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Abstract. For advanced, refractory endometrial cancer (EC), 
it is advisable to find effective immunotherapeutic targets. 
In the present study, genes affecting the immune status of 
uterine corpus endometrial carcinoma (UCEC) samples 
within The Cancer Genome Atlas were explored by weighted 
correlation network analysis and differential gene expres‑
sion analysis. The protein function and immune correlation 
of 14 key genes, including ζ‑chain‑associated protein kinase 
70 (ZAP70), were analyzed. Based on the expression levels 
of key genes, the patients with UCEC were divided into two 
groups using consensus clustering, low expression (group 1) 
and high expression (group 2). Next, the functions of differen‑
tially expressed genes (DEGs) between the two groups were 
identified using Gene Ontology enrichment analysis, Kyoto 
Encyclopedia of Genes and Genomes analysis and Gene Set 
Enrichment Analysis. The immune status of the patients in 
the two groups was evaluated using immune infiltration score 
and the expression levels of targets of immune checkpoint 
inhibitors. The role of ZAP70 in the prognosis of patients with 
UCEC and the differences in ZAP70 expression between EC 
tissues and healthy intimal tissues were determined by reverse 
transcription‑quantitative PCR and immunohistochemistry. 
The present study found strong correlations between key genes, 
including ZAP70, LCK, FOXP3, TIGIT, CTLA4, ICOS, CD5, 
IL2RG, PDCD1, TNFRSF4, CD27, CCR7, GZMB, CXCL9. 
From the enrichment analyses, it was found that the functions 
of these DEGs were related to T cells. Patients in group 2 
had stronger immune infiltration and higher immune check‑
points expression compared with those in group 1. ZAP70 
was expressed at higher levels in EC tissues compared with 
in normal tissues, and may act as a protective factor in EC. 
In conclusion, ZAP70 interaction with 13 mRNAs may affect 

the immune status of patients with EC and may be a potential 
target for immunotherapy.

Introduction

Endometrial cancer (EC) is the sixth most frequent cancer 
type in women, and its incidence and mortality rates have 
increased in recent years (1). From 1987 to 2014, the cases of 
EC increased by 75% globally and the mortalities associated 
with EC increased by 300% (2,3). For patients without distant 
metastasis, surgery is usually followed by post‑operative 
adjuvant therapy (4). Hormone therapy may be used to protect 
patients with well‑differentiated EC who wish to reproduce (4). 
At present, there are few effective anticancer drugs for EC; 
thus, it is urgent to develop novel molecular targeted drugs for 
EC (5).

Cancer treatment has markedly changed in the past 
decade with the development of tumor immunotherapy (6). 
EC responds well to immunotherapy compared with other 
solid tumors owing to its unique immune properties, such 
as a high tumor mutation load (7). In The Cancer Genome 
Atlas (TCGA), EC is divided into four molecular subtypes: 
i) DNA Polymerase ε (POLE) mutation, ii) microsatellite 
instability‑high/mismatch repair deficient (MSI‑H/dMMR), 
iii) high copy number and iv) low copy number. POLE muta‑
tion is associated with high‑grade histology, but prognosis for 
this type of EC is good (8). As this type of EC has a strong 
immune response, it is the most suitable type for immuno‑
therapy (9). Programmed death‑ligand 1 (PD‑L1) is expressed 
in 92% of EC cases; it is indicative of advanced stage and poor 
tumor differentiation. Patients with chemotherapy‑resistant, 
metastatic EC have high response rates to programmed death‑1 
(PD‑1) and PD‑L1 inhibitors (10). The upregulated expres‑
sion of CTLA‑4, LAG‑3 and IDO in POLE tumors suggests 
potential in immunotherapy of POLE tumors (11). Recently, 
additional immune checkpoints have been identified such as 
TIGIT and CD73, which will help to investigate the mecha‑
nism and efficacy of immune checkpoint inhibitors (ICIs) in 
EC treatment (12,13).

ζ‑Chain‑associated protein kinase 70 (ZAP70) is a 
tyrosine kinase that binds to the T‑cell receptor (TCR) 
complex, and acts on the TCR‑mediated signaling pathway 
in thymocytes and peripheral T cells (14). In vivo, ITAM is 
dephosphorylated and ZAP70 is in a resting state when the 
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major histocompatibility complex‑binding antigenic peptide 
fragment (pMHC) of the pathogen or tumor is not recog‑
nized by the TCR. When pMHC on a tumor or pathogen 
is recognized by the TCR, tyrosine‑protein kinase LCK on 
CD4 binds to ITAM, phosphorylating ITAM, and ZAP70 
is activated when it binds to phosphorylated ITAM (15). 
Previous studies on ZAP70 have been restricted primarily to 
chronic lymphocytic leukemia (CLL), with limited detailed 
research on solid tumors (16,17). For example, high expres‑
sion of ZAP70 in CLL is related to non‑mutated IgVH, 
malignant progression of the disease and poor total survival 
rate (18). Since the majority of ZAP70 is found in αβ and γδ 
T cells, natural killer (NK) cells and a few immature B cells, 
the systemic side effects of treatment targeting ZAP70 are 
manageable (19).

