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INTRODUCTION  
 

Endometrial cancer (EC) is an epithelial malignant 

tumor that occurs in the endometrium. In 2019, an 

estimated 720,000 women living in the United States 

have been diagnosed with EC, and 54,000 cases bas be 

newly diagnosed [1]. According to recent statistics from 

the National Cancer Center of China, new cases of EC in 

2015 ranked among the top 10 malignant tumors, 

accounting for 3.88% of all malignant tumors in women 

in China, increased from 3.79% in 2014 [2]. In the past 

ten years, because of the irregular use of hormones and 

changes in peopleôs living environment and lifestyle, the 

prevalence and mortality of EC have increased [3]. The 

treatment options for EC include surgery, radiotherapy 

and chemotherapy, hormone therapy, and targeted 

therapy [4]. For patients with advanced metastatic or 

recurrent EC, the rate of treatment failure remains high 

because of the lost opportunity for surgery [5]. 

Moreover, for specific EC subtypes, such as relapsed 

and endometrial serous carcinoma, the prognosis is 

especially poor [6]. Paclitaxel combined with 

carboplatin is the first-line treatment for advanced 

recurrent and metastatic EC. In addition, platinum drugs 

and megestrol acetate have been approved for the 

palliative treatment of advanced EC, but the therapeutic 

effect is very limited [7]. Studies have shown that 50% 

of Caucasian, 21.9% of Asian, and 12.5% of Pacific 

island populations show loss of expression of one or 

more mismatch repair genes [8]. Genetic polymorphisms 

in TGFB1, TGFBR1, SNAI1 and TWIST1 are associated 

with EC susceptibility in Chinese Han women [9]. 
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ABSTRACT 
 

The incidence of endometrial cancer is increasing each year, and treatment effects are poor for patients with 
advanced and specific subtypes. Exploring immune infiltration -related factors in endometrial cancer can aid in 
the prognosis of patients and provide new immunotherapy targets. We downloaded immune metagene and 
functional data of patients with different subtypes of endometrial cancer from The Cancer Genome Atlas 
database and selected the lymphocyte-specific kinase (LCK) metagene as a representative genetic marker of the 
immune microenvironment in endometrial cancer. The results showed that LCK metagene expression is related 
to the prognosis of patients with endometrioid endometrial adenocarcinoma subtypes and highly correlated 
with the PTEN and PIK3CA mutational status. A search for LCK-related modules returned seven independent 
genetic predictors of survival in patients with endometrial cancer. The TIMER algorithm showed that the 
expression of these seven genes was positively correlated with the infiltration  levels of six types of immune 
cells. The diagnostic value of these markers was validated using real-time quantitative PCR and 
immunohistochemical methods. Our results identified CD74, HLA-DRB5, CD52, HLA-DPB1 and HLA-DRB1 as 
possible valuable genetic markers for the diagnosis and prognosis of endometrial cancer and provided a 
theoretical basis for immunotherapy targets for its clinical treatment. 
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From a pathological perspective, EC is a heterogeneous 

disease with widely variable clinical outcomes, both in 

terms of prognosis and treatment response. With the 

advent of the genetic era, EC has been divided into four 

molecular categories, namely POLE ultra-mutated, 

microsatellite instable (MSI), copy-number 

low/microsatellite stable (MSS), and copy number 

high/serous-like [10]. POLE-mutated and MSI EC have 

high mutation rates and stronger associations with 

immunogenic tumors. As such, immune checkpoint 

inhibitors such as PD1/PD-L1 antibody treatment can 

be used. In contrast, the copy-number low and copy 

number high types have lower mutation rates, are 

related to non-immunogenic tumors, and, in such cases, 

combined immunotherapy can be used to turn cold 

tumors into hot tumors [11ï12]. Therefore, 

immunotherapy is a potentially useful treatment 

strategy for patients with advanced EC. Although some 

patients have achieved encouraging results with this 

intervention, some patients do not respond to 

immunotherapy [13]. PD-L1 antibody is widely 

approved for the treatment of MSI type EC, but the 

incidence of EC MSI is only approximately 20% and 

most patients have the MSS type. MSS EC is treated 

with PD-L1 antibody with a very low effective rate. 

