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INTRODUCTION 
 

Endometrial carcinoma (EC) is a common cancer of the 

female reproductive system and ranks sixth among most 

commonly diagnosed cancers in females, with 

constantly increasing rates of incidence worldwide [1]. 

The 5-year survival rate of patients with early-stage EC 

that undergo curative surgery is 74–91% [2]. However, 

despite undergoing chemotherapy, radiotherapy, and 

other treatments, the 5-year survival rate of patients 

with metastasized or relapsed EC is only 20–26% [3]. 

Therefore, new and more effective treatments are 

urgently required for EC patients. In recent years, 

immunotherapy has emerged as an effective treatment 

strategy for several solid cancers [4]. For example, 

monoclonal antibodies against immune checkpoint 

proteins such as PD-1 and PD-L1 have emerged as 

frontline treatments of several types of solid tumors. In 

EC however, clinical trials are still underway to 

determine safety and efficacy of most immune 

checkpoint inhibitor therapies. 

 
Aberrant expression of immune checkpoint proteins is a 

well-known tumor immune escape mechanism [5]. 

Inhibitory ligands expressed on the surface of tumor 

cells, dendritic cells, macrophages, and bone marrow-

www.aging-us.com AGING 2021, Vol. 13, No. 12 

Research Paper 

Identification of an immune checkpoint gene signature that 
accurately predicts prognosis and immunotherapy response in 
endometrial carcinoma 
 

Shaowen Li1, Chunli Dong2, Jiayan Chen2, Xiaocui Gao2, Xiuying Xie2, Xin Zhang2,& 
 
1Department of Pediatrics, the Second Affiliated Hospital of Xi’an Jiaotong University, Xi’an, China 
2Department of Obstetrics and Gynecology, the Second Affiliated Hospital of Xi’an Jiaotong University, Xi’an, China 
 
Correspondence to: Xin Zhang; email: zhangxin21521@163.com, https://orcid.org/0000-0001-7075-6397 
Keywords: endometrial carcinoma, prognosis, immunotherapy, immune checkpoint genes, biomarkers 
Received: February 8, 2021       Accepted: May 18, 2021 Published: June 22, 2021 

 
Copyright: © 2021 Li et al. This is an open access article distributed under the terms of the Creative Commons Attribution 
License (CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
author and source are credited. 

 

ABSTRACT 
 

In this study, we performed a bioinformatics analysis to identify immune checkpoint genes (ICGs) associated 
with prognosis and the immunotherapeutic response in endometrial carcinoma (EC) patients. We classified 47 
ICGs into high, medium, and low expression groups by performing RNA-sequencing data analysis of EC patient 
samples from The Cancer Genome Atlas (n = 521) and GSE77688 (n = 88) datasets. Univariate Cox regression 
analysis showed that seven ICGs (VTCN1, TNFRSF18, TNFRSF14, TNFRSF4, CD40LG, TMIGD2, and BTLA) were 
associated with prognosis in EC patients. Spearman correlation analysis showed that prognosis-related ICGs 
correlated positively with immunotherapy response factors, including tumor mutation burden (TMB), mismatch 
repair gene mutations, neoantigens, clinical stages, and adaptive immune resistance pathway genes. We 
identified a prognostic gene signature of four ICGs (IDO1, CD274, CTLA4, and TNFRSF14) that accurately 
predicted survival outcomes of EC patients. TIMER database and Kaplan-Meier survival analysis showed that OS 
among EC patients with low TNFRSF14 expression was significantly shorter than among those with high 
TNFRSF14 expression. In vitro experiments showed that TNFRSF14 silencing increased the migration and 
invasiveness of EC cells by promoting epithelial-mesenchymal transition (EMT). Collectively, these findings 
reveal an immune checkpoint gene signature that accurately predicts survival outcomes and 
immunotherapeutic responses in EC patients. 
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inhibiting cells bind to the surface receptor molecules 

on the T cells and activate signaling pathways that 

inhibit proliferation and anti-tumor activity of T cells 

[6]. Previous studies have shown that immune 

checkpoint pathways such as PD-1/PD-L1, CTLA-

4/CD80, TIM-3/Gal-9, and LAG-3/FGL1 are associated 

with tumor immune escape mechanisms [7–9]. Current 

studies on immune checkpoint therapy in EC are 

focused on targeting the PD-1/PD-L1 pathway. 

 

Programmed cell death protein 1 (PD-1) is an important 

immunosuppressive receptor protein that is mainly 

expressed on the surface of T cells, B cells, and 

macrophages; programmed death-ligand 1 (PD-L1) is 

the binding partner of PD-1 and is highly expressed on 

the surface of tumor cells [10, 11]. The use of 

monoclonal anti-PD-1 antibody (pembrolizumab) is 

recommended as an alternative treatment option by the 

National Comprehensive Cancer Network (NCCN) 

clinical practice guidelines in oncology for patients with 

MSI-H/dMMR endometrial cancer. 