In the present study, transcriptome and clinical data from 
patients with EC were downloaded from TCGA. According 
to the results of weighted gene co‑expression network 
analysis (WGCNA) analysis, 14 key genes, including ZAP70, 
were identified. The patients were divided into two groups 
according to the expression levels of key genes (high vs. low), 
and the DEGs expressed in the two groups were identified. The 
differences in gene function, immune cell infiltration and ICI 
expression, as well as the prognosis of patients, between the 
two groups were analyzed by bioinformatics.

Materials and methods

Data sources and pre‑processing. The normalized RNA 
expression data and clinical characteristics (including age, 
status, FIGO stage and survival time) of 587 patients with 
EC were downloaded from TCGA (portal.gdc.cancer.gov) 
database (TCGA‑UCEC) with the help of TCGAbiolinks R 
package (2.18.0), which included 552 tumor and 35 normal 
samples (20). Transcriptome data were transformed by 
log2(FPMK+1) (Fragments Per Kilobase of exon per Million 
fragments mapped) (21). 

DEGs between EC and normal samples. DEGs were obtained 
by comparing htseq‑counts data between tumor specimens 
and normal specimens using the R package DESeq2 (22). The 
threshold of screening DEGs was set as |log2(foldchange)|>1 
and P<0.05.

Immune‑related key modules and hub genes screened by 
WGCNA. Immune‑related key modules and hub genes were 
screened using WGCNA (23). First, a soft threshold was 
determined and the coexpression similarity was raised to this 
threshold to calculate the adjacency. The soft threshold was 
calculated by the criterion of approximate scale‑free topology. 
Second, the network structure was adjusted into topological 
overlap matrix after the adjacency association was determined, 
and genes with similar expression characteristics were clus‑
tered hierarchically. Third, the dynamic tree cutting algorithm 
was used to divide the modules, so that each module had ≥20 
genes and the similar modules were fused (24). Finally, after 
constructing the network, immune‑related modules and genes 
were obtained by adjusting the criteria of mode‑trait correla‑
tion, gene significance (Pearson's correlation coefficient 
between genes and traits) and module membership (Pearson's 

correlation coefficient between genes and module feature 
genes). As a result, an immune‑related key module and hub 
genes were identified.

Functional enrichment analysis. Biological function analyses 
included Gene Ontology (GO) (geneontology.org/), Kyoto 
Encyclopedia of Genes and Genomes (KEGG) (genome.
jp/kegg/) and Gene Set Enrichment Analysis (GSEA) (25). 
KEGG analyzed the cells metabolic pathways and functional 
pathways of gene enrichment. The top 20 pathways with the 
lowest P‑value were identified and arranged according to 
their P‑value (from smallest to largest) to focus on the most 
statistically significant pathways. GSEA was used to calculate 
the enrichment of known signaling pathways in specific rank‑
ings (26). 

Correlation analysis. The Search Tool for the Retrieval of 
Interacting Genes/Proteins database was used to construct 
protein‑protein interaction (PPI) networks (27); the confi‑
dence score was set to 0.700. Univariate Cox risk analysis 
was performed on survival status and survival time using 
the ‘survival’ package, and key genes affecting the survival 
status of patients with uterine corpus EC (UCEC) were identi‑
fied (28). Spearman's correlations between gene and gene, 
between genes and ESTIMATEScore, and between genes and 
the single sample Gene Set Enrichment Analysis (ssGSEA) 
were calculated using the R package corrplot (0.84) (github.
com/taiyun/corrplot). ESTIMATEScore is used to predict 
tumor purity and the presence of infiltrating stromal cells and 
immune cells in tumor tissue. This analysis estimates the ratio 
of stromal cells and immune cells in malignant tumor tissue 
based on gene expression data.

Consensus clustering. Patients with UCEC were divided into 
two groups using the R package ConsensusClusterPlus (1.54.0), 
and DEGs were obtained using the R package limma (29,30). 
The patients with UCEC were divided into two groups by 
consensus clustering based on transcriptome data of key genes 
in TCGA‑UCEC samples, aiming to cluster the samples with 
similar expression levels of the key genes into one group.

