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Elevated expression of LPCAT1 predicts 
a poor prognosis and is correlated 
with the tumour microenvironment 
in endometrial cancer
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Abstract 

Background:  Endometrial cancer (EC) is one of the three malignant reproductive tumours that threaten women’s 
lives and health. Glycerophospholipids (GPLs) are important bioactive lipids involved in various physiological and 
pathological processes, including cancer. Immune infiltration of the tumour microenvironment (TME) is positively 
associated with the overall survival in EC. Exploring GPL-related factors associated with the TME in endometrial cancer 
can aid in the prognosis of patients and provide new therapeutic targets.

Methods:  Differentially expressed GPL-related genes were identified from TCGA-UCEC datasets and the Molecular 
Signatures Database (MSigDB). Univariate Cox regression analysis was used to select GPL-related genes with prog-
nostic value. The Random forest algorithm, LASSO algorithm and PPI network were used to identify critical genes. 
ESTIMATEScore was calculated to identify genes associated with the TME. Then, differentiation analysis and survival 
analysis of LPCAT1 were performed based on TCGA datasets. GSE17025 and immunohistochemistry (IHC) verified the 
results of the differentiation analysis. An MTT assay was then conducted to determine the proliferation of EC cells. 
GO and KEGG enrichment analyses were performed to explore the underlying mechanism of LPCAT1. In addition, we 
used the ssGSEA algorithm to explore the correlation between LPCAT1 and cancer immune infiltrates.

Results:  Twenty-three differentially expressed GPL-related genes were identified, and eleven prognostic genes were 
selected by univariate Cox regression analysis. Four significant genes were identified by two different algorithms 
and the PPI network. Only LPCAT1 was significantly correlated with the tumour microenvironment. Then, we found 
that LPCAT1 was highly expressed in tumour samples compared with that in normal tissues, and lower survival rates 
were observed in the groups with high LPCAT1 expression. Silencing of LPCAT1 inhibited the proliferation of EC cells. 
Moreover, the expression of LPCAT1 was positively correlated with the histologic grades and types. The ROC curve 
indicated that LPCAT1 had good prognostic accuracy. Receptor ligand activity, pattern specification process, region-
alization, anterior/posterior pattern specification and salivary secretion pathways were enriched as potential targets of 
LPCAT1. By using the ssGSEA algorithm, fifteen kinds of tumor-infiltrating cells (TICs) were found to be correlated with 
LPCAT1 expression.
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Introduction
Endometrial cancer (EC) is one of the most prevalent 
gynaecological cancers worldwide, with an incidence 
of approximately 4.5% in female cancer cases, and over 
410,000 new cases were diagnosed in 2020 [1]. The treat-
ment of endometrial cancer is mainly surgical treatment 
complementary with chemotherapy, radiotherapy and 
hormone therapy. Other options include immunother-
apy, which mobilizes the immune system against can-
cer, and targeted therapy with drugs that attack specific 
weaknesses in cancer cells. Despite the great advances in 
medical devices and treatment in recent years, the mor-
tality of EC has increased in the past several years, and 
treatment effects are poor for patients with advanced and 
specific subtypes [2]. Endometrial cancer often occurs 
in women with metabolic disorders, including diabetes, 
hypertension and obesity [3]. A full understanding of 
metabolic alterations could contribute to early diagnosis, 
timely treatment and the development of new therapeu-
tic targets.

Glycerophospholipids (GPLs) are fundamental com-
ponents of biomembrane systems. GPL metabolism is 
one of the most important components of maintaining 
body homeostasis. Enhanced synthesis of GPLs provides 
a sufficient membrane structure for rapid cell prolifera-
tion and serves as a source of energy supply under con-
ditions of nutrient deficiency [4]. The dynamic changes 
in the substrates and products of GPL metabolism, 
such as phospholipids and free fatty acids, have pro-
found consequences on intracellular signal transduction. 
The composition of fatty acyl chains in individual GPLs 
contributes to specific biophysical properties of the cell 
membrane and influences a variety of cellular processes 
[5]. Accumulating evidence has shown that GPL-related 
genes that regulate GPL synthesis and remodelling are 
involved in the development of cancer. Phospholipase 
A2 enzymes (PLA2s) has been found to be significantly 
overexpressed in various tumour tissues, including colo-
rectal cancer, prostate cancer and gastric cancer, and 
patients with higher PLA2 expression have a poor prog-
nosis [6]. A study by Wang et al. demonstrated that phos-
pholipid remodelling caused by lysophosphatidylcholine 
acyltransferase 3 (LPCAT3) deletion promoted the pro-
liferation and division of small intestinal stem cells [7]. 
Moreover, Trousil et al. found that upregulation of cho-
line kinase α (CHKA) was responsible for alterations of 

choline phospholipid metabolism in EC and validated 
abnormal choline biochemistry as a biomarker for EC [8]. 
Although attention has been given to the role of GPL-
related genes in EC progression, their effects have not 
been well characterized.