 

Currently, the overall effectiveness of immunotherapy 

in EC remains limited [12, 13]. Therefore, analysis of 

the expression of various immune checkpoint molecules 

is necessary to identify patients that may respond to 

specific immunotherapies. The Cancer Genome Atlas 

(TCGA) data in the United States shows that EC 

patients can be classified into four main subtypes: (1) 

POLE hypermutation; (2) high rate of mutations and 

microsatellite instability (MSI); (3) high copy number 

mutations in genes such as TP53; and (4) low copy 

number mutations. EC patients with high tumor 

mutation burden (TMB) are more likely to benefit from 

treatment with PD-1/PD-L1 inhibitors [14–16]. 

Moreover, levels of tumor-infiltrated T cells, CD8+ T 

cells, and PD-1 are significantly higher in POLE-

mutated EC tissues [17]. Furthermore, therapeutic 

efficacy of the PD-1 monoclonal antibody is 

significantly higher in POLE-mutant EC subtypes [18, 

19]. This suggests that POLE-mutated and MSI 

subtypes are best suited for PD-1/PD-L1 inhibitor 

therapy. However, expression levels of various immune 

checkpoint genes (ICGs) in EC tissues are not well 

studied. 

 

In this study, we analyzed the relationship between 

expression levels of 47 ICGs, prognosis, and 

clinicopathological parameters including immuno-

therapy response biomarkers such as mismatch repair 

(MMR) gene mutations and TMB. 
 

RESULTS 
 

Identification of high, medium, and low expressing 

ICGs in EC samples from the TCGA database 

 

We analyzed expression levels of 47 ICGs in EC 

samples from the TCGA database (n = 521) and 

identified high (red), medium (green), and low (blue) 

expression groups (Figure 1). The high expression ICGs 

included VTCN1, IDO1, and CD44, which were highly 

 

 
 

Figure 1. ICG expression in the EC samples from the TCGA dataset. Heat map shows expression levels of 47 ICGs in the TCGA-EC 

dataset (n = 521). Red: high expression group; green: medium expression group; blue: low expression group. The abscissa (x-axis) 
represents number of samples and ICGs are listed along the ordinate (y-axis). 
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expressed in all EC tissue samples. The medium 

expression ICGs included CD27 and LAG3 whose 

expression varied significantly among EC tissue 

samples. The low expression ICGs included KIR3DL1 

and ADORA2A whose expression was significantly 

lower in most EC samples. 

 

Identification of seven prognosis-associated ICGs in 

EC 

 

Univariate Cox regression analysis showed that seven 

out of 47 ICGs were significantly associated with 

prognosis of UCEC patients (log-rank p < 0.05; Figure 

2A). Spearman correlation analysis showed that 

expression levels of the 7 ICGs were positively 

associated with prognosis of EC patients; ICGs also 

demonstrated additive effects, thereby suggesting 

synergistic co-operation between them (Figure 2B). 

 

The expression patterns of ICGs in the GEO-EC 

dataset was identical to the TCGA-EC dataset 

 

The analysis of the expression levels of 47 ICGs in the 

GSE77688 dataset of EC samples also showed high, 

medium, and low expression ICG groups, which was 

similar to those identified in the TCGA dataset (Figure 

3A). In both datasets, TNFRSF14, IDO1, and CD44 

were highly expressed; LAG3, TNFRSF4, CD48, and 

TNFSF9 were moderately expressed; and TNFSF18, 

HHLA2, BTLA, and CD160 showed low expression in 

EC samples (Figure 3A). Moreover, expression levels 

of the seven prognostic ICGs correlated with prognosis 

of EC patients in the GSE77688 data set; moreover, 

these prognosis-related ICGs showed synergistic effects 

(Figure 3B). 

 

Prognostic ICGs are positively correlated with TMB 

in EC patients 

 

We calculated tumor mutation burden (TMB) of EC 

samples using TCGA somatic mutation data after 

excluding intron intervals and silent mutations. We then 

performed Spearman correlation analysis to determine 

the association between TMB and prognosis-associated 

ICGs. The distribution of TMB was non-normal 

(Shapiro test: p value <1e-5). TMB and ICG expression 

data of EC samples is shown in Supplementary Table 1. 

Overall, we observed positive correlation between TMB 

and most of the prognosis-associated ICGs, especially 

TNFRSF18, TNFRSF14, and BTLA (R2 >0, FDR <0.05; 

Figure 4). TMB was most significantly and positively 

correlated with BTLA (FDR <0.0005; Figure 4). Among 

the seven prognostic ICGs, only VTCN1 showed 

negative correlation with TMB (Figure 4). 

 

Expression levels of ICGs in EC tissues correlate 

with mutations in MMR genes 

 

Aberrant function of mismatch repair (MMR) genes 

increases somatic mutations in cells and is associated 

with tumorigenesis. We analyzed somatic mutation data 

of EC samples from the TCGA database to determine 

 

 

 
Figure 2. Association between ICGs and prognosis of EC patients from the TCGA dataset. (A) Univariate Cox regression analysis 

shows association between ICGs and prognosis of EC patients. (B) Spearman correlation analysis shows the relationship between various 
ICG pairs in EC tissues from the TCGA dataset. Note: Only ICG gene pairs with significant correlations are displayed; blank indicates 
insignificant correlation. 
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the relationship between the expression levels of ICGs 

and mutations in five MMR genes (MLH1, MSH2, 

MSH6, PMS2, and EPCAM). We identified MMR 

gene mutations in EC samples (Supplementary Table 

2). We observed positive correlation between 

mutations in MMR genes and expression levels of 

ICGs, especially IDO1, TNFSF9, LAG3, PDCD1, 

ICOS, and TIGIT (R2 >0.2; Figure 5). Among these, 

IDO1 and PDCD1 are closely related to immune 

regulation. 