Evaluation of the immune microenvironment. The R package, 
Estimation (1.0.13), was used to calculate and compare the 
StromalScore (stromal content), ImmuneScore (degree of 
immune cell infiltration), ESTIMATEScore (synthetic marks 
for stroma and immune) and TumorPurity (proportion of 
cancer cells in the admixture) of patients with UCEC (31). The 
proportion of 22 (B cells naive, B cells memory, Plasma cells, 
T cells CD8, T cells CD4 naive, T cells CD4 memory resting, 
T cells CD4 memory activated, T cells follicular helper, T cells 
regulatory (Tregs), T cells gamma delta, NK cells resting, NK 
cells activated, Monocytes, Macrophages M0, Macrophages 
M1, Macrophages M2, Dendritic cells resting, Dendritic 
cells activated, Mast cells resting, Mast cells activated, 
Eosinophils, Neutrophils) and 28 (Activated B cell, Activated 
CD4 T cell, Activated CD8 T cell, Activated dendritic cell, 
CD56bright natural killer cell, CD56dim natural killer cell, 
Central memory CD4 T cell, Central memory CD8 T cell, 
Effector memory CD4 T cell, Effector memory CD8 T cell, 
Eosinophil, Gamma delta T cell, Immature B cell, Immature 
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dendritic cell, Macrophage, Mast cell, MDSC, Memory B cell, 
Monocyte, Natural killer cell, Natural killer T cell, Neutrophil, 
Plasmacytoid dendritic cell, Regulatory T cell, T follicular 
helper cell, Type 1 T helper cell, Type 17 T helper cell, Type 2 
T helper cell) immune cell types in each UCEC samples were 
analyzed using the R package Cibersort (v1.03) and Gene Set 
Variation Analysis (GSVA), respectively (32,33).

Verification of key gene expression. To verify the expression of 
14 key genes in EC and normal endometrial tissue, the present 
study attempted to integrate the normal endometrial samples 
from the Genotype‑Tissue Expression (GTEx) (http://common‑
fund.nih.gov/GTEx/) Project with EC samples from TCGA 
database. A total of 101 normal endometrial samples and 181 
EC samples were obtained. The aforementioned 14 key genes 
were searched on PubMed (pubmed.ncbi.nlm.nih.gov/) and the 
Web of Science (https://www.webofscience.com/wos/) to look 
for genes that have not been reported in EC or endometrium 
for further study.

Patients. Tissue samples were collected from patients who 
visited the Department of Obstetrics and Gynecology of 
General Hospital of Northern Theater Command (Shenyang, 
China) between January 2019 and December 2021. Tumoral 
tissue from 19 patients with EC and normal endometrial tissue 
from 11 patients with non‑endometrial disease and non‑cancer 
were collected and used to detect the mRNA expression 
levels of ZAP70 by reverse transcription‑quantitative PCR 
(RT‑qPCR). A comparison of age and BMI between patients 
with EC and patients with non‑endometrial disease and 
non‑cancer is presented in Table Ⅰ. Paired EC and normal 
endometrial tissues from 10 patients with EC were used for 
immunohistochemical detection of ZAP70 protein expression. 
The clinicopathological characteristics of all patients with EC 
were shown in Table Ⅱ.

RT‑qPCR. Tissue RNA from 19 patients with EC and 11 patients 
with non‑endometrial disease and non‑cancer was extracted 
from ground tissues using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). RNA was reverse transcribed 
into cDNA using the PrimeScript™ RT Reagent Kit with 
gDNA Eraser (cat. no. RR047A; Takara Bio, Inc.) according 
to the manufacturer's protocol. cDNA was added to a 20‑µl 
system containing SYBR Premix Ex Taq (cat. no. RR820A; 
Takara Bio, Inc.). qPCR was performed using QuantStudio™ 
1 Real‑Time PCR System (cat. no. A40425; Thermo Scientific, 
Inc.), and the thermocycling conditions were set as: 1 cycle of 
pre‑denaturation (95˚C for 30 sec), 40 cycles of PCR reaction 
(95˚C 5 sec, 60˚C 34 sec), and 1 cycle of solubilization curve 
analysis (95˚C 15 sec, 60˚C 60 sec, 95˚C 15 sec). ZAP70 and 
GAPDH primer sequences are provided in Table III. The 
relative expression was expressed by 2‑∆∆Cq, and the data were 
normalized to GAPDH (34). All experiments were repeated 
three times.

Immunohistochemistry and immunofluorescence. Fresh 
tissues were fixed at 4˚C with 4% paraformaldehyde for 24 h 
and embedded in paraffin blocks. The 2‑step plus Poly‑HRP 
Anti Rabbit/Mouse IgG Detection System immunohistochem‑
istry kit (cat. no. E‑IR‑R211; Elabscience Biotechnology, Inc.) 

was used to analyze tissue sections (4 µm). The experiment 
was conducted according to the kit instructions. The slides 
were incubated overnight at 4˚C with rabbit anti‑ZAP70 
polyclonal antibody (1:200; E‑AB‑19063; Elabscience 
Biotechnology, Inc.). Five visual fields were randomly selected 
for each section under a 400x microscope for scoring, and the 
criteria were as follows: 1. According to staining intensity, the 
sections were divided into non‑staining, light yellow, brown 

Table I. General characteristics of patients with endometrial 
cancer and healthy control patients.

 Age, years BMI, kg/m2

Patient (mean ± SD) (mean ± SD)

Endometrial cancer 50.68±7.543 22.96±3.275
Healthy control 53.18±5.930 23.45±2.826
P‑value 0.3550 0.6833

Table II. Clinicopathological characteristics of patients with 
endometrial cancer.