The tumour microenvironment is an ecosystem com-
posed of mesenchymal cells, immune cells, extracellular 
matrix (ECM) molecules and inflammatory mediators 
that have vital impacts on tumour progression and clini-
cal outcomes [9]. The structural components of the TME 
contain not only cancer cells but also recruited immune 
cells and resident stromal cells. Studies have shown that 
immune and stromal scores are positively correlated 
with the clinical characteristics and outcomes of EC 
[10]. Moreover, several genes related to the EC immune 
environment can be used to predict prognosis [11]. 
Lipid metabolites are important mediators that affect 
the tumour microenvironment. A recent study showed 
that the GPL metabolism levels influenced the effect of 
PD-1 antibodies by changing the components of the 
tumour microenvironment (TME) in colorectal cancer 
[12]. However, whether GPL-related genes influence the 
EC microenvironment and clinical outcomes is largely 
unknown.

Here, our results indicated that the GPL-related gene 
LPCAT1 had effects on the endometrial cancer TME and 
clinical outcomes of EC patients, which might provide a 
novel prognostic biomarker and immunotherapy target 
for EC.

Materials and methods
Generation of GPLs‑related DEGs
Level 3 transcriptome RNA-seq data and the correspond-
ing clinical data, which contained 552 endometrial can-
cer cases and 35 normal control cases, were downloaded 
from The Cancer Genome Atlas (TCGA) (https://​portal.​
gdc.​cancer.​gov/) using the TCGAbiolinks package of 
R-software (version 4.0.3, the same below). GPL-related 
gene sets were obtained from the Molecular Signatures 
Database (MSigDB) on the gene set enrichment analysis 
(GSEA) website. Analysis of differentially expressed genes 
(DEGs) was performed using the limma [13] package at 
a corrected p < 0.05 and | log2FC |≥ 1. A Venn diagrams 
tool (http://​bioin​forma​tics.​psb.​ugent.​be/​webto​ols/​Venn/) 
was used to identify the intersecting genes between 

Conclusion:  These findings suggested that LPCAT1 may act as a valuable prognostic biomarker and be correlated 
with immune infiltrates in endometrial cancer, which may provide novel therapy options for and improved treatment 
of EC.
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upregulated and downregulated DEGs and GPL-related 
gene sets and were selected for further analysis.

Identification of the core prognostic GPLs‑related genes
Based on the expression of GPL-related DEGs, univari-
ate Cox proportional hazards regression analysis was 
performed to identify genes associated with endome-
trial cancer prognosis, and p values < 0.05 were regarded 
as significant. Then, survival-related genes were sub-
jected to least absolute shrinkage and selection opera-
tor (LASSO) penalty Cox regression analysis with the R 
package glmnet [14] to eliminate false positives caused 
by over-fitting. Tenfold cross-validation was used to tune 
the parameter (lambda) selection in the LASSO model. 
lambda.min was chosen as the cut-off point because it 
provides the minimum mean cross-validated error, and 
genes with the highest lambda values were selected for 
further analysis. The patients were randomly divided into 
a training set and testing set according at a ratio of 7:3. 
Random forests built for candidate gene selection from 
the training set and were verified in the testing set by the 
randomForest R package with 500 trees and default set-
tings [15]. To understand protein interactions, we con-
structed a protein–protein intersection (PPI) network by 
STRING (V11) [16] with high confidence (0.65). Overlap-
ping genes in the PPI network, LASSO and random for-
est algorithms were selected.

Generation of ImmuneScore, StromalScore, 
and ESTIMATEScore
The ESTIMATE algorithm in R language loaded with the 
estimate package [17] was used to estimate the ratio of 
the immune-stromal components in the TME for each 
sample using the following scores: ImmuneScore, Stro-
malScore, and ESTIMATEScore. These scores are posi-
tively correlated with the ratio of immune components, 
stromal components, and the sum of both components, 
which means that the higher the scores are, the greater 
the proportion of the corresponding components in the 
TME.

Survival and expression analysis of LPCAT1
Box plots using disease state (tumour or normal) as a 
variable were graphed to visualize the differential expres-
sion of LPCAT1. Expression data for LPCAT1 in the 
GSE17025 data set were downloaded from the GEO 
database (https://​www.​ncbi.​nlm.​nih.​gov/​geo/) to verify 
its differential expression between tumour and normal 
tissues. Box plots using pathological type and cancer 
grade as variables were analysed to compare the LPCAT1 
expression in cancers with different pathological types 
and grades. Kaplan–Meier analysis was conducted to 
evaluate the relationship between LPCAT1 expression 

and survival rate using the survival and survminer R 
package, including overall survival (OS), disease-free 
interval (DFI) and progress-free survival (PFS). In addi-
tion, receiver operating characteristic (ROC) curve anal-
ysis using the pROC R package confirmed the LPCAT1’s 
predictive capacity.

