estrogen signaling pathway

• Gland development
• Response to steroid hormone

Figure 1 Workflow of the study. EC, endometrial cancer; TCGA, the cancer genome atlas; DEGs, differential expression genes; PTEN, 
phosphatase and tensin homolog deleted on chromosome 10; MT, mutant type; WT, wild type; KEGG, Kyoto Encyclopedia of Genes and 
Genomes; GO, Gene Ontology; HTLV-1, human T-cell leukemia virus 1; OS, overall survival; SCGB2A1, secretoglobin family 2A member 1; 
ROC, receiver operating characteristic; MSI, microsatellite instability; ICB, immune checkpoint blockade; OCLR, one-class linear regression; 
IHC, immunohistochemistry.

genes were investigated (Figure 3A-3F). DEGs were mostly 
enriched in pathways related to the upregulated human 
T-cell leukemia virus-1 (HTLV-1) infection and estrogen 
signaling pathway (Figure 3C,3D). In addition, gland 
development and response to steroid hormone were the 
most enriched terms of the PTEN mutation (Figure 3E,3F). 

Establishment of a predictive nomogram

Nineteen upregulated genes and nineteen downregulated 
genes, age, race, pTNM_stage and grade were exhibited by cox 
regression analysis using “forestplot” package (Figure 4A,4B). 
The signatures in the predictive nomogram (Figure 4C, left), 
including SCGB2A1 and cyclin dependent kinase inhibitor 2A, 
satisfied the standard of risk assessment. Besides, the 1-, 3- and 
5- year OS rates were predicted precisely (Figure 4C, right).

PTEN and SCGB2A1 status was closely associated with the 
prognosis of EC

The poor prognosis of patients with EC was closely 
associated with PTEN mutations compared with those in 
PTEN wild-type group (P<0.05; Figure 5A). To explore 
whether SCGB2A1 was independent of the PTEN 
mutation status, patients were separated into high- and 
low-SCGB2A1 groups based on PTEN mutation status. 
The research revealed that patients with low-SCGB2A1 
were significantly correlated with a worse survival in 
both the mutant and wild-type PTEN groups compared 
with the high-SCGB2A1 group (P<0.05; Figure 5B,5C). 
The cross curves in Figure 5C had been determined to be 
significantly different (P<0.05) by performing a two-stage 
procedure, using the P ‘TSHRC’ package of the R software. 
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Figure 5 K-M analysis of OS time. (A) K-M survival according to PTEN status. (B) K-M survival in the PTEN mutation group by SCGB2A1 
status. (C) K-M survival in the PTEN wild group by SCGB2A1 status. (D) The different types of SCGB2A1 expression in different groups of 
EC (χ2 test). Dotted lines represent the confidence interval. PTEN, phosphatase and tensin homolog deleted on chromosome 10; HR, hazard 
ratio; CI, confidence interval; OS, overall survival; K-M, Kaplan-Meier; SCGB2A1, secretoglobin family 2A member 1; EC, endometrial 
cancer.

Furthermore, it was discovered that wild-type SCGB2A1 
is highly prevalent in EC patients by Chi-squared (χ2) test 
(Figure 5D). Dotted lines in Figure 5A-5C represent the CI.

Predictive value of the SCGB2A1 gene

To separate the patients into the high-SCGB2A1 (n=271) 
and low-SCGB2A1 (n=271) groups, the risk score and the 

median cut-off point (Figure 6A, up) were calculated. The 
survival status of all patients with EC is shown in Figure 6A, 
middle. The heatmap illustrated the gene expression profile 
of SCGB2A1 (Figure 6A, down). Compared with the high-
SCGB2A1 group, a worse OS time was observed in the 
low-SCGB2A1 group, as shown by Kaplan-Meier survival 
curves (Figure 6B). In addition, a time-dependent receiver 
operating characteristic (ROC) analysis was performed 
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to identify the significant area under the ROC curve  
(Figure 6C), which exhibited the ability of SCGB2A1 in 
predicting the 1-, 3- and 5-year OS. MSI prevalence was 
found negatively correlated with the gene expression of 
SCGB2A1 (Figure 6D). The immune scores in the low-
SCGB2A1 group showed a lower-level ICB response, as 
compared with the high-SCGB2A1 group (Figure 6E). 
The distribution of SCGB2A1 expression in different 
characteristic variables and different types or stages was 
shown in a Sankey diagram (Figure 6F). The distribution 
of OCLR scores revealed that low SCGB2A1 was strongly 
positively correlated with a high mRNAsi score (Figure 6G).  
Furthermore, the level of SCGB2A1 expression was 
higher in tumor tissues than adjacent normal tissues by 
immunohistochemistry (Figure 6H) and western blotting 
assay (Figure 6I). 

Differential immune analysis

Thirty-eight types of immune cells were finally included in 
the comparison and we explored the distribution of different 
immune scores (Figure 7A) and the percentage abundance of 
immune infiltration (Figure 7B). As shown in Figure 7, 31 types 
of immune cells were found statistically different from other 
rest 7 types. In addition, a higher level of T cell, B cell and 
macrophage groups was discovered, which indicated a distinctive 
immune microenvironment. In terms of the expression of 
immune checkpoints, CD274, CTLA4, HAVCR2, LAG3, 
PDCD1, PDCD1LG2, TIGIT and SIGLEC15 were found to 
be significantly different (Figure 7C).

The correlation between SCGB2A1 and pathway scores

The correlations were classified according to pathway score 
by GSVA analysis across all EC samples. The proportions 
of pathway score greatly varied among different EC samples 
(Figure 8A-8R). Some pathways had a high score: genes 
upregulated by reactive oxygen species (ROS), cellular 
response to hypoxia, extracellular matrix (ECM) related 
genes, collagen formation and inflammatory response, 
angiogenesis, tumor proliferation and apoptosis, DNA 
repair and replication, P53 pathway, MYC proto-oncogene, 
bHLH transcription factor (MYC targets) and G2M 
checkpoint.