 

Expression levels of ICGs in EC tissues correlate 

with levels of neoantigens 

 

Somatic mutations in protein-encoding genes of tumor 

cells causes synthesis of proteins with altered 

 

 
 

Figure 3. ICG expression in EC samples from the GSE77688 dataset. (A) Heat map shows expression levels of 47 ICGs in EC tissues 

from the GSE77688 data set. Red: high expression group; green: medium expression group; blue: low expression group. (B) Spearman 
correlation analysis shows relationship between various ICG pairs in EC tissues from the GSE77688 dataset. Note: Only ICG gene pairs with 
significant correlations are displayed; blank represents insignificant correlation. 

 

 
 

Figure 4. Association between prognostic ICGs and TMB in EC. Scatter plot shows relationship between expression levels of seven 

prognostic ICGs and TMB. R2, correlation coefficient; FDR, false detection rate. The abscissa represents log2 (Total TMB), and ordinate 
represents expression levels of seven prognostic ICGs in EC tissues from the TCGA dataset. 
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sequences. The peptides generated from mutated 

proteins are called neoantigens. These neoantigens are 

presented on the surface of tumor cells by the major 

histocompatibility class I complex (MHC I) and are 

recognized as foreign by T cells through the T-cell 

receptors. Hence, they trigger tumor-specific adaptive 

immune responses. We used the TCGA somatic 

mutation data to further analyze the relationship 

between neoantigens and expression levels of ICGs in 

EC tissues (Supplementary Table 3). We observed 

positive correlation between neoantigens and ICGs such 

as TNFRSF18, TNFRSF14, and BTLA (R2 >0, FDR 

<0.05; Figure 6). These results were consistent with 

previous results that showed positive correlation 

between TMB and expression of ICGs such as 

TNFRSF18, TNFRSF14, and BTLA. 

 

The expression of ICGs in EC tissues is associated 

with adaptive immune resistance pathway genes 

 

CD8+ T cells produce interferon-γ, which upregulates 

expression of adaptive immune resistance pathway 

genes such as PD-1/PD-L1 axis and IDO1. We 

analyzed the correlation between ICGs and adaptive 

immune resistance pathway genes such as CD8A, 

GZMB, CD68, and NOS2. We observed positive 

correlation between expression levels of adaptive 

immune resistance pathway genes (CD8A, CD244, 

TIGIT, and PDCD1) and expression levels of ICGs in 

EC tissues (Figure 7A). The correlations between these 

three adaptive immune resistance pathway genes 

(CD8A, TIGIT, and CD244) and expression levels of 

ICGs were statistically significant (p <1e-5; Figure 

7B). The details of the correlation analysis are shown 

in Supplementary Table 4. 

 

 The expression levels of prognostic ICGs are 

associated with clinicopathological characteristics of 

EC patients 

 

We then analyzed the relationship between prognostic 

ICGs and clinicopathological characteristics of EC 

patients using the clinical data from the TCGA 

database. We focused on expression levels of these

 

 
 

Figure 5. Association between ICGs and MMR gene mutations in EC. Spearman correlation analyses between expression of ICGs and 

MMR gene mutations in EC tissues. Larger dots indicate stronger correlations. Red indicates positive correlation and blue indicates negative 
correlation. The color intensity indicates strength of positive or negative correlations. 
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Figure 6. Relationship between ICGs and neoantigens in EC. Scatter diagram demonstrates correlation between expression levels of 

ICGs and neoantigens in EC tissues. R2 refers to the correlation coefficient; FDR indicates false detection rate. The abscissa represents log2 
(expression of neoantigens) and ordinate represents expression levels of different ICGs. 
 

 
 

Figure 7. Relationship between ICGs and adaptive immune resistance pathway genes in EC. (A) Heat map shows correlation 
coefficients of ICGs and adaptive immune resistance pathway genes. (B) P-values for the correlation coefficients show the significance of the 
association between ICGs and adaptive immune resistance pathway genes. The -log10 P-values are plotted along the x-axes. 
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seven prognostic ICGs in different tumor stages, 

tumor grades, and new events. The seven prognostic 

ICGs included 4 medium-expressing ICGs and 3 low-

expressing ICGs (Supplementary Figure 1). The 

expression levels of TNFRSF18, TNFRSF14, and 

CD40LG showed significant differences based on 

clinical characteristics such as tumor stages, tumor 

grades, and new events Figure 8A–8C (p < 0.05). 

 

 

 
Figure 8. Association between ICGs and clinicopathological variables in EC. (A–C) Box plot shows expression values (FPKM) of seven 

prognostic ICGs in various (A) tumor stages, (B) tumor grades, and (C) new events of EC patients. The abscissa represents ICGs and ordinate 
represents their gene expression values. 
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Identification of EC subtypes based on the 

expression of ICGs 

 

Our previous results showed that TNFRSF14 was 

significantly associated with prognosis of TCGA-EC 

samples, TMB, neoantigens, and clinicopathological 

characteristics of EC patients. TNFRSF14 also showed 

positive correlation with CD8A. This suggested that 

TNFRSF14 may regulate the expression of adaptive 

immune resistance pathway genes. Therefore, we 

analyzed the relationship between prognosis of EC 

patients and the combinatorial expression status of 

TNFRSF14, CD274, CTLA4, and IDO1. 