Enrichment analysis
All the patients were divided into two groups according 
to the median expression of LPCAT1, and DEG analysis 
was performed using the limma package at a corrected 
p < 0.05 and | log2FC |≥ 1. The resulting data were used 
to generate volcano plots using the ggplot2 package 
in R. GO and KEGG enrichment analyses of 379 DEGs 
were performed using the clusterProfiler, enrichplot, 
and ggplot2 packages in R. Only terms with both p- and 
q-values < 0.05 were considered significantly enriched. A 
PPI network was used to show the interactions of each 
protein.

Immunohistochemistry analysis
Pathological specimens from 25 EC tissue samples and 
11 normal tissue samples were obtained from Qilu Hos-
pital of Shandong University. The tissue samples were 
fixed with 4% paraformaldehyde and then embedded in 
paraffin. After being cut into 4  μm sections, they were 
deparaffinized and rehydrated with xylene and a graded 
concentration of ethanol. Tris/EDTA buffer was used to 
perform heat-mediated antigen retrieval. Then, the sec-
tions were incubated in 3% H2O2 to reduce endogenous 
peroxidase activity and blocked in 10% goat serum for 
30  min to reduce nonspecific antigens. The sections 
were incubated with a rabbit monoclonal anti-LPCAT1 
antibody (1:2000 dilution, Abcam ab214034) overnight 
at 4  °C, followed by incubation with a biotin-labelled 
secondary goat anti-rabbit antibody and horserad-
ish enzyme-labelled streptomycin at 37  °C for 30  min. 
DAB reagent was used to detect positive signals. The 
integrated optical density (IOD) of each section was 
calculated using Image-Pro Plus software 6.0 (Media 
Cybernetics, USA) by two independent blinded investiga-
tors randomly.

TICs profile
To explore the differences in immune cell subtypes, single 
sample gene set enrichment (ssGSEA) analysis using the 
GSVA package was conducted to estimate the TIC abun-
dance profiles in all tumour samples. The hallmark gene 
sets for 28 immune cell types were downloaded from a 
recent publication [18]. The enrichment scores were 
used to perform subsequent correlation analysis. The 
Mann–Whitney U test was used to compare differences 

https://www.ncbi.nlm.nih.gov/geo/
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in immune cell subtypes between the high LPCAT1 and 
low LPCAT1 groups.

Cell culture and transfection
The human endometrial cancer cell lines Ishikawa and 
HEC-1A were purchased from the ZhongQiaoXinZhou 
Biotechnology Co., Ltd. (Shanghai, China). The human 
endometrial cancer cell line RL95-2 was purchased from 
the Shanghai Cell Bank (Shanghai, China). Ishikawa, 
HEC-1A and RL95-2 cells were cultured in RPMI 1640 
medium (BI, Israel), McCoy’s 5A medium (Macgene, 
Beijing, China) and DMEM/F12 medium (BI, Israel) sup-
plemented with 10% foetal bovine serum (FBS; HyClone), 
streptomycin (100  μg/mL) and penicillin (100 U/mL) 
(Thermo Scientific, Waltham, MA, USA). Cells were cul-
tured at 37 °C in the presence of a humidified atmosphere 
with 5% CO2. All cell lines were free of mycoplasma and 
were verified by short tandem repeats (STRs). LPCAT1-
specific small interfering RNA (siRNA) and a control 
scrambled siRNA used as a negative control (NC) were 
designed and synthesized by GenePharma. The nucleo-
tide sequences of the siRNAs were as follows: si-LPCAT1 
(sense 5ʹ-CCA​UGA​CGA​UGU​CCU​CCA​UTT-3ʹ, anti-
sense 5ʹ-AUG​GAG​GAC​AUC​GUC​AUG​GTT-3ʹ) and 
si-NC (sense 5ʹ-UUC​UCC​GAA​CGU​GUC​ACG​UTT-3ʹ, 
antisense 5ʹ-ACG​UGA​CAC​GUU​CGG​AGA​ATT-3ʹ). 
Cells were transfected using Lipofectamine 3000 Reagent 
(Invitrogen, CA, USA) according to the manufacturer’s 
protocol at 50% confluency.

Western blotting
Cells were washed with ice-cold 1 × PBS 3 times, and 
total cell lysates were prepared using RIPA lysis buffer 
with 1% NaF and 1% phenylmethylsulfonyl fluoride 
(PMSF) for 30 min. The concentrations of proteins were 
determined with a BCA protein assay kit (Beyotime, 
Beijing, China). Denatured proteins were separated on 
a 12% SDS–polyacrylamide gel and then transferred to 
polyvinylidene fluoride membranes. After blocking with 
5% defatted milk, membranes were blocked overnight at 
4  °C with an anti-LPCAT1 primary antibody (ab214034, 
1:1000 dilution, Abcam, Cambridge, MA, USA). Next, 
the membranes were incubated with a secondary anti-
body, and the bands were detected using enhanced 
chemiluminescence (Thermo Fisher Scientific Inc., MA, 
USA). The β-actin band acted as a control.