These patients who have progressed after first-line 

treatment have very limited treatment options [14].  

 

The tumor immune microenvironment is complex and 

diverse and may affect the growth of pre-cancerous 

cells, directly contrasting the immunotherapy of 

malignant tumors [15]. The immune microenvironment 

is an integral part of the tumor microenvironment 

(TME). It is mainly composed of tumor-infiltrating 

lymphocytes (TILs) and other immune cells that 

penetrate the tumor tissue. TILs mainly include T cells, 

macrophages, natural killer cells, and dendritic cells. As 

part of the cell-mediated immune response, TILs can 

lead to the clearing of tumor cells [16]. Stimulating the 

immune system and enhancing the anti-tumor function 

of the TME may be a novel approach for killing tumor 

cells and, to this end, researchers are investigating the 

combined use of various immunological checkpoint-

based treatment strategies with targeted drugs, local 

area therapy, and other forms of immunotherapy [17]. 

EC cells can escape attack by the host immune system 

in various manners, such as self-modification and 

changes in the cell surface co-stimulation of molecular 

expression [18ï19], which leads to changes in the 

composition and function of the immune 

microenvironment [20], ultimately leading to tumor 

immune escape. Reversing the immune escape of the 

tumor is an effective approach for inhibiting the 

progression of EC [21]. The immune escape mechanism 

in the TME of advanced EC is highly heterogeneous. 

Studies have shown that many immune cells often 

accumulate in and around EC tissues [22]. Furthermore, 

the presence of a large number of CD8
+
 T lymphocytes 

and CD45RO
+
 T lymphocytes is associated with an 

increase in the overall survival (OS) of patients with EC 

[23]. Therefore, exploring the factors associated with 

immune infiltration in EC may help evaluate the 

prognosis of these patients and provide new targets for 

immunotherapy. 

 

In this study, we used a series of bioinformatics tools to 

determine the appropriate immune scoring method for 

different clinical subtypes of EC in The Cancer Genome 

Atlas (TCGA) database. We identified possible 

correlations between gene expression in the immune 

microenvironment of EC and prognosis. We verified 

this expression in EC and normal tissues and analyzed 

the relationship between expression and the disease-free 

survival rate. Finally, we identified several genes as 

possible immune microenvironment indicators of 

prognosis in EC, as well as possible targets for 

immunotherapy. 

 

RESULTS 
 

Selection of the lymphocyte-specific kinase (LCK) 

metagene as a representative genetic marker in the 

immune microenvironment of EC 
 

Stromal cells, immune cells, and ESTIMATE scores 

were predicted by expression profile data using the 

ESTIMATE R package. Gene expression data were 

obtained from patients with different EC subtypes in 

TCGA database, and the correlation (cor) between the 

scores in patients and different immunoglobulin genes 

was calculated using the Spearman correlation 

coefficient (Figure 1Aï1C). Functional annotation of 

the immune-system-related metagene clusters is 

presented in Supplementary Table 1. The endometrioid 

cohort in TCGA database is divided into three subtypes: 

endometrioid endometrial adenocarcinoma, serous 

endometrial adenocarcinoma, and mixed serous and 

endometrioid. In the three EC subtypes, except for the 

neoantigen score, the LCK metagene score showed a 

significant positive correlation with other types of 

immune-related scores: endometrioid endometrial 

adenocarcinoma (cor = 0.84), serous endometrial 

adenocarcinoma (cor = 0.83), and mixed serous and 

endometrioid (cor = 0.85). Next, we analyzed the 

distribution of the LCK metagene levels in three EC 

subtypes at different clinical stages of EC. The results 

revealed no significant differences in LCK metagene 

expression at different clinical stages (Figure 1D). 

Patients with each EC subtype were divided into two 

groups of high expression and low expression of LCK 

to analyze the prognosis of each group (Figure 2Aï2C). 

We observed no significant differences in LCK 
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metagene expression between the three subtypes in 

(Figure 2D). Furthermore, the prognostic analysis 

results showed that in the endometrioid endometrial 

adenocarcinoma subtype group, the survival rate of 

patients with high LCK metagene expression was 

markedly higher than that of the low expression group. 