Clinicopathological
characteristic Patients (n=19) Percentage

Age, years    
  <50 7 36.80
  ≥50 12 63.20
BMI, kg/m2    
  <25 14 73.70
  ≥25 5 26.30
History of estrogen use    
  Yes 2 10.50
  None 17 89.50
FIGO stage    
  Ⅰ and Ⅱ 12 63.20
  Ⅲ and Ⅳ 7 36.80
Survival status    
  Alive 18 94.70
  Deceased 1 5.30

Table III. Primer sequences used for reverse transcription‑ 
quantitative PCR.

Gene Primer sequence (5' to 3')

ZAP70  F: CAAGTTTGACACGCTCTGGC
 R: GTAGGGGCTCTCATACACGC
GAPDH  F: CGGATTTGGTCGTATTGGG
 R: CTGGAAGATGGTGATGGGATT

ZAP70, ζ‑chain‑associated protein kinase 70.
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and brown, which were recorded as 0, 1, 2 and 3 points in 
turn; 2. According to the percentage of colored cells in the 
field of vision, the positive cell rate was <10% : 1 point, 
10‑50% : 2 points, and >50% was rated as 3 points. The 
product of the two scores gives the final score. HEC‑1‑A 
(cat. no CL‑0099; Procell Life Science & Technology Co., 
Ltd.) and Ishikawa (cat. no. CL‑0283; Procell Life Science 
& Technology Co., Ltd.) cells were cultured in RPMI 1640 
(cat. no SH30255.01; HyClone Biotechnology, Inc.) with 
10% fetal bovine serum (FBS) (cat. no 164210; Procell Life 
Science & Technology Co., Ltd.). Cells were cultured under 
sterile conditions at 37˚C and 5% CO2. Cells were fixed on 
coverslips, washed, permeabilized, sealed, and incubated with 
rabbit anti‑ZAP70 polyclonal antibody (1:200; E‑AB‑19063; 
Elabscience Biotechnology, Inc.). Immunofluorescence 
Staining Kit‑Anti‑Rabbit Alexa Fluor 647 (cat. no. P0180; 
Beyotime Institute of Biotechnology) was used for testing the 
following day according to the manufacturer's protocol. Slides 
were examined and images captured under a fluorescence 
microscope (cat. no. 703548; Nikon Corporation).

Statistical analysis. Data were analyzed with R software (4.0.2) 
(https://www.r‑project.org/), and GraphPad Prism version 8.0 
(Dotmatics) was used to evaluate statistical difference. All 
hypothesis tests were two‑sided, and P<0.05 was considered 
to indicate a statistically significant difference. Kaplan‑Meier 
analysis was calculated using the R package ‘glmnet’ and 
compared by log‑rank analysis. Wilcoxon rank‑sum test was 
used to compare unpaired samples, whereas paired samples 
of immunohistochemistry were compared using Wilcoxon 
signed‑rank test. Correlations were calculated with Spearman's 
coefficient analysis.

Results

Differential expression analysis and identification of immune 
hub genes by WGCNA. WGCNA was performed on 6,131 genes 
that differed between EC and normal tissue from TCGA‑UCEC 
(Fig. 1A). The soft threshold was set to 4 and the DEGs were 
clustered into 14 modules (Fig. 1B and C). Modules are highly 
interrelated clusters of genes with similar ESTIMATEScores. 
ESTIMATEScores of all samples are presented in the form 
of a heat map in order to obtain the module with the strongest 
correlation with immune score in the TCGA‑UCEC sample 
(Fig. 1D). In the correlation heat map, ‘ME magenta’ repre‑
sented the strongest correlation module with ImmuneScores 
(R=0.93; P<0.001; Fig. 1E). Finally, 108 hub genes which 
have high connectivity in the magenta module were screened 
according to module membership (MM) >0.5 and gene signifi‑
cance (GS) >0.5 (Fig. 1F). Module membership refers to the 
correlation between each gene and the module characteristics 
of a given module according to its gene expression profile. 
Gene significance is a measure of the importance of a gene. 
The higher the absolute value of GS of a gene, the greater its 
biological significance. The cut‑off values of MM and GS are 
customized according to the distribution and number of hub 
genes in the module.