 

EC patients with high TNFRSF14 expression and low 

IDO1, CD274, and CTLA4 expression showed better 

prognosis, whereas, EC patients with low TNFRSF14, 

IDO1, CD274, and CTLA4 expression showed worse 

prognosis (Figure 9A–9C). Furthermore, we observed 

significant differences in the OS rates of EC patients 

belonging to these two groups (Figure 9D–9F). 

TNFRSF14 expression significantly correlates with 

prognosis and clinicopathological characteristics of 

EC patients 

 

TIMER database analysis showed that expression of 

TNFRSF14 was significantly downregulated in breast 

cancer, colon adenocarcinoma, lung squamous cell 

carcinoma, and EC tissues, and significantly upregulated 

in cholangiocarcinoma, kidney renal clear cell 

carcinoma, kidney renal papillary cell carcinoma, liver 

hepatocellular carcinoma, and prostate adenocarcinoma 

tissues compared to their corresponding normal tissues 

(Figure 10A). TNFRSF14 expression was significantly 

higher in early-stage EC patients compared to advanced-

stage EC patients. TNFRSF14 expression was 

significantly higher in EC tissues with wild-type 

TNFRSF14 compared to those with mutant TNFRSF14; 

moreover, TNFRSF14 expression was significantly 

lower in serous tissues compared to the endometrioid 

tissues (Figure 10B–10D). TNFRSF14 protein 

expression was also significantly lower in EC tissues 

 

 
 

Figure 9. Survival analysis of EC patients belonging to different ICG expression subgroups. (A) Kaplan-Meier survival curves 
show OS of EC patients belonging to high or low IDO1 and TNFRSF14 expression groups. (B) Kaplan-Meier survival curves show OS of EC 
patients belonging to high or low CD274 and TNFRSF14 expression groups. (C) Kaplan-Meier survival curves show OS of EC patients 
belonging to high or low CTLA4 and TNFRSF14 expression groups. (D) Kaplan-Meier survival curves show OS of EC patients belonging to 
IDO1low TNFRSF14high and IDO1low TNFRSF14low expression groups. (E) Kaplan-Meier survival curves show OS of EC patients belonging to 
CD274low TNFRSF14high and CD274low TNFRSF14low expression groups. (F) Kaplan-Meier survival curves show OS of EC patients belonging to 
CTLA4low TNFRSF14high and CTLA4low TNFRSF14low expression groups. The abscissa represents survival time, and the ordinate represents 
overall survival. 
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compared to normal endometrial tissues (Figure 10E–

10F). Kaplan-Meier survival curve analysis showed that 

overall survival of EC patients with low TNFRSF14 

expression was significantly shorter than those with 

high TNFRSF14 expression (Figure 10G). 
 

TNFRSF14 silencing promotes EC cell progression 

by enhancing EMT 

 

We then performed in vitro experiments to confirm 

results from the bioinformatics analysis. We first 

evaluated expression of TNFRSF14 in four EC cell 

lines, namely, HEC1B, RL-952, Hec-1B, and Ishikawa. 

Western blot analysis showed that TNFRSF14 protein 

levels were significantly higher in the RL-952 cell line 

compared to the other EC cell lines (Figure 11A). 

Therefore, we used RL-952 cell line for subsequent 

experiments. 

 

We investigated the biological function of TNFRSF14 

by using shRNAs targeting TNFRSF14. Western blot 

analysis showed that TNFRSF14 knockdown effect was 

significantly higher with shRNA#1 compared to 

shRNA#2 (Figure 11B). Therefore, we used shRNA #1  

 

 
 

Figure 10. Relationship between TNFRSF14 expression and prognosis of EC patients. (A) TNFRSF14 expression in pan-carcinoma 

tissues. (B) Relationship between TNFRSF14 expression and clinical stages of endometrial cancer. (C) Relationship between TNFRSF14 
expression and TP53 mutations in EC. (D) Relationship between TNFRSF14 expression and tissue subtypes of EC. (E) TNFRSF14 expression in 
endometrial cancer tissues. (F) TNFRSF14 expression in normal endometrial tissues. (G) Kaplan-Meier survival analysis shows the 
relationship between TNFRSF14 expression and prognosis of EC patients using the KM Plotter database. 
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for subsequent experiments. In vitro Transwell 

migration and invasion assays showed that TNFRSF14 

silencing increased migration and invasion capacity of 

EC cells (Figure 11C). Wound healing assay confirmed 

that TNFRSF14 silencing significantly increased 

migration ability of EC cells (Figure 11D). Moreover, 

5-ethynyl-2’-deoxyuridine (EdU) incorporation assay 

results showed that TNFRSF14 knockdown 

significantly increased proliferation of EC cells (Figure 

11E). Paclitaxel is currently used as a chemotherapeutic 

agent in EC treatment. Therefore, we studied the effects 

of TNFRSF14 knockdown on paclitaxel resistance of 

 

 
 