MTT assay
After transfection with si-NC or si-LPCAT1, Ishikawa, 
HEC-1A and RL95-2 cells were seeded at a concentration 
of 3000 cells/100 μl in 96-well plates overnight to adhere. 
Twenty microlitres of 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) solution (5 mg/

ml) was added to each well at a fixed time from Day 1 to 
Day 5. After incubation at 37 °C for 4 h in the dark, the 
supernatants were discarded, and 100 μl dimethyl sulfox-
ide (DMSO) was added to the wells for 10 min to dissolve 
the formazan crystals that formed. Absorbance was then 
read at 490 nm using a microplate absorbance reader.

Results
The flow chart of this study is shown in Fig.  1. A total 
of 552 UCEC patients from the TCGA-UCEC cohort 
were finally enrolled. The detailed clinical characteris-
tics (Additional file 4: Table S2) including clinical stage, 
primary therapy outcome, age, BMI, histological type, 
histologic grade, overall survival event, progression-free 
interval, diabetes, and tumour invasion, of the included 
patients are summarized in Table 1.

Identification of prognostic GPL‑related differentially 
expressed genes (DEGs)
To identify the DEGs between tumour tissues and 
normal tissues in the TCGA-UCEC cohort, differen-
tial analysis using the limma package was performed. 
Twenty-four GPL-related genes were found to be differ-
entially expressed between tumour tissues and normal 
tissues (Fig.  2a). Univariate Cox regression analysis to 
determine the survival of UCEC patients was performed 
to identify the prognostic factors among 23 DEGs, and 11 
genes were selected (Fig. 2b).

Intersection of the random forest model and LASSO Cox 
model and analysis of the PPI network
To further identify core GPL-related genes, we used two 
different machine learning algorithms, the LASSO algo-
rithm and random forest algorithm. By the LASSO algo-
rithm, 9 out of 11 genes were identified (Fig.  3a). The 
areas under the ROC curve (AUCs) (Additional file 1: Fig-
ure S1a, AUC:0.698) and risk score were calculated based 
on the coefficients determined by the LASSO algorithm. 
The risk scores of patients who died of disease were sig-
nificantly higher than those of patients who survived 
(Additional file  1: Figure S1b). Simultaneously, the top 
10 genes out of 11 were confirmed by the random forest 
algorithm (Fig. 3b), and these genes, to a certain extent, 
can predict the prognosis of UCEC patients not only in 
the training set (Additional file 2: Figure S2a) but also in 
the testing set (Additional file  2: Figure S2b). Addition-
ally, we constructed a PPI network based on the STRING 
database using Cytoscape software [National Institute of 
General Medical Sciences (NIGMS) USA] to explore the 
underlying mechanism (Fig. 3c). Then, the LASSO algo-
rithm was cross-analysed with the top 10 genes ranked 
by the random forest algorithm, and the leading nodes in 
the PPI network and four factors, PLA2G2F, PLA2G2A, 
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LPCAT2 and LPCAT1, were found to overlap in the 
above analysis (Fig. 3d).

The expression of LPCAT1 is associated with the EC 
microenvironment
To determine the relationship between the proportion 
of immune and stromal components and the expres-
sion of core GPL-related genes, data from 552 EC cases 
and 19618 RNAs extracted from RNA-seq data from 
ENSEMBL Genomes (hg38) were analysed in this study. 
All cases were divided into the high-expression group 
and low-expression group according to the median 
expression of the above four core GPL-related genes. 
ImmuneScore, ESTIMATEScore and StromalScore 
were predicted by expression profile data using the 

ESTIMATE R package (Additional file  3: Table  S1). We 
observed no significant differences in ImmuneScore, 
ESTIMATEScore or StromalScore between the high-
expression group and the low-expression group for 
LPCAT2 (Fig. 4d–f) and PLA2G2F (Fig. 4j–l). Although 
the expression of PLA2G2A had a significant correla-
tion with StromalScore (Fig. 4i), there was no significant 
correlation between PLA2G2A expression and Immune-
Score or ESTIMATEScore (Fig. 4g, h). However, Immu-
neScore, ESTIMATEScore and StromalScore of LPCAT1 
in the low-expression group were significantly higher 
than those in the high-expression group (Fig.  4a–c). 
These results suggested that the expression of LPCAT1 
was associated with the structural components of the EC 
microenvironment.