Functional enrichment analysis and identification of 108 hub 
genes. GO analysis of the 108 hub genes revealed that several 

were enriched in ‘T cell activation’ and ‘lymphocyte differ‑
entiation’ (P<0.001; Fig. 2A). Through KEGG enrichment, 
it was found that the top three enrichment pathways of the 
108 hub genes were ‘Cytokine‑cytokine receptor interaction’, 
‘Osteoclast differentiation’ and ‘Th17 cell differentiation’ 
(P<0.001; Fig. 2B). A PPI network was established, and 20 
genes with closely related functions (yellow) were identified 
(Fig. 2C). Cox proportional hazards model found 14 genes 
that affect the survival outcome and survival time of patients 
with UCEC (Fig. 2D); ZAP70, LCK, FOXP3, TIGIT, CTLA4, 
ICOS, CD5, IL2RG, PDCD1, TNFRSF4, CD27, CCR7, GZMB 
and CXCL9 were identified as key genes that may affect the 
prognosis of patients with EC. Through gene‑gene Spearman's 
correlation analysis, a strong positive correlation between these 
proteins encoded by key genes was found (Fig. 2E). Of these, 
ZAP70 has the strongest correlation with CD5. Regarding the 
correlation between genes and immune cell infiltration, the 14 
key genes were positively associated with ImmuneScore and 
negatively associated with TumorPurity (Fig. 2F); of the key 
genes, IL2RG had the strongest correlation with ImmuneScore 
(Fig. 2F). ssGSEA show that, among the 28 immune cell types, 
the 14 key genes mainly affected activated CD8+ T cells, imma‑
ture B cells and Myeloid‑derived suppressor cells (Fig. 2G). 
To determine whether these key genes were associated with a 
good prognosis in patients with UCEC, Kaplan‑Meier analyses 
were performed. The median expression of key genes in each 
TCGA‑UCEC sample was used as the cut‑off point to separate 
the patients into high and low group. The results showed that 
patients with UCEC with higher expression of each key gene 
had a longer overall survival time (Fig. 3).

Functional enrichment analysis of DEGs. According to 
the results of consensus clustering, expression of each key 
gene in group 2 was higher compared with that in group 1 
(Fig. 4A and B). There were 763 DEGs with statistically 
significant differences between patients of groups 1 and 2 
(Fig. 4C). GSEA revealed that ‘adaptive immune response’, 
‘immune response regulating cell surface receptor signaling’, 
‘lymphocyte differentiation’, ‘positive regulation of cytokine 
production’ and ‘T cell activation’ were enriched (Fig. 4D). 
‘T cell activation’, ‘regulation of T cell activation’, ‘regula‑
tion of cell‑cell adhesion’ in GO term enrichment analysis 
(Fig. 4E), and ‘Cytokine‑cytokine receptor interaction’, ‘Viral 
protein interaction with cytokine and cytokine receptor’ and 
‘Chemokine signaling pathway’ in KEGG pathway enrich‑
ment analysis (Fig. 4F) revealed the role of DEGs in tumor 
development, immunity and other biological processes. 

Difference in immune cell infiltration and expression analysis 
of immune checkpoints. ESTIMATE, CIBERSORT and 
ssGSEA analyses were used to determine the differences 
in the degree and composition of immune cell infiltration 
between the two groups. The higher StromalScore (Fig. 5A), 
ImmuneScore (Fig. 5B) and ESTIMATEScores (Fig. 5C), and 
lower TumorPurity (Fig. 5D) in group 2 compared with group 
1 attested to a stronger degree of immune cell infiltration. The 
percentages of activated CD4+ and CD8+ T cells which are the 
main cells that play an antitumor role in group 2 were higher 
compared with group 1 in the 22 immune cell species from 
CIBERSORT and in the 28 immune cell infiltration assays 
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from ssGSEA (Fig. 5E and F, respectively). The expression 
levels of immune checkpoint markers usually determine the 
sensitivity of patients to immunotherapy. Notably, immune 
checkpoints markers PD1, PD‑L1, PD‑L2, CTLA‑4, CD80, 
CD86, LAG3, TIM3, TIGIT, OX40, GITR, 4‑1BB, ICOS, 
CD40, CD27 and CD70 were upregulated in group 2 compared 
with their expression levels in group 1 (Fig. 6).

Verification of expression levels of ZAP70 in tissue and 
cells and its effect on prognosis. Next, the expression of 14 
key genes were examined in patients with UCEC from the 
GTEx‑TCGA database. With the exception of ZAP70 and 
CCR7 (Fig. S1A and S1L), the expression of the other key 
genes was significantly higher in EC tissues compared with 
expression in normal tissues (Fig. S1). The aforementioned 14 

Figure 1. Identification of hub genes associated with EC immunity by using weighted gene co‑expression network analysis. (A) Differentially expressed genes 
between EC and normal tissues. (B) Threshold of 4 was selected for creating the network topology. (C) Gene dendrogram and module colors. (D) ESTIMATE 
results of UCEC samples are shown in trait heatmap, with darker colors representing higher scores. (E) Genes in the magenta module had the strongest 
gene‑ESTIMATE positive correlation. (F) Genes in the magenta module were selected according to module membership >0.5 and gene significance >0.5. EC, 
endometrial cancer.
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key genes were searched on PubMed and the Web of Science. 
In addition to ZAP70, 13 other key genes were found to 
have been reported in normal endometrium or EC (35‑46). 
Therefore, ZAP70 was selected for the subsequent experi‑
mental verification because to the best of our knowledge, it has 
not been reported in EC or endometrial tissue and thus repre‑
sents a novel target. Subsequently, ZAP70 mRNA expression 
was examined in 19 EC tissues and 11 healthy endometrial 
tissues. It was shown that ZAP70 mRNA expression in EC 
tissues was higher than that in healthy endometrial tissues 
(Fig. 7A). Next, ZAP70 protein expression was detected 
in 10 pairs of EC and healthy endometrial tissues using 