Figure 11. TNFRSF14 knockdown promotes EC progression by enhancing EMT. (A) Western blot analysis shows TNFRSF14 protein 
expression in EC cell lines (HEC1B, RL-952, Hec-1B, and Ishikawa). (B) Western blot analysis shows TNFRSF14 protein levels in control and 
TNFRSF14-shRNA#1- and TNFRSF14-shRNA#2-transfected RL-952 cells. (C–D) Transwell invasion assay and wound healing assay results show 
the invasiveness and migration ability of control and TNFRSF14-silenced RL-952 cells. (E) EdU incorporation assay results show the 
proliferation rates of control and TNFRSF14-silenced RL-952 cells. (F) Flow cytometry analysis shows the percentage apoptosis of 5-
fluorouracil-treated control and TNFRSF14 knockdown RL-952 cells. (G) Western blot analysis shows expression levels of EMT-associated 
marker proteins, Vimentin and Snail, in control and TNFRSF14-silenced RL-952 cells. 
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EC cells. Knockdown of TNFRSF14 decreased 

apoptosis rate of paclitaxel-treated EC cells (Figure 

11F). This suggested that TNFRSF14 downregulation 

increased chemoresistance of EC cells to 5-fluorouracil. 

 

We then investigated underlying mechanisms by which 

TNFRSF14 regulates EC progression. Epithelial-

mesenchymal transition (EMT) is a key event 

associated with cancer progression and metastasis. 

Western blot analysis showed that EMT-associated 

markers such as Vimentin and Snail were upregulated in 

TNFRSF14-silenced EC cells (Figure 11G). This 

suggested that TNFRSF14 promoted EC cell 

progression by enhancing EMT. 

 

DISCUSSION 
 

EC is a common malignancy in women, with increasing 

incidence rates in the last few decades. Comprehensive 

treatment strategies including surgery have significantly 

improved prognosis of patients with early-stage EC 

[20]. However, prognosis of patients with advanced-

stage EC and high-risk factors remains poor because of 

increased metastasis and recurrence despite availability 

of several treatment options such as chemotherapy, 

radiotherapy, and hormone therapy [21]. In recent years, 

clinical trials with drugs targeting immune checkpoint 

proteins such as PD-1 and PD-L1 have shown greater 

efficacy and tolerance in EC patients [22, 23]. However, 

studies have also shown that many cancer patients do 

not benefit from immunotherapy. Many studies have 

shown that expression levels of PD-1 and PD-L1 alone 

cannot accurately identify patients that may benefit 

from immunotherapy [24]. Therefore, comprehensive 

analysis of immune checkpoint proteins in EC tissues is 

required to identify more accurate predictive markers of 

immunotherapeutic response. 

 

Immune checkpoint proteins are membrane proteins that 

play a key role in immune homeostasis by regulating 

activation of immune cells [25]. Effector T cells 

modulate expression of several immunosuppressive 

proteins to prevent hyper-activation because it can 

cause autoimmunity and other immune-related disorders 

[26]. Drugs targeting immune checkpoint proteins have 

demonstrated significantly higher response in clinical 

trials of several cancers [25–27]. 

 

In this study, we comprehensively analyzed expression of 

47 ICGs in EC patient tissues from the TCGA and GEO 

databases. Based on the results, we classified ICGs into 

high, medium, and low expression groups. We identified 

seven ICGs, namely, VTCN1, TNFRSF18, TNFRSF14, 

TNFRSF4, CD40LG, TMIGD2, and BTLA, which 

showed association with prognosis of EC patients. We 

also observed synergistic relationship between the ICGs. 

Immunotherapy is emerging as an effective therapeutic 

option for several cancers. Hence, several studies have 

focused in identifying predictive biomarkers to 

distinguish patients who would benefit from immuno-

therapy from those that may not respond to 

immunotherapy. Tumor immunogenicity factors such as 

DNA damage repair [28], MSI [29], TMB [16], neo-

antigens [30], and human leukocyte antigen-presented 

tumor neo-antigens [31] have emerged as predictive 

biomarkers for immunotherapy. Moreover, tumor 

immune microenvironment is another important 

biomarker for immunotherapy. Therefore, we explored 

the relationship between immune checkpoint proteins 

and existing immunotherapeutic biomarkers to 

understand the role of ICGs in EC pathology and 

immunotherapy. 

 

In this study, we first analyzed the relationship between 

47 ICGs and TMB. The results showed positive 

correlation between TMB and seven prognostic ICGs. 

Further analysis showed positive correlation between 

MMR gene mutations and prognostic ICGs. 

Furthermore, we observed positive correlation between 

expression levels of TNFRSF18, TNFRSF14, and BTLA 

in EC patient tissues, TMB and neo-antigens. We also 

observed positive correlation between expression levels 

of adaptive immunity pathway genes (CD8A, CD68, 

GZMB, and NOS2) and most prognostic ICGs. These 

results demonstrate for the first time relationship 

between ICGs and immunotherapy biomarkers in EC 

tissues. 

 

We then investigated the relationship between 

prognostic ICGs and clinical characteristics of EC 

patients. In general, prognostic ICGs were down-

regulated in advanced-stage EC tissues compared to 

early-stage EC tissues. Prognostic ICGs such as PD-1, 
PD-L1, and IDO1 did not individually show significant 

association with OS. However, integrated analysis of 

multiple ICGs showed their association with prognosis. 