Fig. 1  Flow chart of data collection and analysis
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Relationships between LPCAT1 expression and survival, 
grade, and histological types in UCEC patients
According to TCGA analysis, we found that LPCAT1 

expression in endometrial cancer tissues was significantly 
higher than that in normal tissues (Fig. 5a). Additionally, 
the expression level of LPCAT1 in tumour tissues was 
also significantly higher than that in paired normal tis-
sues (Fig. 5b). The same finding was verified in GSE17025 
(Fig. 5c). From the Kaplan‐Meier curve based on TCGA 
data, lower overall survival (OS), progression-free inter-
val (PFI), and disease-specific survival (DSS) rates were 
found in patients in the LPCAT1 high expression group 
than in patients in the LPCAT1 low expression group 
(Fig.  5d–f). As shown in Fig.  5, LPCAT1 expression 
showed a positive correlation with grade (Fig.  5g). The 
expression of LPCAT1 in serous EC tissues was sig-
nificantly higher than that in endometrioid EC tissues 
(Fig.  5h). The AUC value was 0.898, indicating a good 
accuracy of the prognostic prediction value of LPCAT1 
(Fig. 5i).

Silencing the expression of LPCAT1 inhibits 
the proliferation of endometrial cancer cells
To verify LPCAT1 expression in EC, immunohistochem-
istry (IHC) was performed in EC tissue from 25 patients 
and 11 normal tissues. The results indicated that LPCAT1 
expression in EC tissues was significantly higher than 
that in normal tissues (Fig. 6a, b). Then, Ishikawa, RL95-2 
and HEC-1A cells were transfected with si-LPCAT1 or 
si-NC. The Western blot results confirmed the decrease 
in the protein level of LPCAT1 (Fig. 6c). Next, an MTT 
assay was performed to verify the effect of LPCAT1 
silencing on EC cells. The results showed that LPCAT1 
inhibited the proliferation of EC cells (Fig. 6d). To deter-
mine the biological role of LPCAT1, we divided patients 
into the high expression group and low expression 
group according to the median expression of LPCAT1. 
DEGs were analysed by the limma package (Additional 
file  5: Table  S3). The results are shown in volcano plots 

Table 1  Clinical pathological parameters of the UCEC patients 
included in this study

Characteristic Level Overall

n 552

Clinical stage, n (%) Stage I 342 (62%)

Stage II 51 (9.2%)

Stage III 130 (23.6%)

Stage IV 29 (5.3%)

Primary therapy outcome, n (%) PD 20 (4.2%)

SD 6 (1.2%)

PR 12 (2.5%)

CR 442 (92.1%)

Age, n (%) ≤ 60 206 (37.5%)

> 60 343 (62.5%)

BMI, n (%) ≤ 30 212 (40.8%)

> 30 307 (59.2%)

Histological type, n (%) Endometrioid 410 (74.3%)

Mixed 24 (4.3%)

Serous 118 (21.4%)

Histologic grade, n (%) G1 98 (18.1%)

G2 120 (22.2%)

G3 323 (59.7%)

OS event, n (%) Alive 458 (83%)

Dead 94 (17%)

PFI event, n (%) Alive 423 (76.6%)

Dead 129 (23.4%)

Diabetes, n (%) No 328 (72.7%)

Yes 123 (27.3%)

Tumour invasion (%), n (%)  < 50 259 (54.6%)

≥ 50 215 (45.4%)

Fig. 2  Identification of prognostic GPL-related differentially expressed genes in UCEC patients. a Venn plots showing intersecting genes shared by 
DEGs between tumour and adjacent normal tissues and GPL-related genes. b Univariate Cox regression analysis of the expression of 23 GPL-related 
genes and OS was performed and shown on a forest plot, listing 11 significant factors with p < 0.05
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(Fig. 6e), in which the red dots represent the upregulated 
genes screened on the basis of corrected P < 0.05 and 
log2FC ≥ 1, the green dots represent the downregulated 
genes screened on the basis of corrected P < 0.05 and 
log2FC ≤ − 1, and the grey dots represent genes with no 
significant differences. A PPI network of the DEGs with 
confidence > 0.65 was constructed (Fig.  6g). Go enrich-
ment analysis and KEGG pathway enrichment analy-
sis of the DEGs were performed by R software (Fig. 6f ). 
The results of the GO analysis indicated that the DEGs 
were enriched in receptor ligand activity, endopeptidase 
inhibitor activity, hormone activity, transmembrane 
transporter complex, ion channel complex, motile cilium, 
pattern specification process, regionalization and ante-
rior/posterior pattern specification. The KEGG results 
showed that salivary secretion was suggested to be an 
enriched pathway.