immunohistochemistry. Consistent with the mRNA expres‑
sion levels, ZAP70 protein was 2.3 times more expressed in 
EC than in matched healthy endometrial tissue (Fig. 7B). This 
difference in expression could be attributed to the improved 
breadth rather than the accuracy of GTEx‑TCGA data). The 
immunofluorescence assay data showed that ZAP70 was 
mainly expressed in the nucleus of EC cells, with limited 
expression in the cytoplasm (Fig. 7C). In TCGA database, 
the expression level of ZAP70 in EC tissues was higher than 
that in normal endometrial tissues (Fig. 7D). ZAP70 was 
expressed lower in patients with FIGO stage Ⅲ and Ⅳ EC 
compared with those with FIGO stage Ⅰ and Ⅱ EC (Fig. 7E). 

Figure 2. GO and KEGG enrichment analysis of 108 hub genes and identification of 14 key genes. (A) GO enrichment analysis of the hub genes. (B) KEGG 
pathway enrichment analysis of the hub genes. (C) Protein‑protein interaction analysis found genes that interacted with each other. (D) Cox proportional 
hazards model was used to screen key genes. (E) Gene‑gene correlation analysis. (F) Correlation between key genes and ESTIMATEScore. (G) Correlation 
between key genes and ssGSEA. GO, Gene Ontology; HR, hazard ratio; KEGG, Kyoto Encyclopedia of Genes ad Genomes; ZAP70, ζ‑chain‑associated protein 
kinase 70; ssGSEA, single sample Gene Set Enrichment Analysis.
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ZAP70 expression was lower in deceased patients than in 
those patients that were alive (Fig. 7F). In the correlation 
analysis between ZAP70 and ICIs using TCGA‑UCEC data, 
it was found that ZAP70 was positively associated with 16 
known immune checkpoints (Fig. 8).

Discussion

The identification of immune checkpoints has overturned 
the model of cancer treatment and ushered in a new era of 
cancer treatment; however, only a small number of patients 
with cancer benefit from immune checkpoint therapy (47). 
Anti‑PD‑1/PD‑L1 have been widely studied in MSI‑H/dMMR 
EC, and their effects are encouraging. For example, in the 
KEYNOTE‑158 trial, 49 patients with MSI‑H EC with 
metastatic/relapsed disease were treated with pembrolizumab 
(PD‑1 inhibitor), with an overall response rate (ORR) of 57%, 
a median progression‑free survival (PFS) of 25.7 months, and 
a complete response in 16.3% of patients (48). In an efficacy 
study of durvalumab (anti‑PD‑L1) in patients with advanced 
EC, the ORR in the MMR‑deficient group was 40% (n=35; 
95%CI, 26‑56), including 4 cases of complete response and 
10 cases of partial response (49). The emergence of additional 
immunotherapeutic targets for advanced and refractory EC is 
expected.

The current study involved WGCNA on 6,131 genes that 
differed between cancer and normal tissues, and the magenta 
module, which contained 108 hub genes, demonstrated the 
strongest correlation with immune score. Through screening 
by PPI network and univariate Cox risk analysis, 14 key genes 
including ZAP70 were identified. ZAP70 is highly expressed 
in a wide variety of tumors (16). In hematological tumors, 
particularly CLL, ZAP70 enhances the phosphorylation of 
ZAP70‑positive CLL B cells Syk, BLNK and PLCγ, thereby 
promoting B cell receptor (BCR)signal enhancement, cell 
proliferation and migration to the tumor microenvironment 
(TME) (50,51). In contrast to CLL, in solid tumors, high 
ZAP70 expression indicates good prognosis and radiotherapy 
sensitivity (52). ZAP70 has been shown to be a potential 
therapeutic target in the TME affecting prognosis in laryngeal 
phosphorous cell carcinoma, breast cancer, prostate cancer, 
cutaneous melanoma, bladder cancer and nasopharyngeal 
cancer (53‑58). In a novel chimeric antigen receptor (CAR) 
strategy for targeting NK cells, activation of Syk/ZAP70 
reversed HLA‑G mediated immunosuppression and restored 
NK cell lysis to ablate solid tumors (59). 