We also included TNFRSF14 in the combination 

because of its correlation with prognosis and multiple 

biomarkers. EC patients belonging to the PD-L1low 

IDO1low CTLA4 low TNFRSF14high expression group 

showed the best prognosis, whereas, patients in the PD-
L1low IDO1low CTLA4low TNFRSF14low expression 

group showed the worst prognosis. These results 

confirmed that the combination of PD-l1, IDO1, 

CTLA4, and TNFRSF14 was a predictive biomarker 

signature to predict prognosis of EC patients. 

 

Further analysis showed that TNFRSF14 expression was 

significantly associated with tumor stage, mutant types, 
and histological types of EC. Therefore, TNFRSF14 is a 

potential prognostic biomarker for endometrial cancer 

subtypes. In vitro experiments confirmed that 
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TNFRSF14 silencing in EC cells increased their 

proliferation, migration, invasiveness, and chemo-

resistance to 5-fluorouracil. 

 

There are several limitations in our study. Firstly, this 

study was mainly based on analysis of public databases. 

It lacked clinical information regarding risk factors such 

as delayed menopause, early menarche, and chronic 

inflammation. Hence, the effects of these factors on the 

tumor immune microenvironment, expression of ICGs, 

and immunotherapeutic response could not be analyzed. 

Secondly, EC samples analyzed in this study were  

all from retrospective studies. Therefore, results of  

our study need to be confirmed by future prospective 

studies. 

 

In summary, our study demonstrated significant 

association between prognostic ICGs, clinico-

pathological characteristics, and immunotherapeutic 

response factors in EC patients. Our results demonstrate 

that prognostic ICGs are potential predictive biomarkers 

to identify EC patients that may respond favorably to 

immunotherapy. 

 

MATERIALS AND METHODS 
 

Data download and preprocessing 

 

Supplementary Table 1 shows RNA-seq data of 47 

immune checkpoint genes in EC patient tissues (n = 

543) from the TCGA database. The latest clinical 

follow-up information for the 543 EC patients 

(Supplementary Table 2) was downloaded on 2019.7.23 

using the TCGA Genomic Data Commons application 

programming interface. The GSE77688 expression data 

(Supplementary Table 3) was downloaded from 

National Center for Biotechnology Information (NCBI). 

The TCGA RNA-seq data was pre-processed and (1) 

samples without clinical information or overall survival 

(OS) <30 days; (2) normal tissue samples; and (3) genes 

with 0 fragments per kilobase million (FPKM) in more 

than half of the samples were removed. After pre-

processing, we included 521 EC samples from the 

TCGA dataset for further analysis. The GSE77688 data 

was pre-processed by removing normal tissue sample 

data. Moreover, Gene Expression Omnibus (GEO) 

platform information was used to map the chip probes 

to the human gene symbols. 

 

Analysis of the relationship between ICGs and 

prognosis of EC patients 

 

We classified EC patients in the TCGA cohort into 

different groups based on expression levels of various 

ICGs. Then, we performed univariate Cox regression 

analysis to identify prognostic ICGs. Log rank test (p < 

0.05) was used to compare differences in overall 

survival rates of EC patients with low and high 

expression levels of different ICGs. We also analyzed 

expression levels of ICGs in the GEO-EC dataset and 

identified prognostic ICGs using the same method. 

 

Analysis of the relationship between ICGs, TMB, 

and neoantigens  

 

Spearman's Rank correlation method was used to 

evaluate the relationship between TMB and various 

ICGs. We also evaluated somatic mutation data from 

the TCGA database to determine the relationship 

between expression levels of neoantigens and ICGs in 

EC. 

 

Analysis of the relationship between prognosis and 

ICG-defined subtypes 

 

We identified high expression (H) and low expression 

(L) groups according to the horizontal density 

distribution of the ICGs. Then, we classified ICGs into 

the high and low expression groups based on the 

deviation from the first main distribution interval 

(density peak) as the threshold. The H and L groups of 

IDO1, CD274, CTLA4, and CD8A were then integrated. 

Subsequently, patient samples were classified into four 

groups based on the three-gene classification and 

compared their survival rates. 

 

TNFRSF14 silencing by lentiviral-delivered RNA 

interference 

 

Construction of hairpin-pLKO.1 vector (carrying a 

puromycin antibiotic resistance gene) containing short 

hairpin RNA (shRNA) sequences and production of 

shRNA viruses. The shRNAs targeting the TNFRSF14 

coding sequences are as follows:  shRNA #1 

CCCTGTGACGATAAGAACGAT; and shRNA#2: 

GCACTCAGTAGCTTATCAAGCT. The control 

shRNA coding sequences are as follows: RFP, 59- 

CTACAAGACCGACATCAAGCT-39 and LacZ, 59-

CCGTCA- TAGCGATAACGAGTT-39. for Lentiviral 

infections, adherent cells were treated with 0.5 mL of 

the virus followed by overnight incubation (37uC, 5% 

CO2) without removing the virus. The next day, viral 

medium was replaced with fresh medium containing 

puromycin (1 mg/mL) to select a population of resistant 

cells. 