Correlation of LPCAT1 expression with the proportion 
of TICs
We applied the ssGSEA algorithm to further confirm 
the correlation of LPCAT1 expression and immune 
component by analysing the proportion of tumour 
infiltrating immune cells and constructing 28 sorts of 

immune cell profiles for the UCEC samples (Fig. 7a, b). 
By constructing difference and correlation analyses, 15 
kinds of TICs were found to be significantly correlated 
with the expression of LPCAT1 (Fig.  7c–e). Among 
the TICs, 4 kinds of TICs were positively associated 
with LPCAT1 expression, including activated CD4 T 
cells, effector memory CD4 T cells, memory B cells 
and type 2T helper cells; 11 kinds of TICs were nega-
tively correlated with LPCAT1 expression, including 
activated B cells, activated CD8 T cells, CD56dim nat-
ural killer cells, central memory CD4 T cells, effector 
memory CD8 T cells, eosinophils, macrophages, mast 
cells, MDSCs, monocytes, and T follicular helper cells. 
These results strongly indicated that LPCAT1 expres-
sion influenced the immune activity of the TME. Then, 
the correlation of LPCAT1 expression with immune 
checkpoint genes (ICGs) was determined to estimate 
the immunotherapy responses that involved LPCAT1 
expression. The correlation between LPCAT1 expres-
sion and typical ICGs [cytotoxic T-lymphocyte asso-
ciated protein 4 (CTLA4), lymphocyte activating 3 
(LAG3), CD47, CD70, TNF receptor superfamily mem-
ber 14 (TNFRSF14), CD155 (PVR), etc.] was deter-
mined, indicating that significantly different expression 

Fig. 3  LASSO penalized Cox model, random forest model and PPI analysis for selecting core GPL-related genes. a Nine key GPL-related genes were 
predicted based on ridge regression and LASSO. b The top ten genes were selected by the random forest algorithm. c The PPI network downloaded 
from the STRING database was constructed with nodes with interaction confidence values > 0.65. d Venn plot displaying four core GPL-related 
intersecting genes according to the LASSO algorithm, random forest algorithm and PPI analysis
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of ICGs was observed between the LPCAT1 high-
expression group and LPCAT1 low expression group 
(Fig.  7f ). The results demonstrate that LPCAT1 may 
help evaluate immunotherapy responses in EC.

Discussion
In the current study, we attempted to identify prognostic 
GPL-related genes involved in the tumour-microenviron-
ment in endometrial cancer. LPCAT1 was confirmed to 

be associated with the immune activities. Importantly, 
ssGSEA indicated that LPCAT1 might serve as an indica-
tor of TME status in UCEC patients.

Obesity, hypertension and diabetes are clearly recog-
nized as risk factors for endometrial cancer. The meta-
bolic changes of endometrial tumours compared with 
their nonmalignant counterparts have gradually been 
recognized. Studies have shown that glucose transport, 
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Fig. 4  Correlation of ImmuneScore, StromalScore and ESTIMATEScore of each UCEC patient with the expression of four core GPL-related genes. 
a–c Distribution of ImmuneScore, StromalScore and ESTIMATEScore in terms of LPCAT1 expression (p = 0.007, p < 0.001, p < 0.001, respectively, by 
Wilcoxon rank sum test). d–f Distribution of the three scores in terms of LPCAT2 expression (p = 0.327, 0.554, 0.911 for ImmuneScore, StromalScore 
and ESTIMATEScore, respectively, by Wilcoxon rank sum test). g–i Distribution of the scores in terms of PLA2G2A expression (p = 0.142, 0.058, 0.01, 
for ImmuneScore, StromalScore, and ESTIMATEScore separately by Wilcoxon rank sum test). j–l Distribution of the scores in terms of PLA2G2F 
expression (p = 0.551, 0.732, 0.298, respectively, by Wilcoxon rank sum test)
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Fig. 5  Differentiated expression of LPCAT1 in tumour and normal samples and the correlation of LPCAT1 expression with the survival and 
clinicopathological characteristics of TCGA-UCEC patients. a Differentiated expression of LPCAT1 in the normal and tumour samples. Analyses were 
performed across all normal and tumour samples with ***p < 0.001 by Wilcoxon rank sum test. b Paired differentiation analysis for the expression 
of LPCAT1 in normal and tumour samples derived from the same patient (***p < 0.001 by the Wilcoxon rank sum test). c Differentiated expression 
of LPCAT1 in the normal and tumour samples in GSE17025 (****p < 0.0001 by the Wilcoxon rank sum test). d–f Overall survival, progression-free 
interval and disease-specific survival analysis of UCEC patients with different LPCAT1 expression levels. Patients were labelled as high expression or 
low expression according to the optimal cut-off value (minimum p-value). p = 0.006, 0.042, 0.036 by log-rank test. g, h The correlation of LPCAT1 
expression with histologic grade and histological type. The Wilcoxon rank sum or Kruskal–Wallis rank sum test served as the statistical significance 
test. i ROC curve for judging the accuracy of LPCAT1(AUC = 0.898)
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which is mediated by GLUT-6 and glycolytic-lipo-
genic metabolism, may be responsible for tumour cell 
survival [19]. Significantly increased expression of 
SREBP1 and the subsequent enhancement of lipid syn-
thesis are the main characteristics of EC [20]. A poor 
prognosis has been proven to be associated with the 
overexpression of FASN in endometrial cancer [21]. 
Although an increasing number of metabolic genes 
have been found to be responsible for endometrial 
cancer, there are few studies on glycerophospholipid-
related metabolites. GPLs are necessary for cells to 
maintain homeostasis and normal physiological func-
tions. Disorders of GPLs are obviously involved in 
benign disease and cancers [22–25]. The identification 
of dysregulated GPL-related genes may provide a novel 
perspective for EC therapy.