In the present study, 108 immune‑related DEGs were 
examined and the functional enrichment pathways were 
associated with T‑cell activation and function in GO anal‑
ysis. T cells are the main component of TME, and numerous 

Figure 3. Kaplan‑Meier survival curve analysis was used to determine the effects of 14 key genes on survival time of patients with uterine corpus endometrial 
cancer. Kaplan‑Meier survival curve analysis of (A) ZAP70; (B) LCK; (C) FOXP3; (D) TIGIT; (E) CTLA4; (F) ICOS; (G) CD5; (H) IL2RG; (I) PDCD1; 
(J) TNFRSF4; (K) CD27; (L) CRR7; (M) GZMB; (N) CXCL9. HR, hazard ratio; ZAP70, ζ‑chain‑associated protein kinase 70. 
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Figure 4. Consensus clustering and Enrichment analysis. (A) Heatmap of key genes expressed in TCGA‑UCEC samples. (B) When set consensus matrix K=2, 
the groups of samples can be well distinguished, so TCGA‑UCEC samples were divided into two groups. (C) DEGs between two groups of TCGA‑UCEC 
samples after consensus clustering. (D) GSEA, (E) Gene Ontology and (F) Kyoto Encyclopedia of Genes and Genomes analysis of DEGs. DEGs, differentially 
expressed genes; P.adj, adjusted P‑value.
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Figure 5. Immune cell infiltration analysis. Comparison of (A) StromalScore, (B) ImmuneScore, (C) ESTIMATEScore and (D) TumorPurity between two 
groups. (E) Differences in the proportion of 22 infiltrating immune cells between the two groups using CIBERSORT. (F) Differences in the proportion of 28 
infiltrating immune cells between two groups infiltration using ssGSEA. ssGSEA, single sample Gene Set Enrichment Analysis; NK, natural killer; ns, not 
significant. *P<0.05, **P<0.01 and ***P<0.001.
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studies have been conducted on targeted therapy using T 
cells (60,61). Adoptive T‑cell therapy (ACT) is the first and 
most effective treatment to target the immune system. This 
therapy involves in vitro amplification, screening and modi‑
fication of autologous lymphocytes reinjection to the patient 
to achieve T cell‑mediated tumor regression (62). Currently, 
research is being carried out to promote the use of ACT for 
the treatment of EC. To identify the factors influencing the 
prognosis of patients with UCEC, the present study used the 
univariate Cox risk analysis to identify 14 genes that may 
be protective factors: ZAP70, LCK, FOXP3, TIGIT, CTLA4, 
ICOS, CD5, IL2RG, PDCD1, TNFRSF4, CD27, CCR7, GZMB 
and CXCL9. Of these, ZAP70 had the highest association 
with CD5, which has been demonstrated in previous studies. 
Gladkikh et al (63) demonstrated that ZAP70 was differen‑
tially expressed in normal B lymphocytes with CD5‑high 
and CD5‑low expression, and low ZAP70 expression would 
lead to BCR signal dysfunction, which confirmed its key role 
in altered BCR signaling in B‑CLL. When exploring the 
correlation between these key genes and the immune micro‑
environment, it was demonstrated that IL2RG was the most 
strongly associated gene with the ImmuneScore. IL2RG 
is located on Xq13 of the X chromosome and its mutation 
causes X‑linked severe combined immunodeficiency (64). A 
defect in the IL2RG gene causes a lack of T, NK and partially 

functional B cells, and this defect is fatal (65). Two classical 
immune checkpoints were observed in these key genes, PD‑1 
and CTLA4. In 2017, Le et al (66) examined the sensitivity 
of patients with advanced dMMR cancer to pembrolizumab 
treatment in 12 different tumor types. Of all the tumor types, 
dMMR occurred most frequently in EC (17%), with an ORR 
of 53% and a complete response rate of 21%, including 15 
EC cases. Oh and Chae (67) reported a case of a patient 
with MMR‑proficient, PD‑L1‑negative stage IV EC who was 
treated with combined inhibition of PD‑1 and CTLA‑4. The 
patient showed a marked response to the treatment shortly 
after treatment, with multiple tumor metastases being 
reduced.

The present study performed consensus clustering analysis 
based on the expression levels of 14 key genes in order to 
divide patients with UCEC into two groups for comparison. 
Functional enrichment analysis of DEGs in these two groups 
was associated with T‑cell‑mediated immune pathways. 
In the KEGG analysis, one of the pathways, ‘Neuroactive 
ligand‑receptor interaction’, was absent from the top three. 
However, there are ≥40 DEGs of the 763 DEGs involved in 
this pathway. Previous studies have shown that the interaction 
between neuroactive ligands and receptors, as a part of the 
TME, affects tumor progression and invasion (68). Although 
there are no clear studies showing that nerve signaling can 

Figure 6. Comparison of the expression levels of immune checkpoint genes between two groups. (A) Comparison of PD‑1, PD‑L1 and PD‑L2 expression 
levels between two groups. (B) Comparison of CTLA4, CD80 and CD86 expression levels between two groups. (C) Comparison of LAG3, TIM3 and TIGIT 
expression levels between two groups. (D) Comparison of OX40, GITR, 4‑1BB, ICOS, CD40, CD27 and CD70 expression levels between two groups. PD1, 
programmed death 1; PD‑L, programmed death ligand. **P<0.01 and ***P<0.001
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affect the immune microenvironment of patients with EC, the 
role of neuro‑related genes in the reclassification of EC has 
been previously suggested (69). These findings indicated that 
neuroactive ligand receptor interactions in the TME may be 
used as a new research direction for immunotherapy of EC in 
the future. 