 

Flow cytometry 

 

The EC cells were trypsinized, washed with phosphate-
buffered saline (PBS), and stained with the Annexin V-

FITC Apoptosis Detection Kit (Beyotime, Shanghai, 

China) according to manufacturer’s instructions. The 
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cells were dual-stained with propidium iodide and 

Annexin V-FITC in the dark for 30 mins. The stained 

cells were analyzed using the BDTM LSRІІ flow 

cytometer (BD Biosciences, San Jose, CA, USA). The 

percentage of apoptotic cells were analyzed using the 

Cell Quest software (BD Biosciences, San Jose, CA, 

USA). 

 

Wound healing and transwell assays 

 

For the wound healing assay, EC cells were seeded in 

six-well plates. When the cultures reached 95% 

confluence, the cell monolayer was gently scratched 

with a sterile 200-μm plastic pipette tip, and the wound 

was photographed at 0 h. The plates were incubated 

for a further 24 h and the wound was photographed 

again. 

 

For the Transwell migration and invasion assays, 4 × 

104 cells in DMEM medium without serum were seeded 

in the upper chamber of Transwell with membranes 

coated without/with Matrigel (BD Biosciences, San 

Jose, CA, USA). We added 600 μL of DMEM medium 

with 10% fetal bovine serum into the lower chamber. 

The Transwell chambers were incubated for 24 h. Then, 

after removing the cells in the upper chamber, the cells 

on the the underside of the membrane or in the matrigel 

were fixed for 30 mins, stained with 0.1% crystal violet, 

and counted under a light microscope. 

 

Western blotting 

 

The EC cells were washed twice with cold phosphate-

buffered saline and total proteins were extracted by 

incubation in NP-40 lysis buffer for 30 min at 4°C. The 

protein concentration was measured using bicinchoninic 

acid (BCA) assay kit (Thermo). Equal amounts of 

protein lysates were separated by electrophoresis in a 

premade 8–12% sodium dodecyl sulfate-polyacrylamide 

mini gel (SDS-PAGE) and the separated proteins were 

transferred onto a polyvinylidene difluoride (PVDF) 

membrane. The membranes were blocked with 5% 

skimmed milk and then incubated with primary 

antibodies overnight at 4oC. We then incubated 

membranes with HRP-conjugated secondary antibodies 

at room temperature for 1 h. Then, the blots were 

developed using ECL chemiluminescence kit. The 

protein bands were imaged and quantified. 

 

Statistical analysis 

 

Shapiro-Wilk normality test was used to determine 

normality of the variables. The normally distributed 
variables between groups were analyzed using unpaired 

Student’s t-test, and the non-normally distributed 

variables were analyzed using Mann-Whitney U test. 

The data for multiple groups was compared using 

Kruskal-Wallis test and one-way ANOVA for non-

parametric and parametric methods, respectively. 

Spearman correlation analysis was performed to 

determine the association between ICGs and other 

clinical variables. Two-sided Fisher’s exact test was 

used to analyze the contingency table. Benjamini-

Hochberg method was used to convert P-values into 

false discovery rate (FDR). Kaplan-Meier survival 

curves and log rank test were used to compare OS rates 

of different EC patient subgroups. P < 0.05 was 

considered statistically significant. All statistical 

analyses were performed using the R software version 

3.4.3 with default parameters, unless otherwise 

specified. 
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SUPPLEMENTARY MATERIALS 
 

Supplementary Figure 
 

 
 

Supplementary Figure 1. Heat map of 7 ICGs divided into medium expression level group and low expression group. 

 

 

Supplementary Tables 
 

Please browse Full Text version to see the data of Supplementary Tables 1 to 3. 

 

Supplementary Table 1. Correlation between TMB and ICG expression in EC samples. 

 

Supplementary Table 2. The MMR gene mutations in EC samples. 

 

Supplementary Table 3. The relationship between neoantigens and expression levels of ICGs in EC tissues. 

 

Supplementary Table 4. The relationship between adaptive immune resistance pathway genes and ICGs in EC 
tissues. 

 CD8A_cor CD68_cor GZMB_cor NOS2_cor CD8A_corP CD68_corP GZMB_corP NOS2_corP 

TNFRSF18 0.024508195 0.092705761 0.049385124 0.036973425 0.576741858 0.034385362 0.260497685 0.399678767 

TNFRSF4 0.431698527 0.412209402 0.380313547 0.069620288 4.59E-25 8.65E-23 2.25E-19 0.112462352 

TNFRSF14 0.477396407 0.28266388 0.277174491 0.254448726 5.16E-31 5.00E-11 1.21E-10 3.83E-09 

TNFRSF25 0.058416885 0.004305586 0.012506425 0.005350553 0.183082207 0.921899548 0.77580508 0.903028765 
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TNFRSF9 0.715021879 0.252897023 0.376841563 0.148380255 1.01E-82 4.80E-09 5.03E-19 0.000679965 