An increasing number of studies have shown that 
metabolic changes can affect the tumour microenvi-
ronment (TME), especially immune cells. The study 
of Ringel et  al. demonstrated that free fatty acids 
(FFAs) were decreased in tumour microenvironment 
of mice fed a high-fat diet, and the exhaustion of free 
fatty acids not only inhibited the function of CD8+ T 
cells but also reduced their number [26]. TME compo-
nents play an indispensable role in the initiation and 
development of tumorigenesis. Targeting TME remod-
elling may provide a potential therapeutic strategy 
to inhibit tumour progression. Several studies have 
demonstrated that the immune microenvironment 
influences tumour biological behaviour [9, 27, 28]. A 
lack of tumour-killing immune cells has been shown 
to be associated with the poor prognosis of various 
malignancies.

GPL metabolism influences the endometrial cancer 
TME. We systematically investigated the expression of 
77 GPL-related genes in UCEC tumour tissues and their 
prognostic value. Twenty-three out of 77 genes were 
differentially expressed, and the expression of 11 genes 

was related to the prognosis of UCEC patients. These 
results indicated the potential role of GPL metabo-
lism in EC and the possibility of targeting GPL-related 
genes as a treatment strategy. To identify core prognos-
tic genes that play essential roles in EC, two machine 
learning algorithms and PPI analysis were used. Finally, 
we selected four significant genes. Then, patients were 
divided into the high-expression group and low-expres-
sion group according to the median expression of four 
significant genes, respectively. ImmuneScore, Stro-
malScore and ESTIMATEScore were calculated by the 
estimate package in R to estimate the immune and stro-
mal components of each patients. The higher Immune-
Score and the StromalScore, the larger the respective 
components in the TME. The scores were compared 
between the high-expression group and low-expression 
group and the results revealed that only LPCAT1 was 
related to the tumour microenvironment. The scores 
of LPCAT1 high expression were significantly lower 
than those of the LPCAT1 low expression group, sug-
gesting that a high concentration of immune cells 
was found in the TME of the LPCAT1 low expression 
group. Here, we performed a transcriptomic analysis 
of UCEC in TCGA, which revealed that the increased 
expression of LPCAT1 was significantly associated with 
the advanced, specific subtypes and poor prognosis. 
Chen et  al. demonstrated that the immune and stro-
mal scores were positively correlated with the clinical 
outcomes of EC patients [10]. This might represent one 
of the mechanisms contributing to the better progno-
sis of the LPCAT1 low expression group. Accordingly, 
LPCAT1 may be a potential prognostic marker and a 
therapeutic target of the TME in UCEC.

LPCAT1 is a member of the lysophosphatidylcho-
line acyltransferase (LPCAT) family that regulates 
phospholipid metabolism in the Lands cycle. LPCAT1 
catalyzes the transformation of lysophosphatidyl-
choline (LPC) into phosphatidylcholine (PC) by 

(See figure on next page.)
Fig. 6  Silencing the expression of LPCAT1 inhibits the proliferation of endometrial cancer cells. Volcano plot, protein–protein interaction and 
enrichment analyses of GO and KEGG for DEGs between the high-expression group and low-expression group of LPCAT1. a Representative image 
of LPCAT1 expression in endometrial cancer tissues and normal endometrial samples was evaluated by immunohistochemistry. b Integrated optical 
density was analysed. ****P < 0.0001. c Western blotting was performed to evaluate the protein expression of LPCAT1 at the translation level after 
transfection with a siRNA targeting LPCAT1 or a scrambled siRNA as a negative control (si-NC). d The relative proliferation ability of the transfected 
endometrial cancer cells was detected at a fixed time for 5 days by the MTT assay. The growth curves were analysed using 2-way ANOVA. e Volcano 
plot of the DEGs generated by comparison of the high expression group and low expression group depending on the median expression of 
LPCAT1. Differentially expressed genes were determined by the Wilcoxon rank sum test with q = 0.05 and log2FC transformation as the significance 
threshold. f GO and KEGG enrichment analyses of 378 DEGs. Terms with p and q < 0.05 were considered to be significantly enriched. g Interaction 
network constructed with nodes with interaction confidence values > 0.65
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incorporating fatty acyl chains into phosphatidylcho-
line [29]. LPCAT1 was initially isolated from alveolar 
type II cells and is involved in the synthesis of alveolar 
surfactant [30]. Recently, LPCAT1 has been found to be 
overexpressed and to act as an oncogene in a variety of 
tumours [31]. However, no study has demonstrated the 
relationship of LPCAT1 in endometrial cancer and the 
tumour microenvironment.