Following consensus clustering of patients with UCEC 
in the present study, it was found that patients in group 2 
with higher expression of key genes had higher immune 
cell infiltration status, particularly CD4+ and CD8+ T cells. 
CD8+ T cells are the main effector cells of adaptive immu‑
nity against cancer cells in the microenvironment. However, 
during tumor development, CD8+ T cells differentiate into a 
‘dysfunctional’ state (70). As these cells are less reactive to 

tumor antigens, cancer cells cannot be recognized and elimi‑
nated (71). Activation of CD8+ T cells and intranodal migration 
of memory T cells are critical for cancer immunosurveillance, 
and these can be achieved by PD‑1/PD‑L1 inhibition or CAR 
T‑cell therapy (72,73). The key genes LCK and ZAP70 have a 
direct impact on CAR T‑cell therapy. Mestermann et al (74) 
showed that tyrosine kinase inhibitors can interfere with LCK, 
thereby inhibiting the phosphorylation of CD3ξ and ZAP70ξ. 
Inhibition of activated modules in the CAR structures, such as 
CD28‑CD3ξ or 4‑1BB_CD3ξ, resulted in functional inhibition 
of CD8+ and CD4+ CAR T cells. Based on these studies on 
immune cell infiltration and immune checkpoints, it can be 
speculated that patients with high expression of key genes, 
such as ZAP70, may be more suitable for CAR T‑cell therapy.

Figure 7. In vivo and in vitro validation of ZAP70 expression and its potential role in prognosis. (A) ZAP70 mRNA expression was detected in tissues by 
reverse transcription‑quantitative PCR. (B) ZAP70 protein expression was detected in tissues by immunohistochemistry. Image intake was presented through 
the microscope (cat. no. 703548; Nikon Corporation). (C) Localization of ZAP70 in cells was detected using immunofluorescence (400x). Image intake was 
presented through the microscope (cat. no. 703548; Nikon Corporation). Differences in ZAP70 between (D) healthy and tumoral tissues, (E) FIGO clinical 
stages Ⅰ/Ⅱ and stages Ⅲ/Ⅳ, and (F) living and deceased patients. IHC, immunohistochemistry; OS, overall survival; TPM, transcripts per kilobase million; 
ZAP70, ζ‑chain‑associated protein kinase 70. *P<0.05 and ***P<0.001.
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Finally, the expression and prognostic value of ZAP70 
in EC were detected by combining experimental and 
TCGA‑UCEC clinical data. First, high expression of ZAP70 
mRNA and protein in EC tissues was confirmed by RT‑qPCR 
and immunohistochemistry, respectively. However, the number 
of samples we used for this result was low, which makes our 
conclusion have certain limitations; thus, additional tissue 
samples are needed for further research on the functions of 
ZAP70 in EC. ZAP70 was positively associated with known 
ICIs, indicating that high expression of ICIs may also exist in 
patients with EC who exhibit high expression of ZAP70, thus 
potentially achieving an improved immunotherapeutic effect. 

However, after analyzing the clinical data of TCGA‑UCEC, it 
was observed that high expression of ZAP70 was a factor of 
favorable prognosis in patients with EC. High expression of 
ZAP70 was found in both early stage and surviving patients. 
Thus, it was hypothesized that tumorigenesis may activate the 
immune state of the patient, leading to the phosphorylation and 
activation of ZAP70, which is a key factor affecting the TCR. 
High expression of ZAP70 predicts that in patients, immune 
cells such as T cells and B cells, are sensitive to pMHC on the 
tumor surface, which results in a good prognosis. In the present 
study, ZAP70 expression in patients with EC was positively 
associated with the infiltration of activated CD8+ T cells. And 

Figure 8. Correlation analysis between the expressions of ZAP70 and 16 known immune checkpoints in patients with uterine corpus endometrial cancer. 
Correlation analysis of ZAP70 and (A) PDCD1; (B) CD274; (C) PDCD1LG2; (D) CTLA4; (E) CD80; (F) CD86; (G) LAG3; (H) HAVCR2; (I) TIGIT; 
(J) TNFRSF4; (K) TNFRSF8; (L) TNFRSF9; (M) ICOS; (N) CD40; (O) CD27; (P) CD70 expression in TCGA‑UCEC samples. ZAP70, ζ‑chain‑associated 
protein kinase 70.
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the high intraepithelial CD8+ T cell counts in the endometrium 
is associated with longer PFS (75). These evidences suggested 
that ZAP70 may be a good prognostic factor for patients with 
EC. In the future, we will further study the expression and 
function of ZAP70 in EC. The present study found that 14 
key genes, including ZAP70, may affect the immune micro‑
environment in patients with EC. The results demonstrated 
the potential of ZAP70 as a target for EC immunotherapy and 
may provide new possibilities for immunotherapy in patients 
with EC.
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