TNFRSF8 0.209466295 0.170492682 0.219337331 0.004574085 1.41E-06 9.20E-05 4.28E-07 0.917046182 

VTCN1 –0.102147737 0.000384812 –0.102757137 –0.032320474 0.019697105 0.993008712 0.018973313 0.461640069 

CD160 0.062842968 –0.005019849 0.00867619 0.041455219 0.152032762 0.908995461 0.843384817 0.344982538 

CD48 0.756262111 0.606017374 0.563062773 0.100379093 1.10E-97 1.51E-53 6.57E-45 0.021935527 

CD244 0.854266361 0.4428357 0.537919957 0.282371149 1.40E-149 1.97E-26 2.06E-40 5.25E-11 

TNFSF18 0.098955769 0.036571254 0.054753608 0.132550314 0.023894037 0.404828884 0.212137773 0.002432312 

TNFSF4 0.071861062 0.059676481 0.042230498 0.002304044 0.101330296 0.173804084 0.336028 0.958158558 

CD28 0.524601285 0.250444121 0.277200437 0.046694165 3.53E-38 6.82E-09 1.21E-10 0.287403669 

CTLA4 0.547898643 0.302546207 0.479223484 0.104228422 3.76E-42 1.72E-12 2.86E-31 0.017320686 

ICOS 0.775104678 0.307636796 0.413363095 0.184488464 1.47E-105 6.98E-13 6.41E-23 2.26E-05 

PDCD1 0.861997544 0.524208583 0.685019708 0.199897632 2.94E-155 4.09E-38 2.07E-73 4.26E-06 

HHLA2 –0.011471527 –0.010853193 –0.045943781 0.046134656 0.793921195 0.804799112 0.295228617 0.293224818 

CD200 0.066168249 –0.075420432 –0.064593542 –0.028908832 0.131466481 0.085465408 0.140920542 0.510275298 

BTLA 0.530456486 0.250357202 0.327785489 0.134816962 3.79E-39 6.90E-09 1.63E-14 0.002042694 

CD200R1 0.596510714 0.147858117 0.23365301 0.120666348 1.60E-51 0.000710633 6.84E-08 0.005820458 

TIGIT 0.912122396 0.487411317 0.588115976 0.265559242 3.75E-203 1.93E-32 8.63E-50 7.37E-10 

CD80 0.420846473 0.279833315 0.214913803 0.02667123 8.85E-24 7.91E-11 7.36E-07 0.54356692 

CD86 0.621854364 0.478325584 0.439589343 0.048657956 4.46E-57 3.82E-31 4.99E-26 0.267590855 

HAVCR2 0.837876527 0.568336964 0.585946326 0.159557516 1.46E-138 6.67E-46 2.38E-49 0.00025551 

IDO1 0.401433964 0.10267899 0.197063979 0.417707913 1.36E-21 0.019064813 5.85E-06 2.04E-23 

IDO2 0.031888295 0.000308607 0.015747821 –0.013826013 0.467654675 0.994393176 0.719887175 0.752881871 

CD274 0.538039915 0.257186538 0.311429187 0.339618569 1.97E-40 2.57E-09 3.51E-13 1.57E-15 

TNFSF15 0.066137578 –0.037809495 –0.033604282 0.10797318 0.131645816 0.389098777 0.444029901 0.013669747 

NRP1 0.091210188 0.009409516 –0.024042618 –0.037718406 0.037410972 0.830340347 0.584005056 0.390243141 

CD44 0.105868843 0.138785654 0.069620283 0.050457972 0.015627773 0.001495199 0.112462379 0.250271259 

CD27 0.759005964 0.649177197 0.669807531 0.111594942 8.73E-99 1.15E-63 4.16E-69 0.010801674 

LAG3 0.841066245 0.698516245 0.726408154 0.188674205 1.32E-140 1.87E-77 1.41E-86 1.46E-05 

CD276 –0.139356511 –0.107366503 –0.116958595 0.00891636 0.001428625 0.014210775 0.007531199 0.839107757 

LGALS9 0.227468476 0.105572178 0.11531322 0.168648756 1.53E-07 0.015922725 0.008425017 0.000109744 

TMIGD2 0.365543851 0.181129218 0.224595226 0.082785597 6.47E-18 3.20E-05 2.21E-07 0.058982987 

TNFSF9 0.292541259 0.179501018 0.24503206 0.205611834 9.70E-12 3.77E-05 1.46E-08 2.22E-06 

CD70 0.484833006 0.28758628 0.386339774 0.101225577 4.54E-32 2.23E-11 5.43E-20 0.020838067 

TNFSF14 0.108659044 –0.034457418 0.002660625 0.028741907 0.01308002 0.432542008 0.951690417 0.512721633 

LAIR1 0.603226219 0.474489502 0.489124671 0.040113275 6.03E-53 1.31E-30 1.09E-32 0.360837096 

KIR3DL1 0.059540573 0.023940614 0.063261107 0.025357677 0.174787987 0.585602014 0.149319881 0.563600115 

CD40 0.333467892 0.273046228 0.234830173 0.194138373 5.36E-15 2.32E-10 5.85E-08 8.08E-06 

ICOSLG 0.020172574 0.068887923 0.023330296 0.005648767 0.645955303 0.116302215 0.595199008 0.897652934 

ADORA2A 0.177341149 0.082878158 0.132915209 0.021886256 4.69E-05 0.05869931 0.002365327 0.618186 

CD40LG 0.386902313 0.086009635 0.140727986 0.053342867 4.75E-20 0.049747555 0.001279666 0.224169868 

 

 