Discussion

Current study indicated that the tumor microenvironment 

was affected by the interactive crosstalk between tumor 
cells and stromal cells (23). Aquila et al. (24) had proposed 
that PTEN played an important role in metabolic 
reprogramming and tumor/stroma interactions. In our 
research, we found that PTEN had a high mutation 
frequency in patients with EC (Figure 2). We further 
discovered that SCGB2A1 was an effective independent 
prognostic biomarker for EC and could be affected by 
PTEN mutation status (Figures 4,5). In a study conducted 
by Kim et al. (25), SCGB2A1 was identified as a PIK3CA-
interacting protein in breast-invasive carcinoma, which 
inhibited PI3K-AKT signaling pathway. In addition, Yan 
et al. (26) proposed that SCGB2A1 was a critical tumor 
suppressor and a potential prognostic marker in gastric 
cancer. In our research, the specific function of SCGB2A1 
in prognostic value and immunometabolic mechanism 
in EC were revealed, which could provide a potential 
therapeutic target in EC.

One study was completed by Bellone et al. (27), in which 
it was reported that SCGB2A1 was a top differentially 
expressed gene in all major histological types of ovarian 
cancers. In our study, we detected the higher expression 
of SCGB2A1 in tumor tissues than normal tissues in EC 
(Figure 6H,6I). Zhang et al. (18) reported that SCGB2A1 
overexpression in breast cancer cells inhibited cell 
activity and promoted cell apoptosis. According to our 
results, we found that patients with low-SCGB2A1 were 
significantly correlated with a worse EC survival, which 
revealed that SCGB2A1 was a protective factor in EC 
(Figure 6). However, Munakata et al. (28) proposed that 
SCGB2A1 promoted colorectal cancer cell proliferation 
and decreased chemosensitivity to chemotherapy drugs. 
These results indicated that SCGB2A1 might function as 
tumor suppressor in the breast cancer and gynaecological 
tumors. Therefore, we hypothesized that SCGB2A1 could 
be involved in estrogen metabolism and acts as a potential 
biomarker for patients with EC.

Immunotherapy could activate the immune cells to 
attack and clear tumor cells (29). The identification of 
immune subtypes in EC tissues could be beneficial to 
clarify the unique immune microenvironment and predict 
the prognosis of EC patients (30). In our study, distinct 
immune infiltration with a higher level of T cells, B cells 
and macrophage groups were identified (Figure 7A,7B). 
These immune cells could be explored to generate effective 
chimeric antigen receptor (CAR) immunotherapy. However, 
CAR T cells immunotherapy in solid tumors lags behind 
significantly. Therefore, it is meaningful to develop CAR 
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macrophages for cancer immunotherapy (31). In fact, 30% 
of primary EC were MSI high (MSI-H)/hypermutated 
and 13% to 30% of recurrent EC were MSI-H or 
mismatch repair deficient. Thus, ICB has been explored 
as an effective therapy (32). Furthermore, the effect of 
immunotherapy would be enhanced in combination with 
multiple immunocheckpoint inhibitors (29). In the present 
study, six immune checkpoints, including CD274, CTLA4, 
HAVCR2, LAG3, PDCD1 and PDCD1LG2 were found 
to be statistically different (Figure 7C). Besides, potential 
functional pathways were explored using GSVA analysis 
(Figure 8) and it was found that SCGB2A1 could impair 
mitochondrial metabolism, which led to the increase 
of ROC and abnormal cellular response to hypoxia. In 
addition, the invasion and metastasis of tumors could be 
affected by a higher SCGB2A1 expression, which induced 
ECM change and collagen formation. In our study, 
inflammatory response, angiogenesis, tumor proliferation 
and apoptosis, DNA repair and replication, P53 pathway, 
MYC targets and G2M checkpoints were all affected by a 
higher SCGB2A1 expression, which might be helpful to 
the further research. The negative correlation between 
SCGB2A1 expression and MSI, ICB response, and mRNAsi 
further highlighted a convincing evidence to guide clinical 
treatment. Although the standard treatment for EC now 
is still surgery or chemo- and radiotherapy, hormone 
therapy and immunotherapy would be the most promising 
therapeutic approach for EC patients (33). 

In our study, we analyzed all histotypes of EC without 
detailed histological classification, because the value of 
histological type was less certain and EC patients with 
similar histology might have different outcomes (34). 
However, lymph vascular space invasion (LVSI) might be 
regarded as the valuable supplement, which was defined 
as the presence of tumour cells within an endothelial-
l ined space that l ies  outside the invasive border. 
Researchers had reported that LVSI increased the risk of 
death due to EC and recurrent or progressive disease by 
1.5–2 times (35). Besides, sentinel node mapping played 
a critical role in identifying nodal involvement in EC 
patients of different risk levels (36). At the same time, 
molecular and genomic profiling showed the possibility 
to improve the risk stratification and management of 
EC (37). In addition, metabolic syndrome was closely 
associated with poor prognosis in EC patients (38). 
Furthermore, Glasgow prognostic score and C-reactive 
protein-to-albumin ratio also had great prognostic value 
in EC patients (39).

Conclusions

Above all, SCGB2A1 was identified as an effective 
immune‑metabolism biomarker for EC patients. Due to 
the limited amounts of clinical data, further independent 
clinical trials and experimental research are needed to 
confirm the predictive performance and clarify the specific 
molecular mechanism. 
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