 

Next, we downloaded the somatic mutation data for 

PTEN, PIK3CA, TP53, and KRAS, which are commonly 

mutated genes in EC, and divided the patients into mutant 

and wild-type groups. The expression of LCK in the 

PTEN, PIK3CA, TP53, and KRAS groups and difference 

between the mutant and wild-type groups were assessed. 

The results showed that LCK metagene expression was 

higher in the PTEN and PIK3CA mutant groups than in 

the wild-type group, with no significant difference in 

LCK metagene expression between the TP53 and KRAS 

mutant and wild-type groups (Figure 2E). 

 

 

 

Figure 1. Correlations between different immune scores in patients with different endometrial cancer subtypes. (A) Positive 

correlation between LCK metagene score and other types of immune-related scores in endometrioid endometrial adenocarcinoma (cor = 
0.84). (B) Serous endometrial adenocarcinoma (cor = 0.83). (C) Mixed serous and endometrioid (cor = 0.85). Spearman correlation 
coefficients are color-coded to indicate positive (blue) or negative (red) associations. (D) LCK metagene gene expression scores in patients 
with endometrial cancer at different clinical stages. Data are presented as the mean ± SEM. *P < 0.05, ** P < 0.01, *** P < 0.001. 



 

ǿǿǿΦŀƎƛƴƎ-ǳǎΦŎƻƳ ннмрр !DLbD 

In summary, the LCK metagene is a representative 

genetic marker in the immune microenvironment of EC 

subtypes and can be used for prognostic evaluation  

of EC. 

 

Screening of representative genes in LCK metagene-

related gene modules and identification of 

differentially expressed genes (DEGs) in high and 

low LCK metagene expression groups 

 

We next performed hierarchical clustering analysis 

(Supplementary Figure 1A), filtered out samples with 

distances of >120 as outliers, and obtained 546 samples. 

Weighted gene co-expression network analysis 

(WGCNA) was performed to construct a weighted co-

expression network, and a ɓ value of 6 was used to ensure 

a scale-free network (Supplementary Figure 1B, 1C). A 

total of 5000 genes were assigned to 19 co-expression 

modules (Supplementary Figure 1D). The number of 

genes corresponding to each module is shown in 

Supplementary Table 2. Two gene sets that could not be 

aggregated into other modules were excluded. We 

calculated the correlation between the feature vectors of 

the 17 modules and LCK metagene score (Figure 3A). 

The LCK metagene gene score was highly correlated with 

the pink module (R = 0.69). Next, we chose the pink (R = 

0.69) module for Kyoto Encyclopedia of Genes and 

Genomes (KEGG) analysis. This module was enriched in 

20 pathways related to various aspects of immunity, such 

as antigen processing and presentation, Th1 and Th2 cell 

differentiation, and cell adhesion molecules (Figure 3B). 

The limma-voom method was used to analyze the

 

 
 

Figure 2. Relationship between LCK metagene gene score and prognosis and gene mutation in endometrial cancer. (A) 
Survival curves for endometrioid endometrial adenocarcinoma indicated that high expression of LCK metagene correlates with better clinical 
outcomes. (B) Survival curves for serous endometrial adenocarcinoma. (C) Survival curves for mixed serous and endometrioid. Data were 
analyzed in KM plotter. (D) LCK metagene scores of patients with different subtypes of endometrial cancer. (E) Somatic mutation data of 
PTEN, PIK3CA, TP53, and KRAS. Mut: mutant; WT: wild-type. Data are presented as the mean ± SEM. *P < 0.05, ** P < 0.01, *** P < 0.001. 
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genetic differences between the high and low LCK 

expression groups, and 2,524 DEGs were obtained 

(Figure 3C). In the LCK high expression group, there 

were significantly more up-regulated genes than down-

regulated genes. 

Exploration of prognostic markers related to the 

immune microenvironment of EC 
 

We then integrated the 141 genes from the pink 

modules of the LCK metagene and 2,524 DEGs

 

 
 

Figure 3. Screening of representative genes in LCK metagene-related gene. (A) Correlation between eigenvectors of 17 gene modules 

and LCK metagenes. (B) KEGG pathway enrichment analysis in pink module. (C) Volcano maps of DEGs. Red represents genes upregulated in 
patients with high LCK metagene scores, while blue represents genes downregulated in patients with low LCK metagene scores. 