To further investigate the functions of LPCAT1 
in EC, an MTT assay was performed after silencing 
LPCAT1 in three EC cell lines. The result confirmed 
that LPCAT1 acted as an oncogene in EC. DEG anal-
ysis between the high LPCAT1 expression group and 
the low LPCAT1 expression group was performed, 
followed by GO and KEGG enrichment analyses. 
Our results showed that salivary secretion included 
enriched expression of DEGs according to KEGG 
analysis and receptor ligand activity, endopeptidase 
inhibitor activity, hormone activity, transmembrane 
transporter complex, ion channel complex, motile 
cilium, pattern specification process, regionalization, 
and anterior/posterior pattern specification included 
enriched expression of DEGs according to GO analy-
sis. These results suggest that the underlying mecha-
nism of LPCAT1 serves as a potential prognostic 
molecular marker and therapeutic target in EC.

Another important aspect of this study was the cor-
relation between LPCAT1 expression and the level of 
immune infiltration, which is closely tied to the micro-
environment of EC. Many studies have reported that 
various of immune cells, including different kinds of 
lymphocytes and macrophages, can form an immune 
microenvironment of EC, which consequently influ-
ences EC patient outcomes [32–34]. Thus, we analysed 
the relationship between LPCAT1 genomic alterations 

and immune infiltration in EC. Our results demon-
strate that the upregulation of LPCAT1 was accom-
panied by increases in activated CD4 T cells, effector 
memory CD4 T cells, memory B cells and Type 2T 
helper cells, which were positively correlated with 
LPCAT1 expression. The upregulation of LPCAT1 
was accompanied by reductions in activated B cells, 
activated CD8 T cells, CD56dim natural killer cells, 
central memory CD4 T cells, effector memory CD8 T 
cells, eosinophils, macrophages, mast cells, MDSCs, 
monocytes, T follicular helper cells which were nega-
tively correlated with the expression of LPCAT1. 
Meanwhile, LPCAT1 might act as a predictor for esti-
mating immunotherapy responses. Together these 
findings suggested that the LPCAT1 played an impor-
tant role in the recruitment and regulation of immune 
infiltrating cells in UCEC.

However, the lack of experimental proof is a limita-
tion of this study. Although the IHC assay suggested 
the LPCAT1 expression was significantly higher in 
EC than in normal tissues and the MTT assay proved 
that LPCAT1 acted as an oncogene, the potential role 
of LPCAT1 and its relationship with immune cells is 
not sufficient without further support from in  vivo 
and in  vitro experiments. A better understanding of 
the functions and underlying mechanism of LPCAT1 
in EC will be achieved by further verification experi-
ments and clinical trials which might improve the 
accuracy of diagnosis and therapy strategies. There-
fore, further studies should be conducted to verify the 
accuracy of the combined analysis of LPCAT1 expres-
sion, GPLs and the amounts of tumour-infiltrating 
immune cells in UCEC patients (Additional file  4: 
Tables S2; Additional file 5: Tables S3).

Fig. 7  Correlation of the proportion of TICs in UCEC samples, and association of TICs proportion and typical ICGs with LPCAT1 expression. a Barplot 
showing the proportion of 22 types of TICs in the UCEC tumour samples. The column names of the barplot are the sample IDs. b Heatmap showing 
the correlation between 22 kinds of TICs, the p-value in each tiny box indicates the correlation between two cells. Person’s correlation coefficient 
was used for statistical significance test. c Violin plot showing the differentiation ratio of 28 kinds of immune cells between UCEC tumour samples 
with high or low LPCAT1 expression relative to the median of LPCAT1 expression level, and the Wilcoxon rank sum was used as the statistical 
significance test. d Scatter plot showing the correlation of 19 TIC proportions with the LPCAT1 expression (p < 0.05). The red line in each plot 
was the fitted curve of linear model indicating the immune cells proportion tropism along with LPCAT1 expression, and the Person correlation 
coefficient was applied for statistical significance test. e Venn plot displaying fifteen kinds of TICs correlated with LPCAT1 expression codetermined 
by correlation and difference tests displayed in violin and scatter plots, respectively. f Differential expression of ICGs between the LPCAT1 
high-expression group and LPCAT1 low-expression group. *p < 0.05, **p < 0.01, ***p < 0.001

(See figure on next page.)
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Conclusion
Our findings provide specific insight into the role of 
GPL-related genes in EC. We concluded that LPCAT1 
might serve as a molecular marker to predict the prog-
nosis and status of the EC microenvironment. The 
results of this study further suggested the potential 
mechanism of LPCAT1 as a novel therapeutic target 
for improving clinical outcomes. We strongly recom-
mend further investigation of this topic to clarify exact 
biological impact of LPCAT1.
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